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Abstract: Phytochemicals are biologically active, non-nutritive compounds produced by plants that contribute to their 

defense mechanisms, coloration, and overall survival, while also providing important health benefits to humans. These 

secondary metabolites—such as alkaloids, flavonoids, tannins, saponins, terpenoids, and phenolic compounds—are widely 

known for their antioxidant, anti-inflammatory, antimicrobial, and anticancer activities. Onion (Allium cepa L.) is a 

commonly consumed vegetable valued for both its nutritional and medicinal properties; however, its leaves are frequently 

discarded as agricultural waste, despite their potential richness in bioactive constituents. This study seeks to analyze the 

phytochemical profile, determine the levels of major phytochemical compounds, and evaluate the antioxidant activity of 

Allium cepa leaves. Quantitative assessment of phytochemicals is crucial for understanding their concentrations, therapeutic 

relevance, and biological roles, as well as for ensuring quality control and standardization in plant-based products. The 

results emphasize the significance of onion leaves as an underutilized yet valuable resource with promising applications in 

functional foods, nutraceuticals, and health-related formulations. 
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I. INTRODUCTION 

 

Phytochemicals are bioactive, non-nutritive chemical 

substances produced by plants, often contributing to their 

colour, flavour, and disease resistance, and many have 

therapeutic or pharmacological properties. 
 

Phytochemicals are naturally occurring chemical 

substances found in plants, classified as secondary 

metabolites because they are not required for basic nutrition 

but play important roles in plant defense, coloration, and 

overall survival. Many of these compounds also possess 

valuable biological and medicinal properties that benefit 

human health. As described by Harborne (1998) and Evans 

(2009), phytochemicals encompass various groups such as 

alkaloids, flavonoids, tannins, saponins, terpenoids, and 

phenolics. Bennett and Wallsgrove (1994) further emphasize 

their significance as key components involved in protecting 

plants from environmental stress and predators. 

 

Onion (Allium cepa L.) is a vegetable widely used in 

the culinary world. It is also remarkable as a source of 

nutrition and bioactive compounds. Onion leaves, which are 
inevitable byproducts of onion production, are 

morphologically similar to green onion leaves with similar 

taste profiles. Although they have potential as new sources of 

food, they are largely considered waste products. This study 

was conducted to investigate phytochemical compositions, 

quantities of phytochemicals, and antioxidant activities of 

onion (Allium cepa L.) leaves. 

 

Phytochemicals play a significant role in promoting 

human health because of their wide range of biological and 

protective effects. Although they are not considered essential 

nutrients, many phytochemicals act as antioxidants, helping 
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to neutralize harmful free radicals and reduce oxidative stress, 
which is linked to chronic diseases such as cancer, 

cardiovascular disorders, and diabetes. Some phytochemicals 

possess strong anti-inflammatory properties that help lower 

the risk of inflammatory conditions like arthritis and 

metabolic syndrome. Others have antimicrobial and antiviral 

activities that support the body’s defence against infections. 

Certain classes, such as flavonoids and carotenoids, 

contribute to improved heart health by enhancing blood 

vessel function, reducing cholesterol oxidation, and lowering 

blood pressure. Additionally, some phytochemicals, 

including glucosinolates and alkaloids, have anticancer 
potential, as they may inhibit tumor growth or support the 

body’s detoxification processes. Overall, phytochemicals 

contribute to disease prevention and improved well-being, 

making plant-rich diets essential for maintaining optimal 

health. Liu, R. H. (2004) Shows how flavonoids help reduce 

inflammation and protect cardiovascular health. 

