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Abstract. The increasing demand of natural resources–based products in various fields 

such as cosmeceutical, pharmaceutical and food industries has created a great opportunities 

for the global marketing. Particularly, plants and herbs has been gaining attention from the 

researchers due to its tremendous benefits that possess anti–oxidant, anti–cancer, 

anti–microbial and anti–inflammatory effects. Aiming to study the functions of bioactive 

compounds in natural resources for various applications, certain issues were considered such 

as its benefits towards the skin and health. Besides, various extraction methods; conventional 

and non-conventional were discussed. Conventional extraction methods were basically the 

methods that have been actively implemented before, however it has few limitations. On the 

other hands, the non–conventional ones are the improved extraction methods that have been 

aggressively used in the recent studies. The details of the equipment along with the operating 

procedures, advantage and disadvantages of each method were compared. On top of that, a 

wide variation of solvents in the industrial processes has been actively used in reaction 

systems and separation such as water, organic solvent and the newly discovered green 

solvent, ionic liquid. In this study, along with the benefits of natural resources and the 

extraction methods, the wellness of solvents that were believed to play an important role in 

the extraction process as it helps in maximizing the extraction yield of bioactive compounds 

were also discussed in details. 
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1 Introduction 

 

Medicinal plants and herbs, also fruits were excessively used before especially in the 

folklore treatment of various ailments, preserving foods also as components for skin care. In 

many Asian countries, the used of various types of folklore medicinal plants to cure 

sicknesses were popular as people aware about its goodness. The therapeutic properties that 

possess countless benefits especially its free radical scavenging ability that can act as 

antioxidant is very crucial. High antioxidant effect means high capability in protecting the 

body and health against free radical that will eventually cause many other diseases. Besides, 

these bioactive compounds also important in the food industries development. It improves the 

organoleptic properties of vegetable origin food and can be used as natural preservatives 

against food degradation (Ballesteros et al., 2017).  

One of many dermatologic concerns is skin aging. Apart from that, consumers are 

also looking for products that claims for specific benefits such as for whitening, skin firming, 

sun protection, wrinkles decreasing, moisturizing, oil control and many more (Korac et al., 

2011). Buying a skin care products can be tricky these days, with so many different options 

available and endless, hard-to-pronounce ingredient lists on every face wash, lotion and scrub 

package. There are many potential skincare available in the market these days. However, less 

consumers seems to care about the ingredients of that certain product. Everybody should 

really keep an eye on what is being added to our products and how our skin reacts to it. Many 

skin care products are laden with toxic chemicals such as parabens. Parabens are extensively 

used as antimicrobial preservatives in food, cosmetics and pharmaceutical products due to 

their broad spectrum of activity, inertness and low cost (Tavares et al., 2009). By far, the 

most prevalent use of parabens has been in cosmetics. It was estimated that parabens were 

used in 13,200 formulations, and a survey done before on 215 cosmetic products found that 

parabens were used in 99% of leave-on products and 77% of rinse-off cosmetics (Darbre et 

al., 2004). According to the Cosmetic, Toiletry, and Fragrance Association (CTFA), 

formulations may contain mixtures of parabens (up to 0.8%) or may contain a single paraben 

(up to 0.4%), and industry estimates of the daily use of cosmetic products that may contain 

parabens were 17.76 g for adults and 378 mg for infants (CTFA 2005). Even though it has 

been used for years and generally considered safe, several studies concerning on the safety of 

parabens have been published. Previous studies by Okubo et al., 2001; Byford et al., 2002 
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and Darbre et al., 2002, 2003 stated that parabens can increase the growth of human breast 

cancer cells. As parabens can absorb rapidly through intact skin, this can cause serious issues 

as the products that we use will absorb right into our skin.  

In order to solve this problem, various types of organic compounds and essential oils 

were in state of investigating in order to be used as an ingredient in a natural skin care 

products, in medicines and also as a compound for food preservation. These active compound 

can be obtained by the process of extraction. There are many extraction methods that can be 

apply as has been discussed in the past. The traditional methods in obtaining the essential oils 

are hydro-distillation (HD), and maceration also by employing Soxhlet (Gu et al., 2009). HD 

has been widely used for the extraction process but the time taken for the process is way too 

long and the yield produced is lesser yet not economical in the industrial scale. As time goes 

by, many researchers had found ways to improve the extraction process to make it more 

economical. Several approaches have been done such as microwave-assisted extraction 

(MAE), (Wang et al., 2010), pressurized liquid extraction (Kaufmann and Christen, 2002), 

subcritical water extraction (Mohammad et al., 2007), and ultrasound-assisted extraction 

(Porto et al., 2009) have also been applied to shorten extraction time, improve the extraction 

yield and reduce the operational costs (Mathialagan et al., 2014) to improve the extraction 

quality. In this paper, all types of popular extraction methods mentioned earlier were 

discussed and compared in order to obtain the essential oil also other organic compounds 

from the organic materials.  

Apart from that, the solvent used in the extraction process plays an important role in 

increasing the extraction yield of the target compounds. Solvents such as water, organic 

solvents, and ionic liquids were actively applied in the extraction process. Ionic liquids (ILs) 

were widely used as an alternative to the volatile and toxic organic solvents used in the 

solvent extraction field.  ILs, which are organic molten salts with a melting point below 

100 °C, have many unique characteristics, such as negligible vapor pressure, high thermal 

and chemical stabilities, low flammability, and potential recoverability. Their properties are 

tunable through modification of their cations, anions, or functional groups, such that they 

possess specific physical and chemical properties (Ao et al., 2015; Olkiewicz et al., 2015; 

Rogers, 2007; Rogers and Seddon, 2003; Vander Hoogerstraete et al., 2015).  
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2 Type of Natural Resources with Active Compound Suitable for Various Applications 

2.1 Skincare 

Nowadays, people aware about the bad effects of the non-natural skin care products 

that available in the market. Along with the tremendous technology development year by 

year, knowledge and information can be easily access by everybody making people realised 

the important of using the natural resources-based skin care products. There are many natural 

resources especially here in Malaysia that is suitable to be used in skin care as Malaysia is 

famous for its biodiversity elements that have and have not yet been discovered.  

Organic compounds such as curcumin, gallic acid, tannic acid, citronellol, and 

vitamin C are widely known for its antioxidant activity for skin whitening and other 

applications. These organic compounds can be found abundant here in Malaysia. Curcumin is 

the main compound that can be found in the turmeric (Curcuma Longa), tannic acid and 

gallic acid rich in Manjakani (Quercus Infectoria), citronellol can be found in the leaves of 

Citronella (Cymbopogon Nardus), and vitamin C can be found in many fruits such as lemon 

and pinenapple. Table 1 below shows the types and percentage of active compounds found in 

different kinds of herbs, plants and fruits and their benefits towards skin reported by previous 

works.  

Table 1 Types of active compound suitable for skin care 

Bioactive 

compound 

Functions Percentage References 

Citronellol Possess antioxidant and 

used as fragrance 

components. 

Anticancer and 

antiinflammatory 

properties, as well as 

promoting wound 

healing. 

Insecticides effects 

towards insects. 

50% in Citronella 

18-55% in Rose 

1.320% in 

Lemongrass 

 

(Džamić et al., 

2014)  

(De Cássia Da 

Silveira E Sá, 

Andrade, & De 

Sousa, 2013) 

(Baldacchino et al., 

2013) 

    

Curcumin Known can dry up 

pimples, fade dark spots, 

5% in Turmeric (Nelson et al., 2017) 
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slow the aging process, 

and protect from 

dangerous UV rays. 

Therapeutic applications 

as antimutagenic as it 

helps prevent new 

cancers caused by 

chemotheraphy, and 

antimicrobial effects as it 

can improve lesions. 

Dental application as 

toothpaste and mouth 

wash. 

 

  

 

 

(Nagahama et al., 

2016) 

 

 

(Sood & Nagpal, 

2013) 

 

Vitamin C High antioxidant and can 

act as skin protection 

(whitening), also 

shielding skin from 

damaging free radicals 

0.026% in Turmeric 

0.053% in Lemon 

0.020% in Potato 

0.009% in pumpkin 

0.005% in Beetroot 

721% in Pineapple 

 

(Telang, 2013) 

 

Beta-carotene 

(Vitamin A) 

 

Making the skin smooth 

and even-toned, 

decreases sebum 

production and thus 

treats acne brilliantly, 

decreases clustering of 

melanin granules and 

reducing brown spots or 

pigmentation 

 

0.009% in Sweet 

potato 

0.005% in Pumpkin 

0.005% in Carrot 

10% in Pineapple 

(S. K. Schagen, 

Zampeli, 

Makrantonaki, & 

Zouboulis, 2012) 

 

Niacin (Vitamin 

B3) 

 

Revive skin's healthy 

tone and texture, treating 

inflammatory skin 

conditions and protects 

the skin from further UV 

damage 

0.005% in Orange 

0.001% in Carrot 

0.001% in citronella 

0.002% in turmeric 

 

(Gehring, 2004) 
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Glycyrrhizic acid Helps improve collagen 

expression and has 

antioxidant activity 

 

5-10% in Liquorice (Binic, Lazarevic, 

Ljubenovic, Mojsa, 

& Sokolovic, 2013) 

 

Manganese 

 

Have a capacity to 

stimulate collagen 

production for skin 

0.092% in Pineapple 

0.005% in seeds of 

pumpkin 

0.0056% in hazelnuts 

 

(Schagen, 2017) 

 

Proanthocyanidin 

 

Helps in maintaining the 

integrity of elastin in the 

skin and act 

synergistically with both 

vitamin C and E, protect 

and replenish them and 

has the antioxidant effect 

 

0.050% in Grapes 

1.500% in Cocoa 

0.120% in Apple 

0.180% in Almonds 

 

 

(De Luca et al., 

2016) 

 

Vitamin E 

 

Has antioxidant promise 

and suitable for 

anti-aging formulations. 

