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1. Introduction 

Today, natural medicines not only provide the 

primary healthcare needs for the majority of the 

population in developing countries but have attracted 

more and more attention in developed countries due 

to soaring healthcare costs and universal financial 

austerity. In the USA, approximately 49% of the 

population has tried natural medicines for the 

prevention and treatment of diseases.1 Chemical 

known to have medicinal benefits is considered to be 

an “active ingredient” or “active principle” of natural 

medicines. Natural products have provided the 

primary sources for new drug development. From the 

1940s to the end of 2014, nearly half of the FFDA-

approved chemicals for the treatment of human 

diseases were derived from or inspired by natural 

products.2,3 Natural products offer more drug-like 

features to molecules from combinatorial chemistry in 

terms of functional groups, chirality, and structural 

complexity.4,5 The amounts of active ingredients in 

natural medicines are always fairly low. The lab-

intensive and time-consuming extraction and isolation 

process have been the bottleneck of the application of 

natural products in drug development. There is an 

urgent need to develop effective and selective methods 

for the extraction and isolation of bioactive natural 

products. This review intends to provide a 

comprehensive view of a variety of methods used in the 

extraction and isolation of natural products. 

 

Extraction 

Extraction is the first step to separating the desired 

natural products from the raw materials. Extraction 

methods include solvent extraction, distillation 

method, pressing, and sublimation according to the 

extraction principle. Solvent extraction is the most 
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widely used method. The extraction of natural 

products progresses through the following stages: (1) 

the solvent penetrates into the solid matrix; (2) the 

solute dissolves in the solvents; (3) the solute is 

diffused out of the solid matrix; (4) the extracted 

solutes are collected. Any factor enhancing the 

diffusivity and solubility in the above steps will 

facilitate the extraction. The properties of the 

extraction solvent, the particle size of the raw 

materials, the solvent-to-solid ratio, the extraction 

temperature, and the extraction duration will affect 

the extraction efficiency.6-10 The selection of the 

solvent is crucial for solvent extraction. Selectivity, 

solubility, cost, and safety should be considered in the 

selection of solvents. Based on the law of similarity and 

intermiscibility (like dissolves like), solvents with a 

polarity value near to the polarity of the solute are 

likely to perform better and vice versa. Alcohols (EtOH 

and MeOH) are universal solvents in solvent extraction 

for phytochemical investigation. Generally, the finer 

the particle size is, the better result of the extraction 

achieves. The extraction efficiency will be enhanced by 

the small particle size due to the enhanced penetration 

of solvents and diffusion of solutes. Too fine particle 

size, however, will cost the excessive absorption of 

solute in solid and difficulty in subsequent filtration. 

High temperatures increase solubility and diffusion. 

Temperatures that are too high, however, may cause 

solvents to be lost, leading to extracts of undesirable 

impurities and the decomposition of thermolabile 

components. The extraction efficiency increases with 

the increase in extraction duration in a certain time 

range. Increasing time will not affect the extraction 

after the equilibrium of the solute is reached inside 

and outside the solid material. The greater the solvent-

to-solid ratio is, the higher the extraction yield is; 

however, a solvent-to-solid ratio that is too high will 

cause excessive extraction solvent and requires a long 

time for concentration. The conventional extraction 

methods, including maceration, percolation, and 

reflux extraction, usually use organic solvents and 

require a large volume of solvents and a long extraction 

time. Some modern or greener extraction methods 

such as supercritical fluid extraction (SFC), 

pressurized liquid extraction (PLE), and microwave-

assisted extraction (MAE), have also been applied in 

natural products extraction, and they offer some 

advantages such as lower organic solvent 

consumption, shorter extraction time and higher 

selectivity. Some extraction methods, however, such 

as sublimation, expeller pressing, and enfleurage are 

rarely used in the current phytochemical investigation 

and will not be discussed in this review. A brief 

summary of the various extraction methods used for 

natural products is shown in Table 1. 

