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Abstract 

Background: Agricultural practices profoundly influence the bioavailability of bioactive compounds in medicinal plants, 

affecting their therapeutic efficacy. This study compares the impact of conventional and organic farming practices on the 

phytochemical profiles, antioxidant activity, and antimicrobial properties of selected medicinal plants (Withania somnifera, 

Ocimum sanctum, Echinacea purpurea, and Panax ginseng). 

Methods: Plant samples were collected from conventional and organic farms, and key bioactive compounds were quantified 

using HPLC and spectrophotometric assays. Antioxidant activity was evaluated using the DPPH assay, while antimicrobial 

efficacy was assessed through the disk diffusion method. Controlled environmental stress experiments were also conducted to 

assess secondary metabolite responses. 

Results: Organic farming significantly enhanced bioactive compound concentrations, with a 22% increase in withanolides in 

Withania somnifera and an 18% increase in phenolic content in Tulsi. Antioxidant activity was higher in all organically grown 

plants, with a 30% improvement in Withania somnifera. Antimicrobial properties were notably stronger in organic Tulsi, 

exhibiting a 40% larger inhibition zone against Staphylococcus aureus and Escherichia coli. 

Conclusion: Organic farming practices enhance the bioavailability of bioactive compounds, making them more effective for 

therapeutic use. These findings support the adoption of sustainable agricultural practices for improving the quality of 

medicinal plants. Further research should explore plant-specific responses and scalability of organic systems for large-scale 

production. 
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Introduction 

Medicinal plants have been integral to traditional medicine 

systems for centuries, providing a natural source of 

remedies for various health conditions. These plants contain 

bioactive compounds that contribute to their therapeutic 

effects. However, the efficacy of these compounds is often 

influenced by the environmental conditions in which the 

plants are cultivated, the methods of harvesting, and the 

agricultural practices employed. In recent years, there has 

been growing interest in understanding how agricultural 

practices impact the bioavailability of medicinal plants, 

which is crucial for ensuring the quality and consistency of 

herbal medicines. Bioavailability refers to the proportion of 

a substance that enters circulation when introduced into the 

body and is made available for use or storage. In the context 

of medicinal plants, it pertains to the extent to which active 

compounds are absorbed and utilized by the body. 

Agricultural practices, such as soil management, irrigation 

methods, pesticide use, and crop rotation, play a significant 

role in shaping the chemical composition of medicinal 

plants. These practices can either enhance or diminish the 

levels of bioactive compounds in plant tissues, which 

directly affects their therapeutic efficacy. For example, the 

use of synthetic fertilizers and pesticides has been shown to 

alter the levels of certain secondary metabolites, such as 

alkaloids, flavonoids, and terpenoids, which are known for 

their medicinal properties. Similarly, the choice of soil 

amendments, the timing of planting and harvesting, and the 

environmental stressors plants are exposed to, such 

asdrought or pollution, can influence the synthesis of these 

bioactive compounds. 

Several studies have demonstrated that organic farming 

practices, which prioritize the use of natural inputs and 

sustainable methods, may result in higher concentrations of 

beneficial phytochemicals in medicinal plants compared to 

conventional farming practices. Moreover, research has 

shown that plants grown under stress conditions, such as 

limited water or nutrient availability, can produce higher 

levels of secondary metabolites, which may increase their 

medicinal value. On the other hand, the overuse of 

agrochemicals can lead to a reduction in the bioavailability 

of these compounds, either by affecting their synthesis or by 

introducing harmful residues that could compromise the 

safety and efficacy of herbal medicines. 

In addition to these environmental factors, post-harvest 

handling and processing methods are critical to preserving 

the bioactive properties of medicinal plants. Drying, 

extraction, and storage techniques can all affect the stability 

and concentration of key phytochemicals, thereby 

influencing their bioavailability. Understanding how 

agricultural practices and post-harvest processing interact to 

affect the bioavailability of medicinal plants is essential for 

optimizing their use in modern pharmacology and ensuring 

that the full therapeutic potential of these plants is realized. 

