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Abstract: Green technology is the worldwide urgent demand all over the world since various 

bioactive compounds are in use daily effecting by their composition man’s health that led to the 

optimization for a most beneficial technique for extracting essential materials and compounds, the 

need for safe and effective methods in extracting essential compounds were raised among these 

novel methods: extracting for Bioactive Materials by Supercritical and subcritical fluid Extraction, 

by Ultrasound assisted Extraction, by Negative Pressure Cavitation Assisted Extraction, by 

Microwave Assisted Extraction, by Pressurized Liquid and Hot Water Extraction, by High Pressure 

Assisted Extraction, by Enzyme Assisting and many other methods which are all green and 

environmentally friendly. Researches proceed in inventing new effective green methods of novelty. 

This could be aided by the previous techniques and their yields quality and amount with less time, 

cost, energy, human interference. Our review highlights how these environmentally friendly 

techniques can enhance the recovery of bioactive compounds, with the goal of influencing future 

extraction procedures and industrial uses in food, cosmetics, and pharmaceuticals. 
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1. Introduction 

Green technology is the worldwide urgent demand all over the world since various 

bioactive compounds are in use daily effecting by their composition man’s health that led 

to the optimization for a most beneficial technique for extracting essential materials and 

compounds [1] which are extremely important for their diversity as nutrients such as pre-

servatives, coloring agents, and antioxidants [2]. These bioactive compound extractions 

were done using conventional methods such as: Soxhlet extraction, water distillation, 

steam distillation or hydro distillation, and other methods of extraction as heating reflux 

has been in wide use at food industry. These methods could be done either using heat, 

solvents [3]. However, these methods are consuming time, cost, efforts and producing low 

extraction selectivity besides, it might cause thermal degradation for the thermolabile ex-

tracted compounds or/ and cause environmental disposal problem [4]. 

Therefore, the need for safe and effective methods in extracting essential compounds 

were raised; Among these novel methods: extracting for Bioactive Materials by Supercriti-

cal and subcritical fluid Extraction, by Ultrasound assisted Extraction, by Negative Pres-

sure Cavitation Assisted Extraction, by Microwave Assisted Extraction, by Pressurized 

Liquid and Hot Water Extraction, by High Pressure Assisted Extraction, by Enzyme As-

sisting and many other methods which are all green and environmentally friendly [5]. Rot-

tenly, these green techniques are utilizing much lower amounts of solvents, providucing 
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higher yields and less time consuming [6]. Our review article aims to focus the lights on 

the green extraction techniques, their applications, principles, and also their future pro-

spective as effective extraction methods for bioactive compounds. 

 

2. Conventional Extraction Methods for Compounds 

Extracting bioactive compounds always was demanded from ancient ages, therefore, 

a verity of techniques used for these purposes conventionally by the aid of solvents, such 

as: Soxhlet extraction, soaking, boiling, heat refluxing and so on [7]. Some of the conven-

tional extraction techniques are discussed below: 

 

2.1. Extracting by Soxhlet  

Usually, valuable bioactive compounds extracted from plant materials by Soxhlet 

apparatus, this process had been used since decades and still in use. 

 

2.2. Extracting by Maceration Method 

It is the cheapest method to extract bioactive compounds especially for essential 

plants oil by the aid of a solvent. 

 

2.3. Extracting by Hydro-distillation Method 

This method also had been used for bioactive and essential oils extraction without 

the need for using organic solvents [8].  

 

 

3. Extracting for Bioactive Materials by Novel Extraction Method 

Extraction considered important technique to isolate, identify and separate com-

pounds before analyze them. The aim of demanded extraction method is a pathway with 

appropriate yield, safer, easier, faster, cheaper and no eco-harmful or energy consumer [6]. 

