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Abstract 

 

Article Info 

Natural antioxidants are widely used in food additives, application in functional foods or 

also known as ingredients that offer health benefits that extend beyond their nutritional 

value, and pharmaceutical. These natural antioxidants such as carotenoids, vitamins, and 

polyphenol can be obtained from fruit, vegetables, and traditional herbal medicines. 

However, there have several issues regarding the conventional extraction method to 

extract natural antioxidants compounds from food and medicinal plants such as require a 

large volume of solvent and long extraction time. Therefore, new green extraction 

methods such as microwave-assisted, ultrasound-assisted, pulsed electric field, enzyme-

assisted, supercritical fluid, and pressurised liquid, technologies were studied to 

overcome these constraints. Thus, different types of extraction and their mechanism in 

natural antioxidant compounds extraction was further discussed in this study. Besides, 

the main classes, source of natural antioxidants and their health benefits also were 

presented in this paper. 
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1.0 Introduction 

Antioxidants are considered as essential bioactive 

compounds due to multiple health benefits and their 

vital role in reducing the oxidation process. The 

reactive nitrogen species (RNS) and the reactive 

oxygen species (ROS) in the biological system, such as 

nitric oxide radicals, superoxide, and hydroxyl can 

cause DNA rupture and lead to lipid and protein 

oxidation in cells (Li et al., 2015). Typically, the 

antioxidant mechanism that exists in the human body 

would be scavenged these radical, which can maintain 

the equilibrium between oxidation and antioxidation. 

However, exposure to cigarette smoke, alcohol, 

radiation, or environmental contaminants causes 

excess formation of ROS and RNS, which interferes 

with the equilibrium between antioxidation and 

oxidation, leading to some chronic inflammatory 

diseases (Wang et al., 2016). 

Aside from that, research confirmed that the 

advantages of consumption of natural antioxidants 

could reduce the harm caused by oxidative stress 

through blocking the formation oxidative chain 

reaction and it acts as free radical scavengers (Baiano 

& Del Nobile, 2016). Furthermore, antioxidants also 

have various biological properties such as anti-

inflammatory, anti-carcinogenic and anti-

atherosclerotic effects, minimise the incidence of 

coronary artery disease and by modulating the 

intestinal microbiota balance, contribute to the 

preservation of digestive health (Oroian et al., 2015).  

The extraction of antioxidant compounds in food 

and plants can be done using conventional and non-

conventional method. The results obtained from the 

conventional extraction method can be served as a 

guideline to compare with the new extraction method. 

Hence, the non-conventional method was introduced to 

improve the conventional method by reducing the 

operating time to obtain higher yield of extract at lower 

solvent consumption. 

The aim of this study is to review the various 

extraction methods of natural antioxidant and to 

present the comparison between conventional and non-

conventional extraction methods. 

2.0  Natural sources of antioxidant 

Natural antioxidants are produced by metabolic 

processes in the human body or supplemented by other 

natural sources, and their function depends on their 

mechanisms of action, physical, and chemical 
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properties. Hence, antioxidants can be classified into 

two groups which are enzymatic antioxidants and non- 

enzymatic antioxidants. 

Generally, enzymatic antioxidants are generated in 

the human body and categorised into primary and 

secondary antioxidants. The primary antioxidants 

consist of superoxide dismutase (SOD), glutathione 

peroxidase, and catalase. Meanwhile, for secondary, it 

includes glutathione reductase, and 6-phosphate 

dehydrogenase (Rasheed et al., 2019). 

Vaisi-Raygani et al. (2007) stated that non-

enzymatic antioxidants are not naturally present in the 

body but need to be supplemented for proper 

metabolism. Vitamins, mineral, polyphenols, 

carotenoid, and other antioxidants are known as non-

enzymatic compounds. Copper, iron, zinc, and 

selenium are among of minerals which serves as 

cofactors for the antioxidants of the enzymes. On the 

other hand, vitamins are categorised as micronutrients 

consists of vitamin C, vitamin B, vitamin A, and 

vitamin E that are essential for effective utilisation of 

antioxidant enzyme in the body system (Rasheed et 

al.,2019). It needs to be added to the diet because it 

could not be synthesised in human body. 