0.002% in Kiwi 

0.001% in Pumpkin 

0.002 in Broccoli 

0.002% in Avocados 

0.036% in Sunflower 

seeds 

0.026% in Almonds 

 

(Ganceviciene, 

Liakou, 

Theodoridis, 

Makrantonaki, & 

Zouboulis, 2012) 

 

Polyphenols 

 

High antioxidant and can 

act as anti-aging, helps 

soothe, heal and protect 

skin tone 

 

12% in Green tea 

17.600% in Cloves 

3-15% in Turmeric 

64.530 % in Quercus 

Infectoria 

 

(Ganceviciene et 

al., 2012) 

 

 

 

 

Quercetin Act as anti-aging and 

high anti-oxidant 

0.005% in Apple (Jadoon et al., 2015) 
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 0.022% in Onion 

0.233% in Caper 

0.022% in Cocoa 

0.006% in Quercus 

Infectoria 

 

 

 

 

(Kheirandish et al., 

2016) 

 

Gallic acid 

 

Powerful antioxidant 

(skin whitening) 

0.220% in Quercus 

Infectoria/ manjakani 

 

1.860% of Labisia 

pumila/ kacip Fatimah 

 

(Kheirandish et al., 

2016) 

Tannic acid 

 

Skin firming & 

tightening also whitening 

50-70% in Quercus 

infectoria 

13.200% in Liquorice 

(Nur Syukriah, 

Liza, Harisun, & 

Fadzillah, 2014) 

 

2.2 Pharmaceutical and food industry 

The application of plant extracts in treating human diseases and symptoms have been 

employed for nearly a thousand years, due to its therapeutic performance and safety. Previous 

studies have shown a tremendous result of the bioactive compounds such as phenolic acids, 

flavonoids, tannins and alkaloids from plant extracts that highly contributed in 

pharmaceutical applications (Garcia-Castello et al., 2015; Teng & Choi, 2013; Wong Paz, 

Muñiz Márquez, Martínez Ávila, Belmares Cerda, & Aguilar, 2015), as it possess diverse 

bioactivities such as antioxidant, anti–inflammatory, anticancer, antidiabetic, antiallergic, and 

antimicrobial (Chhouk, Wahyudiono, Kanda, & Goto, 2018; Pel, Kim, & Chin, 2015; 

Samatha, Shyamsundarachary, Srinivas, & Swamy, 2012).  

  In addition, bioactive compounds such as phenolic compounds, flavonoids, vitamins, 

carotenoids and alkaloids obtained from vegetables and fruits extract has promising 

application in food industry (Recharla, Riaz, Ko, & Park, 2017). It was reported that dietary 

fibre (from cocoa shell) was used as fat replacer muffins and to replace oil (Okiyama, 

Navarro, & Rodrigues, 2017), allicin (from garlic), curcumin (from turmeric) and catechines 

(from tea polyphenols) helps to prevent diseases including cancer, cardiovascular illness, 
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neuronal degenerative diseases and diabetes (Recharla et al., 2017), antioxidants (from 

bamboo leaf) are very effective in retarding lipid oxidation and preventing food spoilage 

(Nirmala, Singh, Kaur, & Santosh, 2018). Some previous studies extracting bioactive 

compound from different plants were tabulated in Table 2, along with its total phenolic, total 

flavonoid content and antioxidant activity.  

Table 2 Total phenolic, total flavonoid contents and antioxidant activity of plant extracts 

Plant Total phenolic 

content (mg/g) 

Total flavonoid 

content (mg/g) 

Antioxidant 

activity (%) 

References 

Rosmarinus 

officinalis L.  

 

161.070 ± 3.120 46.630 ± 0.740  94.840  (Wang et al., 

2018) 

Polygonatum 

verticillatum. 

 

0.126 ± 0.050 0.094 ± 0.004 42.070 (Patra & Singh, 

2018) 

Carpobrotus 

edulis. 

 

151.900 ± 4.100 38.840 ± 0.800 93.710 (Hafsa et al., 

2016) 

Rheum 

moorcroftianum. 

 

 

81.860 ± 2.310 103.950 ± 4.170 58.320 (Pandey, Belwal, 

Sekar, Bhatt, & 

Rawal, 2018) 

Scirpus 

holoschoenus. 

 

253.470 ± 18.350 6.620 ± 0.040 64.060  (Oussaid et al., 

2017) 

Pinus 

morrisonicola. 

15.480 ± 0.610 15.740 ± 0.940 77.100 (Chiang, Lee, 

Whiteley, & 

Huang, 2017) 

 

Rumex 

abyssinicus. 

 

185 ± 2.840 154 ± 3.540 89.540 (Mohammed, 

Panda, Madhan, 

& Demessie, 

2017) 
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3 Conventional Extraction Methods 

The traditional methods in obtaining the essential oils are by employing Soxhlet, 

hydro-distillation (HD), and maceration. HD has been widely used for the extraction process 

but the time taken for the process is way too long and the yield produced is lesser yet not 

economical in the industrial scale.  

3.1 Soxhlet Extraction  

Soxhlet is a classical extractor invented in 1879 by Franz von Soxhlet originally 

designed for the extraction of a lipid from a solid material. It used to be implemented in 

determining fat in milk (Luque de castro and Priego-Capote, 2010). However, along with the 

increasing researches year by year, soxhlet process has been generalized for extraction in 

agricultural chemistry before becoming the most used tool for solid–liquid extraction in many 

fields like environment (Tanabe et al., 2004), foodstuffs (Mulinacci et al,. 2005 & Singh et 

al., 2006), and pharmaceutics (Venkat Rao et al., 2007& Devine et al., 2006). It has also been 

known as the universal chemical extraction process (Heleno et al., 2016). Generally, a small 

amount of dry sample is placed in a thimble. Then, the thimble is placed in distillation flask 

that contains the solvent of particular interest. After reaching to an overflow level, the 

solution of the thimble-holder is aspirated by a siphon where the siphon unloads the solution 

back into the distillation flask. The solution will carry the extracted solutes into the bulk 

liquid and the solute is remained in the distillation flask while the solvent is passes back to 

the solid bed of plant. The process runs repeatedly until the extraction is completed (Azmir et 

al., 2013). 

This conventional method has some attractive advantages. First, the sample is 

repeatedly brought into contact with the fresh portions of the solvent (continuous process), 

thereby helping to displace the transfer equilibrium and no filtration is required after the 

extraction step (Subramaniam et al., 2016). Also, the system remains at a relatively high 

temperature by effect of the heat applied to the distillation flask reaching the extraction cavity 

to some extent (Luque de castro and Priego-Capote, 2010). Moreover, it is a very simple 

methodology that requires little training plus the basic equipment is inexpensive. 

Apart from that, it also has some disadvantages such as time consuming (Niu et al., 

2014) and large amount of extractant being wasted. It is not only expensive to dispose-off, 
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but also becoming a source of additional, environmental problems. In addition, samples are 

usually extracted at the solvent boiling point over long periods, which can result in thermal 

decomposition of thermo labile target species (Virot et al,. 2007). Aside provides no agitation 

which would help to expedite the process, this technique is limited by extractant and difficult 

to automate (Luque de castro and Priego-Capote, 2010). 

Despite its advantages and disadvantages, this method is still popular among 

researchers and has been used as starting point for the development of a variety of 

modifications intended to alleviate or suppress the latter while keeping or even improving the 

former. Figure 1 shows the configuration of conventional Soxhlet extractor. 

 

Figure 1 Conventional Soxhlet extractor (Luque de Castro and Priego-Capote, 2010) 

3.2 Hydro-distillation (HD)  

Hydro-distillation is one of the famous conventional extraction techniques along with 

soxhlet in obtaining essential oil and bioactive compounds from plants. There are three types 

of hydro-distillation: water distillation, water and steam distillation and direct steam 

distillation (Vankar, 2004). Water distillation is the one that widely used in many researches 

previously in extracting Prangos ferulacea Lindle. essential oil (Damyeh & Niakousari, 

2016), recovery of bioactive compounds from Lavandula viridis L’Hér (Costa et al., 2012), 

citronella oil (Timung et al., 2016), Piper nigrum L. essential oil (Bagheri et al., 2014),   

Aquilaria malaccensis leaves essential oil (Samadi et al., 2016), essential oil from three 
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aromatic herbs: basil (Ocimum basilicum L.), garden mint (Mentha crispa L.), and thyme 

(Thymus vulgaris L.) (Lucchesi et al., 2004), essential oils derived from three plants within 

the Lamiaceae family, marjoram (Origanum majorana L.), pennyroyal (Mentha pulegium 

L.), and lemon balm (Melissa officinalis L.) (Petrakis et al., 2014), essential oils from the 

leaves and stems of Schefflera heptaphylla (Wang et al., 2012) and essential oil of rosemary 

(Rosmarinus officinalis) (Conde-Hernandez et al., 2017). This method was done by all-glass 

Clevenger apparatus with heating mantle as the heating source (Damyeh & Niakousari, 

2016). The plant material was extracted with distilled water placed in the round bottom flask. 

Parameters such as extraction time and heating mantle temperature will be considered. 

Indirect cooling by water condenses the vapor mixture of water and oil. Condensed mixture 

flows from condenser to a separator, where oil and bioactive compounds separate 

automatically from the water (Silva et al., 2005). Hydro-distillation involves three main 

physicochemical processes; Hydro-diffusion, hydrolysis and decomposition by heat (Azmir et 

al., 2013). 

