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Plant-based bioactive compounds: A comprehensive 

review of conventional and novel extraction techniques 

 
Mohammed Shammas Ebrahim 

 
Abstract 
The growing demand for functional foods and nutraceuticals, known for their health benefits, has led to 

increased interest in natural bioactive compounds. Extracting these compounds is essential from both 

industrial and technological perspectives. Conventional methods like maceration, hydrodistillation and 

solvent extraction are commonly used, but modern eco-innovative techniques such as ultrasound-assisted 

extraction, microwave-assisted extraction, supercritical fluid extraction, enzyme assisted extraction, 

pulsed electric field and pressurized liquid extraction have gained popularity for their efficiency. The 

incorporation of innovative and combined novel techniques enhances extractability, leading to improved 

yields with higher extraction rates. Moreover, this process reduces impurities in the final extract and 

safeguards delicate thermo- sensitive compounds. It involves the utilization of diverse inorganic solvents 

and boasts low energy consumption. This review aims to assess the efficacy of various conventional, 

novel, and hybrid technologies utilized in extracting bioactive compounds from plant materials. 
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Introduction 

In today's world, people seek to consume both essential foods for bodily functions and 

beneficial bioactive compounds—non-nutritional ingredients that support health. Bioactive 

compounds are secondary metabolites produced by organisms to regulate physiological 

activities and increase survival resilience (Koçak & Pazir, 2018) [1]. Bioactive compounds can 

be found in a variety of plant items and are classified into various classes including terpenoids, 

alkaloids, nitrogen-containing compounds, organosulfur compounds, and phenolics (Jha & Sit, 

2022) [2]. 

The process of extraction plays a vital role in acquiring elements from either a solid mixture or 

solution, and is an integral part of preparing samples, conducting experiments and qualitatively 

analysing bioactive compounds (H. W. Huang et al., 2013) [3]. The success of qualitative and 

quantitative investigations of these compounds depends on extraction, which is the first stage 

in isolating and characterising bioactive compounds from plant materials. The solubility of the 

target compounds in the selected solvents, process circumstances, and precautions to prevent 

the co- extraction of undesirable compounds should all be taken into account during the 

process selection phase (Mphahlele et al., 2016) [4]. The two most popular methods are solvent 

extraction and solid- phase extraction (Kultys & Kurek, 2022) [5]. The effectiveness and 

efficiency of the chosen extraction methods play a significant role in the extraction of 

bioactive compounds from a variety of food and agricultural sources (Wen et al., 2020) [6]. 

Traditional methods such as soxhlet, hydrodistillation, and maceration with alcohol can all be 

used to extract bioactive chemicals. Depending on the nature of the desired compound, the 

proper technique should be used in order to get the best yield and purity (Kadam & Tiwari, 

2013) [7]. Solvent selection, temperature, stirring, and solubility are among the variables on 

which traditional extraction techniques depend. However, as phytochemicals are extremely 

sensitive to heat and light, they are vulnerable to thermal and photodegradation, which cannot 

be eliminated using conventional methods due to their high molecular weight (Singh et al., 

2015) [8]. Due to their drawbacks, which include high usage of organic solvents, and 

detrimental effects on the environment and costly expenses, led to development of alternative 

techniques like microwave, ultrasound, supercritical fluids (which predominantly employ 

carbon dioxide, known as SC-CO2), enzyme, pressurized liquid, and pulsed electric field- -

assisted extractions (Moreira et al., 2019) [9].
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Maceration 

The most ancient method used to extract primary and 

secondary metabolites involves immersing the plant material 

in solvents such as water, oil, or alcohol, is maceration or 

solid-liquid extraction (Lefebvre et al., 2021) [10], involves 

leaving the plant material with the solvent for a few hours up 

to several days. Afterward, the extract is filtered to eliminate 

any solid suspensions. Despite the relatively high solvent 

usage, maceration is a favorable technique for thermally labile 

components (Ligor et al., 2018) [11]. To extract plant 

metabolites methanol, ethanol, acetone, hexane, 

dichloromethane, chloroform, ethyl acetate, water and other 

solvents are commonly used in maceration. To aid in the 

maceration process, continuous agitation or induced heat is 

sometimes utilized (Azahar et al., 2020) [12]. Intermittent 

shaking during maceration has two functions: to remove 

concentrated solutions from the surface of the sample, to 

increase the rate of diffusion and enabling a fresh solvent to 

extract further yield (Azmir et al., 2013) [13]. 

 

Soxhlet Extraction 

Franz Ritter Von Soxhlet, a German scientist, first created the 

extraction technique known as the Soxhlet extractor in 1879, 

particularly for lipid extraction. Nevertheless, it is being used 

to extract advantageous bioactive substances from a variety of 

natural sources. It also acts as a common reference for 

assessing novel extraction options (Azmir et al., 2013) [13]. 