Furthermore, lycopene, zeaxanthin, β-carotene, and 

lutein are made of carotenoids. These compounds with 

fat-soluble colour found in fruits and vegetables. the 

benefits of Lutein in shielding the retina from harmful 

free radical activity and avoid atherosclerosis  

(Sikora et al., 2008). Lycopene has been shown to be a 

powerful and beneficial antioxidant compound found  

in strawberries, watermelon, guava, and other foods. 

Aside from that, polyphenols are classified as 

phytochemicals, where the antioxidant activities focus 

on their physical and chemical properties, which 

influence the metabolism of their molecular structures 

(Ajila et al., 2011). These are composed of phenolic 

acids, curcumin, flavonoids, and gingerol  

(Amit et al., 2011). Flavonoid as one of the main 

groups of polyphenolic compounds are found in 

vegetables, fruits, grains, seeds, leaves, flowers, and 

bark. Other than that, curcumin is an effective ROS 

scavenger that induces oxidative stress, such as O 

radicals, lipid peroxyl radicals (LO₂), OH radicals, and 

nitrogen dioxide (NO₂) radicals. Curcumin has been 

used to inhibit lipid peroxidation and GSH levels have 

also been shown to increase in epithelial cells, leading 

to lower development of ROS (Biswas et al., 2005).  

Natural antioxidants can be obtained from many 

sources such as fruits, vegetables, and from waste 

processing industry. In fact, most vegetables consumed 

in daily meals like basil, coriander, carrots, and many 

more contain high antioxidants. These natural sources 

not only safe to consume but also cheap and easy to get. 

Table 1 shows the main sources of antioxidants 

compound such as vitamin C, vitamin E, carotenoids, 

and polyphenols and its health benefits.  

3.0 Extraction method of natural antioxidant 

compounds 

Basically, the effective extraction process can be 

accomplished by undergoing detection, isolation, and 

characterisation of natural antioxidant compounds.  

Xu et al., (2017) stated that temperature, time, pH, 

solvent, and concentration of the sample are the factors 

that affects the efficiency of extraction method. 

Besides, the selectivity of the solvent is referred based 

on chemical structure and the polarity of extracted 

antioxidants compounds.  

Meanwhile, several authors stated polar and 

medium polar solvent are used in extraction process 

such as water, methanol, propanol, acetone, and other 

aqueous mixture (Belwal et al., 2016; De Camargo et 

al., 2016; Sharmila et al.,2016; Nguyen et al., 2017. 

According to Nawaz et al. (2020), high polar solvents 

will lead to high extract yield, but low phenolic and 

flavonoid content as compared to non-polar. 

4.0 Extraction method of natural antioxidant 

compounds 

Effective extraction process can be accomplished 

by undergoing detection, isolation, and 

characterisation of natural antioxidant compounds.  

Xu et al., (2017) stated that temperature, time, pH, 

solvent, and concentration of the sample are the factors 

that affects the efficiency of extraction method. 

Besides, the selectivity of the solvent is referred based 

on chemical structure and the polarity of extracted 

antioxidants compounds. Meanwhile, several authors 

stated polar and medium polar solvent are used in 

extraction process such as water, methanol, propanol, 

acetone, and other aqueous mixture (Belwal et al., 

2016; De Camargo et al., 2016; Sharmila et al.,2016; 

Van et al., 2016). According to Nawaz et al. (2020), the 

highly polar solvents will lead to high extract yield, but 

low phenolic and flavonoid content as compared to 

non-polar  

In addition, natural antioxidants can be obtained 

from food and medical plant are carotenoids vitamins 

and polyphenols (Baiano & Del Nobile, 2016;  
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Manach et al., 2004). Hence, there are various types of 

extraction method available to extract natural 

antioxidants from food and medicinal plants such 

conventional and non-conventional extraction method, 

and these methods are discussed in this paper. 

5.0 Conventional extraction method 

There are few methods to extract natural antioxidant 

from plants in conventional extraction method which 

are maceration, hydrodistillation, and Soxhlet 

extraction. The conventional extraction method is used 

at a small-scale level to extract bioactive materials 

from many plants and these methods are typically 

based on the extraction efficiency of various solvents 

have been used (Selvamuthukumaran et al., 2017). 