 

3.1. Extracting for Bioactive Materials by Supercritical and Subcritical Fluid Extraction 

The supercritical and subcritical extraction methods are genuine to obtain bio-active 

compounds efficiently with the aid of specific solvent [9] they are working separately or 

combined with another method for extracting compounds efficiently from natural re-

sources. [10], that subcritical water extraction (SWE) considered a green extraction mech-

anism to utilize compounds with the special characteristics of water at its subcritical point 

which is 374°C under 220 bar; could be called (hot liquid solvent) or/and (pressurized hot 

water) extraction [11], this includes the mechanism of diffusion for the solute from ex-

tracted sample to the medium [12]. (Generally, supercritical fluid extraction (SFE) which 

is a widely used efficient extraction method for being fast, low cost, green at the final prod-

uct; carbon dioxide (CO2) is the solvent in use because it has low critical pressure (7.4 MPa), 

temperature (32°C) beside being available, no-toxic and no-explosive [13]. Manipulating 

the extraction parameters (extraction time, pressure temperature and solvent flow rate) 

enhances collecting specific fractions separately. Mainly, the super critical fluid formed as 

a result of increasing pressure and temperature above critical points at the presence of a 

particular gas or liquid, that the separation surface which is available between liquid and 

gas disappears in the supercritical area and forming a homogeneous super critical fluid 

which has a density differs from that of the liquid making any slight pressure change lead-

ing to improve the extraction [14]; this super critical fluid having a volatile properties 

which makes it easy to recover from active extracts [13]. SFE mechanism includes using 

https://cajmns.casjournal.org/index.php/CAJMNS
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heat along with pressurization whereby mass transfer takes place by diffusion in solutions 

[15]. Hence, a lot of applications for super critical and subcritical processes in the area of 

extracting food materials analysis especially natural extracts are mentioned for their anti-

microbial and antioxidant compounds from natural sources or extracting essential oils 

from plant sources as coconut oil extraction [16]. 

 

3.2. Extracting for Bioactive Materials by Ultrasound assisted Extraction 

This green technique for extraction is in use for its sustainability against wide range 

of natural derivatives [7]; it could be carried out typically at 35 KHZ (frequency) to extract 

natural compounds which affect bacterial presence, at seventy °C for two hours, minimiz-

ing by that the solvent damage and the thermal degradation capacity of the bioactive com-

pounds produced, beside reduction of bioactive compounds thermal degradation [17]. The 

current method is more efficient and consumes less energy beside using much lower tox-

icity solvents. This method is more suitable for compounds rich with phenoles according 

to specific operational parameters which are time, temperature, solvent type, frequency, 

ratio of solvent and solid and the power [7]. 

 

3.3. Extracting for Bioactive Materials by Negative Pressure Cavitation Assisted Extrac-

tion 

This type of extraction could be assumed as the best technology causing a cavity to 

produce a negative pressure aiding in creating a disturbance at the main material and the 

solvents, yielding the higher yield with the lowest economic cost [18] that the negative 

pressure penetrates the whole system including the loaded sample, rupturing their cells 

formulation accompanied by extraction under ultrasound assisted to complete the separa-

tion [19]. Moreover; this brilliant technique could be also combined along with other ex-

traction technique for the enhancing the final product from food extracts with high effec-

tivity especially in industry [18]. 

 

3.4. Extracting for Bioactive Materials by Microwave Assisted Extraction  

This type of extraction utilizes microwave energy at the frequency = 2.45 GHz.; it is 

considered low in using solvent, time, energy and it  uses microwaves; it is about convert-

ing the electromagnetic energy into heat passing by 3 main levels [17] the first includes 

separating solutes under specific temperature and pressure from the sample active site; 

the second is about diffusion of the solvent across the sample matrix; and the third includes 

solutes releasing from the sample within the solvent. All these steps made the procedure 

less in thermal degradation and using solvents beside yield enhancement; therefore, its 

suites food processing mechanisms as a non-conventional technique for extracting natural 

products [20,21]. 

 

3.5. Extracting for Bioactive Materials by Pressurized Liquid and Hot Water Extraction 

Pressurized Liquid Extraction refers to the status of raising pressure to assist better 

yields, in fact, the pressure is increased for the solvent content in the extracted material, so 

that, a situation of a special state for both the solvent and the material at the boiling point 

exists aiding in faster and efficient extraction while using the less suitable amount of the 

required solvent with specific degrees of temperature under exact timing. Sometimes, the 

solvent in use is the water, leading to call the procedure: pressurized hot water extraction, 

which is suitable for both polar and non-polar bio-active compounds, beside moderately 

polar ones [22]. 
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3.6. Extracting for Bioactive Materials by High Pressure Assisted Extraction 

This process could be applied at the rang e of pressure equals 100 MPa to 1000 MPa 

especially used in food processing without harming for human’s health. It considered a 

green technology for it separates bioactive compounds naturally by maintaining their 

functions [23]. The extraction took place while cells expose to balanced pressures inside 

and outside as well, allowing by this a fast solvent permeability thereby, which dissolve 

active compound in a less time [24]. Final yields affected by the degrading enzymes and 

the pressure values applied [25].  

