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Abstract—The development of nitrate-rich gummies for 

enhancing sports performance represents an innovative 

approach to optimizing exercise capacity and recovery. 

Nitrate, primarily derived from natural sources such as 

beetroot and arugula, has been shown to improve nitric 

oxide (NO) production, which can enhance vasodilation, 

reduce oxygen consumption, and improve athletic 

performance. This study focuses on formulating nitrate-

rich gummies specifically designed to support sports 

performance and recovery. Gummies incorporating 

concentrated nitrate extracts from arugula were 

developed to create a convenient, effective, and 

appealing supplement for athletes. Key aspects of 

formulation included optimizing nitrate concentration, 

ensuring product stability, and achieving a desirable 

taste and texture. Stability tests were conducted to 

monitor nitrate retention and ensure the gummies 

maintained efficacy throughout their shelf life. The 

study focuses on the formulation and analysis of 

arugula-based gummies enriched with jaggery, ginger, 

lemon, and agar-agar. A total of 200 mL of gummy 

syrup was prepared, yielding 14 gummies, with 

additional samples prepared for proximate analysis. 

Nutritional analysis showed the gummies contained 

98.11 Kcal, 2.5g protein, 0.82g fat, 20.17g 

carbohydrates, 1.67g fibre, 0.861g ash, and 73.96% 

moisture. Nitrate content was determined to be 

5952.99mg, and microbial analysis, conducted after 2 

months of shelf life, identified the presence of 

Staphylococcus aureus, Bacillus subtilis, Escherichia coli 

and Staphylococcus epidermidis across different media.  

 

Index Terms—Nitrate-rich gummies, Sports 

performance, Nitric oxide (NO), Arugula extract, 

Exercise capacity, Endurance, Recovery, Sports 

nutrition,   

 

I.INTRODUCTION 

 

The Eruca vesicaria plant, also known as arugula, 

rucola, roquette, and rocket, has gained popularity in 

many media outlets for its potential health benefits. It 

is commonly found in supermarkets as a leafy green 

vegetable and has recently become available as an 

extract. Rocket species (Eruca spp. and Diplotaxis 

spp.) are becoming increasingly important leafy salad 

crops across the world. Numerous scientific research 

papers have been published in recent years on the 

potential health benefits of phytochemicals in leaves, 

such as flavonoids and isothiocyanates. Other 

research of note has also examined the unique taste 

and flavour properties of leaves, which can be hot, 

peppery, bitter, and sweet depending on the genotype 

and phytochemical composition. While research into 

these aspects is increasing, some studies lack 

cohesion and depth of knowledge of commercial 

breeding and cultivation practices, making the 

interpretation and application of results difficult. 

Both forms are touted for their high nitrate content, 

which could play a significant role in arugula’s use as 

a dietary therapeutic. In a semi-randomised 

controlled trial, Jonvik et al. confirmed that 

vegetables rich in nitrate (e.g., arugula, beetroot, and 

spinach) increased plasma nitrate and nitrite 

concentrations and subsequently decreased blood 

pressure in healthy adults. Moreover, Jonvik et al. 

have concluded that nitrate-rich vegetables (e.g., 

arugula, beetroot, and spinach), consumed in various 

forms, may serve as acute dietary nitrate 

supplements. Current literature suggests that diets 

high in nitrate content tend to improve cardiovascular 

health by lowering blood pressure and preventing 

declines in endothelial function (e.g., flow-mediated 

dilation [FMD], pulse wave velocity [PWV], and/or 

shear rate [SR]) after an ischemic stimulus, as 

measured by brachial artery FMD. Of all cruciferous 

vegetables, arugula has one of the highest known 

nitrate contents, yet there is limited research on its 

effectiveness in treating chronic diseases and 

promoting endothelial function. Athletes, both elite 
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and recreational, are interested in using legal means 