This technique is more effective than other conventional 

techniques, except for extracting thermolabile compounds 

(Singh et al., 2015) [8]. It involves using a porous carrier, 

called a "thimble," made of filter paper or cellulose to hold 

the plant material. The extraction solvent is poured into the 

thimble, which is then set on a thimble holder. The sample-

containing thimble is heated in the bottom flask, whereupon 

the solvent evaporates, condenses, and drops back into it 

(Manousi et al., 2019) [14]. When the soxhlet chamber is 

nearly full, the syphon arm automatically empties it, allowing 

the solvent to flow back down to the boiling flask. Cycles of 

this procedure are carried out until a concentrated extract is 

achieved (Azahar et al., 2020) [12]. González-Barrio et al., 

(2018) [15] used a Soxhlet extractor to extract a known weight 

of powdered sample with petroleum ether to assess the crude 

fat content of Viola wittrockiana and Antirrhinum majus. 

Similarly, Moliner et al., (2022) [16] extracted fresh borage 

(Borago officinalis L.) using the soxhlet method with ethanol 

as the solvent which gave a yield of 5.45% (mass of 

extract/mass of fresh flowers). 

 

Hydrodistillation 

Hydrodistillation is a widely utilized method of acquiring 

essential oils and bioactive substances from plant matter, like 

flowers or wood, that are typically not soluble in water and 

have high boiling temperatures. This method involves 

immersing the plant material in water and boiling it 

(Tongnuanchan & Benjakul, 2014) [17]. Hydrodistillation is a 

solvent-free technique that can be utilized on both damp and 

dry samples. It can be categorized into four types, namely 

water distillation, water and steam distillation, direct steam 

distillation, and cohobation distillation (Manousi et al., 2019) 
[14]. Hydrodistillation allows for the simultaneous extraction 

and separation of volatile and nonvolatile organic compounds. 

The azeotropic distillation is utilised to seperate volatile 

organic compounds from the matrix and is collected in a 

Florentine flask. While to extract soluble organic compounds 

that are not volatile, boiling water is utilized in the alambic 

with direct contact with the matrix. Despite its efficacy, this 

technique is laborious and requires substantial energy, and the 

high temperature used for extraction may result in the loss of 

some volatile components (Petigny et al., 2014) [18]. There are 

three key physicochemical procedures involved in the 

process: hydrolysis, hydrodiffusion and heat-induced 

decomposition. Nevertheless, the usage of hydrodistillation 

for thermolabile compound extraction is restricted because at 

high extraction temperatures, some volatile components may 

be forfeited. (Azmir et al., 2013) [13]. 

 

Ultrasound Assisted Extraction (UAE) 

UAE is a productive technique that sits at the intersection of 

traditional and contemporary methods and is employed for 

various bioactive substances (Ligor et al., 2018) [11]. There are 

two main types of ultrasound: diagnostic ultrasound and 

power ultrasound. Diagnostic ultrasound uses high frequency 

waves (100 kHz to 1 MHz) of low intensity for non-

destructive analysis to ensure quality and process 

management. On the other hand, power ultrasound uses low 

frequency waves (16 to 100 kHz) of high intensity and is 

commonly used in extraction and processing techniques 

(Rutkowska et al., 2017) [19]. Several molecules and 

biomaterials, including polysaccharides, peptides, proteins, 

dyes, pigments, bioactive compounds and essential oils have 

been extracted using ultrasound (Soquetta et al., 2018) [20]. 

Acoustic cavitation is the primary influence of ultrasound in a 

liquid medium (Saini & Keum, 2018) [21]. The transmission of 

ultrasound waves occurs in a medium, whether it is a solid, 

liquid, or gas. This happens by producing compression and 

expansion, which leads to the formation, growth, and collapse 

of bubbles. This process is known as "cavitation" (Moreira et 

al., 2019) [9]. The changes induced by ultrasound bring about 

a forceful impact of molecules, leading to the creation of 

shock waves and zones of high pressure (up to 50 MPa) and 

temperature (5500 °C) for a brief period (9-10 s). This causes 

harm to the cell wall, facilitating improved penetration of 

solvents and the extraction of intracellular compounds (Kultys 

& Kurek, 2022) [5]. Several factors can alter ultrasonic waves, 

with frequency (Hz) and amplitude (MPa) being the most 

significant ones. Power (W) is determined by amplitude 

changes over time, and intensity (W/m) is obtained by 

dividing power by surface area (Lefebvre et al., 2021) [10]. 

The choice of solvent has a considerable influence on the 

efficacy of cavitation in UAE and the transfer of acoustic 

energy to reactants. The most commonly used solvents 

include water, ionic liquids, ethylene glycol and its oligomers, 

glycerol, and other solvents derived from biomass 

(Giacometti et al., 2018) [22]. There are two primary devices 

for sonication: the ultrasonic probe and ultrasonic bath 

system, the former is which is a direct method of sonication 

and the latter is indirect applications (Manousi et al., 2019) 
[14]. 

