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CRITICAL REVIEW ON MICROWAVE-ASSISTED EXTRACTION METHOD FOR EXTRACTING PHYTOPHARMACEUTICALS

Abstract
Microwave extraction is a green and advanced extraction technique that offers advantages such as reduced extraction time and solvent consumption, which improves the simultaneous extraction of multiple samples. It offers a very attractive alternative to conventional methods for the extraction of organic and organo-metallic compounds. This process uses microwave energy to heat solvents in contact with the sample to separate the analytes from the sample matrix into the solvent. Microwaves involve heating the sample molecules through the two mechanisms of ion conduction and dipole rotation. This extraction involves microwaves to heat the moisture and simultaneous evaporation, which creates immense pressure to break the cell wall, which ultimately washes away the plant ingredients. Recent advances in microwave extraction with optimization of process parameters have advantages over traditional methods such as a simple, fast, convenient and less labor-intensive process. The extraction power is increased and the phytoconstituents were found to be stable and active
Keywords: MAE; Solvents; Phytopharmaceuticals; Advantages; Limitations














Introduction
Extraction is the separation of one or more compounds from a liquid or solid mixture using a liquid invisible solvent[1]. Extraction is the first basic step in the study of medicinal plants, because the preparation of crude plant extracts is the starting point for the separation and purification of chemical components of plants[2]. Conventional techniques for solvent extraction of plant materials are mostly based on the proper selection of solvents and the use of heat and/or agitation to increase the solubility of the desired compounds and improve mass transfer [3]. In general, the traditional technique requires a longer extraction time, which poses a significant risk of thermal degradation of most herbal ingredients. New extraction methods, such as microwave extraction (MAE), supercritical fluid extraction (SCFE), and pressure solvent extraction (PSE), have attracted considerable research in the past decade[4]. Microwave extraction is a process that utilizes microwave energy to heat solvents in contact with the sample to partition analytes from the sample matrix into the solvent [5]. In this heating takes place purposefully and selectively, so that  no heat is lost to the environment, because the heating process is done in a closed system[6]. It is an effective method for extracting natural compounds from raw plants. This allows a faster extraction of organic substances with similar or better yields. The solvents used in this extraction process are called menstruum, and the inert fibrous and other insoluble matter remaining after extraction is called MARC[7]. Its main application is the extraction of phytocomponents and nutrients. Some of the microwave extraction (MAE) processes include solute penetration into the solid matrix, dissolution and degradation of components, solute transport from the solid matrix, transfer of the extract into the solid, solute migration of the extracts from the outer surface solid into solution[8]. This extraction technique is very attractive because it is much faster, uses much less solvents and is an environmentally friendly technique. MAE enables the desorption of compounds of interest from the plant matrix [9]. This is due to the targeted heating of free water molecules in the glandular and vascular systems; this leads to localized heating that causes dramatic expansion subsequent rupture of their walls, allowing essential oil to flow towards the organic solvent [10]. Microwave extraction uses microwaves that easily penetrate the pores of the sample, so that the solvent in the pores is heated uniformly and quickly[11]. Microwaves are non-ionizing electromagnetic waves with a frequency of 300-300 GHz. Microwaves consist of two oscillating perpendicular fields, such as an electric field, and an ambient magnetic field. This mechanism significantly reduces extraction time compared to Soxhlet [12,13]. The principle of microwave heating is based on its direct effect on polar materials (Figure 1). Heating is effective only at 2450 MHz. Modern extraction techniques operate at much higher temperatures and pressures and consume less time[14]. In this microwave extraction, the samples are sealed with the solvent in high quality Teflon containers and heated to a controlled temperature using microwave power [15].