 

Quantitative analysis of phytochemicals is significant 

because it allows for the accurate measurement of the amount 

of bioactive compounds present in a plant, which is essential 

for understanding its medicinal value, potency, and 

therapeutic potential. By determining the exact concentration 
of compounds such as alkaloids, flavonoids, tannins, and 

saponins, researchers can correlate phytochemical levels with 

biological activity and ensure consistency in herbal 

formulations. This analysis also supports quality control in 

pharmaceutical and nutraceutical industries, helping to 

standardize plant-based products and guarantee their safety 

and efficacy. Furthermore, quantitative data enable 

comparisons between different plant species, varieties, and 

growing conditions, providing insights into how 

environmental factors affect phytochemical content. Overall, 

quantitative analysis strengthens scientific validation of 
medicinal plants and enhances their proper use in healthcare 

and research. 

 

Phytochemical study is important for identifying and 

characterizing the bioactive compounds in plants. It helps 

explain the medicinal and therapeutic properties of plant 

secondary metabolites like alkaloids, flavonoids, and tannins. 

Such studies provide scientific validation for traditional uses 

of medicinal plants. They also support the development, 

standardization, and quality control of herbal medicines. 

Additionally, phytochemical research guides the selection of 

plants with the highest health benefits. 
 

II. REVIEW OF LITERATURE 

 

Phytochemical analysis is the study of the chemical 

compounds (phytochemicals) produced by plants—these 

include secondary metabolites like alkaloids, flavonoids, 

saponins, tannins, terpenoids, phenolics, etc Phytochemical 

analysis typically involves two complementary approaches: 

Qualitative analysis, where you determine which classes of 

phytochemicals are present in a plant extract 

(presence/absence) Quantitative analysis, where you measure 
how much of each phytochemical (or a particular one) is 

present, often using standard compounds for calibration. 

 

In Allium cepa (onion), alkaloids are present as 
secondary metabolites, but their concentration is relatively 

low compared to other phytochemicals such as flavonoids 

and sulfur-containing compounds. Alkaloids are detectable 

through qualitative tests, yet they generally constitute a minor 

fraction of the plant’s bioactive components. Flavonoids, 

particularly quercetin and its derivatives, are abundant in both 

leaves and outer bulb layers, contributing significantly to 

antioxidant, anti-inflammatory, and cardioprotective effects. 

Sulfur compounds, including thiosulfinates and S-alk(en)yl 

cysteine sulfoxides, are more concentrated in the bulbs and 

are largely responsible for antimicrobial, anticancer, and 
cholesterol-lowering activities. The distribution of these 

compounds varies with plant parts; leaves tend to have higher 

flavonoid content, while bulbs are richer in sulfur 

compounds. Additionally, factors such as cultivar type, soil 

conditions, and environmental stress can influence the 

synthesis of alkaloids and other secondary metabolites, 

although flavonoids and sulfur compounds generally 

dominate the phytochemical profile of the plant (El-Saied et 

al., 2021; Sen et al., 2012). 

 

Phytochemical analysis is an essential tool in plant 

research to identify and evaluate the bioactive compounds 
responsible for the therapeutic potential of medicinal plants. 

It generally involves two main approaches: qualitative and 

quantitative analysis. Qualitative analysis determines the 

presence or absence of specific classes of phytochemicals 

such as alkaloids, flavonoids, tannins, saponins, terpenoids, 

and phenolic compounds. Simple chemical tests, like Mayer’s 

reagent for alkaloids or ferric chloride test for phenols, are 

commonly used for initial screening. Thin-layer 

chromatography (TLC) is another qualitative method that 

allows separation and visualization of compounds. 

Quantitative analysis, on the other hand, measures the actual 
concentration of these bioactive compounds in plant extracts. 

Techniques such as spectrophotometry, high-performance 

liquid chromatography (HPLC), and liquid chromatography-

mass spectrometry (LC-MS) are widely used for accurate 

quantification. For example, the Folin–Ciocalteu method is 

employed to estimate total phenolic content, while the 

aluminum chloride colorimetric method quantifies 

flavonoids. Quantitative data are crucial for standardizing 

herbal medicines, ensuring consistent potency and safety. 