Microwave Assisted Extraction (MAE) 

Microwaves fall within the frequency range of 300 MHz to 

300 GHz and are characterised by two oscillating fields at 

right angles to each other - the electric field and magnetic 

field (Angiolillo et al., 2015) [23]. Microwaves serve as a non-

contact heat source, which not only enhances heating 

efficiency and selectivity, but also accelerates energy transfer, 
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response to heating control, and startup, while reducing 

equipment size, thermal gradient, and operation units (Li et 

al., 2013) [24]. MAE is an economical and innovative approach 

that combines conventional solvent techniques with 

microwaves. In this method, microwaves are utilized to heat 

solvents for extracting biologically active substances within a 

short span of time while also reducing the volume of solvents 

used (Singh et al., 2015) [8]. Microwave heating is much faster 

compared to traditional heating methods such as conduction 

or convection. Microwave heating works on the principle of 

creating heat through friction by moving dipole particles. To 

heat the sample and transfer the heat to the extractant, a non-

polar solvent that does not absorb microwave radiation is used 

(Kultys & Kurek, 2022) [5]. MAE involves both ionic 

conduction and dipole rotation, which occur simultaneously 

and directly affect the molecules. Unlike traditional heating 

methods, microwave heating causes molecules to absorb 

energy without dissipating heat to the surrounding 

environment. As a result, polar molecules within the sample 

absorb energy, causing cell disruption. Faster diffusion and 

mass transfer from solids can be achieved by destroying cells, 

where heat and mass transfer work together and in unison 

(Ciko et al., 2018) [25]. Three successive processes make up 

the MAE extraction method. Under pressured and high-

temperature conditions, the solutes are first desorption from 

the different active sites within the sample matrix. Secondly, 

the extraction fluid may diffuse into the matrix. Last but not 

least, depending on the sample matrix, solutes may separate 

into the extraction fluid (Alupului et al., 2012) [26]. The 

antioxidant potential of flowers including, Calendula 

officinalis L., Rosa damascena Mill., Viola tricolor L., 

Hibiscus rosa- sinensis L., Cucurbita pepo L., Allium ursinum 

L. and Sambucus nigra L. was evaluated using MAE (Petkova 

et al., 2021) [27]. 

 

Enzyme Assisted Extraction (EAE) 

Enzymatic extraction, which involves the use of enzymes or 

combinations of enzymes, is frequently employed to catalyse 

the breakdown of compounds that are difficult to transfer due 

to their association with cell walls or binding to target 

compounds, such as pectin, within the matrix. Enzymes are 

utilized because of their inherent properties such as specificity 

and regioselectivity (Wen et al., 2020) [6]. Many species, such 

as animal organs, bacteria, fungus, or fruits and plant extracts, 

may serve as a source of enzymes. Oxidation-reduction 

enzymes, hydrolyzing enzymes, carboxylation enzymes, 

isomerizing enzymes, group transfer enzymes, ligases and 

desmolases are some of the categories under which these 

enzymes fall (Cheng et al., 2015) [28]. A variety of enzymes 

are available for chemical compound extraction. Cellulases, 

hemicellulases and pectinases are often used because of their 

catalytic capabilities to extract bioactive chemicals from 

medicinal and aromatic plants, while lipase, protease/lipase, 

phospholipase and lactase are frequently mentioned ones 

(Manousi et al., 2019) [14]. Enzymes engage with the plant cell 

wall via their active site, which induces the enzyme to alter its 

configuration to accommodate the substrate, thereby fostering 

extensive interaction between them. The conformational 

transformation of the enzyme instigates the rupture of bonds 

present within the cell wall, culminating in the liberation of 

the intended constituents (Nadar et al., 2018) [29]. Various 

vital factors can influence enzyme- facilitated extraction, such 

as time, temperature, pH, the type of solvent employed for 

extraction, the ratio of solid to liquid, composition and 

concentration of the enzyme and the proportion of enzyme to 

substrate (Azmir et al., 2013) [13]. EAE offers several benefits, 

especially regarding its eco-friendliness and non-toxicity, as it 

obviates the requirement for solvents during the process, it 

generates a higher yield of bioactive compounds without 

requiring heat. This technique is highly proficient in 

producing bioactive compounds by removing extraneous 

elements from cell walls and freeing the desired bioactives. 

Additionally, it helps to surmount the impediments posed by 

water solubility and insolubility of bioactive compounds 

(Kadam & Tiwari, 2013) [7]. Nevertheless, there are 

commercial and technical challenges associated with enzyme-

assisted extraction Firstly, the expense of enzymes is 

relatively high, making it unfeasible for processing large 

quantities of raw materials. Secondly, enzymes may not be 

able to break down plant cell walls completely. Finally, it may 

not be viable for industrial application due to the restricted 

behaviour of enzymes under diverse environmental conditions 

(Puri et al., 2012) [30]. 