to improve their performance. While consuming a 

balanced diet is important for maintaining general 

health and for fueling and recovering from training, 

many athletes also use dietary supplements to 

enhance performance during competition. Examples 

of these supplements include caffeine, creatine, 

sodium bicarbonate, beta-alanine, and, most recently, 

inorganic nitrate. The evidence base for the efficacy 

of nutritional “ergogenic aids” is notoriously mixed, 

and nitrate is no exception. However, recent meta-

analyses do support the suggestion that dietary 

nitrate, which is normally ingested by athletes in the 

form of 12 beetroot juices, has the potential to 

enhance performance in several types of sport and 

exercise activities. Moreover, unlike other 

supplements that are mainly of value to athletes, 

nitrate supplementation may also provide 

cardiovascular health benefits to the general 

(nonathletic) public via its well-described reduction 

of resting blood pressure, and it may benefit older or 

diseased populations by enhancing the efficiency of 

locomotion, muscle O2 delivery, and/or muscle 

power. Inorganic nitrate is a natural component of 

many foods, notably green leafy vegetables, but is 

also used as a preservative in products such as cured 

meats. For many years, despite relatively weak 

evidence, nitrate (NO3−) and nitrite (NO2−) were 

classified as carcinogens, but more recent evidence 

indicates that nitrate may be a key bioactive 

component in salad vegetables, whose consumption 

is encouraged to promote human health. This has 

prompted a re-evaluation of the risks and benefits of 

dietary nitrate. Arugula's popularity is attributed to 

both its taste and health benefits. Like other plant-

based foods, it is associated with a lower risk of 

obesity, diabetes, heart disease, and all-cause 

mortality. Arugula is rich in cancer-fighting 

compounds, particularly sulforaphane, which is found 

in cruciferous vegetables. This compound has shown 

promise in inhibiting cancer cell growth and is being 

investigated for its potential in treating various 

cancers, including melanoma and prostate cancer 

(Kim and Park, 2016). Sulforaphane is believed to 

work by inhibiting histone deacetylase (HDAC) 

enzymes, which are involved in cancer progression. 

Arugula also contains alpha-lipoic acid, an 

antioxidant that can lower patients’ blood glucose 

levels, improve insulin sensitivity, and prevent 

oxidative stress in diabetic patients. Additionally, it 

has been shown to reduce nerve damage in people 

with diabetes (Shay et al., 2009). This leafy green is 

high in nitrate, which has been associated with lower 

blood pressure, reduced oxygen needs during 

exercise, and improved athletic performance. Arugula 

provides about 64 mg of calcium per two cups, 

contributing to bone health, muscle function, and 

blood clotting. It also contains 369 mg of potassium, 

which supports muscle function and can help mitigate 

the effects of sodium, benefiting those with high 

blood pressure (Lidder and Webb, 2013). 

Furthermore, arugula is rich in folate, a B vitamin 

important for DNA production and crucial for 

pregnant women to prevent neural tube defects. It 

also offers vitamin C, an antioxidant that supports 

immune function and enhances iron absorption. 

Overall, arugula is a nutrient-dense food, low in 

sugar, calories, carbohydrates, and fat, making it a 

valuable addition to a healthy diet (Kumari Shubha, 

November 2019). 

 

II.MATERIALS AND METHODS 

 

Arugula Leaves (Eruca sativa) are leafy greens with 

a peppery flavour, often used in salads and as a 

garnish. It is rich in vitamins A, C, and K, as well as 

minerals like calcium, potassium, and nitrate. Fresh 

arugula leaves were sourced from an e-commerce 

site. Approximately 100 grams were used per 

experiment or serving. Lemon (Citrus limon) is a 

citrus fruit known for its high vitamin C content and 

acidic properties. It is widely used for its flavour and 

health benefits. Fresh lemons were obtained from a 

local farmer’s market. One whole lemon was used for 

each application to extract juice and zest. Jaggery is a 

traditional, unrefined sweetener made from sugarcane 

or palm sap. It contains minerals like iron, 

magnesium, and potassium, which are often lost in 

refined sugars. Sourced from a local grocery, 20 

grams of jaggery were used per experiment to 

provide a natural sweetener and nutritional benefits. 