The main thing to be highlight in this process is that the product from this process 

when it is completed is pure without organic solvent pollution as this technique does not 

require the use of organic solvents, but only water (Wu et al., 2015). Even though 

hydro-distillation is the most frequently used method, there are several shortcomings 

associated with this conventional method. It took long extraction time, has potential in losing 

or damaging the volatile compounds and requires high energy consumption (de Rijke et al., 

2006; Gavahian et al., 2012; Lo Presti et al., 2005). In addition, it does not prevent hydrolysis 

reactions that can degrade thermo labile compounds (Azmir et al., 2013). 

Many alternatives implementation were in study state in improving this method in 

obtaining the pure essential oils by combining this hydro-distillation with other method such 

as ohmic-assisted hydro-distillation (Damyeh & Niakousari, 2016), microwave-assisted 

conventional hydro-distillation (Petrakis et al., 2014), advanced microwave assisted 

hydro-distillation (Jeyaratnam et al., 2016) and many more. Figure 2 shows the configuration 

of hydro-distillation Clevenger apparatus system. 
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Figure 2 Hydro-distillation Clevenger apparatus system (Samadi et al., 2016) 

3.3 Maceration 

Maceration in the past was used in homemade preparation of tonic (Azmir et al., 

2013). It gained recognition due to its inexpensive way to get essential oils and bioactive 

compounds. This technique is still implemented in certain industry even though it is 

considered one of the traditional methods same as soxhlet and hydro-distillation. Maceration 

technique was widely applied in rose and red wines in attempt to produce more aromatic and 

complex wines with better colour and body (De Santis & Frangipane, 2010; Herjavec et al, 

2008). Mihnea et al, in 2015 studied the volatile content of Mencía wines, Cujic et al, in 2016 

extracted the polyphenols from chokeberry (Aronia melanocarpa) dried fruit, and Lukic et al, 

in 2017 searched for the volatile aroma and phenol composition in Teran red wine using this 

technique. In a small scale extraction process of maceration, it generally consists of several 

steps; grinding of plant materials into small particle (increase the surface area for proper 

mixing with solvent), adding appropriate solvent named as menstruum in a closed vessel, let 

the liquid strained off while pressing the marc which is the solid residue in this extraction 

process to recover the large amount of occluded solutions, and filtrating the mixed then 

separate it from impurities (Azmir et al., 2013).  

On a positive side, maceration always results in an odor similar to that in the original 

plant material without causing degradation of the thermo labile compounds present in the 

fraction due to the low extraction temperature similar to cold pressing (Wu et al., 2015). 

However, it has some limitations, such as time-consuming and labour-intensive procedures, 
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extended concentration steps, and the involvement of large volumes of hazardous solvents, 

which may restrict the use of this method in food, cosmetic and pharmaceutical industries 

(Siqueira et al., 2011). It is also resulting in lower yield of phenolic compounds (Deng et al., 

2017). 

Over the years, various maceration procedures in the production of red wines have 

been studied in order to establish the selective effects of different parameters on the 

extraction of important grape components such as duration and temperature (Lukic et al., 

2017). Several treatments such as saignée (Harbertson et al., 2009), cold-soak 

pre-fermentative maceration, carbonic maceration, delestage, (Sacchi et al., 2005), extended 

maceration and maceration with heating (Baiano et al., 2009) were still in studies state in 

improving this technique to be used in the wine extraction industry.  

4 Non-Conventional Extraction Method 

 

As time goes by, many researchers had found ways to improve the extraction process 

to make it more efficient and economical. Several approaches have been done such as 

microwave-assisted extraction (MAE), (Wang. et al., 2010), pressurized liquid extraction 

(Kaufmann and Christen, 2002), subcritical water extraction (Mohammad. et al., 2007), and 

ultrasound-assisted extraction (Porto. et al., 2009) have also been applied to shorten 

extraction time, improve the extraction yield and reduce the operational costs (Mathialagan. 

et al., 2014) to improve the extraction quality. 

 

4.1 Ultrasonic Assisted Extraction (UAE) 

Ultrasonic-assisted extraction (UAE) is an innovative technology that has been 

developed to replace the conventional extraction method such as soxlet, hydro-distillation and 

maceration. This methods have been developed for the extraction of phenolic compounds 

from different plant materials, including grapes and winemaking by-products such as pomace 

and wine lees (Carrera et al., 2012; Casazza et al., 2010; Novak et al., 2008; Tao et al., 2014), 

natural antioxidants from plant materials (Xu et al., 2017)) and many more. This UAE or 

sonification mechanism is based on air bubbles that are generated during the cavitation 

phenomenon which caused by dispersion of sound waves within the liquids (Sourki et al., 

2017). The explosion and disruption of these bubbles will cause physical, chemical also 
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mechanical changes by which plant tissue is destroyed allowing solvent penetration into the 

tissue to release the bioactive compounds (Chanioti & Tzia., 2017). 

This outstanding extraction technique was able to cut down extraction time, energy 

and use of solvent, increase yield and quality (Bosiljkov et al., 2017) also has the capacity to 

improve the extraction efficiency by promoting the mass transfer and possible rupture of cell 

wall due to its effect of acoustic cavitation (Shirsath et al., 2012). Meanwhile, the enhanced 

solvent penetration into the cells leads to an increase of mass transfer (Chanioti & Tzia., 

2017). Ultrasound energy for extraction also facilitates more effective mixing, faster energy 

transfer, reduced thermal gradients and extraction temperature, selective extraction, reduced 

equipment size, faster response to process extraction control, quick start-up, increased 

production and eliminates process steps (Azmir et al., 2013). 

Nowadays, this has become one of the most famous extraction technique implemented 

by many researchers. There have been many positive feedback and they have been 

highlighted only the positive side of using UAE in replacing the conventional extraction 

methods which has many drawbacks. Additionally, the comparative studies revealed that 

UAE gave a better result than soxhlet and maceration technique (Xu et al., 2017; Safdar et al., 

2016).  

4.2 Microwave Assisted Extraction (MAE) 

The microwave-assisted extraction (MAE) is considered as a novel method that 

facilitates the partition of the sample compounds into the solvent (Albuquerque et al., 2017) 

from a wide range of materials by using microwave energy. It is widely used for alkaloids 

extraction (Xiong et al., 2016), food processing application (Yanik, 2017) and 

phytochemicals recovery (Belwal et al., 2017). The principle of heating using microwave is 

based upon its direct impacts on the polar materials. The electromagnetic fields involved 

(electric field and magnetic field) gave energy that is converted to heat following ionic 

conduction and dipole rotation mechanisms (Jain, 2009). During ionic conduction, the 

mechanism heat is generated because of the resistance of medium to flow ion while the ions 

keep their direction along field signs that change frequently. This frequent change of 

directions at the end resulting in the collision between molecules, hence consequently 

generates heat. The mechanism of MAE consist of three sequential steps which are active 
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sites of sample matrix under increased temperature and pressure, diffusion of solvent across 

sample matrix and release of solutes from sample matrix to solvent (Azmir et al., 2013).  

MAE is found promising due to the fast heating and destruction of the biological cell 

structure of plant tissues under microwave conditions that provide a very powerful extraction 

procedure in a shorter time (Belwal et al., 2017; Yanik, 2017). It reduced consumption of 

energy and quantities of organic solvents. Thus, it decreases the amount of waste and makes 

possible to obtain better yield compared to the traditional methods of extraction (Lefsih et al., 

2017).  

Compared with traditional reflux extraction, soxhlet extraction and ultrasonic 

extraction, microwave-assisted extraction has the advantages of short extraction time, high 

extraction rate and good product quality (Xiong et al., 2016). Moreover, the MAE is 

considered a green extraction technique in terms of energy, solvents and sample preparation 

compared to others. 

4.3 Pressurized Liquid Extraction (PLE) 

Pressurized fluid extraction (PLE) is an extraction technique that has been developed 

and used successfully in universal field and industry. The application of this technique 

involves in evaluating the infusion of multiple pesticides from green tea (Chen et al., 2017), 

extractions of phytonutrients from passion fruit (Vigano et al., 2017), fractionate of ten Salvia 

species for functional foods and nutraceuticals (Sulniute et al., 2017), extraction of caffeine 

from spent coffee grounds (Shang et al., 2017), and extraction process of safflower oil (Conte 

et al., 2016). PLE is also known by several names such as accelerated fluid extraction (ASE), 

enhanced solvent extraction (ESE), and high pressure solvent extraction (HSPE). The concept 

of PLE is basically about the application of high pressure that facilitates the extraction 

process to let solvent liquid remain beyond their normal boiling point (Azmir et al., 2013). 

Nowadays, for extraction of polar compounds, PLE is also considered as a potential 

alternative technique to supercritical fluid extraction (Vigano et al., 2017; Sulniute et al., 

2017; Kraujalis et al., 2017). It shows that the merge of these two methods resulting to a 

better extraction results. 

This extraction technique was able to attract the attention of many as it leads to reduce 

the extraction time and amounts of solvent, which is of particular importance for high sample 
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throughput for bioactivity assays (Feuerisen et al., 2017). On top of that, PLE gets broad 

reorganization as a green extraction technique due to small amount organic solvent used 

(Ibanez et al., 2012). In addition, PLE may be conceptualized as a process that combines 

temperature and pressure with liquid solvents in order to achieve a rapid and efficient 

extraction of analytes from several matrices (Conte et al., 2016).  

In comparison to the traditional extraction, PLE is absolutely a better way to extract 

the target compounds as it was found to dramatically decrease time consumption and solvent 

used (Azmir et al., 2013). Besides, the automation techniques are the main reason for the 

greater development of PLE-based techniques. PLE technique requires small amounts of 

solvents because of the combination of high pressure and temperatures which provides faster 

extraction. It can promote higher analyte solubility by increasing both solubility and mass 

transfer rate and, also decrease the viscosity and surface tension of solvents, hence improve 

the extraction rate (Ibanez et al., 2012).  