 

Supercritical Fluid Extraction (SFE) 

Supercritical fluid extraction is gaining more recognition as a 

method for extracting bioactive substances from natural 

sources because of its numerous benefits. These benefits 

include shorter extraction times, lower usage of organic 

solvents, the ability to extract thermo-sensitive substances, the 

production of purer extracts, and its environmentally friendly 

nature (Huang et al., 2012) [31]. A supercritical fluid is a 

substance that is in a state above its critical point, where it 

cannot exist as separate gas and liquid phases due to 

temperature and pressure (Kultys & Kurek, 2022) [5]. At this 

stage, these fluids lose their distinct gas and liquid 

characteristics and cannot be turned into a liquid state by 

manipulating temperature and pressure. (Azmir et al., 2013) 
[13]. The distinctive attributes of supercritical fluids result in 

them having comparable gas-like traits in viscosity, diffusion 

and surface tension, as well as liquid- like traits in density and 

solvation power. These characteristics render them 

appropriate for extracting bioactive substances from natural 

sources (Manousi et al., 2019) [14]. These fluids can 

effortlessly permeate through solid matrices, akin to gases, 

and can dissolve materials similarly to conventional liquids. 

SFE is usually carried out close to the critical point of the 

fluid, where slight variations in temperature or pressure can 

cause significant changes in the fluid's density (Ahangari et 

al., 2021) [32]. Various solvents, including methanol, ethanol, 

butane, pentane, hexane, nitrous oxide, sulfur hexafluoride, 

and fluorinated hydrocarbons, possess critical properties that 

enable their use in supercritical fluid extraction (Molino et al., 

2020) [33]. However, carbon dioxide is the supercritical fluid 

of choice for this extraction technique due to several 

beneficial qualities, such as being non-toxic, ecofriendly, non-

flammable, widely accessible, chemically inert, high 

diffusivity, low surface tension and low viscosity. Moreover, 

it is relatively inexpensive and can be effortlessly extracted 

from the extract after decompression, resulting in no solvent 

remnants in the end product (López-Hortas et al., 2022) [34]. 

SFE involves two primary stages: the initial dissolution of 

chemical substances found in the solid matrix, and the 

subsequent separation of dissolved compounds from the 

supercritical solvent (da Silva et al., 2016) [35]. SFE is 

primarily employed for extracting non-polar bioactive 

https://www.thepharmajournal.com/
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compounds, including lipids and carotenoids, because of the 

solvents used in this approach (Soquetta et al., 2018) [20]. 

However, a polar modifier or co-solvent like water, methanol, 

ethanol, acetone, acetonitrile, dichloromethane or ethyl ether 

must be added to the supercritical fluid to boost solubility in 

order to extract polar chemicals like flavonoids (Ligor et al., 

2018) [11]. Water, being a safe and easily accessible solvent, is 

a good complement to SC-CO2 extraction as a polar co-

solvent, particularly because it is safe for human consumption 

(Wrona et al., 2017) [36]. Several factors, including 

temperature, pressure, particle size, moisture content of the 

feed material, CO2 flow rate, and solvent-to-feed ratio, 

significantly impact the efficiency of SFE (De Aguiar et al., 

2022) [37]. An advantage of SFE is that CO2 completely 

evaporates during the extraction process, leaving no solvent 

residues behind (Gañan et al., 2020) [38]. 

 

Pressurized Liquid Extraction (PLE) 

Pressurized liquid extraction involves increasing extraction 

kinetics maintaining solvents in their liquid state by utilizing 

high pressure (3.5-20MPa) and elevated temperatures (313-

473K), without surpassing the critical point (Xynos et al., 

2012) [39]. The chemicals' solubilization is accelerated by the 

increased temperature, which lowers the solvent's viscosity 

and surface tension resulting in faster and more effective 

extraction (Sousa et al., 2016) [40]. Additionally, high pressure 

during PLE expedites filling of the extraction cells and 

enables the liquid solvent to penetrate the solid matrix (Joana 

Gil-Chávez et al., 2013) [41]. The PLE method has two modes: 

dynamic and static. In the majority of documented studies, the 

static mode was utilized, followed by a dynamic flush with an 

organic solvent (Yahya et al., 2018) [42]. The analyte's 

solubility in the solvent determines the extraction efficiency 

in this method along with temperature and processing time 

(Kultys & Kurek, 2022) [5]. The subcritical water extraction 

technique, also known as pressurized hot water extraction, 

utilizes water as a solvent. At certain pressure and 

temperature, water's polarity may be changed to mimic that of 

certain alcohols, such as methanol and ethanol. It is hence 

capable of dissolving a variety of medium to low polarity 

analytes (Plaza & Turner, 2015) [43]. Optimum selection of 

solvents or solvent mixtures and fine-tuning process 

parameters like solid-to-liquid ratios, pressure, temperature, 

and number and duration of extraction cycles can lead to 

improved efficiency (Giacometti et al., 2018) [22]. PLE is 

recognized as an environmentally friendly and effective 

technique, attributed to its reduced solvent consumption, 

absence of exposure to light and oxygen, and shorter 

processing time (Shang et al., 2017) [44]. This technique is 

suitable for extracting compounds that are sensitive to 

degradation by heat (Osorio-Tobón & Meireles, 2013) [45]. 