In 1879, the Soxhlet extraction technique was first 

developed by German chemist Franz Ritter Von 

Soxhlet (Xu et al., 2017). According to Soxhlet 

extraction technique proposed by Sagar et al. (2018), 

the sample of dry plant material is preserved in the 

thimble. When the solvent reached excess flow level, a 

syphon is used to aspirate the solution of thimble-

holder. The solution is discharged back into the 

distillation flask by the syphon. Next, this solution 

contains extracted solutes into the bulk liquid. Then, 

the solute stays in the distillation flask and the solvent 

moves back to the plant 's solid bed.  

Aside from that, maceration technique which 

previously was applicable as homemade preparation of 

tonic and popular as a one of the cheapest ways to 

extract few essential oils and bioactive compounds 

from various plant materials. There are few steps in 

maceration process. Initially, the plant materials were 

ground into smallest particles to obtain biggest surface 

areas so that it will be blended with the solvent. Then, 

solvent known as menstruum is then placed in a closed 

vessel. Next, the liquid is drawn off, but the solid 

residue from the extraction process is pressed to 

retrieve significant amount of occluded solution. It was 

then separated and mixed from impurities through 

filtration. There are two ways of shaking in maceration 

technique which is firstly increased diffusion and 

secondly, remove the concentration solution from the 

sample surface to add fresh solvent to the menstruum 

to produce high extraction yield (Selvamuthukumaran 

et al., 2017). 

Hydrodistillation (HD) also considered as a 

technique that used to extract natural antioxidant 

compound (Vankar,2004). Organic solvents are not 

included in this process, and it can be done before 

dehydration of plant materials. There are three types of 

HD which is water and steam distillation, distillation, 

and direct steam distillation. At first, a still 

compartment and the plant materials were packed. 

Then, an adequate amount of water is placed and boil 

it. Direct steam was introduced to the plant sample. The 

diluted mixture flows to a separator from the 

condenser, where oil and bioactive compounds are 

immediately removed from the water (Silva et al., 

2005). Other than that, there are three main 

physiochemical processes of HD which are 

hydrodiffusion, hydrolysis, decomposition by heat. 

Some of the volatile components can be damage at the 

higher extraction temperature. 

Therefore, the efficiency of extraction in any 

conventional method depends on the selected solvents. 

Usually, the polar solvent such as water, methanol, 

propanol, acetone, and other aqueous mixture are 

favourable solvent that has been used in extraction 

process. The polarity of the solvent was the most 

significant factors to extract the targeted compound. 

Several factors need to be considered when choosing 

the solvent for extracted natural antioxidants 

compounds for instance mass transfer of the solvent, 

the molecular affinity between the solvent and the 

solvent selected, environmental protection, toxicity, 

and economic viability (Cowan, 1999). 

6.0 Non-conventional extraction method 

There are several critical issues of traditional 

extraction method which are costly requirement, high 

purity of solvent required, longer extraction time, poor 

extraction selectivity, thermal decomposition of 

thermolabile compound, and need large amount of 

solvent to evaporate (Luque-de-Castro et al., 1998). 

Therefore, new extraction method known as non-

conventional extraction method were introduced to 

solve the problem of the traditional method. Besides, 

by comparing to traditional methods, non-conventional 

extraction methods offer many advantages such as high 

efficacy, low energy and water consumption used, and 

allowing a higher amount of yield. 

Hence, these non-conventional extraction methods 

refer to microwave-assisted extraction (MAE), 

ultrasound-assisted extraction (UAE), pulsed electric 

field (PEF) extraction, enzyme-assisted extraction 

(EAE), supercritical fluid extraction (SFE), and 

pressurised liquid extraction (PLE). In addition, some 

of these methods are known as green techniques 

because it satisfied the standards set by Environmental 

Protection Agency (2015). Moreover, these green 
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techniques have the advantages of derivatives and 

catalysis reduction, the less dangerous chemical 

synthesis that enables the design of safer chemicals, 

enable to design for energy efficiency, and its use of 

sustainable feedstock. 

6.1 Microwave assisted extraction (MAE) 

Microwave is an electromagnetic of radiation (Xu 

et al., 2017). Microwave can supply energy solvent and 

plant matrix during microwave assisted extraction 

(MAE) method. Besides, the energy is absorbed by 

molecules within plants especially polar molecules. 