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Figure 1: Technique of microwave-assisted extraction
INSTRUMENTATION:
Types of microwave-assisted extraction: There are two types of extractions[16] they are:
 (a) Closed vessel system
(b) Open vessel system.
CLOSED VESSEL SYSTEMS:
In a closed system, the process is carried out in a sealed vessel under uniform microwave heating. Such systems are generally advised for digestion or acid mineralization or extractions under drastic conditions, since the solvents may be heated[17,18] at 100°C above their atmospheric boiling point. Both extraction speed and efficiency are obtained in this procedure. To overcome the non-homogeneity of the field, the cells are placed on a rotating carousel as in a domestic oven[19].. The temperature can be set at a fixed value by adjusting the microwave power. Typically, the cells are made of Teflon. In closed vessel systems, the maximal power delivered is about 600–1000 W, but the chosen power has to be set correctly to avoid excessive temperatures leading to possible solute degradation and overpressure problems. The vessel must be cooled to room temperature before opening: this is particularly important in the presence of volatile solutes. The pressure and temperature of this system allow fast and efficient extraction.. In a closed system, the process is carried out in a sealed vessel under uniform microwave heating. Such systems are generally advised for digestion or acid mineralization or extractions under drastic conditions, since the solvents may be heated[17,18] to 100°C above their atmospheric boiling point. The extraction speed and efficiency are enhanced in this procedure. To overcome the non-homogeneity of the field, the cells are placed on a rotating carousel as in a domestic oven[19]. The solvents can be varied, and the pressure in the vessels depends upon the volume and boiling point of the solvents used. The temperature can be set at a fixed value by adjusting the microwave power. Typically, the cells are made of Teflon. In closed vessel systems, the maximal power delivered is about 600–1000 W, but the chosen power has to be set correctly to avoid excessive temperatures which may leads to possible solute degradation and overpressure problems. The vessel must be cooled to room temperature before opening: this is particularly important in the presence of volatile solutes. The pressure and temperature of this system allows fast and efficient extraction. 
OPEN VESSEL SYSTEMS:
These cells are quartz vessels topped by a vapor condenser[20]. The system works at atmospheric pressure and the maximum temperature which is determined by the boiling point of the solvents used. The solvent  refluxed through the sample, and in this  the microwaves are focused on the sample placed into the vessel allowing homogeneous and very efficient heating. The sample to be extracted can be placed into a Soxhlet-type cellulose cartridge(Figure 2) to avoid filtration steps or may be directly dipped into the solvent. Compared to closed vessel extractions, open cells offer increased safety in sample handling and they allow larger samples to be extracted.
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Figure 2: Closed and Open system of microwave-extracted extraction
PROCEDURE:
1. Heat energy[17-19] is created by microwave radiation.70 C, time, 13.8 min, and solvent volume 2.0 ml are adjusted.
2. Heat energy is absorbed by the sample.
3. Creation of high vapor pressure due to moisture evaporation.
4. Disruption of the cell wall of matrices.
5. Release of the desired compound into solvents.
Figure 3: Method of extraction using microwave 
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Table 1: Yield of extract in plants in microwave-assisted extraction[7,15]
	Plant materials
	Yield of extract(mg/g)
	MicrowaveExtraction (%)