However, PLE can be costly in terms of capital and running 

expenses, and it has yet to be scaled up to extract the volumes 

required for industrial use. Furthermore, packing of cells can 

pose a significant issue with this method, which can 

negatively impact the extraction process (Tierney et al., 2013) 
[46]. 

 

Pulsed Electric Field Extraction (PEF) 

Pulsed electric field extraction technique has become popular 

in the food and pharmaceutical industries due to its cost-

effectiveness (Boulaaba et al., 2014) [47]. The method involves 

applying short pulses of high voltage to the food product that 

is placed between two electrodes. This process increases the 

membrane permeability and leads to improved extraction 

yields (Nowacka et al., 2019) [48]. A switch, power supply, 

energy storage element, pulse generator, activating circuit, 

treatment chamber, and monitoring and controlling system are 

some of the components included in a standard PEF system 

(Zhang et al., 2022) [49]. Depending on how the treatment 

chamber is set up, the PEF system may run in batch or 

continuous modes (Usman et al., 2022) [50]. To extract 

materials, the PEF approach applies a moderate to high 

intensity electric field in either batch or continuous mode, 

ranging from 100-300 V/cm and 20- 80 kV/cm, respectively. 

Two potential mechanisms for PEF's efficacy have been 

suggested. The first hypothesis proposes that PEF accelerates 

chemical reactions to increase solvent solubility, whereas the 

second suggests that electroporation of biological cell 

membranes (Xi et al., 2021) [51]. Electroporation is the act of 

increasing the permeability of cell membranes in order to 

transport ions and macromolecules. This reduction in 

resistance to diffusion through the cell membrane facilitates 

the extraction of bioactive compounds from cells, resulting in 

higher extraction yields (Salehi, 2020) [52]. It can be either 

reversible or irreversible, process variables including 

treatment temperature, energy input, pulse count, field 

strength, and the properties of the treated materials all have an 

impact on how effective PEF treatment is (Azmir et al., 2013) 
[13]. PEF provides an alternative to conventional cell 

disruption techniques in extraction procedures due to its non-

thermal and chemical-free characteristics, as well as its 

continuous operation capability (Goettel et al., 2013) [53]. This 

technique has demonstrated promise in the targeted retrieval 

and restoration of a variety of beneficial ingredients, 

including but not limited to sugar, inulin, starch, proteins, 

polysaccharides, polyphenols, pigments, flavor compounds, 

and phytochemicals (Vorobiev & Lebovka, 2017) [54]. 

 

Conclusion 

Traditional as well as novel extraction technologies are 

limelighted in this current article. The extraction of bioactive 

compounds from plant sources is a critical area of research 

driven by the rising demand for functional foods and 

nutraceuticals with health-promoting properties. Conventional 

methods have long been employed for this purpose, but with 

advancements in technology, novel and eco-innovative 

techniques have emerged as viable alternatives. Novel 

extraction technologies can result in larger extraction yields in 

less time, better product quality, and fewer environmental 

issues. However, these unique extraction procedures still need 

to be adequately developed whilst optimized conditions are 

needed to make a scaling process. So, there is a dire need for 

mechanistic studies to thoroughly understand the mechanisms 

leading to the extraction of bioactive compounds from 

different extraction methods. On the other hand, the 

increasing economic significance of bioactive compounds and 

commodities rich in these bioactive compounds may lead to 

find out more sophisticated extraction methods in future. 

 

References 

1. Koçak E, Paz\ir F. ffect of Extraction Methods on 

Bioactive Compounds of Plant Origin. Turkish Journal of 

Agriculture-Food Science and Technology. 

2018;6(6):663–675. 

2. Jha AK, Sit N. Extraction of bioactive compounds from 

https://www.thepharmajournal.com/


 
 

~ 2613 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
plant materials using combination of various novel 

methods: A review. Trends in Food Science \& 

Technology. 2022;119:579–591. 

3. Huang HW, Hsu CP, Yang BB, Wang CY. Advances in 

the extraction of natural ingredients by high pressure 

extraction technology. Trends in Food Science and 

Technology. 2013;33(1):54–62.  

https://doi.org/10.1016/j.tifs.2013.07.001 

4. Mphahlele RR, Fawole OA, Makunga NP, Opara UL. 

Effect of drying on the bioactive compounds, antioxidant, 

antibacterial and antityrosinase activities of pomegranate 

peel. BMC Complementary and Alternative Medicine. 

2016;16(1):1–12. https://doi.org/10.1186/s12906-016-

1132-y 

5. Kultys E, Kurek MA. Green Extraction of Carotenoids 

from Fruit and Vegetable Byproducts: A Review. 