 

3.7. Different Other Techniques of Extraction 

Frankly speaking, many other effective extraction methods are there to extract bio-

active materials and compound from their natural sources such as ohmic-assisted hydro 

distillation, electrical assisted extractions, ohmic accelerated steam distillation, thermome-

chanical transient control pressure drop, ionic liquids extraction and thermos-mechanical 

transient under control pressure drop, several techniques of these are in use at the green 

extraction by un-using organic solvents [26]. 

 

3.8. Extracting for Bioactive Materials by Enzyme Assisting 

A unique eco-friend method to extract bioactive compounds with a high yield from 

the source material that it has the ability to utilize using water as solvent instead of organic 

chemicals [27]. Unlike the ordinary extraction methods, the enzyme assisted one ensure 

the solvent attachment directly with the cytoplasm of the targeted bioactive cells using 

different enzymes to hydrolyze plant polysaccharides and cell walls like cellulose, α am-

ylase and pectinase. This type of extraction may be aided by aqueous extraction or enzyme 

assisted cold pressing; that the first one usually used for extracting oil from various seeds 

containing oils, while the second is in use mainly to extract biologically active materials 

from oil seeds only [28]. 

 

 

4. Future Demands and Recommendations 

In spite of their beneficial yields, the extraction techniques are facing a sever diffi-

culty in spread globally to diffuse green production, in low cost, short time and high qual-

ity by maintaining the beneficial bioactive compounds after extraction. Therefore, re-

searches and studies are needed to focus on producing new techniques for the extraction 

using low energy during the processes leading to low expenses and protect the natural 

beneficial materials [29]. 

 

 

5. Conclusion 

According the need for all the benefits of the oils and the bioactive compounds con-

tained at the targeted extraction material, a demand for the novel methods of extraction 

raised and varied methods generated; however, researches proceed in inventing new ef-

fective green methods of novelty. This could be aided by the previous techniques and their 

yields quality and amount with less time, cost, energy, human interference, leading to 

thinking about hybridization between the known methods for investigation when output 

received for its efficiency especially in consumption of foods. 

 

 

https://cajmns.casjournal.org/index.php/CAJMNS


 5 
 

  
Central Asian Journal of Medical and Natural Science 2025, 6(1), 1-6.                  https://cajmns.centralasianstudies.org/index.php/CAJMNS  

6. Acknowledgements 

The author would like to acknowledge with deep thanks the University of Baghdad 

for the provided assistant. 

 

 

REFERENCES 

[1] Valdes and M. C. Garrigos, "Microencapsulation of Natural Antioxidant Compounds Obtained from Biomass 

Wastes: A Review," Materials Science Forum, vol. 875, pp. 112–126, 2016. 

[2] D. Franco, I. Rodríguez-Amado, R. Agregán, P. E. S. Munekata, J. A. Vázquez, F. J. Barba, and J. M. Lorenzo, 

"Optimization of Antioxidants Extraction from Peanut Skin to Prevent Oxidative Processes During Soybean Oil 

Storage," LWT - Food Science and Technology, vol. 88, pp. 1–8, 2018. 

[3] P. Tongnuanchan and S. Benjakul, "Essential Oils: Extraction, Bioactivities, and Their Uses for Food Preserva-

tion," Journal of Food Science, vol. 79, no. 7, pp. 1231–1249, 2014. 

[4] X. L. Qi, X. Peng, Y. Y. Huang, L. Li, Z.-F. Wei, Y. G. Zu, and Y. J. Fu, "Green and Efficient Extraction of Bioactive 

Flavonoids from Equisetum Palustre L. by Deep Eutectic Solvents-Based Negative Pressure Cavitation Method 

Combined with Macroporous Resin Enrichment," Industrial Crops and Products, vol. 70, pp. 142–148, 2015. 

