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As the world becomes increasingly aware of the 

environmental impacts of industrial practices, it is crucial 

to re-evaluate the methods used to extract valuable 

compounds from plants. Traditional extraction techniques 

often rely on harsh solvents, high temperatures, and 

lengthy processes that can be detrimental to both the 

environment and the quality of the extracted compounds. 

However, recent advances in extraction technology have 

paved the way for more sustainable and efficient methods 

(Da Silva et al., 2022). One promising approach is the use 

of Ultrasound-Assisted Extraction (UAE). UAE is a 

nonconventional extraction technique that utilizes 

ultrasonic waves to induce cavitation in the extraction 

medium. This cavitation generates microbubbles that 

implode, creating localized high temperatures and 

pressures. These phenomena enhance solvent penetration, 

disrupt cell walls, and improve mass transfer, thereby 

facilitating the release of target compounds from plants or 

microbial matrices. The cavitation process disrupts 

cellular structures, increasing the contact surface between 

the solvent and the sample, thus minimizing solvent 

usage and shortening the extraction time compared to 

traditional methods, which typically require hours to 

days. This time-saving aspect, combined with the 

relatively simple equipment, makes UAE widely 

applicable on large industrial scales. Disadvantages of 

this method include reduced efficiency of ultrasound in 

propagating highly viscous or dense matrix samples, as 

well as the generation of free radicals and initiation of 

unwanted side reactions such as oxidation, and the 

increasing vulnerability of ultrasound probes over time. 

Despite the advantages and disadvantages of the 

ultrasound method, it is important to mention that the 

efficiency of the extraction process depends on various 

parameters such as ultrasonic power, temperature, 

extraction time, and solvent selection (Santos and 

Martins, 2023). Accurate optimization of these 

parameters is very important to ensure maximum 

extraction efficiency and maintain the integrity of the 

extracted compounds (Islam et al., 2023). 

Another innovative method is Supercritical Fluid 

Extraction (SFE), which uses carbon dioxide in its 

supercritical state as a solvent. Supercritical CO2 is non-

toxic, non-flammable, and easily separated from the 

extract, making it an environmentally friendly alternative 

to traditional organic solvents. SFE also allows selective 

extraction of specific compounds by adjusting pressure 

and temperature parameters, making it more effective 

than traditional methods that use organic solvents and 

high temperatures, which may damage heat-sensitive 

compounds. Despite its many advantages, SFE presents 

several limitations that must be considered when 

evaluating its applicability for industrial and research 

purposes. A principal drawback of SFE is the high capital 

investment required; the specialized high-pressure 

equipment and stringent safety measures necessary to 

maintain supercritical conditions lead to increased initial 

and maintenance costs. Furthermore, SFE demands 

precise control of operating parameters, particularly 

temperature and pressure, since minor deviations can 
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significantly alter the solvent’s density and solvating 

power, thereby impacting extraction efficiency and 

reproducibility. Another notable limitation arises from the 

intrinsic non-polar nature of supercritical CO2, the most 

commonly used supercritical fluid. While this property is 

advantageous for extracting non-polar compounds, it 

limits the solubility of polar analytes. To overcome this, 

co-solvents (or modifiers) such as ethanol are often 

introduced, which can improve the extraction of polar 

compounds but simultaneously complicate the extraction 

process by potentially co-extracting unwanted impurities. 

Additionally, the requirement to remove these modifiers 

post-extraction may add extra processing steps, 

potentially diminishing the overall efficiency of the 

method. (Bitwell et al., 2023; Khaw et al., 2017; Wrona et 

al., 2017).  

There is a growing interest in the use of Natural Deep 

Eutectic Solvents (NADES) for the extraction of plant 

extracts. NADES are formed by mixing a Hydrogen Bond 

Acceptor (HBA) with a Hydrogen Bond Donor (HBD), 

resulting in a eutectic mixture with a melting point lower 

than of its individual components. This unique property 

allows NADES to remain liquid at room temperature, 

making them ideal for various extraction processes. Their 

versatility and ease of preparation make them attractive 

for extracting valuable bioactive compounds from plant 

materials. These solvents are biodegradable and 

recyclable and can be designed to target specific 

compounds based on their polarity and solubility 

(Abranches and Coutinho, 2023; Długosz, 2023; Liu et 

al., 2018). For example, studies have shown that NADES 

can efficiently extract many bioactive compounds 

including phenolics and flavonoids (Socas-Rodríguez et 

al., 2021). Despite the promising results, there are 

challenges in the widespread adoption of NADES. The 

lack of standardized protocols and a comprehensive 

understanding of their long-term stability and 

recyclability are critical areas that require further 

investigation. As researchers continue to explore the full 

potential of NADES, it is essential to develop clear 

guidelines and methods to facilitate its wider application 

in the extraction of plant bioactive substances. One of the 

primary challenges associated with NADES is their 

elevated viscosity. High viscosity can impede mass 

transfer rates, obstructing the diffusion of target analytes 

from solid matrices into the solvent. This may require 

interventions such as dilution or heating, which can 

compromise extraction selectivity or lead to the 

degradation of thermolabile compounds. Another 

significant limitation is the restricted polarity range of 

NADES. Although these solvents can be designed for a 

range of polarities, many formulations are predominantly 

highly polar. This trait aids in extracting polar compounds 

but can hinder the extraction of non-polar or less polar 

molecules. The incorporation of a co-solvent may be 

necessary to expand the extraction range; however, this 

complicates the process and may diminish the 

environmental advantages of using pure NADES. Water 

content is a critical determinant. While minimal water can 

enhance mass transfer by reducing viscosity, excessive 

water can disrupt the solvent's structure and weaken its 

hydrogen bonding network. This alteration may reduce 

extraction efficiency and reproducibility, especially for 

compounds that depend on specific solvation conditions 

(Liu et al., 2018). 

As we move toward a more sustainable future, it is 

imperative to prioritize the development and 

implementation of green extraction technologies for 

plant-derived compounds. By adopting these innovative 

methods, we can reduce the environmental impact of 

extraction processes while ensuring the availability of 

high-quality natural products for a variety of applications, 

from pharmaceuticals to cosmetics and even food 

products. 
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