Molecules. 2022, 27(2).  

https://doi.org/10.3390/molecules27020518 

6. Wen L, Zhang Z, Sun DW, Sivagnanam SP, Tiwari BK. 

Combination of emerging technologies for the extraction 

of bioactive compounds. Critical Reviews in Food 

Science and Nutrition. 2020;60(11):1826–1841. 

https://doi.org/10.1080/10408398.2019.1602823 

7. Kadam SU, Tiwari BK. Application of Novel Extraction 

Technologies for Bioactives from Marine Algae; c2013. 

https://doi.org/10.1021/jf400819p 

8. Singh A, Ahmad S, Ahmad A. Green extraction methods 

and environmental applications of carotenoids-a review. 

RSC Advances. 2015;5(77):62358–62393.  

https://doi.org/10.1039/c5ra10243j 

9. Moreira SA, Alexandre EMC, Pintado M, Saraiva JA. 

Effect of emergent non-thermal extraction technologies 

on bioactive individual compounds profile from different 

plant materials. Food Research International. 

2019;115:177–190. 

https://doi.org/10.1016/j.foodres.2018.08.046 

10. Lefebvre T, Destandau E, Lesellier E. Selective 

extraction of bioactive compounds from plants using 

recent extraction techniques: A review. Journal of 

Chromatography A. 2021;1635:461770.  

https://doi.org/10.1016/j.chroma.2020.461770 

11. Ligor M, Ratiu IA, Kiełbasa A, Al-Suod H, Buszewski B. 

Extraction approaches used for the determination of 

biologically active compounds (cyclitols, polyphenols 

and saponins) isolated from plant material. 

Electrophoresis. 2018;39(15):1860–1874.  

https://doi.org/10.1002/elps.201700431 

12. Azahar NI, Mokhtar NM, Arifin MA. Piper betle: a 

review on its bioactive compounds, pharmacological 

properties, and extraction process. IOP Conference 

Series: Materials Science and Engineering, 2020, 991(1). 

https://doi.org/10.1088/1757- 899X/991/1/012044 

13. Azmir J, Zaidul ISM, Rahman MM, Sharif KM, 

Mohamed A, Sahena F, et al. Techniques for extraction 

of bioactive compounds from plant materials: A review. 

Journal of Food Engineering. 2013;117(4):426–436. 

https://doi.org/10.1016/j.jfoodeng.2013.01.014 

14. Manousi N, Sarakatsianos I, Samanidou V. Extraction 

Techniques of Phenolic Compounds and Other Bioactive 

Compounds From Medicinal and Aromatic Plants. In 

Engineering Tools in the Beverage Industry: The Science 

of Beverages. Elsevier Inc, 2019, 3.  

https://doi.org/10.1016/B978-0-12-815258-4.00010-X 

15. González-Barrio R, Periago MJ, Luna-Recio C, Garcia-

Alonso FJ, Navarro- González I. Chemical composition 

of the edible flowers, pansy (Viola wittrockiana) and 

snapdragon (Antirrhinum majus) as new sources of 

bioactive compounds. Food Chemistry. 2018;252:373–

380. 

https://doi.org/10.1016/j.foodchem.2018.01.102 

16. Moliner C, Cásedas G, Barros L, Finimundy TC, Gómez-

Rincón C, López V. Neuroprotective Profile of Edible 

Flowers of Borage (Borago officinalis L.) in Two 

Different Models: Caenorhabditis elegans and Neuro-2a 

Cells. Antioxidants, 2022, 11(7).  

https://doi.org/10.3390/antiox11071244 

17. Tongnuanchan P, Benjakul S. Essential Oils: Extraction, 

Bioactivities, and Their Uses for Food Preservation. 

Journal of Food Science. 2014;79(7):1-19. 

https://doi.org/10.1111/1750-3841.12492 

18. Petigny L, Périno S, Minuti M, Visinoni F, Wajsman J, 

Chemat F. Simultaneous microwave extraction and 

separation of volatile and non-volatile organic 

compounds of boldo leaves. from lab to industrial scale. 

International Journal of Molecular Sciences. 

2014;15(5):7183-7198. 

https://doi.org/10.3390/ijms15057183 

19. Rutkowska M, Namieśnik J, Konieczka P. Ultrasound-

Assisted Extraction. The Application of Green Solvents 

in Separation Processes; c2017, p. 301–324. 

https://doi.org/10.1016/B978-0-12-805297-6.00010-3 

20. Soquetta MB, Terra LDM, Peixoto C. Green technologies 

for the extraction of bioactive compounds in fruits and 

vegetables. CyTA - Journal of Food. 2018;16(1):400-412. 

https://doi.org/10.1080/19476337.2017.1411978 

21. Saini RK, Keum Y. Carotenoid extraction methods : A 

review of recent developments.  Food Chemistry, 240 

(April 2017); c2018. p. 90-103. 

https://doi.org/10.1016/j.foodchem.2017.07.099 

22. Giacometti J, Bursać Kovačević D, Putnik P, Gabrić D, 

Bilušić T, Krešić G, et al. Extraction of bioactive 

compounds and essential oils from mediterranean herbs 

by conventional and green innovative techniques: A 

review. Food Research International. 2018;113:245-262. 

https://doi.org/10.1016/j.foodres.2018.06.036 

23. Angiolillo L, Del Nobile MA, Conte A. The extraction of 

bioactive compounds from food residues using 

microwaves. Current Opinion in Food Science. 