	G.Sibiricum linne,
	40
	6.79%(corilagin),19.82%(geraniin)

	Citrus unshiu
	10
	47.7%

	Milk thistle seed
	38
	56.67%

	Ganoderma atrum
	25
	0.97%

	Ribulus terrestris
	20
	91.30%

	Olive leaves
	8
	95%

	Rodgersia aesculifolia
	2
	6.35%

	Radix bupleuri roots
	30
	95.05-96.91%

	Potentilla anserina rhizomes
	15
	13.33%

	Apple pomace
	15
	15.75%

	Gymnema svlvestre
	25
	0.76%

	Platyclaudus orientalis leaves
	30
	1.72%

	Andrographis paniculata nees
	10
	1.13%

	Elletaria cardamomum seeds
	67
	2.70%

	Inonotus obliquus
	11
	3.25%

	Tomatoes
	10
	97.40%

	Lemon grass
	20
	22.3%

	Corydalis saxicola bunting
	20
	9.45%

	Ganoderma atrum
	25
	5.11%

	The defatted residue of yellow horn
	30
	11.62%



ADVANTAGES OVER SOXHLET EXTRACTION:
MAE has been considered[8,16] as a potential alternative to traditional solid–liquid extraction. Some advantages of Soxhlet extraction are highlighted below
1. Significant reduction of extraction time. Extraction time usually ranges from a few seconds to a few minutes (15 – 20 min) 
2. Reduced solvent usage. In MAE only a few milliliter of solvent is required 
3. Improved extraction yield 
4. Automation provides better accuracy and precision
 5.  Suitable for thermolabile constituents 
6. Can even extract minute traces of constituents including heavy metals and pesticide residue from a few milligrams of plant sample 
7. Provides agitation during extraction, which improves the mass transfer phenomenon. 
8. Instrumental setups like Soxhlet and microwave combines both the features of Soxhlet and the advantages of microwave, thus making extraction even more attractive.
APPLICATION:
1) Microwave-assisted extraction[9,15] is widely used to extract nutraceuticals from plant sources.
2) It is used to extract compounds from plastics, biological samples, foods, animal feeds, and paper.
3) It is used for the isolation and extraction of phytoconstituents from plant material.
4) Microwave-assisted extraction is considered to be a green extraction technique as it is used to extract natural compounds from the plant matrices.
5) It can be carried out under an inert atmosphere or vacuum
6) It is enabling technology for accelerating drug discovery and development processes.
7) Microwave-assisted extraction is used to extract anti-oxidative compounds from tomatoes.
8) Microwave-assisted extraction can reduce the extraction time of ginseng saponin from 12h using conventional extraction methods to a few seconds.
ADVANTAGES[5,12]:
· It consumes less time.
· It can be used easily.
· It is low cost.
· It reduces solvent consumption.
· Has good reproducibility and minimal sample for the extraction process.
· Microwaves use a short time for preparing the process.
· Can be maintained easily.
· Shorter set up.
· Ability to process large samples.
DISADVANTAGES [10,13]:
· Reduction of extraction yield.
· Need to be extra cautious in the extraction of the thermal labile compounds.
· Additional filtration is necessary to remove the solid residue.
· The open system of extraction cannot process many samples.
· Less environmentally friendly.
· Organic solvent.
· High power consumption.
FACTORS AFFECTING MAE[12,15]
Some of the factors that affect microwave-assisted extraction are,
1. Solvent nature and volume 
2. Extraction time
3. Microwave power
4. Matrix characteristics
5. Temperature
OPTIMIZATION STRATEGIES IN MAE
As MAE is influenced by many factors as described and with these factors severely interacting with one another a statistical optimization strategy[15-19] needs to be adopted for determination of the optimum operating conditions. The Orthogonal array design is a powerful optimization strategy given by Taguchi, where the influence of individual factors on the experiment output and interaction within the factors can be studied in the shortest possible number of experimental trials. A full evaluation of four factors with three levels each will require 81 experimental trials with the classical approach, but the same objective can be achieved with only 9 trials by using the Taguchi L9 array. Design of experiments using the Taguchi approach can be effectively used for product and process designs, studying the effects of multiple factors on performance, and solving production problems by objectively laying out the investigative experiments. Taguchi's method improves the quality of products and processes, which is achieved when a higher level of performance is consistently achieved. The high performance is obtained by determining the optimum combination of design factors. The consistency of performance is determined by making the product/process insensitive to the influence of the uncontrollable factor. Some of the statistical software used for the optimization purpose are STATGRAHICS, MINITAB, STATGRAPHICS PLUS, DOE software.

CONCLUSION

This short review is based on the microwave-assisted extraction suitable for the extraction of biopharmaceuticals and nutraceuticals in a short time. This extraction has proved to be effective in all aspects. Chemical analysis of extracts from plant material plays a central role in the development and modernization of herbal medicine. It offers more advantages for the extraction process. It is an automated green extraction technique involving modern applications to reduce overall energy usage. The shortcomings can be overcome by working more on the process parameters. This MAE method of extraction is proven beneficial for many phytocompounds with high extraction efficacy and precision using two models of MAE. The usage of less solvent with improved extraction efficacy and precision is remarkable. The method is suitable for even thermolabile compounds. The best utility is the extraction of heavy metals and pesticide residues in milligrams of plants. Thus the MAE is an advantageous and beneficial novel method to extract phytochemicals and if each step is optimized can be a novel method to extract phytopharmaceuticals.
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