Based on the recent works, in order to obtain the essential oil from the organic 

materials such as plants, methods such as Soxhlet extraction (Kulkarni et al., 2012), 

Hydro-distillation (Silva et al., 2005), microwave assisted extraction (Wakte et al., 2011), 

ultrasound assisted extraction (Xu et alh., 2015) and pressurized liquid extraction 

(Osorio-Toben et al., 2014) are widely applied. Table 3 shows the comparison of extraction 

methods in extracting the bioactive compounds such as curcumin, demethoxycurcumin, and 

bisdemethoxycurcumin from turmeric that has promising effect towards skin with their 

percentage yield.
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Table 3 Comparison of extraction methods 

 Soxhlet extraction 

(SE) 

Hydro-distillation  

(HD) 

Microwave assisted 

extraction 

(MAE) 

Ultrasound assisted 

extraction  

(UAE) 

Pressurized Liquid 

Extraction  

(PLE) 

Plant Curcuma longa 

(Turmeric) 

Curcuma longa 

(Turmeric) 

Curcuma domestica 

(Turmeric) 

Curcuma domestica 

(Turmeric) 

Curcuma longa 

(Turmeric) 

 

Organic 

compound 

Curcumin Curcuminoids 

(curcumin, 

demethoxycurcumin, 

bisdemethoxycurcumin) 

Curcumin, 

demethoxycurcumin, 

bisdemethoxycurcumin 

Curcumin, 

demethoxycurcumin, 

bisdemethoxycurcumin 

Curcuminoids 

(curcumin, 

demethoxycurcumin, 

bisdemethoxycurcumin) 

 

Common 

solvent used 

Methanol Distilled  water Acetone Ionic Liquid: 

1-octyl-3-methylimidaz

olium bromide 

([Omim]Br) 

 

Ethanol 

Temperature  65
o
C - - - 333 K 
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Time required 7 hours 4 hours 5 min 90 min 20 min 

Volume of 

solvent used/ 

Ratio 

 

250mL/ 6g 500mL/ 150g 60mL/ 20g 

(1:3) 

15mL/ 0.5g 314.500mL/ 47g 

(13%:87%) 

Pressure (MPa) 

 

- - - - 10 

Power (W) 

 

- - 60 250 - 

Percentage 

extraction yield 

 (%) 

 

12.390 16.300 68.570 76.000 4.300 

Reference Kulkarni et al., 2012 Silva et al., 2005 Wakte et al., 2011 Xu et al., 2015 Osorio-Tobon et al., 

2014 
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5 Type of Solvents 

 

The extracted organic compounds and essential oils also their antioxidant activity 

were affected by some factors such as extraction time, extraction temperature, sample to 

solvent ratio and pH (Dai and Mumper 2010; Thoo et al., 2013). Solvents such as water, 

organic solvents, and ionic liquids were actively applied in the extraction process. Ionic 

liquids (ILs) were widely used as an alternative to the volatile and toxic organic solvents 

used in the solvent extraction field. Al Othman et al., 2009; Dai and Mumper, 2010 stated 

that the methanol, ethanol and acetone are usually used as solvents for the extraction from 

the plant materials. There are some criteria that need to be considered when choosing a 

solvent, such as good extraction performance, low solvent solubility in the aqueous phase 

and acceptable solvent handling properties which means that it has a low melting point and 

compatible with the preferred materials of that want to be extracted (Offeman et al., 2010). 

On top of that, the addition of the aqueous mixtures of solvents was proven to have a better 

extraction result compared to the pure solvent (Goyal et al., 2010; Anwar et al., 2010; 

Motaal and Shaker, 2011). The isolation of the plant compounds is strongly dependent on 

the nature of extracting solvent. This is due to the presence of many different compounds 

with varied chemical characteristics also polarities which may influence the solubility in 

that solvent described detailed by Tomsone et al., 2012.  

Dai and Mumper, 2010 from their research found that the analyte tend to be soluble at 

a higher temperature while, the viscosity and the surface tension of the solvents are reduced 

at higher temperature. This later might give the tendency to the solvent for better extraction 

rate. On the other hand, there are many phenolic compounds that are easily hydrolysed and 

oxidized which will affect the yield of phenolic extracts. Moreover, high temperature in 

plant extraction is usually done in order  to make sure that the compounds are not 

deteriorate due to moisture content (Nantitanon et al., 2010; Hamrouni-Sellami et al., 2013). 

Hence, choosing a suitable temperature and efficient extraction method is very important to 

maintain the stability of the compounds. Table 4 shows the comparison of solvent used with 

different operating parameters. The plants discussed in the table below are the type of plants 

that has positive effect towards skin due to its outstanding function of bioactive compounds. 
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Table 4 Comparison of type of solvent on the percentage yield 

Solvent used Extraction method Plant Percentage yield 

(%) 

Reference 

Water  Soxhlet Quercus Infectoria 

(Manjakani) 

76.000 Ab. Rahman et al., 

2015 

HD Curcuma longa 

(Turmeric) 

16.300 Silva et al., 2005 

UAE Hibiscus-rosa 

sinensis 

9.660 Afshari et al., 2015 

UAE 

 

Labisia Pumila 

(Kacip Fatimah) 

183.150 Md. Salehan et al., 

2016 

 

Organic solvents Methanol Soxhlet Curcuma longa 

(Turmeric) 

12.390 Kulkarni et al., 2012 

Acetone MAE Curcuma longa 

(Turmeric) 

68.570 Wakte et al., 2011 

Ethanol PLE 

 

Curcuma longa 

(Turmeric) 

4.300 Osorio-Tobon et al., 

2014 

 

Ionic liquids 1-ocyl-3-methylimidazolium UAE Curcuma longa 76.000 Xu et al., 2015 
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bromide (Turmeric) 

1-butyl-3-methylimidazolium 

terrafluoroburate 

MAE Eucalyptus 

camaldulensis (river 

red gum) 

35.200 Li et al., 2016 

1-butyl-3-methylimidazolium 

hydrogen sulphate 

UAE Boehmeria nivea L. 

(Ramie) 

96.810 Yang et al., 2016 
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6 Conclusion 

The use of natural resources such as herbs, plants and fruits as the ingredients in the 

natural-base skin care, pharmaceutical and food industry was much well known due to its 

tremendous properties of bioactive compounds. It is believed that the application of these 

natural resources is not limited in these areas only, as there is much more that need to be 

explore in maximised the function of bioactive compounds. In addition, the various extraction 

methods can be seen to be developing, aiming to improve the extraction time, amount of 

sample and solvent also yield. On top of that, the use of ionic liquids should also be 

considered in any extraction process of natural compounds as it shows positive result in the 

extraction process.  

Acknowledgement 

The authors are grateful for the support from Jabatan Pertanian Negeri Pahang and 

financial support from the Master Research Scheme (MRS), the Fundamental Research Grant 

Scheme from Ministry of Higher Education (Grant No. RDU160154) and internal university 

grant by Universiti Malaysia Pahang (Grant No. RDU180353). 

References 

 

1. Ab. Rahman, N. S., Md. Salleh L., Abd. Majid F. A., Harisun, Y., 2015. 

Quantification of Gallic Acid and Tannic Acid from Quercus infectoria (Manjakani) 

and their Effects on Antioxidant and Antibacterial Activities. Pertanika J. Sci. & 

Technol. 23 (2), 351 – 362. 

2. Afshari, K., Samavati, V., Shahidi, S. A., 2015. Ultrasonic-assisted extraction and 

in-vitro antioxidant activity of polysaccharide from Hibiscus leaf. International 

Journal of Biological Macromolecules. 74, 558–567.  

3. Al Othman, M., Bhat, R. & Karim, A., 2009. Antioxidant capacity and phenolic 

content of selected tropical fruits from Malaysia, extracted with different solvents. 

Food Chemistry. 115, 785-788. 

4. Albuquerque, B. R., Prieto, M. A., Barreiro, M. F., Rodrigues, A., Curran, T. P., 

Barros, L., Ferreira, I. C. F. R., 2017. Catechin-based extract optimization obtained 



 

23 

 

from Arbutus unedo L. fruits using maceration/microwave/ultrasound extraction 

techniques. Industrial Crops and Products. 95, 404-415.  

5. Anwar, F., Abdul Qayyum, H. M., Ijaz Hussain, A. & Iqbal, S., 2010. Antioxidant 

activity of 100% and 80% methanol extracts from barley seeds (Hordeum vulgare L.): 

stabilization of sunflower oil. Grasas y Aceites. 61, 237-243. 

6. Ao, Y., Yuan, W., Yu, T., Peng, J., Li, J., Zhai, M., Zhao, L., 2015. Radiolysis of 

crownether–ionic liquid systems: identification of radiolytic products and their 

effecton the removal of Sr2+from nitric acid. Phys. Chem. Chem. Phys. 17, 

3457–3462. 

7. Azmir, J., Zaidul, I. S. M., Rahman, M. M., Sharif, K. M., Mohamed, A., Sahena, F., 

Jaharul, M. H. A., Ghafoor, K., Norulaini, N. A. N., Omar, A. K. M., 2013. 

Techniques for extraction of bioactive compounds from plant materials: A review. 

Journal of Food Engineering. 117, 426-436. 

8. Bagheri, H., Abdul Manap, M. Y., Solati, Z., 2014. Antioxidant activity of Piper 

nigrum L. essential oil extracted by supercritical CO2 extraction and 

hydro-distillation. Talanta. 121, 220-228. 

9. Baiano, A., Terracone, C., Gambacorta, G., & La Notte, E., 2009. Phenolic content 

and antioxidant activity of Primitivo wine: Comparison among winemaking 

technologies. Journal of Food Science. 74(3), 258–267. 