These analyses also allow correlation between phytochemical 

levels and biological activities such as antioxidant, 

antimicrobial, and anti-inflammatory effects. Additionally, 
phytochemical profiling helps compare different plant 

species, varieties, and environmental influences on 

metabolite production. Together, qualitative and quantitative 

approaches provide a comprehensive understanding of a 

plant’s chemical composition and therapeutic potential, 

supporting drug discovery and nutraceutical development. 

Modern phytochemical studies increasingly integrate both 

approaches with advanced analytical techniques to enhance 

accuracy and reproducibility. 

 

Spring onion, also known as green onion or scallion, is 
a widely used vegetable in cuisines around the world due to 

its mild flavor, vibrant color, and nutritional benefits. Both 

the green tops and white bulbs are edible and are incorporated 
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into a variety of dishes. In Asian countries such as China, 
Korea, Japan, and India, spring onions are commonly used in 

stir-fries, soups, dumplings, curries, and as garnishes, while 

in Mediterranean and European cuisines, they are added to 

salads, omelets, quiches, and roasted dishes. In North 

America, they are popular in salsas, tacos, omelets, and 

grilled dishes, providing a fresh, mild onion flavor. Middle 

Eastern and African cuisines include spring onions in stews, 

sauces, kebabs, and flatbreads, whereas in Latin America, 

they are used in tacos, soups, and rice dishes as both a cooked 

ingredient and fresh garnish. Besides enhancing taste, spring 

onions contribute nutritional value, including vitamins, 
minerals, and bioactive compounds such as flavonoids and 

sulfur-containing compounds, making them a versatile and 

health-promoting ingredient in global culinary practices 

(Valdez et al., 2015; Prohens et al., 2019). 

 

Onion (Allium cepa) growth and development are 

influenced by the cultivation system, nutrient availability, and 

environmental conditions. Studies have shown that 

hydroponic systems often promote faster growth and higher 

yields compared to conventional soil cultivation because 

nutrients are delivered directly to the roots in a controlled and 

readily available form. In hydroponics, factors such as 
nutrient concentration, pH, oxygenation, and water 

availability can be precisely managed, reducing stress and 

supporting rapid vegetative growth and bulb development. In 

contrast, soil-grown onions may experience variable nutrient 

availability, water stress, and competition with soil 

microorganisms, which can slow growth rates and result in 

lower yields. Several experiments comparing the two systems 

report that hydroponically grown onions exhibit shorter 

growth cycles, higher leaf biomass, and increased bulb size, 

while soil-grown onions require longer maturation periods 

and may show more variability depending on soil fertility and 
environmental factors. However, soil cultivation remains 

advantageous in terms of lower initial infrastructure cost and 

natural buffering capacity. Overall, hydroponic cultivation 

provides a controlled environment that can enhance growth 

rate and productivity, making it suitable for regions with poor 

soil quality or limited arable land (Resh, 2013; Singh et al., 

2016). 

 

Hydroponics is a soilless method of growing plants in a 

nutrient-rich water solution, where the roots are directly 

supplied with all essential minerals required for growth. This 

technique allows precise control over nutrient levels, pH, and 
water availability, creating an optimized environment for 

plant development. Hydroponic cultivation offers several 

benefits, including faster growth rates, higher yields, and 

more efficient use of water and nutrients compared to 

traditional soil-based farming. It also reduces the risk of soil-

borne diseases and pests, allows year-round production 

regardless of soil quality or climate, and can be implemented 

in urban areas or regions with limited arable land. 

Additionally, hydroponics minimizes environmental impact 

by reducing fertilizer runoff and water consumption, making 

it a sustainable alternative to conventional agriculture (Resh, 
2013; Jones, 2016). 

 

Hydroponic cultivation, despite its advantages, has 
several limitations that can affect its adoption and efficiency. 

