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ABSTRACT 

The increasing global demand for sustainable and nutrient-dense food sources 

has driven the exploration of innovative agricultural practices. This study investigated 

the sustainable hydroponic cultivation of green fodder, focusing on the phytochemical 

evaluation of microgreen-derived protein powder for enhanced nutritional applications. 

Hydroponic systems were optimized for the growth of microgreens, and the resulting 

biomass was processed into protein powder. Phytochemical profiling, including total 

phenolic content, flavonoid content, and antioxidant activity, was conducted to assess 

the nutritional quality of the derived protein powder.  

Introduction 

The global population is projected to reach 9.7 billion by 2050, necessitating a 

70% increase in food production to meet the growing demand. Conventional 

agricultural practices, however, are increasingly unsustainable due to their reliance on 



49 
 

arable land, water, and chemical inputs. Hydroponic cultivation, a soilless farming 

technique, has emerged as a promising solution to these challenges. By optimizing 

resource use and minimizing environmental impact, hydroponics offers a sustainable 

alternative for producing nutrient-dense crops. 

Microgreens, the young seedlings of edible vegetables and herbs, have gained 

attention for their high nutritional value and rapid growth cycle. Rich in vitamins, 

minerals, and bioactive compounds, microgreens are an excellent source of functional 

food ingredients. Recent studies have explored the potential of microgreens as a source 

of plant-based protein, which is increasingly sought after due to its sustainability and 

health benefits. 

This study aimed to evaluate the sustainable hydroponic cultivation of green 

fodder, with a focus on the phytochemical properties of microgreen-derived protein 

powder. The research sought to address the following objectives: (1) optimize 

hydroponic systems for microgreen cultivation, (2) process microgreen biomass into 

protein powder, and (3) evaluate the phytochemical and nutritional properties of the 

derived protein powder. The findings of this study contribute to the growing body of 

knowledge on sustainable agriculture and functional food development. 

Methods and Methodology 

Hydroponic System Design and Optimization 

A closed-loop hydroponic system was designed and implemented for the 

cultivation of microgreens. The system consisted of grow trays, a nutrient reservoir, a 

submersible pump, and LED grow lights. The nutrient solution was formulated using 

a balanced mixture of macronutrients (nitrogen, phosphorus, potassium) and 

micronutrients (iron, zinc, manganese). The pH of the nutrient solution was maintained 

at 5.8 6.2, and the electrical conductivity (EC) was adjusted to 1.2 1.8 mS/cm to 

ensure optimal nutrient uptake. Microgreen seeds, including broccoli, kale, and radish, 

were selected for their high nutritional value and rapid growth cycle. The seeds were 

sterilized using a 1% sodium hypochlorite solution and rinsed thoroughly with distilled 

water. They were then evenly spread over the grow trays, which were lined with 

biodegradable growing mats. The trays were placed in the hydroponic system, and the 
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nutrient solution was circulated continuously. The growth conditions, including light 

intensity (200 250 µmol/m²/s), temperature (20 25°C), and relative humidity (60

70%), were monitored and controlled throughout the cultivation period. 

Harvesting and Processing of Microgreens 

The microgreens were harvested 10 14 days after sowing, at the cotyledon stage, 

when they exhibited maximum biomass and nutrient density. The harvested 

microgreens were rinsed with distilled water to remove any residual nutrient solution 

and dried using a freeze-dryer to preserve their bioactive compounds. The dried 

biomass was ground into a fine powder using a laboratory mill and stored in airtight 

 

Phytochemical Analysis 

The phytochemical composition of the microgreen-derived protein powder was 

evaluated using standard analytical methods. Total phenolic content (TPC) was 

determined using the Folin-Ciocalteu assay, with gallic acid as the standard. Total 

flavonoid content (TFC) was measured using the aluminum chloride colorimetric 

method, with quercetin as the standard. Antioxidant activity was assessed using the 

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay and the ferric 

reducing antioxidant power (FRAP) assay. 

Proximate Analysis 

The proximate composition of the protein powder, including moisture, crude 

protein, crude fat, ash, and carbohydrate content, was determined using standard 

methods outlined by the Association of Official Analytical Chemists (AOAC). The 

protein content was calculated using the Kjeldahl method, with a nitrogen-to-protein 

conversion factor of 6.25. The amino acid profile was analyzed using high-

performance liquid chromatography (HPLC), and the essential amino acid index 

(EAAI) was calculated to assess protein quality. 

Statistical Analysis 

All experiments were conducted in triplicate, and the data were expressed as 

mean ± standard deviation (SD). Statistical analysis was performed using one-way 
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significant differences (p < 0.05) between samples. 

Results and Discussion 

Hydroponic Cultivation of Microgreens 

The hydroponic system successfully supported the growth of microgreens, with 

all three species (broccoli, kale, and radish) reaching the harvest stage within 10 14 

days. The optimized growth conditions, including light intensity, temperature, and 

nutrient solution composition, resulted in high biomass yield and uniform growth. The 

use of LED grow lights ensured consistent light distribution, while the closed-loop 

system minimized water and nutrient wastage. 

Phytochemical Composition 

The phytochemical analysis revealed significant levels of bioactive compounds 

in the microgreen-derived protein powder. The total phenolic content ranged from 45.2 

to 68.7 mg GAE/g, with broccoli microgreens exhibiting the highest TPC. The total 

flavonoid content ranged from 12.4 to 18.9 mg QE/g, with kale microgreens showing 

the highest TFC. The antioxidant activity, as measured by the DPPH and FRAP assays, 

was also notably high, with IC50 values ranging from 12.3 to 18.5 µg/mL and FRAP 

values ranging from 45.6 to 62.3 µmol 

that microgreen-derived protein powder is a rich source of bioactive compounds with 

potential health benefits.  
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