This paper aims to review the current literature on the 

impact of agricultural practices on the bioavailability of 

medicinal plants, focusing on the factors that influence the 
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concentration and efficacy of bioactive compounds. By 

examining the relationship between agriculture and plant 

bioavailability, this work seeks to provide insights into how 

agricultural practices can be optimized to improve the 

quality and effectiveness of herbal medicines. 

 

Materials 

The study focuses on various medicinal plants known for 

their bioactive compounds, including Withania somnifera, 

Tulsi (Ocimum sanctum), Echinacea purpurea, and Ginseng 

(Panax ginseng). These plants were selected due to their 

widespread use in traditional medicine and documented 

pharmacological properties. The plants were sourced from 

two different agricultural systems: conventional farming and 

organic farming. For conventional farming, plants were 

obtained from commercial farms that use synthetic 

fertilizers, pesticides, and herbicides. For organic farming, 

plants were sourced from certified organic farms that follow 

natural farming practices, such as composting, crop rotation, 

and the use of bio-pesticides. All plant samples were 

harvested at the same growth stage to control for temporal 

variations in phytochemical content. The plant material was 

stored under standardized conditions at 4°C to prevent 

degradation until processing. 

 

Methods 

To evaluate the impact of agricultural practices on the 

bioavailability of medicinal plants, a comparative analysis 

was conducted using a combination of chemical, 

physiological, and bioassay-based methods. First, the plant 

samples were subjected to solvent extraction using ethanol 

and methanol to isolate the bioactive compounds. The 

concentration of key phytochemicals, such as alkaloids, 

flavonoids, saponins, and terpenoids, was determined using 

High-Performance Liquid Chromatography (HPLC) and 

spectrophotometric assays. Antioxidant activity was 

measured through DPPH (2,2-diphenyl-1-picrylhydrazyl) 

radical scavenging activity, while antimicrobial properties 

were assessed using disk diffusion methods. Additionally, 

plant samples were grown under controlled greenhouse 

conditions with standardized irrigation and nutrient inputs to 

simulate organic and conventional farming practices. 

Various environmental stress factors, such as nutrient 

deprivation and controlled drought, were applied to 

determine their influence on the biosynthesis of secondary 

metabolites. Statistical analysis of the data was performed 

using one-way ANOVA to assess the significance of 

differences between conventional and organic farming 

methods, with a p-value of <0.05 considered statistically 

significant. 

 

Results 

The results of this study revealed significant differences in 

the bioactive compound content and bioavailability between 

medicinal plants cultivated under conventional and organic 

farming practices. In general, plants grown under organic 

farming conditions exhibited higher concentrations of key 

bioactive compounds compared to their conventionally 

grown counterparts. 

Phytochemical content: High-Performance Liquid 

Chromatography (HPLC) analysis showed that Withania 

somnifera grown organically had a 22% higher 

concentration of withanolides (active compounds) compared 

to conventionally grown plants (p < 0.01). Similarly, Tulsi 

(Ocimum sanctum) grown under organic conditions 

exhibited a 18% increase in total phenolic content (p < 0.05) 

and a 20% increase in flavonoid levels, as measured by 

spectrophotometric assays. In Echinacea purpurea, organic 

farming resulted in a 15% higher concentration of 

echinacoside, a key immunomodulatory compound, relative 

to conventionally grown plants (p < 0.05). For Ginseng 

(Panax ginseng), the content of ginsenosides was found to 

be 12% higher in organically grown plants (p < 0.01). 

 

Antioxidant activity: The DPPH radical scavenging assay 

demonstrated that plants grown under organic farming 

conditions generally exhibited stronger antioxidant activity. 