10. Baldacchino, F., Tramut, C., Salem, A., Liénard, E., Delétré, E., Franc, M., … 

Jay-Robert, P. (2013). The repellency of lemongrass oil against stable flies, tested 

using video tracking. Parasite, 20, 21. https://doi.org/10.1051/parasite/2013021 

11. Ballesteros, L. F., Ramirez, M. J., Orrego, C. E., Teixeira, J. A., & Mussatto, S. I. 

(2017). Optimization of autohydrolysis conditions to extract antioxidant phenolic 

compounds from spent coffee grounds. Journal of Food Engineering, 199, 1–8. 

https://doi.org/10.1016/j.jfoodeng.2016.11.014 

12. Belwal, T., Bhatt, I. D., Rawal, R. S., Pande, V., 2017. Microwave-assisted extraction 

(MAE) conditions using polynomial design for improving antioxidant phytochemicals 

in Berberis asiatica Roxb. ex DC. Leaves. Industrial Crops and Products. 95, 

393-403. 

13. Binic, I., Lazarevic, V., Ljubenovic, M., Mojsa, J., & Sokolovic, D. (2013). Skin 

ageing: Natural weapons and strategies. Evidence-Based Complementary and 

Alternative Medicine. https://doi.org/10.1155/2013/827248 

https://doi.org/10.1051/parasite/2013021


 

24 

 

14. Binic. I., Lazarevic, V., Ljubenovic, M., Mojsa. J., Sokolovic, D., 2013. Skin Ageing: 

Natural Weapons and Strategies. Evid Based Complement Alternat Med. 827248. 

15. Bosiljkov, T., Dujmic, F., Bubalo, M. C., Hribar, J., Vidrih, R., Brncic, M., Zlatic, E., 

Redovnikovic, I. R., Jokic, S., 2017.  Natural deep eutectic solvents and 

ultrasound-assisted extraction: Green approaches for extraction of wine lees 

anthocyanins. Food and Bioproducts Processing. 102, 195-203. 

16. Byford, J. R., Shaw, L. E., Drew, M. G. B., Pope, G. S., Sauer, M. J., Darbre, P. D., 

2002. Oestrogenic activity of parabens in MCF7 human breast cancer cells. J. Steroid 

Biochem. Mol. Biol. 80, 49–60. 

17. Carrera, C., Ruiz-Rodríguez, A., Palma, M., Barroso, C.G., 2012. Ultrasound-assisted 

extraction of phenolic compounds from grapes. Analytica Chimica Acta. 732, 

100–104. 

18. Casazza, A.A., Aliakbarian, B., Mantegna, S., Cravotto, G., Perego, P., 2010. 

Extraction of phenolics from Vitis vinifera waste using non-conventional techniques. 

Journal of Food Engineering. 100, 50–55. 

19. Chanioti, S., and Tzia, C., 2017. Optimization of ultrasound-assisted extraction of oil 

from olive pomace using response surface technology: Oil recovery, unsaponifiable 

matter, total phenol content and antioxidant activity. LWT- Food Science and 

Technology. 79, 178-189. 

20. Chen, H., Pan, M., Liu, X., Lu, C., 2017. Evaluation of transfer rates of multiple 

pesticides from green tea into infusion using water as pressurized liquid extraction 

solvent and ultra-performance liquid chromatography tandem mass spectrometry. 

Food Chemistry. 1-9. 

21. Chhouk, K., Wahyudiono, Kanda, H., & Goto, M. (2018). Efficacy of supercritical 

carbon dioxide integrated hydrothermal extraction of Khmer medicinal plants with 

potential pharmaceutical activity. Journal of Environmental Chemical Engineering, 

6(2), 2944–2956. https://doi.org/10.1016/j.jece.2018.04.036 

22. Chiang, P. S., Lee, D. J., Whiteley, C. G., & Huang, C. Y. (2017). Extracting 

antioxidant phenolic compounds from compressional-puffing pretreated Pinus 

morrisonicola: Effects of operational parameters, kinetics and characterization. 

Journal of the Taiwan Institute of Chemical Engineers, 75, 70–76. 

https://doi.org/10.1016/j.jtice.2017.03.041 



 

25 

 

23. Ching, W. Y., Yusadli, Y., Wan Nurdiyana, B., Wan Amarina., 2014. EXTRACTION 

OF ESSENTIAL OIL FROM CURCUMA LONGA. J. Food Chem. Nutr. 02 (01), 

1-10. 

24. Conde-Hernandez, L. A., Espino-Visctoria, J. R., Trejo, A., Guerrero-Beltran, J. A., 

2017. CO2-supercritical extraction, hydrodistillation and steam distillation of essential 

oil of rosemary (Rosmarinus officinalis). Journal of Food Engineering. 200, 81-86. 

25. Conte, R., Gullich, L. M. D., Bilibio, D., Zanella, o., Bender, J. P., Carniel, N., 

Priamo, W. L., 2016. Pressurized liquid extraction and chemical characterization of 

safflower oil: A comparison between methods. Food Chemistry. 213, 425-430. 

26. Costa, P., Grosso, C., Goncalves, S., Andrade, P. B., Valentao, P., Bernardo-Gil, M. 

G., Romano, A., 2012. Supercritical fluid extraction and hydrodistillation for the 

recovery of bioactive compounds from Lavandula viridis L’Hér. Food Chemistry. 

135, 112-121. 

27. Cujic, N., Savikin, K., Jankovic, T., Pljevljakusic, D., Zdunic, G., Ibric, S., 2016. 

Optimization of polyphenols extraction from dried chokeberry using maceration as 

traditional technique. Food Chemistry. 194, 135-142. 

28. Dai, J. & Mumper, R. J., 2010. Plant Phenolics: Extraction, Analysis and Their 

Antioxidant and Anticancer Properties. Molecules. 15, 7313-7352. 

29. Damyeh, M. S and Niakousari, M., 2016. Impact of ohmic-assisted hydrodistillation 

on kinetics data, physicochemical and biological properties of Prangos ferulacea 

Lindle. essential oil: Comparison with conventional hydrodistillation. Innovative 

Food Science and Emerging Technologies. 33, 387-296. 

30. Darbre, P. D., 2003. Underarm cosmetics and breast cancer. J. Appl. Toxicol. 23, 

89–95.  

31. Darbre, P. D., Aljarrah, A., Miller, W. R., Coldham, N. G., Sauer, M. J., Pope, G. S., 

2004. Concentration of Parabens in Human Breast Tumours. Journal of Applied 

Toxicology. 24, 5-13. 

32. Darbre, P. D., Byford, J. R., Shaw, L. E., Horton, R. A., Pope, G. S., Sauer, M. J., 

2002. Oestrogenic activity of isobutylparaben in vitro and in vivo. J Appl. Toxicol. 22, 

219–226. 

33. De Cássia Da Silveira E Sá, R., Andrade, L. N., & De Sousa, D. P. (2013). A review 

on anti-inflammatory activity of monoterpenes. Molecules. 

https://doi.org/10.3390/molecules18011227 



 

26 

 

34. De Luca, C., Mikhal’chik, E. V., Suprun, M. V., Papacharalambous, M., Truhanov, A. 

I., Korkina, L. G., 2016. Skin Antiageing and Systemic Redox Effects of 

Supplementation with Marine Collagen Peptides and Plant-Derived Antioxidants: A 

Single-Blind Case-Control Clinical Study. Oxid Med Cell Longev. 4389410. 

35. De Luca, C., Mikhal’Chik, E. V., Suprun, M. V., Papacharalambous, M., Truhanov, 

A. I., & Korkina, L. G. (2016). Skin antiageing and systemic Redox effects of 

supplementation with marine collagen peptides and plant-derived antioxidants: A 

single-blind case-control clinical study. Oxidative Medicine and Cellular Longevity, 

2016. https://doi.org/10.1155/2016/4389410 

36. de Rijke, E., Out, P., Niessen, W.M., Ariese, F., Gooijer, C., Udo, A.T., 2006. 

Analytical separation and detection methods for flavonoids. Journal of 

Chromatography A. 1112 (1), 31–63. 

37. De Santis, D., & Frangipane, M. T., 2010. Effect of prefermentative cold maceration 

on the aroma and phenolic profiles of a Merlot red wine. Italian Journal of Food 

Science. 22(1), 47-53. 

38. Deng, J., Xu., Z., Xiang, C., Liu, J., Zhou, L., Li, T., Yang, Z., Ding, C., 2017. 

Comparative evaluation of maceration and ultrasonic-assisted extraction of phenolic 

compounds from fresh olives. Ultrasonics Sonochemistry. 

http://dx.doi.org/10.1016/j.ultsonch.2017.01.023.  

39. Derya Kocak Yanik., 2017. Alternative to traditional olive pomace oil extraction 

systems: Microwave-assisted solvent extraction of oil from wet olive pomace. LWT- 

Food Science and Technology. 77, 45-51. 

40. Devine, D.M., Devery, S.M., Lyons, J.G., Geever, L.M., Kennedy, J.E., 

Higginbotham, C.L., 2006. International Journal of Pharmaceutics. 326, 50.  

41. Dzamic, A. M., Sokovic, M. D., Ristic, M. S., Grijic, S. M., Mileski, K. S., Marin. P. 

D., 2014. Chemical composition, antifungal and antioxidant activity of Pelargonium 

graveolens essential oil. Journal of Applied Pharmaceutical Science Vol. 4 (03), pp. 

001-005. 

42. Džamić, A. M., Soković, M. D., Ristić, M. S., Grujić, S. M., Mileski, K. S., & Marin, 

P. D. (2014). Chemical composition, antifungal and antioxidant activity of 

Pelargonium graveolens essential oil. Journal of Applied Pharmaceutical Science, 

4(3), 1–5. https://doi.org/10.7324/JAPS.2014.40301 

http://dx.doi.org/10.1016/j.ultsonch.2017.01.023


 

27 

 

43. Feuereisen, M. M., Barrza, M. G., Zimmermann, B. F., Schieber, A., 

Schulze-Kaysers, N., 2017. Pressurized liquid extraction of anthocyanins and 

biflavonoids from Schinus terebinthifolius Raddi: A multivariate optimization. Food 

Chemistry. 214, 564-571.  