Microwave significantly alters the physical properties 

of cell walls eventually result in cell wall rupture and 

release of target components due to localise pressure, 

stress of mechanical, and severe thermal exposure 

(Zhang et al., 2011; Florez et al., 2015). Since the first 

time MAE method was applied in 1989, there have 

been various studies of the antioxidant’s recovery from 

plant material using this method. MAE only applies to 

extraction of solvents which need to be capable of 

absorbing microwaves.  

Besides, the selection of suitable solvent, time of 

irradiation, temperature of irradiation, solvent to 

material ratio, characteristics of matrix, and lasty the 

power of microwave were factor that affecting MAE 

method (Tatke et al., 2011; Pasrija et al., 2015). 

Therefore, various studies have shown the advantages 

method of MAE which are less time for extraction, 

lower solvent consumption, and produce greater 

extraction yield (Zhang et al., 2011, Routray & Orsat, 

2012). MAE of antioxidants from Achillea millefolium 

dust was performed (Milutinovic et al., 2015). In order 

to extract antioxidant, researchers had optimised four 

parameters namely ethanol concentration, irradiation 

time, solvent solid ratio, and lastly microwave power. 

It was concluded that, conventional extraction method 

took 48 h and consumed 40% of ethanol to extract the 

antioxidant, while MAE only took 33 s and consumed 

40 mL/g solvent to extract antioxidant. Moreover, 

increased of extraction yield under MAE conditions 

which are total flavonoid content from 30.82 ± 2.35 to 

42.95 ± 1.32 mg quercetin equivalents (QE)/g, for total 

polyphenol content from 135.26 ± 1.72 to 237.74 ± 

2.08 mg GAE/g, and lastly for 2,2-diphenyl-1- 

picrylhydrazyl (DPPH) radical scavenging activity 

from 21.58% ± 0.88% to 71.72% ± 2.12%. Hence, it 

showed that MAE took shorter time with great 

extraction yields to extract the antioxidant compared to 

conventional method. Meanwhile, Shu et al. (2003) 

report that higher recovery of Ginsonesides from 

ginseng root by using MAE method was superior 

because it took only 15 minutes compared to 

conventional extraction method which took 10 hours. 

MAE method for extraction of polyphenols 

compound from Quercus bark was also reported by 

Bouras et al. (2015). In this study, it used two solvent 

which are 0.38% methanol and 33% ethanol solvent. 

The condition for MAE method and conventional 

extraction method were the same which are at room 

temperature, pH is 10.75, 60 min, 45W, and 50 Hz. 

Compared to the conventional method, the MAE 

method had the microwave treatment, which resulted in 

the recoveries of antioxidant and total phenolic content 

increasing by three times. 

Antioxidant compounds such as E- and Z-

guggolsterone, tannin, and cinnamalydehyde were 

extracted from different types of plants by having 

optimal conditions and it has proved that MAE is a 

faster and compatible technique compared to the 

traditional extraction technique (Asghari et al.,2011). 

In the different study reported, 

Thirugnanasambandham et al., (2017) optimised the 

operating parameters such as mass of the sample, time 

for extraction, and temperature in MAE method to 

extract betalain content from dragon fruits peel using 

response surface methodology. 
 

6.2 Ultrasound assisted extraction (UAE) 

UAE has been used in the food and pharmaceutical 

industries over the last three decades as an effective 

extraction process (Esclapez et al., 2011). Besides, 

UAE method consist of ultrasound which is a special 

form of sound wave beyond human hearing and its 

frequency ranges between 20 kHz to 100 MHz 

(Selvamuthukumaran et al., 2017). The sound waves 

can flow across a medium by generating expansion and 

compression. Then, this process generates a 

phenomenon known as cavitation, which further leads 

to bubble formation, growth, and collapse. Over the 

course of a few cycles, the size of these bubbles 

expands to a critical stage, so these bubbles collapse 

and release a huge amount of energy that would 

produce intense pressure which is 1000 atmospheres 

and temperatures which is 5000 K at room temperature 

(Xu et al., 2017). 

