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Abstract

Background: Efficient extraction of bioactive compounds from medicinal plants is crucial for drug development. Traditional
methods often face limitations such as low yields, high solvent consumption, and environmental concerns.

Objective: This study aims to develop and validate a novel ultrasonication-assisted extraction method to optimize bioactive
compound recovery from Ocimum sanctum and Curcuma longa.

Methods: Plant powders were subjected to ultrasonication-assisted extraction using 70% ethanol. Extraction efficiency was
assessed by measuring total flavonoid content (TFC), total phenolic content (TPC), and overall yield. Validation was
conducted following ICH guidelines, evaluating parameters such as precision, accuracy, and robustness.

Results: Compared to Soxhlet extraction, the novel method increased TFC by 38.7% and 35.8% for Ocimum sanctum and
Curcuma longa, respectively. Similarly, TPC improved by 40.8% and 40.2%, with overall yields rising by 4.2-5.5%.
Validation results confirmed high reliability, with Rz > 0.998 for linearity and accuracy between 95.8%-102.3%.

Conclusion: The ultrasonication-assisted method demonstrated superior efficiency and sustainability, offering a scalable and
environmentally friendly solution for bioactive compound extraction.
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Introduction novel approach yielded a 35% higher concentration of
The extraction of bioactive compounds from pharmaceutical flavonoids compared to Soxhlet extraction, a finding
plants has garnered significant attention in recent years due corroborated by studies exploring similar innovations in the
to its pivotal role in drug discovery and development. Plants field M. This improvement aligns with the global shift
have long been a reservoir of pharmacologically active towards sustainable and efficient  pharmaceutical
substances, with compounds such as alkaloids, flavonoids, manufacturing practices.

and terpenoids providing therapeutic benefits. However, the Furthermore, the study emphasizes the importance of
effectiveness of plant-based pharmaceuticals often hinges method validation, adhering to stringent guidelines to ensure
on the efficiency of the extraction methods employed. reliability. Key parameters assessed include specificity,
Traditional techniques, including maceration, percolation, precision, accuracy, and robustness. The validation
and Soxhlet extraction, though extensively utilized, exhibit framework aligns with international standards, such as those
limitations in terms of time, solvent usage, and extraction outlined by the International Council for Harmonisation
yield. The advent of advanced methods has aimed to address (ICH) [, These protocols not only enhance the credibility of
these challenges, yet the demand for innovative approaches the extraction method but also facilitate regulatory approval
persists. for pharmaceutical applications.

In the academic article "Development and Validation of a This research contributes to the broader understanding of
Novel Extraction Method for Bioactive Compounds from plant-based pharmaceuticals by addressing gaps in
Pharmaceutical ~ Plants,” the authors present a extraction science. It also paves the way for further
groundbreaking approach to bioactive compound extraction exploration into the optimization of methods for specific
that seeks to optimize efficiency and yield while minimizing plant species and bioactive compounds. Future studies could
environmental impact. This study underscores the build upon this work by exploring the scalability of the
significance of developing extraction methodologies tailored novel method, its applicability to diverse plant matrices, and
to the chemical characteristics of target compounds, as its integration into existing pharmaceutical pipelines.
generic methods may compromise yield or degrade sensitive In conclusion, the innovative extraction technique proposed
bioactives. Moreover, the validation of these methods in this study marks a significant step forward in the field of
ensures their reproducibility and scalability for industrial pharmaceutical sciences. By improving the yield and quality
applications. of bioactive compounds, it holds promise for advancing
The novel extraction technique described integrates aspects natural product drug discovery while adhering to principles
of green chemistry, leveraging solvents and processes of sustainability and efficiency.

designed to reduce environmental toxicity. The authors

conducted a comparative analysis with established methods, Materials

demonstrating superior performance in terms of purity and The study utilized plant materials selected for their known
concentration of extracted compounds. For example, the pharmacological profiles, including Ocimum sanctum (holy
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basil) and Curcuma longa (turmeric). Fresh plant samples
were obtained from certified botanical suppliers and
authenticated by a taxonomist to ensure purity and identity.
Analytical grade solvents such as ethanol, methanol, and
acetone were procured from Merck. Reagents for assay
procedures, including aluminum chloride for flavonoid
quantification and gallic acid for phenolic content
determination, were sourced from Sigma-Aldrich.
Equipment included a  high-performance  liquid
chromatography (HPLC) system (Agilent 1260 Infinity) for
compound quantification, a rotary evaporator (Buchi R-210)
for solvent recovery, and an ultrasonicator (Qsonica Q500)
for sonication-assisted extraction. Glassware was sterilized
prior to use, and all experimental procedures were
conducted in compliance with Good Laboratory Practices
(GLP).

Methods

The novel extraction method combined ultrasonication with
an optimized solvent system to enhance bioactive compound
recovery. Plant samples were dried at 40°C, powdered, and
sieved to a uniform particle size of 250 um. For extraction,
5 g of the powdered sample was mixed with 50 mL of a
solvent system (70% ethanol in water) in a 250 mL
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Erlenmeyer flask. Ultrasonication was performed at 40 kHz
for 30 minutes at room temperature, followed by
centrifugation at 5000 rpm for 10 minutes to separate the
extract. The supernatant was filtered through Whatman No.
1 paper and concentrated using a rotary evaporator under
reduced pressure at 45°C. Extracts were analyzed for total
flavonoid and phenolic content using colorimetric assays
and quantified for specific bioactive compounds using
HPLC, following protocols outlined by Chemat et al. [,
The method validation adhered to ICH guidelines [,
assessing parameters such as linearity, precision, and
accuracy to confirm its reliability and applicability for
pharmaceutical research.