44. Ganceviciene, R., Liakou, A. I., Theodoridis, A., Makrantonaki, E., Zouboulus, C. C., 

2012. Skin anti-aging strategies. Dermatoendocrinol. 4(3), 308–319. 

45. Ganceviciene, R., Liakou, A. I., Theodoridis, A., Makrantonaki, E., & Zouboulis, C. 

C. (2012). Skin anti-aging strategies. Dermato-Endocrinology. 

https://doi.org/10.4161/derm.22804 

46. Garcia-Castello, E. M., Rodriguez-Lopez, A. D., Mayor, L., Ballesteros, R., Conidi, 

C., & Cassano, A. (2015). Optimization of conventional and ultrasound assisted 

extraction of flavonoids from grapefruit (Citrus paradisi L.) solid wastes. LWT - Food 

Science and Technology, 64(2), 1114–1122. https://doi.org/10.1016/j.lwt.2015.07.024 

47. Gavahian, M., Farahnaky, A., Javidnia, K., Majzoobi, M., 2012. Comparison of 

ohmic-assisted hydrodistillation with traditional hydrodistillation for the extraction of 

essential oils from Thymus vulgaris L. Innovative Food Science & Emerging 

Technologies. 14, 85–91. 

48. Gehring, W. (2004). Nicotinic acid/niacinamide and the skin. Journal of Cosmetic 

Dermatology, 3(2), 88–93. https://doi.org/10.1111/j.1473-2130.2004.00115.x 

49. Gehring, W., 2004. Nicotinic acid/niacinamide and the skin. J Cosmet Dermatol. 3(2), 

88-93. 

50. Goyal, A. K., Middha, S. K. & Sen, A., 2010. Evaluation of the DPPH radical 

scavenging activity, total phenols and antioxidant activities in Indian wild Bambusa 

vulgaris" Vittata" methanolic leaf extract. Journal of Natural Pharmaceuticals. 1, 40. 

51. Gu, X., Zhang, Z., Wan, X., Ning, J., Yao, C., Shao, W., 2009. Simultaneous 

Distillation Extraction of Some Volatile Flavour Components from Pu-erh Tea 

Sample- Comparison with Steam Distillation- Liquid/ Liquid Extraction and Soxhlet 

Extraction. International Journal of Analytical Chemistry. 1-6. 

52. Hadi, B. J., Sanagi, M. M., Aboul-Enein, H. Y., Wan Ibrahim, W. A., Jamil, S., 2015. 

Microwave-Assisted Extraction of Methyl β-Cyclodextrin-Complexed Curcumin 

from Turmeric Rhizome Oleoresin. Food Anal. Methods. 8, 2447–2456. DOI 

10.1007/s12161-015-0137-3. 



 

28 

 

53. Hafsa, J., Hammi, K. M., Khedher, M. R. Ben, Smach, M. A., Charfeddine, B., 

Limem, K., & Majdoub, H. (2016). Inhibition of protein glycation, antioxidant and 

antiproliferative activities of Carpobrotus edulis extracts. Biomedicine and 

Pharmacotherapy, 84, 1496–1503. https://doi.org/10.1016/j.biopha.2016.11.046 

54. Hamrouni-Sellami, I., Rahali, F. Z., Rebey, I. B., Bourgou, S., Limam, F. & Marzouk, 

B., 2013. Total phenolics, flavonoids, and antioxidant activity of sage (Salvia 

officinalis L.) plants as affected by different drying methods. Food and Bioprocess 

Technology. 6, 806-817. 

55. Harbertson, J. F., Mireles, M. S., Harwood, E. D., Weller, K. M., & Ross, C. F., 2009. 

Chemical and sensory effects of saignée, water addition, and extended maceration on 

high Brix must. American Journal of Enology and Viticulture. 60 (4), 450–460. 

56. Heleno, S. A., Diz, P., Prieto, M. A., Barros, L., Rodrigues, A., Barreiro, M. F., 

Ferreira, C. F. R., 2016. Optimization of ultrasound-assisted extraction to obtain 

mycosterols from Agaricus bisporus L. by response surface methodology and 

comparison with conventional Soxhlet extraction. Food Chemistry. 197, 1054-1063. 

57. Herjavec, S., Jeromel, A., Prusina, T., & Maslov, L., 2008. Effect of cold maceration 

time on Zilavka wines composition. Journal of Central European Agriculture. 9(3), 

505-510. 

58. Ibanez, E., Herrero, M., Mendiola, J.A., Castro-Puyana, M., 2012. Extraction and 

characterization of bioactive compounds with health benefits from marine resources: 

macro and micro algae, cyanobacteria, and invertebrates. In: Hayes, M. (Ed.), Marine 

Bioactive Compounds: Sources, Characterization and Applications. Springer, 55–98. 

59. Jadoon, S., Karim, S., Asad, M. H. H. Bin, Akram, M. R., Kalsoom Khan, A., Malik, 

A., Murtaza, G. (2015). Anti-aging potential of phytoextract loaded-pharmaceutical 

creams for human skin cell longetivity. Oxidative Medicine and Cellular Longevity. 

https://doi.org/10.1155/2015/709628 

60. Jadoon, S., Karin, S., Asad, M. H. H., Akram, M. R., Khan, A. K., Malik, A., Chen, 

S., Murtaza, G,. 2015. Anti-Aging Potential of Phytoextract Loaded-Pharmaceutical 

Creams for Human Skin Cell Longetivity. Oxid Med Cell Longev. 709628. 

61. Jain, T., 2009. Microwave assisted extraction for phytoconstituents - an overview. 

Asian Journal of Research in Chemistry. 2(1), 19-25. 

62. Jeyaratnam, N., Hamid Nour, A., Kanthasamy, R., Hamis Nour, A., Yuvaraj, A. R., 

Akindoyo, J. O., 2016. Essential oil from Cinnamomum cassia bark through 



 

29 

 

hydrodistillation and advanced microwave assisted hydrodistillation. Industrial Crops 

and Products. 92, 57-66. 

63. Kheirandish, F., Delfan, B., Mahmoudvand, H., Moradi, N., Ezatpour, B., 

Ebrahimzadeh, F., & Rashidipour, M. (2016). Antileishmanial, antioxidant, and 

cytotoxic activities of Quercus infectoria Olivier extract. Biomedicine and 

Pharmacotherapy, 82, 208–215. https://doi.org/10.1016/j.biopha.2016.04.040 

64. Korac, R. R., Khambholja, K. M., 2011. Potential of herbs in skin protection from 

ultraviolet radiation. Pharmacognosy Review. 5(10), 164-173. 

65. Kraujalis, P., Kraujaliene, V., Kazernaviciute, R., Venskutonis, P. R., 2017. 

Supercritical carbon dioxide and pressurized liquid extraction of valuable ingredients 

from Viburnum opulus pomace and berries and evaluation of product characteristics. 

The Journal of Supercritical Fluids. 122, 99-108. 

66. Kulkarni, S. J., Maske. K. N., Budre. M. P., Mahajan. R. P., 2012. Extraction and 

purification of curcuminoids from Turmeric (curcuma longa L.). International 

Journal of Pharmacology and Pharmaceutical Technology. 1(2), 2277 – 3436. 

67. Lefsih, K., Giacomazza, D., Dahmoune, f., Mangione, m. R., Bulone, D., Biagio, P. L. 

S., Passantino, R., Costa, M. A., Guarrasi, V., Madani, K., 2017. Pectin from Opuntia 

ficus indica: Optimization of microwave-assisted extraction and preliminary 

characterization. Food Chemistry. 221, 91-99. 

68. Li, S., Chen, G., Jia, J., Liu, Z., Gu, H., Wang, F., Yang, F., 2016. Ionic 

;iquid-mediated microwave-assisted simultaneous Extraction and distillation of gallic 

acid, ellagic acid and essential oil from the leaves of Eucalyptus camaldulensis. 

Separation and Purification Technology. 168, 8-18. 

69. Lo Presti, M., Ragusa, S., Trozzi, A., Dugo, P., Visinoni, F., Fazio, A., Mondello, L., 

2005. A comparison between different techniques for the isolation of rosemary 

essential oil. Journal of Separation Science. 28 (3), 273–280. 

70. Lucchesi, M. E., Chemat, F., Smadja, J., 2004. Solvent-free microwave extraction of 

essential oil from aromatic herbs: comparison with conventional hydro-distillation. 

Journal of Chromatography A. 1043, 323-327. 

71. Lukic, I., Budic-Leto, I., Bubola, M., Damijanic, K., Staver, M., 2017. 

Pre-fermentative cold maceration, saignée, and various thermal treatments as options 

for modulating volatile aroma and phenol profiles of red wine. Food Chemistry. 224, 

251-261. 



 

30 

 

72. Luque de Castro and M. D., Priego-Capote, F., 2010. Soxhlet extraction: Past and 

present panacea. Journal of Chromatography A. 1217, 2383-2389. 

73. Mathialagan, R., Abdurahman, H. N., Ziad, A. S., Azhari,H. N., Thana Raj, S., 2014. A 

Comparative Study of Lemongrass (Cymbopogon Citratus) Essential Oil Extracted by 

Microwave-Assisted Hydrodistillation (MAHD) and Conventional Hydrodistillation 

(HD) Method. International Journal of Chemical Engineering and Applications. 5(2), 

104-105. 

74. Md Salehan, N. A., Sulaiman, A. Z., Ajit, A. 2016. EFFECT OF TEMPERATURE 

AND SONICATION ON THE  EXTRACTION OF GALLIC ACID FROM 

LABISIA PUMILA (KACIP FATIMAH) . ARPN Journal of Engineering and 

Applied Sciences. 11( 4). 