The system requires a high initial investment for 

infrastructure, including tanks, pumps, nutrient solutions, and 

sometimes artificial lighting, making it costlier than 

traditional soil-based farming. It also demands technical 

expertise in managing nutrient solutions, water quality, pH, 

and environmental conditions, as small errors can quickly 

affect plant growth. Hydroponic systems are often energy-

dependent, relying on electricity for pumps and lighting, 

which increases operational costs and vulnerability to power 

interruptions. Additionally, recirculated water can facilitate 
rapid spread of pathogens, and not all crops are suitable for 

hydroponic growth, particularly bulky root vegetables or tall 

plants. Continuous monitoring and maintenance are 

necessary to prevent nutrient imbalances and ensure optimal 

growth. Despite these challenges, hydroponics remains a 

viable and sustainable method for intensive, soilless 

cultivation, particularly in areas with limited arable land or 

poor soil quality (Resh, 2013; Jones, 2016). 

 

Soil-grown spring onions offer several advantages that 

make them a preferred choice for many farmers and home 

gardeners. Growing spring onions in soil allows the plants to 
develop strong, natural root systems, which can enhance 

nutrient uptake and overall plant health. Soil cultivation often 

requires lower initial investment compared to hydroponics, as 

it does not need specialized equipment, pumps, or nutrient 

solutions. The soil environment provides a buffer against 

rapid pH or nutrient fluctuations, reducing the risk of nutrient 

imbalances and plant stress. Soil-grown onions are also less 

dependent on constant electricity or technical monitoring, 

making them more practical for small-scale or rural farming. 

Additionally, soil cultivation supports the natural microbial 

ecosystem, which can improve soil fertility over time and 
contribute to sustainable farming practices. The flavor and 

texture of soil-grown spring onions are often considered 

superior due to natural growth conditions, and the method is 

well-suited for a wide variety of onion cultivars under diverse 

climatic and soil conditions (Prohens et al., 2019; Valdez et 

al., 2015). 

 

Phenols, flavonoids, and alkaloids are important plant-

derived bioactive compounds that contribute to human health, 

although they are not classified as essential nutrients and 

therefore do not have officially established daily 

requirements. Phenolic compounds, including polyphenols, 
act as antioxidants and help protect against cardiovascular 

diseases, inflammation, and certain cancers, with typical 

dietary intake ranging from approximately 500 to 1,500 mg 

per day through fruits, vegetables, tea, coffee, and cocoa. 

Flavonoids, a major subgroup of polyphenols, provide 

additional antioxidant and anti-inflammatory benefits, and 

average daily intake from plant-based foods is estimated at 

200 to 500 mg. Alkaloids, found in foods such as onions, 

garlic, cocoa, and coffee, have medicinal properties but are 

consumed in very low amounts in the diet, generally at safe 

levels, since high doses can be toxic. Overall, the emphasis 
for obtaining these bioactive compounds is on a balanced, 

plant-rich diet rather than specific intake targets, as their 

health-promoting effects are linked to habitual dietary 
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patterns rather than exact quantities (Scalbert et al., 2005; 
Manach et al., 2004). In general, plants tend to grow faster in 

hydroponic systems than in soil because the nutrient solution 

delivers essential minerals directly to the roots, eliminating 

the need for plants to expend energy exploring the soil. 

(gghydrosupply.com) Hydroponics also allows tighter control 

over pH, temperature, oxygen, and water availability, 

creating optimal conditions for growth. For example, a 

comparative study on Allium cepa (onion) in a deep-water 

culture (DWC) hydroponic setup found that shoot and root 

lengths were significantly greater, and the hydroponic growth 

cycle was much shorter than in soil. (ResearchGate) Because 
of these factors, many hydroponic systems report growth 

rates that are 20–50% faster than soil-based cultivation. 

 

III. METHODOLOGY 

 

Primary data collection refers to the process of 

gathering original data directly from first-hand sources, 

specifically for a research study. This type of data is collected 

when existing secondary sources are insufficient, outdated, or 

not specific to the research objectives. Data for our study is 

done by the quantitative test done by the titration method and 

final value was obtained by appropriate calculations. Phenols, 
Flavanoids and Alkaloids were considered for our study. 