Furthermore, the efficiency of extraction yield 

using UAE method can significantly affect by the 

temperature, time, intensity, frequency of ultrasound, 

amount of solvent, the types of solvent, and the 

characteristics of the sample such as the sample's 
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moisture content and particle size (Talmaciu et al., 

2015). Thus, UAE method is known to be effective, 

productive technique, inexpensive, and high extraction 

yield due to used low temperatures which can enhance 

the efficiency of the conventional method 

(Altemimi et al., 2016). Thus, it indicated that with 

presence of energy of ultrasound, it will produce high 

energy transfer, low thermal gradients, and temperature 

for extraction, produced more effective mixing, easy to 

start up, faster response to process extraction control, 

and does not require process steps selective extraction. 

Moreover, there a recent study has been conducted 

on UAE method. Sunflower oil was used as an 

alternative solvent to extract carotenoids from carrots 

based on biorefinery concept in UAE, while solvent of 

hexane was used for conventional method (Li et al., 

2013). There are few parameters, including carrot to oil 

ratio (2:10), ultrasonic intensity (22.5 W), temperature 

(40 °C), and sonification time (20 min) were optimised 

to obtain the high extraction β-carotene yields in this 

research. The results showed that the UAE’s solvent 

obtained highest β-carotene yield of 334.75 mg/L just 

in 20 min only while for conventional extraction 

method using hexane as solvent obtained the β-

carotene yield of 321.36 mg/L after one-hour 

extraction. Whereas another study has been discovered 

in optimizing the extraction of phenolic compounds 

from peaches and pumpkin using the UAE method 

(Altemimi et al., 2016). The result shows the higher 

yield of antioxidants with high activity by DPPH 

radical compared to conventional method. 

 In other studies, UAE extraction is proved to be a 

potential technique to replace the traditional method on 

an industrial scale due to greater extraction yield, 

higher antioxidant activity, lower operating 

temperature, and shorter extraction time to extract 

lycopene from papaya processing waste (Li et al., 

2015). 

The conventional method took longer time 

compared to UAE and slow energy transfer due to no 

ultrasound treatment. Another study using UAE in 

extracting C. japonica Hassk flavonoids and these 

extracted flavonoids is a possible antioxidant agent to 

be used in medicinal products or used in food 

ingredients (Lu et al., 2015).  

6.3 Pulsed electric field extraction (PEF). 

PEF is applicable to enhance extraction, drying, 

pressing, and diffusion processes (Angersbach et al., 

2000, Vorobiev & Lebovka, 2006). It contains a 

treatment chamber that contains two electrodes in 

which the plant materials are located. Puertolas et al., 

(2010) stated that PEF can be performed in either 

continuous or batch mode, depending on the treatment 

chamber design. PEF has its effectiveness whereby it 

is based on the process parameters such as pulse 

number, properties of the materials to be treated, 

specific energy input, the treatment temperature, and 

field strength (Heinz et al., 2003).  

Therefore, during extraction process, the membrane 

structure plant materials can be improved and shorten 

the extraction time which can increase the mass 

transfer of extraction compounds. PEF was reported to 

improve the removal of intracellular compounds from 

plant tissue and increased permeability of cell 

membrane (Toepfl et al., 2006). Besides, the PEF 

destroyed the cell membrane of plant tissue with a 

slight increase in temperature at a moderate electric 

field of 500 V/cm and 1000 V/cm for 10−4 s to 10−2 s 

(Fincan and Dejmek, 2002; Lebovka et al., 2002). 

Thus, PEF can minimise the destruction of compounds 

that are sensitive to heat (Ade-Omowave et al., 2001). 

Besides, PEF used as a pre-treatment method compared 

of using conventional extraction which obtained low 

yield extraction (Lopez et al., 2009). 

Luengo et al. (2013) revealed that polyphenols 

obtained from orange peels using PEF is much better 

compared to the conventional method where the 

extraction yields of hesperidin and naringin contents 

were increased from 1.3 to 4.6 mg/100 g and 1 to  

3.1 mg/ 100 g, respectively. Besides, the extraction of 

polyphenols from defatted canola seed cake using 

MAE and PEF method was performed (Teh et al., 

2015). In this study, MAE took 5 min while PEF took 

only 10 s and consumed 10% of ethanol to extract 

polyphenols. Thus, it shows that PEF took shorter time 

with less solvent usage to extract the polyphenols 

compared to MAE.  