[5] P. Putnik, J. M. Lorenzo, F. J. Barba, S. Roohinejad, A. R. Jambrak, D. Granato, D. Montesano, and D. B. Ko-

vacevic, "Novel Food Processing and Extraction Technologies of High-Added Value Compounds from Plant 

Materials," Foods, vol. 7, no. 7, pp. 106–122, 2018. 

[6] J. Giacometti, D. B. Kovacevic, P. Putnik, D. Gabrić, T. Bilušić, G. Krešić, V. Stulić, F. J. Barba, F. Chemat, G. 

Barbosa-Cánovas, and A. R. Jambrak, "Extraction of Bioactive Compounds and Essential Oils from Mediterra-

nean Herbs by Conventional and Green Innovative Techniques: A Review," Food Research International, vol. 113, 

pp. 245–262, 2018. 

[7] K. Tiwari, "Ultrasound: A Clean, Green Extraction Technology," Trends in Analytical Chemistry, vol. 71, pp. 100–

109, 2015. 

[8] P. S. Vankar, "Essential Oils and Fragrances from Natural Sources," Resonance, vol. 9, no. 4, pp. 30–41, 2004. 

[9] S. Al-Rawi, H. I. Ahmad, N. N. N. Ab Rahman, M. N. Moftah, M. S. Amin, and M. O. Ab Kadir, "The Effect of 

Supercritical Fluid Extraction Parameters on the Nutmeg Oil Extraction and Its Cytotoxic and Antiangiogenic 

Properties," in 11th International Congress on Engineering and Food (ICEF11), Procedia Food Science, vol. 1, pp. 1946–

1952, 2011. 

[10] S. O. Essien, B. Young, and S. Baroutian, "Recent Advances in Subcritical Water and Supercritical Carbon Diox-

ide Extraction of Bioactive Compounds from Plant Materials," Trends in Food Science & Technology, vol. 97, pp. 

156–169, 2020. 

[11] N. A. Nik Norulaini, W. B. Setianto, I. S. M. Zaidul, A. H. Nawi, C. Y. M. Azizi, and A. K. M. Omar, "Effects of 

Supercritical Carbon Dioxide Extraction Parameters on Virgin Coconut Oil Yield and Medium-Chain Triglyc-

eride Content," Journal of Food Chemistry, vol. 116, pp. 193–197, 2009. 

[12] S. M. Zakaria and S. M. M. Kamal, "Subcritical Water Extraction of Bioactive Compounds from Plants and Al-

gae: Applications in Pharmaceutical and Food Ingredients," Food Engineering Reviews, vol. 8, no. 1, pp. 23–34, 

2015. 

[13] S. M. Pourmortazavi and S. S. Hajimirsadeghi, "Supercritical Fluid Extraction in Plant Essential and Volatile Oil 

Analysis," Journal of Chromatography A, vol. 1163, no. 1–2, pp. 2–24, 2007. 

[14] M. McHugh and V. Krukonis, Supercritical Fluid Extraction: Principles and Practice, 2nd ed. 2013. 

[15] S. F. Bruno, F. J. A. A. Ekorong, S. S. Karkal, M. S. B. Cathrine, and T. G. Kudre, "Green and Innovative Tech-

niques for Recovery of Valuable Compounds from Seafood By-Products and Discards: A Review," Trends in 

Food Science & Technology, vol. 85, pp. 10–22, 2019. 

[16] M. H. AbdulKareem, "Supercritical CO2 (SC-CO2) Extraction of Coconut Oil, Characterization and Its Antibac-

terial Action," Doctoral dissertation, University Science Malaysia, 2015. 