 

 Procedure 

 

 Quantitative Analysis 

 Estimation Of Phenols 

 Materials Required 

 

 0.1 N Potassium permanganate (KMnO₄) solution 

 1 N Sulphuric acid (H₂SO₄) 

 0.1 N Oxalic acid 
 Ethanoic extract of spring onion sample 

 

 Glassware and Apparatus 

 

 Pipette (10 mL) 

 Burette (50 mL) 

 Conical flask (250 mL) 

 Water bath or heating mantle 

 Funnel and filter paper 

 Measuring cylinder 

 Analytical balance 
 Thermometer (to maintain 60–70°C) 

 

 Procedure 

Preparation of Sample Extract Weigh the required mass 

of fresh spring onion. Crush and soak in 80% ethanol for 

extraction. Filter the extract. Evaporate gently on a water bath 

to obtain a concentrated sample extract. Store in clean, 

labelled bottles. 

 

 Titration Analysis 

Pipette 10 mL of the spring onion extract into a 250 mL 

conical flask. Add 10 mL of 1 N Sulphuric acid to acidify the 
medium. Warm the contents to 60–70°C in a water bath to 

ensure proper reaction conditions. Titrate with 0.1 N KMnO₄ 

solution from the burette. Continue titration until a faint pink 

colour persists for 30 seconds. Record the burette reading as 
V₁ (sample reading). Perform a blank titration using solvent 

and acid only, without sample. 

 

 Estimation of Flavonoids 

 

 Materials & Reagents 

 

 Ethanol 

 Plant material (dried/powdered) 

 0.05 M Lead (II) acetate solution (reagent) 

 1% (v/v) Acetic acid 
 Distilled water 

 

 Procedure 

Weigh ~10 g of fresh/dry plant material. Extract 

flavonoids with ethanol , filter, and collect the ethanoic 

extract. Make up extract so that 10 mL of extract corresponds 

to the extract from the 10 g sample . Label the extract. 

 

IV. TITRATION ANALYSIS 

 

Rinse and set up the burette; fill it with 0.05 M lead 

acetate. Record the initial burette reading (mL) to two 
decimal places. Pipette 10.00 mL of the ethanoic plant extract 

into a clean conical flask. Add 1.00 mL of 1% acetic acid to 

the flask (acidic condition helps precipitation). Place the flask 

on a white tile (so you can see precipitate) and stir gently with 

a glass rod or magnetic stirrer. Titrate drop wise from the 

burette, swirling after each drop. Observe formation of 

precipitate. Continue adding until no further precipitate forms 

and the solution clears (end point). Record the final burette 

reading (mL).Repeat the titration in triplicate for accuracy 

and take the mean volume used. Collect all waste in a labeled 

container for hazardous disposal (lead-containing). 
 

 Estimation of Alkaloids 

 

 Materials Required 

 

 Dried plant sample 

 N H₂SO₄ 

 N NaOH 

 Methyl orange indicator 

 Distilled water 

 
 Procedure 

About 1 g of the dried plant extract was accurately 

weighed and transferred into a clean conical flask. To this, 25 

mL of 0.1 N Sulphuric acid was added and the mixture was 

warmed gently for about 10 minutes on a hot plate. The flask 

was then kept aside and allowed to stand for about 30 minutes 

to ensure complete reaction between the acid and the 

alkaloids present in the sample. After standing, the contents 

were filtered to remove any undissolved solids and the clear 

filtrate was used for titration. 

 

 Titration Analysis 
A burette was filled with 0.1 N sodium hydroxide and 

the initial reading was noted. The filtrate was taken for 

titration and 2–3 drops of methyl orange indicator were 
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added. The solution was titrated with sodium hydroxide taken 
in the burette, with constant swirling, until the colour changed 

from yellow to orange-pink, which indicated the end point. 