Meanwhile, the PEF method was superior in the 

extraction of polyphenol yield from Borago Officinalis 

L. leaves compared to the conventional method 

(Segovia et al., 2015) due to the increase of oxygen 

radical absorbance capacity (ORAC) value from 

2 to 13.7 times and the total phenolic compound (TPC) 

value from 1.3 to 6.6 times. In addition, the 

permeabilisation of Merlot skin by using PEF shows  

the increment in the extraction of polyphenols and 

anthocyanin (Delsart et al., 2012). 

 Besides, the application of PEF treatment is not 

only applicable in the extraction of lipids and other cell 

ingredients from plants but also can be applied in algae 
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(Mercer and Armenta, 2011). Also, PEF is suitable to 

be used before the maceration step to minimize the 

time of maceration and to enhance the stability of 

bioactive compounds for instance polyphenols and 

anthocyanin during vinification (Lopez et al.,2008). 

6.4 Enzyme assisted extraction (EAE) 

Enzyme assisted extraction (EAE) is a green 

extraction process that have the potential in extraction 

method due to less impact on environment and mild 

extraction condition (Cheng et al., 2015). Moreover, 

this method contains the enzymes which are in high 

specificity and high efficiency properties. In order to 

improve the extraction of natural antioxidants 

compound, this enzyme would damage the integrity 

structure of plant cell wall and deform it composition. 

Besides, the different source of enzyme can be derived 

by fungi, bacteria, animal organ or vegetable and fruit 

extract (Liu et al., 2014). Therefore, EAE method has 

the potential to improve the efficiency of extraction 

method for antioxidants such as flavonoids, 

carotenoids, phenolics and anthocyanins. 

There are several factors that influence the 

efficiency and yield in EAE method which are 

concentration, pH, types of enzymes, liquid to solid 

ratio, particle size, incubation temperature, and time 

(Liu et al., 2016). The extraction of phenolic 

compounds from watermelon rind using the mixture of 

α-amylase, β- glycosidase, protease, and pectinase was 

applied in EAE (Mushtaq et al., 2015). In this study, in 

order to get the optimum extraction of polyphenol, four 

variables were considered which are pH (6–9), time for 

treatment (30–90 min), temperature (25–75 °C) and 

concentration of enzyme (0.5–6.5%). As the result, it 

indicated the optimum value which are 6.58 pH,  

30 min, 51.8 °C and 24% concentration of enzyme. 

Thus, EAE enhance the extraction of antioxidant 

phenolics up to 3 times relative to traditional solvent 

methods with level of 279.96 mg TE/g FW (TEAC), 

112.27 mg/mL (DPPH radical scavenging ability 

(IC50)) and 173.70 mg GAE/g FW (total phenolics). 

Aside from that, the effect of enzyme treatment on the 

lycopene recovery from tomato and the effect of 

solvents in extraction method was studied by Ranveer 

et al. (2013). In that study, there are four different 

solvents were carried out (hexane, ethyl acetate, 

petroleum ether and the tri-mixture of hexane, acetone, 

and ethanol) and involved two step extraction 

procedures. For the first phase, waste samples were 

treated with enzymes, for example pectinase and 

cellulase, whereas in the second phase, solvent was 

used to extract lycopene. 

In EAE, it is proven that enzyme treatment without 

control and the treatment of enzymatic had impacts on 

extraction of phenolic compound. This method needs 

more development for its industrial-scale application 

since it spends a high cost on enzymes which included  

the application and activity of enzymes with 

environmental factors such as temperature and 

availability of nutrients (Puri et al., 2012). 

6.5 Supercritical fluid extraction (SFE) 

There are several factors that influence the 

efficiency of extraction on supercritical fluid extraction 

(SFE) method such as extraction temperature, 

extraction time, flowrate of solvent, operating pressure, 

particle size, chemical components as well as pre-

treatment conditions. The best selection of solvent 

which are propane, hexane, butane, ethane, pentane, 

and carbon dioxide is indicated by cost, toxicity, ability 

of solvation or technical viability in SFE method. The 

volume of solvent used in SFE is considerably smaller 

than the quantity recommended for any low-pressure 

extraction procedure. In addition, the advantages of 

SFE are that supercritical fluid consists of a higher 

coefficient of diffusion and lower surface tension and 

viscosity than liquid solvent, which allows the sample 

matrix and mass transfer to penetrate easily. Next, the 

chosen supercritical fluid is higher compared to liquid 

solvent when the solvation power can be modified by 

alternating pressure or temperature. Meanwhile, SFE 

only uses a little amount of organic solvent which is 

known to be environmentally friendly. 