[17] M. Banozic, I. Banjari, M. Jakovljevic, D. Šubaric, S. Tomas, J. Babić, and S. Jokić, "Optimization of Ultrasound-

Assisted Extraction of Some Bioactive Compounds from Tobacco Waste," Molecules, vol. 24, no. 8, p. 1611, 2019. 

https://cajmns.casjournal.org/index.php/CAJMNS


 6 
 

  
Central Asian Journal of Medical and Natural Science 2025, 6(1), 1-6.                  https://cajmns.centralasianstudies.org/index.php/CAJMNS  

[18] M. Ramos, A. Jimenez, and M. C. Garrigos, "IL-Based Advanced Techniques for the Extraction of Value-Added 

Compounds from Natural Sources and Food By-Products," TrAc Trends in Analytical Chemistry, vol. 119, p. 

115616, 2019. 

[19] D.-Y. Zhang, Y. G. Zu, Y. J. Fu, M. Luo, C. B. Gu, W. Wang, and X. H. Yao, "Negative Pressure Cavitation 

Extraction and Antioxidant Activity of Biochanin A and Genistein from the Leaves of Dalbergia Odorifera T. 

Chen," Separation and Purification Technology, vol. 83, pp. 91–99, 2011. 

[20] S. Pimentel-Moral, I. Borrás-Linares, J. Lozano-Sánchez, D. Arráez-Román, A. Martínez-Férez, and A. Segura-

Carretero, "Microwave-Assisted Extraction for Hibiscus Sabdariffa Bioactive Compounds," Journal of Pharmaceu-

tical and Biomedical Analysis, vol. 156, pp. 313–322, 2018. 

[21] M. H. Abdulkareem, I. A. Abood, and M. M. Dakheel, "Antimicrobial Resistance of Tannin Extract Against E. 

coli Isolates from Sheep," Archives of Razi Institute, vol. 77, no. 1, 2022. 

[22] Z. Zhu, R. Zhang, S. Zhan, J. He, F. Barba, G. Cravotto, and S. Li, "Recovery of Oil with Unsaturated Fatty Acids 

and Polyphenols from Chaenomeles Sinensis (Thouin) Koehne: Process Optimization of Pilot-Scale Subcritical 

Fluid Assisted Extraction," Molecules, vol. 22, no. 10, p. 1788, 2017. 

[23] F. J. Barba, Z. Zhu, M. Koubaa, A. de Souza Sant’Ana, and V. Orlien, "Green Alternative Methods for the Ex-

traction of Antioxidant Bioactive Compounds from Winery Wastes and By-Products: A Review," Trends in Food 

Science & Technology, vol. 49, pp. 96–109, 2016. 

[24] M. K. N. Prasad, A. Ismail, and J. Y. Ming, "High Pressure-Assisted Extraction: Method, Technique, and Appli-

cation," in Enhancing Extraction Processes in the Food Industry, N. Lebovka, E. Vorobiev, and E. Chemat, Eds. pp. 

303–322, 2011. 

[25] V. Serment-Moreno, D. A. Jacobo-Velázquez, J. A. Torres, and J. Welti-Chanes, "Microstructural and Physiolog-

ical Changes in Plant Cell Induced by Pressure: Their Role on the Availability and Pressure-Temperature Sta-

bility of Phytochemicals," Food Engineering Reviews, vol. 9, no. 4, pp. 314–334, 2017. 

[26] J. Zhang, C. Wen, H. Zhang, Y. Duan, and H. Ma, "Recent Advances in the Extraction of Bioactive Compounds 

with Subcritical Water: A Review," Trends in Food Science & Technology, vol. 95, pp. 183–195, 2020. 

[27] M. Puri, D. Sharma, and C. J. Barrow, "Enzyme-Assisted Extraction of Bioactives from Plants," Trends in Biotech-

nology, vol. 30, no. 1, pp. 37–44, 2012. 

[28] S. Latif and F. Anwar, "Physicochemical Studies of Hemp (Cannabis Sativa) Seed Oil Using Enzyme-Assisted 

Cold-Pressing," European Journal of Lipid Science and Technology, vol. 111, no. 10, pp. 1042–1048, 2009. 

[29] F. Chemat, M. A. Vian, A. S. F. Tixier, J. Strube, L. Uhlenbrock, V. Gunjevic, and G. Cravotto, "Green Extraction 

of Natural Products: Origins, Current Status, and Future Challenges," TrAc Trends in Analytical Chemistry, vol. 

118, pp. 248–263, 2019. 

https://cajmns.casjournal.org/index.php/CAJMNS