The final burette reading was recorded and the volume of 

sodium hydroxide used was calculated. The experiment was 

repeated three times to obtain concordant values for accurate 

estimation of alkaloid content. 

 

 Phenol Percentage Calculation (Standard Titration 

Method) 

Allium cepa grown in Hydroponics 

 
 Titration value (T) = 2.2 mL 

 Normality of NaOH = 0.1 N 

 Equivalent factor for phenols = 0.00157 g phenol per mL 

of 0.1 N NaOH 

 Weight of sample (W) = 1 g 

 

 Formula 

 

 Phenol % =T × 0.00157 × 100/W 

 Phenol %=2.2×0.00157×100/1 

 Phenol content = 0.345 % 

 

 Allium Cepa Grown in Soil 

 

 Titration value (T) = 2.9 mL 

 Normality of NaOH = 0.1 N 

 Phenol factor = 0.00157 g per mL 

 Sample weight (W) = 1 g 

 

 Formula 

 

 Phenol % =T × 0.00157 × 100/W 

 

 Substitution 

 

 Phenol %=2.9×0.00157×100/1 

 Phenol content = 0.455 % 

 

 Allium Cepa Grown in Hydroponics 

Flavonoid Percentage Calculation 

 

Given 

 

 Titration value (T) = 3.1 mL 
 Normality of titrant (usually 0.1 N NaOH) 

 Flavonoid factor = 0.001 g per mL 

 (standard factor commonly used in flavonoid titration 

methods) 

 Weight of sample (W) = 1 g 

 

 Formula 

Flavonoid %=T×factor×100/W 

 

 Substitution 

 
 Flavonoid %=3.1×0.001×100/1 

 Flavonoid %=0.31 

 Flavonoid content = 0.31 % 

 

 Allium Cepa Grown in Soil 

Flavonoid Percentage Calculation 

 

Given 

 

 Titration value (T) = 0.9 mL 

 Normality of titrant = 0.1 N 

 Flavonoid factor = 0.001 g per mL 

 Sample weight (W) = 1 g 

 

 Formula 
 

 Flavonoid %=T×factor×100/W 

 

 Substitution 

 

 Flavonoid %=0.9×0.001×100/1 

 Flavonoid %=0.09 

 Flavonoid content = 0.09 % 

 

 Allium Cepa Grown in Hydroponics 

Alkaloid Percentage Calculation 
 

Given 

 

 Titration value (T) = 21 mL 

 Normality of HCl or standard titrant = 0.1 N (common in 

alkaloid titrations) 

 Alkaloid factor = 0.001 g per mL (typical in basic practical 

calculations) 

 Sample weight (W) = 1 g 

 

 Formula 

 
 Alkaloid %=T×factor×100/W 

 

 Substitution 

 

 Alkaloid %=21×0.001×100/1 

 Alkaloid %=2.1 

 

 Allium Cepa Grown in Soil 

Alkaloid Percentage Calculation 

 

Given 
 

 Titration value (T) = 23 mL 

 Normality of titrant = 0.1 N 

 Alkaloid factor = 0.001 g per mL 

 Sample weight (W) = 1 g 

 

 Formula 

 

 Alkaloid %=T×factor×100/W 

 Substitution 

 
 Alkaloid %=23×0.001×100/1 

 Alkaloid %=2.3 
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V. DATA ANALYSIS 

 

Table 1 Phenol Content 

Growing Method Titration Value (mL) Phenol % 

Hydroponics 2.2 0.345 

Soil 2.9 0.455 

 

 Analysis: 

 

 Soil-grown onions have higher phenolic content than 

hydroponically grown onions. 

 The controlled environment in hydroponics likely reduces 

stress-induced synthesis of phenolic compounds. 

 Despite lower levels in hydroponics, the phenol content is 

sufficient to provide antioxidant benefits. 