75. Mihnea, M., Gonzales-SanJose, M. L., Ortega-Heras, M., Perez. Magarino, S., 2015. 

A comparative study of the volatile content of Mencía wines obtained using different 

pre-fermentative maceration techniques. LWT- Food Science and Technology. 64, 

32-41.  

76. Mohammad, H. E., Freshteh, G., Soosan, R., 2007. "Subcritical water extraction of 

essential oil from coriander seeds (Coriandrum sativum L.,". Journal of Food 

Engineering. 14, 85-91. 

77. Mohammed, S. A., Panda, R. C., Madhan, B., & Demessie, B. A. (2017). Extraction 

of bio-active compounds from Ethiopian plant material Rumex abyssinicus 

(mekmeko) root—A study on kinetics, optimization, antioxidant and antibacterial 

activity. Journal of the Taiwan Institute of Chemical Engineers, 75, 228–239. 

https://doi.org/10.1016/j.jtice.2017.03.004 

78. Mohsen, G., Asgar, F., Katayoun, J., Mahsa, M., 2012. Comparison of ohmic-assisted 

hydrodistillation with traditional hydrodistillation for the extraction of essential oil 

from Thymus vulgaris L. Journal of Innovative Food Science and Emerging 

Technology. 36, 85-91. 

79. Motaal, A. A. & Shaker, S., 2011. Anticancer and Antioxidant Activities of 

Standardized Whole Fruit, Pulp, and Peel Extracts of Egyptian Pomegranate. Cancer. 

3, 6. 

80. Mulinacci, N., Innocenti, M., La Marca, G., Mercalli, E., Giaccherini, C., Romani, A., 

Erica S., Vincieri, F.F., 2005. Journal of Agricultural Food Chemistry. 53, 8963.  



 

31 

 

81. Nagahama, K., Utsumi, T., Kumano, T., Maekawa, S., Oyama, N., & Kawakami, J. 

(2016). Discovery of a new function of curcumin which enhances its anticancer 

therapeutic potency. Scientific Reports, 6. https://doi.org/10.1038/srep30962 

82. Nantitanon, W., Yotsawimonwat, S. & Okonogi, S., 2010. Factors influencing 

antioxidant activities and total phenolic content of guava leaf extract. LWT- Food 

Science and Technology. 43, 1095-1103. 

83. Nelson, K. M., Dahlin, J. L., Bisson, J., Graham, J., Pauli, G. F., & Walters, M. A. 

(2017). The Essential Medicinal Chemistry of Curcumin. Journal of Medicinal 

Chemistry, 60(5), 1620–1637. https://doi.org/10.1021/acs.jmedchem.6b00975 

84. Nirmala, C., Singh, M., Kaur, H., & Santosh, O. (2018). Trends in Food Science & 

Technology Bamboo : A rich source of natural antioxidants and its applications in the 

food and pharmaceutical industry. Trends in Food Science & Technology, 77(August 

2017), 91–99. https://doi.org/10.1016/j.tifs.2018.05.003 

85. Niu, L., Li, J., Chen, M. C., Xu, Z. F., 2014. Determination of oil contents in Sacha 

inchi (Plukenetia volubilis) seeds at different developmental stages by two methods: 

Soxhlet extraction and time-domain nuclear magnetic resonance. Industrial Crops and 

Products. 56, 187-190.  

86. Novak, I., Janeiroa, P., Seruga, M., Oliveira-Brett, A.M., 2008. Ultrasound extracted 

flavonoids from four varieties of Portuguese red grape skins determined by 

reverse-phase high-performance liquid chromatography with electrochemical 

detection. Analytica Chimica Acta. 630, 107–115. 

87. Nur Syukriah, A. R., Liza, M. S., Fadzillah, A. A. M., 2014. Effect of solvent 

extraction on antioxidant and antibacterial activities from Quercus infectoria 

(Manjakani). International Food Research Journal. 21(3), 1067-1073. 

88. Nur Syukriah, A. R., Liza, M. S., Harisun, Y., & Fadzillah, A. A. M. (2014). Effect of 

solvent extraction on antioxidant and antibacterial activities from quercus infectoria 

(Manjakani). International Food Research Journal, 21(3), 1031–1037. 

89. Offeman, R. D., Franqui-Espiet, D., Cline, J. L., Robertson, G. H. & Orts, W. J., 

2010. Extraction of ethanol with higher carboxylic acid solvents and their toxicity to 

yeast. Separation and purification technology. 72, 180-185. 

90. Okiyama, D. C. G., Navarro, S. L. B., & Rodrigues, C. E. C. (2017). Cocoa shell and 

its compounds: Applications in the food industry. Trends in Food Science and 

Technology. https://doi.org/10.1016/j.tifs.2017.03.007 



 

32 

 

91. Okubo, T., Yokoyama, Y., Kano, K., Kano, I., 2001. ER-dependent estrogenic 

activity of parabens assessed by proliferation of human breast cancer MCF-7 cells and 

expression of ERα and PR. Food Chem. Toxicol. 39, 1225–1232. 

92. Olkiewicz, M., Caporgno, M.P., Font, J., Legrand, J., Lepine, O., Plechkova, 

N.V.,Pruvost, J., Seddon, K.R., Bengoa, C., 2015. A novel recovery process for 

lipidsfrom microalgae for biodiesel production using a hydrated phosphonium 

ionicliquid. Green Chem. 17, 2813–2824. 

93. Oussaid, S., Chibane, M., Madani, K., Amrouche, T., Achat, S., Dahmoune, F., Diaz, 

M. (2017). Optimization of the extraction of phenolic compounds from Scirpus 

holoschoenus using a simplex centroid design for antioxidant and antibacterial 

applications. LWT - Food Science and Technology, 86, 635–642. 

https://doi.org/10.1016/j.lwt.2017.08.064 

94. Padma S Vankar., 2004. Essential oils and fragrances from natural sources. 

Resonance 9. 4, 30–41. 

95. Pandey, A., Belwal, T., Sekar, K. C., Bhatt, I. D., & Rawal, R. S. (2018). 

Optimization of ultrasonic-assisted extraction (UAE) of phenolics and antioxidant 

compounds from rhizomes of Rheum moorcroftianum using response surface 

methodology (RSM). Industrial Crops and Products, 119(April), 218–225. 

https://doi.org/10.1016/j.indcrop.2018.04.019 

96. Park, H. M., Hwang, E., Lee, K. G., Han, S. M., Cho, Y., Kim, S. Y., 2011. Royal 

Jelly Protects Against Ultraviolet B-Induced Photoaging in Human Skin Fibroblasts 

via Enhancing Collagen Production. Journal of Medicinal Food. 14(9), 899-906. 

97. Patra, A., & Singh, S. K. (2018). Evaluation of phenolic composition , antioxidant , 

anti-inflammatory and anticancer activities of Polygonatum verticillatum ( L .). 

Journal of Integrative Medicine. https://doi.org/10.1016/j.joim.2018.04.005 

98. Pel, P., Kim, Y. M., & Chin, Y. W. (2015). Chemical constituents with anti-allergic 

activity from the barks of cinnamomum cambodianum collected in cambodia. Bulletin 

of the Korean Chemical Society, 36(1), 384–387. https://doi.org/10.1002/bkcs.10022 

99. Petrakis, E. A., Kimbaris, A. C., Perdikis, D. C., Lykouressis, D. P., Trantilis, P. A., 

Polissiou, M. G., 2014.  Responses of Myzus persicae (Sulzer) to three Lamiaceae 

essential oils obtained by microwave-assisted and conventional hydrodistillation. 

Industrial Crops and Products. 62, 272-279. 



 

33 

 

100. Porto, C. D., Decorti, D., 2009. Ultrasound-assisted extraction coupled with vacuum 

distillation of flavour compounds from spearmint (carvo-rich) plants: Comparison with 

conventional hydrodistillation. Ultrason Sonochem. 16, 795-799. 

101. Recharla, N., Riaz, M., Ko, S., & Park, S. (2017). Novel technologies to enhance 

solubility of food-derived bioactive compounds: A review. Journal of Functional 

Foods. https://doi.org/10.1016/j.jff.2017.10.001 

102. Rogers, R.D., 2007. Materials science - reflections on ionic liquids. Nature. 

447,917–918. 

103. Rogers, R.D., Seddon, K.R., 2003. Ionic liquids – solvents of the future? Science. 

302,792–793. 

104. Sacchi, K., Bisson, L., & Adams, D., 2005. A review of the effect of winemaking 

techniques on phenolic extraction in red wines. American Journal of Enology and 

Viticulture. 56(3), 197–206. 

105. Safdar, M. N., Kausar, T., Jabbar, S., Mumtaz, A., Ahad, K., Saddozai, A. A., 2016. 

Extraction and quantification of polyphenols from kinnow (Citrus reticulate L.) peel 

using ultrasound and maceration techniques. Journal of Food and Drug Analysis. 

1-13. 

106. Samadi, M., Zainal Abidin, Z., Yunus, R., Awang Biak, D. R., Yoshida, H., Lok, E. 

H., 2016. Assessing the kinetic model of hydro-distillation and chemical composition 

of Aquilaria malaccensis leaves essential oil. Chinese Journal of Chemical 

Engineering. 1-7. 

107. Samatha, T., Shyamsundarachary, R., Srinivas, P., & Swamy, N. (2012). 

Quantification of total phenolic and total flavonoid contents in extracts of Oroxylum 

indicum L. Kurz. Asian Journal of Pharmaceutical and Clinical Research, 5(4), 

177–179. 