Withania somnifera had an antioxidant capacity 30% greater 

(p < 0.01) than conventionally grown plants. Tulsi also 

showed a 25% higher antioxidant activity in the organic 

samples (p < 0.05). Interestingly, Echinacea purpurea 

exhibited a 10% higher antioxidant activity under 

conventional farming, although this difference was not 

statistically significant (p = 0.08). 

 

Antimicrobial activity: Antimicrobial testing revealed that 

organically grown Tulsi exhibited a 40% larger zone of 

inhibition against Staphylococcus aureus and Escherichia 

coli compared to conventionally grown plants (p < 0.01). In 

contrast, Ginseng showed no significant differences in 

antimicrobial activity between the two farming practices, 

suggesting that the impact of farming methods on 

bioavailability might be plant-specific. 

 

Environmental stress impact: Plants subjected to 

controlled environmental stress (e.g., drought or nutrient 

limitation) showed higher concentrations of secondary 

metabolites. Organic Withania somnifera under drought 

stress exhibited a 35% increase in withanolide 

concentration, compared to a 10% increase in 

conventionally grown plants (p < 0.01). Likewise, Tulsi 

under nutrient stress showed a 28% increase in flavonoid 

content in organic conditions, while conventional farming 

showed only a 15% increase (p < 0.05). 

 

Statistical analysis: Data analysis using one-way ANOVA 

confirmed that the differences observed in bioactive 

compound content, antioxidant, and antimicrobial activities 

between organic and conventional farming methods were 

statistically significant for most of the medicinal plants 

tested (p < 0.05). The greatest differences were observed in 

plants such as Withania somnifera and Tulsi, which are 

known for their high concentrations of secondary 

metabolites that contribute to their medicinal properties. 

Overall, the findings suggest that organic farming practices 

have a positive impact on the bioavailability of bioactive 

compounds in medicinal plants, which may enhance their 

therapeutic potential. 
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Table 1: Comparison of bioactive compound content, antioxidant, and antimicrobial activity of medicinal plants grown under conventional 

and organic farming practices 
 

Plant Species 
Bioactive 

Compound 

Conventional 

Farming 

Organic 

Farming 

% Increase in 

Organic Farming 

Antioxidant Activity 

(DPPH, % Inhibition) 

Antimicrobial Activity 

(Zone of Inhibition, mm) 

Withania somnifera Withanolides 45 mg/g 55 mg/g 22% 55% 
12 mm (S. aureus) 10 mm 

(E. coli) 

Ocimum sanctum 

(Tulsi) 
Total Phenolics 23 mg/g 27 mg/g 18% 65% 

14 mm (S. aureus) 11 mm 

(E. coli) 
 Flavonoids 15 mg/g 18 mg/g 20%   

Echinacea purpurea Echinacoside 3.5 mg/g 4.0 mg/g 15% 62% 
13 mm (S. aureus) 9 mm (E. 

coli) 

Panax ginseng Ginsenosides 2.0 mg/g 2.24 mg/g 12% 58% 
8 mm (S. aureus) 7 mm (E. 

coli) 

Environmental Stress 

(Drought/Nutrient 

Limitation) 

Withanolides 

(Drought Stress) 
45 mg/g 61 mg/g 35%   

 Flavonoids 

(Nutrient Stress) 
14 mg/g 18 mg/g 28%   

 

▪ % Increase in organic farming refers to the percentage 
difference in the bioactive compound levels between 
organic and conventional farming. 

▪ Antioxidant activity was measured using DPPH radical 
scavenging assay, expressed as percentage inhibition. 

▪ Antimicrobial activity refers to the zone of inhibition 
(in mm) against Staphylococcus aureus and Escherichia 
coli. 

The data highlights the enhanced bioavailability of bioactive 

compounds and superior antioxidant and antimicrobial 

activities in medicinal plants grown under organic farming 

practices compared to conventional farming. 

 

 
 

Fig 1: 

 

The graphs above visually represent the results of the study 

comparing bioactive compound content, antioxidant 

activity, and antimicrobial activity between medicinal plants 

grown under conventional and organic farming practices. 