2015;5:93-98. https://doi.org/10.1016/j.cofs.2015.10.001 

24. Li Y, Fabiano-Tixier AS, Vian MA, Chemat F. Solvent-

free microwave extraction of bioactive compounds 

provides a tool for green analytical chemistry. TrAC - 

Trends in Analytical Chemistry. 2013;47:1-11. 

https://doi.org/10.1016/j.trac.2013.02.007 

25. Ciko AM, Jokić S, Šubarić D, Jerković I. Overview on 

the application of modern methods for the extraction of 

bioactive compounds from marine macroalgae. Marine 

Drugs, 2018, 16(10).  

https://doi.org/10.3390/md16100348 

26. Alupului A, Călinescu I, Lavric V. Microwave Extraction 

of Active Principles. U.P.B. Sci. Bull., Series B. 

2012;74:129-142. 

27. Petkova DT, Mihaylova DS, Deseva IN, Denev PN, 

Krastanov AI. Corrigendum: Green approach to obtain 

extracts of seven edible flowers (2021 IOP Conf. Ser.: 

Mater Sci Eng. 1031 012101). IOP Conference Series: 

https://www.thepharmajournal.com/


 
 

~ 2614 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Materials Science and Engineering. 

2021;1031(1):012129. https://doi.org/10.1088/1757-

899x/1031/1/012129 

28. Cheng X, Bi L, Zhao Z, Chen Y. Advances in Enzyme 

Assisted Extraction of Natural Products. Ic3me; c2015, 

p.371–375. https://doi.org/10.2991/ic3me-15.2015.72 

29. Nadar SS, Rao P, Rathod VK. Enzyme assisted extraction 

of biomolecules as an approach to novel extraction 

technology: A review. Food Research International. 

2018;108:309–330. 

https://doi.org/10.1016/j.foodres.2018.03.006 

30. Puri M, Sharma D, Barrow CJ. Enzyme-assisted 

extraction of bioactives from plants. Trends in 

Biotechnology; 2012;30(1):37-44. 

https://doi.org/10.1016/j.tibtech.2011.06.014 

31. Huang Z, Shi X han, Jiang W juan. Theoretical models 

for supercritical fluid extraction. Journal of 

Chromatography A. 2012;1250:2-26. 

https://doi.org/10.1016/j.chroma.2012.04.032 

32. Ahangari H, King JW, Ehsani A, Yousefi M. 

Supercritical fluid extraction of seed oils – A short 

review of current trends. Trends in Food Science and 

Technology; c2020, p.249-260.  

https://doi.org/10.1016/j.tifs.2021.02.066 

33. Molino A, Mehariya S, Di Sanzo G, Larocca V, Martino 

M, Leone GP et al. Recent developments in supercritical 

fluid extraction of bioactive compounds from microalgae: 

Role of key parameters, technological achievements and 

challenges. Journal of CO2 Utilization. c2020, p.196-209. 

https://doi.org/10.1016/j.jcou.2019.11.014 

34. López-Hortas L, Rodríguez P, Díaz-Reinoso B, Gaspar 

MC, de Sousa HC, Braga MEM et al. Supercritical fluid 

extraction as a suitable technology to recover bioactive 

compounds from flowers. Journal of Supercritical Fluids, 

2022, 188(June).  

https://doi.org/10.1016/j.supflu.2022.105652 

35. da Silva RPFF, Rocha-Santos TAP, Duarte AC. 

Supercritical fluid extraction of bioactive compounds. 

TrAC - Trends in Analytical Chemistry. 2016;76:40-51. 

https://doi.org/10.1016/j.trac.2015.11.013 

36. Wrona O, Rafińska K, Możeński C, Buszewski B. 

Supercritical Fluid Extraction of Bioactive Compounds 

from Plant Materials. Journal of AOAC International. 

2017;100(6):1624-1635. 

https://doi.org/10.5740/jaoacint.17-0232 

37. De Aguiar AC, Viganó J, da Silva Anthero AG, Dias A. 

LB, Hubinger MD, Martínez J. Supercritical fluids and 

fluid mixtures to obtain high-value compounds from 

Capsicum peppers. Food Chemistry: X, 2022, 13(October 

2021). https://doi.org/10.1016/j.fochx.2022.100228 

38. Gañan N, Bordón MG, Ribotta PD, González A. Study of 

chia oil microencapsulation in soy protein microparticles 

using supercritical CO2-assisted impregnation. Journal of 

CO2 Utilization. 2020;40:101221. 