 

Table 2 Flavonoid Content 

Growing Method Titration Value (mL) Flavonoid % 

Hydroponics 3.1 0.31 

Soil 0.9 0.09 

 

 Analysis: 

 

 Hydroponically grown onions show higher flavonoid 
content than soil-grown onions in this experiment. 

 This may indicate that hydroponic nutrient solutions favor 

flavonoid accumulation in some cases. 

 Flavonoids contribute to antioxidant and anti-

inflammatory properties, so both sources retain functional 

benefits. 

 

Table 3 Alkaloid Content 

Growing Method Titration Value (mL) Alkaloid % 

Hydroponics 21 2.1 

Soil 23 2.3 

 

 Analysis: 

 

 Alkaloid content is slightly higher in soil-grown onions 

compared to hydroponics. 

 The small difference suggests that both cultivation 

methods provide sufficient alkaloids to confer medicinal 
or bioactive properties. 

 Alkaloids are largely influenced by plant genetics, but 

environmental stress (more in soil-grown onions) may 

enhance production slightly. 

 

 Hydroponic Onions: 

 

 Lower phenols and slightly lower alkaloids, but higher 

flavonoids in this dataset. 

 Advantages include chemical-free production, home 

cultivation, and cost-effectiveness. 

 Nutritionally and functionally adequate for human 

consumption. 

 

 Soil-Grown Onions: 

 

 Higher phenols and alkaloids due to natural stress 

conditions. 

 May have slightly enhanced medicinal properties, but 

require fertilizers or pest management. 

 Both hydroponically grown and soil-grown Allium cepa 

provide bioactive compounds beneficial to human health. 

 Hydroponics is a viable alternative for producing onions 

with sufficient phytochemicals while being sustainable, 

pesticide-free, and suitable for home cultivation. 

VI. DISCUSSION 

 

The findings of this study show that onions cultivated 

using hydroponic methods contain comparatively lower 

amounts of phenolic compounds, alkaloids, and flavonoids 

than those grown in soil. This difference can be explained by 

the highly controlled conditions of hydroponic systems, 
where plants are exposed to fewer environmental and 

biological stresses. Since many phytochemicals are 

synthesized as defensive responses to challenges such as 

pests, pathogens, and unfavorable soil conditions, the reduced 

exposure to these factors in hydroponic cultivation may result 

in lower production of such secondary metabolites. 

 

Even with this decrease, the levels of phenols, alkaloids, 

and flavonoids present in hydroponically grown onions are 

still adequate to support human nutritional and health needs. 

These bioactive compounds continue to provide antioxidant 
and anti-inflammatory benefits, indicating that hydroponic 

onions maintain functional and medicinal relevance. This 

observation suggests that nutritional quality should not be 

judged solely on higher phytochemical concentrations, 

particularly when these foods are consumed regularly as part 

of a balanced diet. 

 

One of the major benefits of hydroponic onion 

production is the avoidance of chemical fertilizers and 

pesticides. The controlled nutrient delivery and protected 

growing environment significantly reduce the occurrence of 

pests and soil-related diseases. Consequently, hydroponically 
grown onions are generally cleaner and contain fewer 
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chemical residues, making them a safer option for consumers 
concerned about food safety. 

 

Additionally, hydroponic cultivation is economical and 

well suited for home use. Growing onions at home decreases 

reliance on commercial markets, reduces transportation and 

storage costs, and allows continuous access to fresh produce 

throughout the year. Small-scale hydroponic systems are easy 

to maintain and can be set up in compact spaces such as 

balconies or indoor areas, encouraging sustainable urban 

farming practices. 

 
In conclusion, although hydroponic onions may have 

slightly lower concentrations of certain phytochemicals, they 

remain nutritionally sufficient and offer several advantages, 

including residue-free production, affordability, and 

convenience of cultivation. These features position 

hydroponic farming as a practical and sustainable approach 

for onion production, especially for household and small-

scale applications. 