Therefore, there are recent studies on SFE method 

of antioxidants from food and medical plants have been 

published. For example, the extraction of flavonoids 

from Calycopteris floribunda leaves using supercritical 

fluid extraction method was performed (Liu et al., 2014). 

The result shows that, at lower temperature and higher 

pressure, the maximum extraction SFE yields were 

obtained. At 1.5 kg/h flowrate of CO2, 300 min, 30 

MPa, and 35 °C of SFE was contrasted with classical 

extraction (CE) with 40 % ethanol solution for 8 h at 

70 °C. As the result, the CE approach achieved the 

highest yield up to 8.01%, while the efficiency 

separation of pachypodol from SFE extracts was 3.7 

times higher than CE. Therefore, in the extraction 

process, SFE method could increase the selectivity of 

some flavonoid components.  

In the case of anthocyanin and phenolic compounds 

from Syzygium cumini fruit pulp using SFE was 

performed (Maran et al.,2014). In this study, the 
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pressure, temperature, and flowrate of co-solvent were 

optimised as independent variable to obtain higher 

extraction yields. It can be concluded that the higher 

yield of TPC and total monomeric anthocyanin content 

(TMAC) were extracted when the pressure increases 

from 100 to 162 bar, temperature increases from  

40 to 50 °C, and the flow rate of co- solvent (99.9% 

ethanol) rising from 1 to 2 g/min. The TPC and TMAC 

obtained from mentioned conditions was 1143.051 ± 

1.58 mg GAE/100 g and 231.28 ± 0.76 mg/100 g, 

respectively. In addition, eight differences bioactive 

phenolics and seven different anthocyanins were 

classified by HPLC analysis, when SFE was applied 

under optimum condition. Aside from that, in another 

study conducted to extract carotenoids from 

Persimmon (Diospyros kaki L.) reported that SFE has 

demonstrated higher extraction performance and lower 

extraction time relative to other methods (Zaghdoudi et 

al.,2016). Aside from that, pentacyclic triterpene 

selective recovery can be optimised by changing the 

pressure and temperature during the extraction phase. 

Hence, it concluded that the SFE is one of the best 

methods for the efficient extraction of pentacyclic 

triterpene α, β-amyrin from rosemary leaves (Bensebia 

et al.,2016).  

6.6 Pressurised liquid extraction (PLE) 

PLE is known as automated extraction method and 

simple in operation (Shang et al., 2014). This method 

used the solvent at high pressure and temperature to 

extract the yield from different matrices (Herrero et al., 

2015). Besides, the temperature of the solvent in the 

liquid state can be above its boiling point at normal 

temperature by increasing the pressure, which can 

increase the rate of mass transfer and encourage the 

solubility of the analytes. 

Moreover, it is possible to apply the huge 

temperature ranges in PLE from room temperature to  

200 °C and pressure from 35 to 200 bar. In addition, 

PLE is also called sub-critical water extraction (SWE) 

when the extraction solvent is water. Hence, it can be 

preserved in the liquid state when the water is heated 

to 200–250 ° C in SWE, while the dielectric constant 

(ε) of water is reduced from 80 to 30–25, which is 

similar to the dielectric constant of certain organic 

solvents such as ethanol or methanol. The closed 

dielectric constants mean the organic solvent's 

comparable polarity. While not feasible for all 

applications, the use of SWE in some applications can 

be regarded as an important option to organic solvents. 