▪ Bioactive Compounds (mg/g): Organic farming led to 

a higher concentration of bioactive compounds across 

all plant species, with significant increases in Withania 

somnifera and Tulsi (Ocimum sanctum). 

 

▪ Antioxidant Activity (% Inhibition): Organic farming 

consistently showed superior antioxidant activity 

compared to conventional methods. 
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▪ Antimicrobial Activity (S. aureus): Organic farming 

resulted in larger zones of inhibition against 

Staphylococcus aureus in Tulsi and Echinacea 

purpurea, while the difference was less pronounced in 

Panax ginseng. 

 

Discussion 

The findings of this study provide compelling evidence that 

organic farming practices positively influence the 

bioavailability of medicinal plants, as indicated by the 

higher concentrations of bioactive compounds, improved 

antioxidant activities, and enhanced antimicrobial 

properties. These results are consistent with other studies 

that have highlighted the benefits of organic farming on 

secondary metabolite production in medicinal plants. 

 

Comparison with other studies: The higher levels of 

withanolides in Withania somnifera under organic 

conditions align with research conducted by Tiwari et al., 

which reported a 20–30% increase in secondary metabolite 

production in organically grown medicinal plants due to 

reduced synthetic chemical exposure and increased reliance 

on natural soil amendments [3]. Similarly, the increase in 

phenolic and flavonoid content in Tulsi observed in this 

study corresponds with findings by Li et al., who 

demonstrated that organic farming improves the 

accumulation of these compounds in medicinal plants, likely 

due to enhanced microbial activity and nutrient cycling in 

organic soils [2]. 

The superior antioxidant activity observed in plants under 

organic farming conditions also parallels results from a 

study by Clark et al., which showed that plants exposed to 

mild environmental stress, such as limited nutrient 

availability in organic systems, produce more antioxidants 

as part of their natural defense mechanisms [5]. For instance, 

in this study, Withania somnifera exhibited a 30% higher 

antioxidant activity in organic systems, supporting the 

hypothesis that organic farming practices can stimulate 

stress-related biosynthetic pathways. 

The enhanced antimicrobial properties of organically grown 

plants, such as the 40% larger inhibition zones for Tulsi 

against Staphylococcus aureus and Escherichia coli, are in 

agreement with findings by Pardo-Giménez et al., who 

observed that organic practices improve the antimicrobial 

efficacy of medicinal plants by fostering the synthesis of 

bioactive secondary metabolites [1]. However, the minimal 

differences in antimicrobial activity for Panax ginseng 

between farming systems indicate that the impact of 

agricultural practices may be plant-specific, as also noted by 

Kaur et al., who found variability in the response of 

different plant species to farming methods [4]. 

 

Implications and limitations: These findings highlight the 

potential of organic farming to enhance the therapeutic 

value of medicinal plants, making them more effective for 

use in traditional medicine and modern pharmacology. 

However, the variability in response among plant species 

underscores the need for tailored agricultural strategies to 

optimize bioavailability for specific plants. Additionally, 

while organic farming improves phytochemical profiles, it 

may be associated with lower overall yields compared to 

conventional farming, which warrants further investigation 

into balancing productivity and quality. 

 

Conclusion 

This study demonstrates that organic farming practices 

significantly enhance the bioavailability of bioactive 

compounds in medicinal plants. Higher concentrations of 

secondary metabolites, stronger antioxidant activities, and 

superior antimicrobial properties were observed in plants 

cultivated under organic farming compared to conventional 

methods. These results highlight the ability of organic 

systems to foster plant stress responses and optimize soil 

health, leading to enhanced therapeutic potential. However, 

the variability in plant-specific responses emphasizes the 

need for further research to tailor agricultural practices to 

maximize bioavailability across different medicinal species. 

Organic farming presents a sustainable approach for 

producing high-quality herbal medicines, benefiting both 

traditional medicine systems and modern pharmacological 

applications. 
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