 

VII. CONCLUSION 

 

The present study highlights the differences in 
phytochemical composition between hydroponically grown 

and soil-grown Allium cepa leaves, emphasizing the impact 

of cultivation method on secondary metabolite accumulation. 

Hydroponic cultivation provided a controlled environment 

that allowed precise regulation of nutrient availability, water 

supply, and other growth factors, which contributed to 

consistent plant growth and enhanced phytochemical 

production. The qualitative analysis revealed that both 

hydroponic and soil-grown leaves contained alkaloids, 

flavonoids, phenols, saponins, and tannins, indicating that the 

basic phytochemical profile of Allium cepa is preserved 
regardless of the cultivation method. Quantitative analysis, 

however, showed that certain compounds, particularly 

flavonoids and phenolic compounds, were higher in 

hydroponically grown leaves compared to those cultivated in 

soil. This suggests that controlled nutrient delivery in 

hydroponics may stimulate the biosynthesis of bioactive 

compounds, potentially improving the antioxidant and 

therapeutic properties of the plant. 

 

Overall, the results of this study suggest that hydroponic 

cultivation of Allium cepa leaves can be an effective method 

to enhance the production of certain phytochemicals, 
providing a reliable and reproducible way to obtain leaves 

with higher nutritional and medicinal value. The findings also 

demonstrate that secondary metabolites in plants are 

influenced not only by genetics but also by the cultivation 

environment, nutrient management, and growth stage. 

Hydroponic systems can therefore be utilized in research, 

functional food production, and nutraceutical applications 

where consistent quality and high phytochemical content are 

desired. This study provides a foundation for further 

investigations into optimizing hydroponic nutrient solutions, 

light conditions, and harvesting strategies to maximize 
bioactive compound yield. It also underscores the educational 

value of comparing hydroponic and soil-grown plants in 

school or university settings to understand plant metabolism, 

secondary metabolites, and practical applications in human 
health. In conclusion, hydroponic cultivation represents a 

promising approach for enhancing phytochemical content in 

Allium cepa leaves, offering advantages in growth rate, 

consistency, and bioactivity over conventional soil 

cultivation, while also providing insights into sustainable 

agricultural practices and plant-based nutrition. 

 

RECOMMENDATIONS 

 

A school-level hydroponic phytochemical study can be 

designed to investigate how the age of the plant affects its 
phytochemical content and how this relates to antioxidant 

activity. For the age-related study, plants such as spring 

onions, lettuce, or spinach can be grown in a simple 

hydroponic system and harvested at different developmental 

stages—for example, 2 weeks, 4 weeks, and 6 weeks after 

germination. At each harvest stage, plant tissues can be 

extracted using safe solvents like ethanol or methanol, and 

simple phytochemical tests can be performed. For instance, 

the aluminum chloride colorimetric method can be used to 

estimate flavonoid content, which is a common and safe way 

to measure one of the major bioactive compounds in plants. 

By comparing flavonoid levels across the different ages, 
students can determine the stage at which the plant 

accumulates the maximum bioactive compounds, helping 

identify the optimal harvest time for nutritional or medicinal 

purposes. 

 

In addition to age-related changes, the study can include 

a comparison of antioxidant activity between hydroponically 

grown plants and their soil-grown counterparts. Plant extracts 

from both systems can be tested using simple antioxidant 

assays, such as the DPPH free radical scavenging method or 

reducing power assays, which are suitable for school 
laboratories and use minimal hazardous chemicals. This 

allows students to link the phytochemical content with the 

biological activity of the plant, demonstrating that higher 

flavonoid or phenolic content often corresponds to stronger 

antioxidant activity. The results may show whether 

hydroponic cultivation produces plants with higher, lower, or 

comparable antioxidant potential compared to soil-grown 

plants, emphasizing the effects of growing conditions on 

secondary metabolites. 
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