 

In addition, to increase the extraction yield of 

different antioxidants from plant materials, such as 

carotenoid (Breithaupt, 2004), anthocyanins (Cai et al., 

2016), flavonoids (Bozan & Altinay, 2014), and 

phenolic compound (Setyaningsih et al., 2016) were 

used in the PLE method. This method is a green 

extraction process because of shorter extraction time, 

fewer operating steps, light and oxygen-free 

environment and reduced the use of solvent. Besides, 

temperature, static time, pressure, number of cycles 

and pressure are the most relevant parameters in PLE 

(Fu, et al.,2011). Other than that, flush volume and 

purge are known as variables that capable to fix and 

enhance the extraction recovery of components. Thus, 

mixture of solvent used in PLE method is depending 

on the properties of the target compound. For instance, 

the extraction of polyphenols used ethanol as a solvent 

(Shang et al., 2014). Meanwhile, n-hexane is used as a 

solvent for the extraction of β-carotene  

(Sanagi et al., 2005).  

Furthermore, PLE was found to significantly reduce 

time consumption and solvent usage compared to the 

conventional Soxhlet extraction (Richter et al., 1996). 

Therefore, PLE is considered as one of the potential 

alternative techniques to the SFE method for the 

extraction of polar compounds. Flavonoids was 

extracted from spinach using a mixture of ethanol and 

water (70:30) solvent at 50–150°C by PLE were more 

successful than water solvent at 50–130 °C 

 (Kaufmann et al., 2002; Howard et al., 2008). 

Another study on PLE was discovered to extract the 

antioxidant compounds from black bamboo leaves 

(Shang et al.,2014). The solvent used in this method is 

the mixture of ethanol and water. The result shows the 

best condition extraction for TPC were material of 4.75 

mm size with 75% ethanol at condition 200 °C, 25 min 

and 1500 psi while, for flavonoid content, the best 

process of extraction were material of 0.425 mm size 

with 50% ethanol at 200 °C, 25 min, and 1500 psi. 

Besides, the best process of extraction for DPPH radical 

efficiency were material of 425 µm size with 25% 

ethanol at 200 °C, 25 min, and 1500 psi. Hence, the 

optimum PLE method shows that the upwards of twice 

efficiency of crude extract which were from 240 to   

500 mg/1 g dry bamboo leaves (DL), from 1510 ± 3.2 

to 2682 ± 0.9 mg/100 g for TPC contents, and for 

flavonoid contents from 182 ± 2.7 to  

657 ± 1.7 mg/100 g. In addition, the extraction process 

of superheated of black bamboo leaves would increase 

the properties of antioxidant by decreasing the surface 
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tension and solvent viscosity along with destroying of 

black bamboo leaves matrix. It also increases the bond 

between solvent and flavonoids and phenolics. 

In another study, the extraction of sulphated 

polysaccharides (fucoidan) from brown seaweed  

Saccharina japonica using PLE method was  

 

 

 

performed (Saravana et al., 2016). In this study, at  

140 °C with 50 bar, researchers found that the best 

crude fucoidan yield of 8.23 % was obtained. Luthria 

(2008) revealed parameters of temperature, pressure,  

particle size, flush length, static time, and solid-to-

solvent ratio that have a significant influence on the  
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PLE method of extracting antioxidants compounds 

from parsley (Petroselinum crispum) flakes. Then, the 

extraction of natural antioxidants compounds from 

marine sponges has been successfully applied 

using PLE (Ibanez et al., 2012).  

 The summary of the extraction methods discussed 

were tabulated in Table 2. 

7.0 Conclusion 

Natural antioxidants compounds play a significant 

role in human health. It can usually be found in 
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medicinal herbs, fruits, vegetables, and plants. There 

are various techniques that have been introduced for 

the extraction methods of plant-based natural 

antioxidant compounds. The previously introduced 

conventional methods have been the starting point to 

the development of extraction technology. 

Improvements on the conventional methods have led to 

the existence of new methods known as non-

conventional methods. These non-conventional 

methods were inspired to overcome the shortcomings 

of conventional methods where these methods generate 

significant quantities of yields and reduce the amount 
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of solvent used. Besides, the non-conventional method 

also implements a green solvent where it can minimize 

environmental damage. However, the contribution of 

the conventional method cannot be denied as both 

methods having their pros and cons. Therefore, 

understanding the process of the natural antioxidants 

compound extraction will be critically important if we 

are to reach the best potential methods and will in turn 

undoubtedly lead us to technological advancements in 

the extraction process.  
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