Ginger (Zingiber officinale) is a root widely used for 

its spicy flavour and medicinal properties, including 

anti-inflammatory and antioxidant effects. Fresh 

ginger was acquired from a local supermarket, with 

10 grams used per preparation to enhance flavour and 

as a widely used food preservative that inhibits the 

growth of Mould and yeast. It is commonly used in 
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small quantities to maintain freshness and extend the 

shelf life of food products. Purchased from a certified 

food-grade chemical supplier from Amazon, 

potassium sorbate was used at a concentration of 

0.1% to ensure safety while preventing spoilage. 

 

Arugula Leaves were washed thoroughly with water 

and air-dried. They were then cut into smaller pieces 

and ground in a mixer for use in the final product. 

The lemon was washed, and the juice was extracted. 

One whole lemon gave 20ml of juice. Jaggery was 

finely grated to ensure even distribution in the 

mixture, then melted and boiled until caramel-like in 

consistency. The ginger root was peeled, ground, and 

then macerated to extract its juice. This juice was 

then added directly to the mixture. The preservative 

was dissolved in distilled water and added to the 

mixture at the final stage to prevent microbial 

growth. 

 

A mixture was created by combining arugula leaf 

juice, lemon juice, melted jaggery, and ginger juice. 

This mixture was thoroughly stirred to ensure all 

ingredients were well-integrated. Potassium sorbate 

was then added to the mixture, which was stirred 

again and left to sit for 30 minutes to let the flavours 

blend. The final product was evaluated for taste, 

texture, and preservation properties. 

 

III. RESULTS AND DISCUSSIONS 

 

A total of 200 ml of the sample was prepared. Out of 

which, 14 gummies, each weighing 15g, were 

prepared. 

Table 1: Nutritional analysis of the product 

Parameter Value (g) 

Energy 98.11  0 

Crude protein 2.5   0 

Crude fat 0.82   0.18 

Total carbohydrate 20.17   1.37 

Crude fibre 1.67   1.15 

Ash 0.861   0.03 

Nitrate 5.95 

Total moisture content 73.96   0.48 

*Nutritional value per 100 g of gummies; values are 

mean ± standard deviation for three replications. 

 

IV. CONCLUSION 

 

The prepared gummy sample (200 ml yielding 14 

gummies, each weighing 15 g) was evaluated for 

proximate composition, nitrate content, and microbial 

safety. Proximate analysis showed an energy value of 

98.11 kcal/100 g, with 20.17 g carbohydrates, 2.5 g 

crude protein, 0.82 g crude fat, 1.67 g crude fibre, 

and 73.96% moisture. A high nitrate concentration of 

5952.99 mg was detected, indicating potential 

performance-enhancing properties but also 

necessitating further safety evaluation regarding 

acceptable intake levels. 

 

Microbial analysis after 2 months of storage revealed 

contamination and spoilage. Identified 

microorganisms included Staphylococcus aureus, 

Bacillus subtilis, Escherichia coli, and 

Staphylococcus epidermidis, detected on Nutrient 

Agar, Potato Dextrose Agar, MacConkey Agar, Eosin 

Methylene Blue agar, and Mannitol agar. These 

findings emphasise the importance of improved 

preservation methods and storage conditions to 

enhance the safety and shelf stability of nitrate-rich 

gummies. 

 

The development of nitrate (NO3−) rich gummies 

represents a promising approach in sports nutrition, 

given the recognised ergogenic effects of dietary 

nitrate on muscle function and performance. Nitrate 

supplementation enhances muscle contractility, 

mitochondrial efficiency, blood flow, and 

neuromuscular function through the NO3–/NO2–

pathway, which enables nitric oxide (NO) production 

independent of oxygen supply and nitric oxide 

synthase (NOS). This mechanism is particularly 

beneficial during intense exercise, hypoxic 

conditions, ageing, and disease states in which 

oxygen availability is limited. Nitric oxide also 

regulates calcium (Ca2+) activity, supports 

mitochondrial respiration, and improves oxygen and 

nutrient delivery to muscles, thereby enhancing 

endurance and physical performance. Nitrate-

enriched gummies offer a convenient and palatable 

alternative to traditional supplements, with potential 

applications for athletes and individuals with reduced 

muscular performance. 
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