39. Xynos N, Papaefstathiou G, Psychis M, Argyropoulou A, 

Aligiannis N, Skaltsounis AL. Development of a green 

extraction procedure with super/subcritical fluids to 

produce extracts enriched in oleuropein from olive 

leaves. Journal of Supercritical Fluids. 2012;67:89-93. 

https://doi.org/10.1016/j.supflu.2012.03.014 

40. Sousa AD, Maia AIV, Rodrigues THS, Canuto KM, 

Ribeiro PRV, de Cassia Alves Pereira R et al. 

Ultrasound-assisted and pressurized liquid extraction of 

phenolic compounds from Phyllanthus amarus and its 

composition evaluation by UPLC-QTOF. Industrial 

Crops and Products. 2016;79:91-103.  

https://doi.org/10.1016/j.indcrop.2015.10.045 

41. Joana Gil-Chávez G, Villa JA, Fernando Ayala-Zavala J, 

Basilio Heredia J, Sepulveda D, Yahia EM, et al. 

Technologies for Extraction and Production of Bioactive 

Compounds to be Used as Nutraceuticals and Food 

Ingredients: An Overview. Comprehensive Reviews in 

Food Science and Food Safety. 2013;12(1):5-23. 

https://doi.org/10.1111/1541-4337.12005 

42. Yahya NA, Attan N, Wahab RA. An overview of 

cosmeceutically relevant plant extracts and strategies for 

extraction of plant-based bioactive compounds. Food and 

Bioproducts Processing. 2018;112:69-85. 

https://doi.org/10.1016/j.fbp.2018.09.002 

43. Plaza M, Turner C. Pressurized hot water extraction of 

bioactives. TrAC Trends in Analytical Chemistry. 

2015;71:39–54. 

44. Shang YF, Xu JL, Lee WJ, Um BH. Antioxidative 

polyphenolics obtained from spent coffee grounds by 

pressurized liquid extraction. South African Journal of 

Botany. 2017;109:75–80.  

https://doi.org/10.1016/j.sajb.2016.12.011 

45. Felipe Osorio-Tobón J, Angela A, Meireles M. Recent 

Applications of Pressurized Fluid Extraction: 

Curcuminoids Extraction with Pressurized Liquids. Food 

and Public Health. 2013:3(6):289–303.  

https://doi.org/10.5923/j.fph.20130306.05 

46. Tierney MS, Smyth TJ, Hayes M, Soler-Vila A, Croft 

AK, Brunton N. Influence of pressurised liquid extraction 

and solid-liquid extraction methods on the phenolic 

content and antioxidant activities of Irish macroalgae. 

International Journal of Food Science and Technology. 

2013;48(4):860–869. https://doi.org/10.1111/ijfs.12038 

47. Boulaaba A, Kiessling M, Töpfl S, Heinz V, Klein G. 

Effect of pulsed electric fields on microbial inactivation 

and gelling properties of porcine blood plasma. 

Innovative Food Science \& Emerging Technologies. 

2014;23:87-93. 

48. Nowacka M, Tappi S, Wiktor A, Rybak K, 

Miszczykowska A, Czyzewski J, et al. The impact of 

pulsed electric field on the extraction of bioactive 

compounds from beetroot. Foods. 2019;8(7):244. 

49. Zhang Z, Zhang B, Yang R, Zhao W. Recent 

developments in the preservation of raw fresh food by 

pulsed electric field. Food Reviews International. 

2022;38(sup1):247-265. 

50. Usman I, Hussain M, Imran A, Afzaal M, Saeed F, Javed 

M et al. Traditional and innovative approaches for the 

extraction of bioactive compounds. International Journal 

of Food Properties. 2022;25(1):1215-1233. 

https://doi.org/10.1080/10942912.2022.2074030 

51. Xi J, Li Z, Fan Y. Recent advances in continuous 

extraction of bioactive ingredients from food-processing 

wastes by pulsed electric fields. Critical Reviews in Food 

Science and Nutrition. 2021;61(10):1738-1750. 

https://doi.org/10.1080/10408398.2020.1765308 

52. Salehi F. Physico-chemical properties of fruit and 

vegetable juices as affected by pulsed electric field: A 

review. International Journal of Food Properties. 

2020;23(1):1036-1050. 

53. Goettel M, Eing C, Gusbeth C, Straessner R, Frey W. 

https://www.thepharmajournal.com/


 
 

~ 2615 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Pulsed electric field assisted extraction of intracellular 

valuables from microalgae. Algal Research0. 

2013;2(4):401-408. 

54. Vorobiev E, Lebovka N. Selective extraction of 

molecules from biomaterials by pulsed electric field 

treatment. In Handbook of electroporation; c2017, p.655-

670. 

https://www.thepharmajournal.com/