Results

The application of the novel ultrasonication-assisted
extraction method yielded significant improvements in the
recovery of bioactive compounds compared to conventional
Soxhlet extraction. The primary bioactive markers analyzed
were total flavonoid content (TFC) and total phenolic
content (TPC), quantified using colorimetric assays and
HPLC analysis. Table 1 summarizes the results for the two
plant species studied: Ocimum sanctum and Curcuma longa.

Table 1: Comparison of total flavonoid and phenolic content using different extraction methods

Plant Species Method Total Flavonoid Content (mg QE/qg) Total Pherg’lbl‘cl:zgg)ntent (mg Extraction Yield (%)
Ocimum sanctum Soxhlet Extraction 225+0.8 453+12 85+05
Ultrasonication (Novel) 312+1.1 63.8+15 12.7+£0.6
Curcuma longa Soxhlet Extraction 18.7+ 0.6 415+£1.1 72+04
Ultrasonication (Novel) 254+09 58.2+1.3 114+05

Yield and compound recovery

The ultrasonication-assisted method exhibited superior
performance in both vyield and bioactive compound
concentration. For Ocimum sanctum, the TFC increased by
38.7% and TPC by 40.8% compared to Soxhlet extraction.
Similarly, Curcuma longa showed a 35.8% increase in TFC
and a 40.2% improvement in TPC. The overall extraction
yields also increased significantly, from 8.5% to 12.7% for
Ocimum sanctum and from 7.2% to 11.4% for Curcuma
longa.

Method validation

The novel method met all criteria for validation as per ICH
guidelines [, Linearity was observed with R2 values >0.998
for both flavonoids and phenolics. Precision studies showed
an intra-day variability of <2%, while inter-day variability
remained below 3%. Accuracy ranged from 95.8% to
102.3%, indicating a high level of method reliability.
Robustness tests revealed minimal deviations in yield and
bioactive recovery when varying sonication time (5
minutes) and solvent composition (£5%).

The results demonstrate that the novel ultrasonication-
assisted extraction method is not only more efficient but
also environmentally sustainable, requiring less solvent and
time than traditional techniques. Its superior performance in
bioactive compound recovery makes it a viable alternative
for pharmaceutical applications.

Discussion
The findings of this study highlight the efficacy of the novel
ultrasonication-assisted extraction method in enhancing the
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recovery of bioactive compounds from pharmaceutical
plants. Compared to traditional Soxhlet extraction, this
method demonstrated significant improvements in total
flavonoid content (TFC), total phenolic content (TPC), and
overall extraction yield for Ocimum sanctum and Curcuma
longa. These results align with global trends in extraction
science, emphasizing green and efficient methodologies for
natural product isolation.

The 38.7% and 35.8% increases in TFC for Ocimum
sanctum and Curcuma longa, respectively, underscore the
capacity of ultrasonication to disrupt plant cell walls
effectively, thereby facilitating the release of intracellular
bioactives. Similarly, the 40.8% and 40.2% improvements
in TPC reflect the solvent penetration and cavitational
effects induced by ultrasonication, which enhance the
solubilization of phenolic compounds. These results are
consistent with the work of Chemat et al, who
demonstrated that ultrasonication could significantly boost
flavonoid extraction compared to conventional methods,
yielding up to 45% more flavonoids from citrus peels ™.
The study also corroborates findings from Dai and Mumper,
who highlighted the advantages of green extraction
techniques, including reduced solvent use and enhanced
compound stability during extraction. In their comparative
study on grape pomace, ultrasonication resulted in a 30-40%
higher recovery of phenolics and anthocyanins compared to
Soxhlet and maceration Bl This reinforces the notion that
ultrasonication is particularly advantageous for heat-
sensitive bioactives, as it operates under mild temperatures,
minimizing thermal degradation.



International Journal of Research in Pharmacy and Pharmaceutical Sciences

Moreover, the observed increase in extraction yield aligns
with the work of Rostagno et al., who applied
ultrasonication to soybean extracts and reported a 20%
improvement in yield with a concurrent reduction in
processing time and solvent consumption . The present
study further advances these findings by validating the
method according to ICH guidelines, ensuring its
reproducibility and potential for industrial scalability.

A notable contribution of this study is its focus on method
validation, addressing an essential gap in many prior
studies. By assessing parameters such as precision,
accuracy, and robustness, the novel method not only
enhances extraction efficiency but also aligns with
pharmaceutical industry standards. This adds significant
value for downstream applications in drug development,
where consistency and reliability are paramount.

The novel method's integration of sustainability principles
also marks a critical advancement. Reducing solvent usage
aligns with the green chemistry paradigm, addressing
environmental concerns associated with traditional methods.
While this study achieved promising results for Ocimum
sanctum and Curcuma longa, future research could explore
its application to other medicinal plants, as well as its
adaptability to industrial-scale operations.

Conclusion

The study successfully demonstrated the potential of the
novel ultrasonication-assisted extraction method in
enhancing the recovery of bioactive compounds from
Ocimum sanctum and Curcuma longa. Compared to
conventional Soxhlet extraction, the method significantly
improved total flavonoid and phenolic content while
increasing overall extraction yield. The application of green
chemistry principles and adherence to ICH validation
guidelines highlight its reliability and sustainability for
pharmaceutical applications. This innovative approach not
only addresses efficiency and environmental concerns but
also aligns with modern extraction science trends, paving
the way for further optimization and industrial-scale
applications.
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