108. Schagen, S. (2017). Topical Peptide Treatments with Effective Anti-Aging Results. 

Cosmetics, 4(2), 16. https://doi.org/10.3390/cosmetics4020016 

109. Schagen, S. K., Zampeli, V. A., Makrantonaki, E., & Zouboulis, C. C. (2012). 

Discovering the link between nutrition and skin aging. Dermato-Endocrinology. 

https://doi.org/10.4161/derm.22876 

110. Shang, Y. F., Xu, J. L., Lee, W. J., Um, b. H., 2017. Antioxidative polyphenolics 

obtained from spent coffee grounds by pressurized liquid extraction. South African 

Journal of Botany. 109, 75-80. 



 

34 

 

111. Shapiro, S. S., Saliou, C., 2001. Role of vitamins in skin care. Nutrition. 17(10), 

839-844. 

112. Sharad, P. P., 2014. DERMOCRACY: For Brown Skin By Brown Skin. Collins.  

113. Shirsath, S. R., Sonawane, S. H., & Gogate, P. R., 2012. Intensification of extraction 

of natural products using ultrasonic irradiations—A review of current status. 

Chemical Engineering and Processing. 53, 10–23. 

114. Silva, L.V., Nelson, D.L., Drummond, M.F.B., Dufossé, L., Glória, M.B.A., 2005. 

Comparison of hydrodistillation methods for the deodorization of turmeric. Food 

Research International. 38 (8–9), 1087–1096. 

115. Singh, G., Marimuthu, P., Deheluani, C.S., Catalan, C.A.N., 2006. Journal of 

Agricultural Food Chemistry. 54, 174.  

116. Siqueira, S., Falcao-Silva, V. D. S., Agra, M. D. F., Dariva, C., Siqueira-Junior, J. P. 

D., Fonseca, M. J. V., 2011. Biological activities of Solanum paludosum Moric. 

extracts obtained by maceration and supercritical fluid extraction. The Journal of 

Supercritical Fluids. 58, 391-397.  

117. Sood, S., & Nagpal, M. (2013). Role of curcumin in systemic and oral health: An 

overview. Journal of Natural Science, Biology and Medicine, 4(1), 3. 

https://doi.org/10.4103/0976-9668.107253 

118. Sourki, A. H., Koocheki, A., Elahi, M., 2017. Ultrasound-assisted extraction of 

-d-glucan from hull-less barley: Assessment of physicochemical and functional 

properties. International Journal of Biological Macromolecules. 95, 462-475. 

119. Subramanian, R., Subbramaniyan, P., Noorul Ameen, J., Raj, V., 2016. Double 

bypasses soxhlet apparatus for extraction of piperine from Piper nigrum. Arabian 

Journal of Chemistry. 9, 537-540.  

120. Sulniute, V., Pukalskas, A., Venskutonis, P. R., 2017. Phytochemical composition of 

fractions isolated from ten Salvia species by supercritical carbon dioxide and 

pressurized liquid extraction methods. Food Chemistry. 224, 37-47. 

121. Tanabe, S., Watanabe, M., Minh, T.B., Kunisue, T., Nakanishi, S., Ono, H., Tanaka, 

H., 2004. Environmental Science and Technology. 38, 403.  

122. Tao, Y., Wu, D., Zhang, Q.-A., Sun, D.-W., 2014. Ultrasound-assisted extraction of 

phenolics from wine lees: modeling, optimization and stability of extracts during 

storage. Ultrasonic Sonochemistry. 21, 706–715. 



 

35 

 

123. Tavares, R. S., Martins, F. C., Oliveira, P. J., Ramalho-Santos, J., Peixoto, F. P., 

2009. Parabens in male infertility- Is there a mitochondrial connection?. Reproductive 

Toxicology. 27, 1-7.  

124. Telang, P. (2013). Vitamin C in dermatology. Indian Dermatology Online Journal, 

4(2), 143. https://doi.org/10.4103/2229-5178.110593 

125. Telang, P. S., 2013. Vitamin C in Dermatology. Indian Dermatol Online J. 4(2), 

143–146. 

126. Teng, H., & Choi, Y. H. (2013). Optimization of microwave-assisted extraction of 

bioactive alkaloid compounds from Rhizoma Coptidis (Coptis chinensis Franch.). 

Food Science and Biotechnology, 22(5), 1–8. 

https://doi.org/10.1007/s10068-013-0215-5 

127. Thakker, M. R. Parikh, J. K., Desai, M. A., 2016. Microwave assisted extraction od 

essential oil from the leaves of Palmarosa: Multi-response optimization and predictive 

modelling. Industrial Crops and Products. 96, 311-319. 

128. Thoo, Y. Y., Ho, S. K., Liang, J. Y., Ho, C. W. & Tan, C. P., 2010. Effects of binary 

solvent extraction system, extraction time and extraction temperature on phenolic 

antioxidants and antioxidant capacity from mengkudu (Morinda citrifolia). Food 

Chemistry. 120, 290-295. 

129. Timung, R., Barik, C. R., Purohit, S., Goud, V. V., 2016. Composition and 

anti-bacterial activity analysis of citronella oil obtained by hydrodistillation: Process 

optimization study. Industrial Crops and Products. 94, 178-188. 

130. Toma, M., Vinatoru, M., Panywnyk, L., Mason, T., 2001. Investigation of the effects 

of ultrasound on vegetal tissue during solvent extraction. Ultrasonic Sonochemistry. 

8, 137-142 

131. Tomsone, L., Kruma, Z. & Galoburda, R., 2012. Comparison of different solvents 

and extraction methods for isolation of phenolic compounds from Horseradish roots 

(Armoracia rusticana). Proceedings of World Academy of Science, Engineering and 

Technology. 

132. Tzu, R. S., Jen, J. L., Chi, C. T., Zih, Y. Y., Ming, O. W., Yu, Q. Z., Ching, C. S., 

Yu, J. W., 2013.  Inhibition of Melanogenesis by Gallic Acid: Possible Involvement 

of the PI3K/Akt, MEK/ERK and Wnt/β-Catenin Signaling Pathways in B16F10 Cells. 

Int J Mol Sci. 14(10), 20443–20458. 



 

36 

 

133. Vander Hoogerstraete, T., Blockx, J., De Coster, H., Binnemans, K., 2015. 

Selectivesingle-step separation of a mixture of three metal ions by a 

triphasicionic-liquid-water-ionic-liquid solvent extraction system. Chem. Eur. J. 

21,11757–11766. 

134. Venkat Rao, N., Nagaratna, P.K.M., Satyanarayana, S., Hemamalini, K., Kumar, 

S.M.S., 2007. Pharmacologyonline. 1, 529.  

135. Vigano, J., Zabot, G. L., Martinez, J., 2017. Supercritical fluid and pressurized liquid 

extractions of phytonutrients from passion fruit by-products: Economic evaluation of 

sequential multi-stage and single-stage processes. The Journal of Supercritical Fluids. 

122, 88-98. 

136. Vilkhu, K., Mawson, R., Simons, L., Bates, D., 2008. Applications and opportunities 

for ultrasound assisted extraction. Journal of Innovative Food Science and Emerging 

Technology. 9, 161-169. 

137. Virot, M., Tomao, V., Colnagui, G., Visinoni, F., Chemat, F., 2007. New 

Microwave-Integrated Soxhlet Extraction: An advantageous Tool for the Extraction 

of Lipids from Food Products. Journal of Chromatography A. 1174, 138-144. 

138. Wang, H., Liu, Y., Wei, S., Yan, Z., 2010. Comparative seasonal variation and 

chemical composition of essential oils from the leaves and stems of Scheffera 

heptaphylla using microwave-assisted and conventional hydrodistillation. Journal of 

Industrial Crop and Product. 36, 229-237.  

139. Wang, H., Liu, Y., Wei, S., Yang, Z., 2012. Comparative seasonal variation and 

chemical composition of essential oils from the leaves and stems of Schefflera 

heptaphylla using microwave-assisted and conventional hydrodistillation. Industrial 

Crops and Products. 36, 229-237. 

140. Wang, Y. Z., Fu, S. G., Wang, S. Y., Yang, D. J., Wu, Y. H. S., & Chen, Y. C. 

(2018). Effects of a natural antioxidant, polyphenol-rich rosemary (Rosmarinus 

officinalis L.) extract, on lipid stability of plant-derived omega-3 fatty-acid rich oil. 

LWT - Food Science and Technology, 89, 210–216. 

https://doi.org/10.1016/j.lwt.2017.10.055 

141. Wong Paz, J. E., Muñiz Márquez, D. B., Martínez Ávila, G. C. G., Belmares Cerda, 

R. E., & Aguilar, C. N. (2015). Ultrasound-assisted extraction of polyphenols from 

native plants in the Mexican desert. Ultrasonics Sonochemistry, 22, 474–481. 

https://doi.org/10.1016/j.ultsonch.2014.06.001 



 

37 

 

142. Wu, C., Wang, F., Liu, J., Zou, Y., Chen, X., 2015. A comparison of volatile 

fractions obtained from Lonicera macranthoides via different extraction processes: 

ultrasound, microwave, Soxhlet extraction, hydrodistillation, and cold maceration. 

Integrative Medicine Research. 4, 171-177. 

143. Xiong, W., Chen, X., Lv, G., Hu, D., Zhao, J., Li, S., 2016. Optimization of 

microwave-assisted extraction of bioactive alkaloids from lotus plumule using 

response surface methodology. Journal of Pharmaceutical Analysis. 6, 382-388. 

144. Xu, D. P., Zheng, J., Zhou, Y., Li, Y., Li, S., Li, H. B., 2017. Ultrasound-assisted 

extraction of natural antioxidants from the flower of Limonium sinuatum: 

Optimization and comparison with conventional methods. Food Chemistry. 217, 

552-559. 

145. Yang, Z., Tan, Z., Li, F., Li, X., 2016. An effective method for the extraction and 

purification of chlorogenic acid from ramie (Boehmeria nivea L.) leaves using acidic 

ionic liquids. Industrial Crops and Products. 89, 78–86. 

 