 

Maceration 

This is a very simple extraction method with the 

disadvantage of long extraction time and low 

extraction efficiency. It could be used for the extraction 

of thermolabile components. Ćujić et al. achieved high 

yields of total phenols and total anthocyanins from 

chokeberry fruit at an optimized condition with 50% 

ethanol, a solid–solvent ratio of 1:20, and particle size 

of 0.75 mm, which suggested that maceration was a 

simple and effective method for the extraction of 

phenolic compounds from chokeberry fruit.11 A study 

on the extraction of catechin1 from Arbutus unedo L. 

fruits using maceration, microwave-assisted, and 

ultrasound extraction techniques showed that 

microwave-assisted extraction (MAE) was the most 

effective, but a lower temperature was applied in 

maceration with nearly identical extraction yields, 

which can be translated into economic benefits.12 

Jovanović et al. evaluated the extraction efficiency of 

polyphenols from Serpylli herba using various 

extraction techniques (maceration, heat-assisted 

extraction, and ultrasonic-assisted extraction). Based 

on the content of total polyphenols, ultrasonic-

assisted extraction produced the highest total 

flavonoids yield and no statistically significant 

differences were found between maceration and heat-

assisted extraction.13 Cajanus cajan leaves are used in 

Chinese folk medicine for the treatment of hepatitis, 

chickenpox, and diabetes. Flavonoids are bioactive 

compounds. Jin et al. compared extraction rates of 
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orientoside2, luteolin3, and total flavonoids from C. 

cajan leave by microwave-assisted method, reflux 

extraction, ultrasound-assisted extraction, and 

maceration extraction. The extraction efficiency of 

orient side, luteolin, and total flavonoids were found to 

be the lowest in the extract from the maceration 

method.14 

 

Percolation 

Percolation is more efficient than maceration 

because it is a continuous process in which the 

saturated solvent is constantly being replaced by fresh 

solvent. Zhang et al. compared the percolation and 

refluxing extraction methods to extract Undaria 

pinnatifid. They found that the contents of the major 

component, fucoxanthin4, from the percolation 

extraction method were higher than that from the 

refluxing method while there was no significant 

difference in extract yield between the two methods.15 

Goupil patch is a compound Chinese medicine 

preparation consisting of 29 Chinese medicines. Fu et 

al. used the whole alkaloids content determined by 

acid-base titration as the index and optimized the 

ethanol percolation method by soaking the medicine 

with 55% alcohol for 24 h and then percolating with 

12 times the amount of 55% alcohol.16 When using the 

extracting rate of sinomenine5 and ephedrine 

hydrochloride6 as the index, Gao developed another 

optimized percolation method: soaking the medicine 

with 70% ethanol for 24 h and then percolating with 

20 times the amount of 70% ethanol. The transfer 

rates of sinomenine and ephedrine hydrochlorides 

were 78.23 and 76.92%, respectively.17 

 

Decoction 

The extract from decoction contains a large number 

of water-soluble impurities. A decoction cannot be 

used for the extraction of thermolabile or volatile 

components. The ginsenosides7-31 in ginseng 

encounter hydrolysis, dehydration, decarboxylation, 

and addition reactions during decocting.18 Zhang et al. 

investigated the chemical transformation of a famous 

TCM preparation, Danggui Buxue Tang, an herbal 

decoction containing Astragali Radix and Angelicae 

Sinensis Radix. They found that two flavonoid 

glycosides, calycosin-7-O-βd-glucoside32 and 

ononin33, in Astragali Radix, could be hydrolyzed to 

form calycosin34 and formononetin35, respectively, 

during decocting. The hydrolysis efficiency was 

strongly afected by pH, temperature, and the number 

of herbs.19 Two compounds of TCM, Sanhuang Xiexin 

Tang (SXT) and Fuzi Xiexin Tang (FXT), have been 

used in China for the treatment of diseases such as 

diabetes for thousands of years. SXT is composed of 

Rhei Radix et Rhizoma, Scutellariae Radix, and 

Coptidis Rhizoma while FXT is produced by adding 

another TCM, Aconiti Lateralis Radix Preparata, in 

SXT. Zhang et al. applied a UPLC-ESI/MS method to 

monitor 17 active constituents in SXT and FXT 

decoctions and macerations. The decoction process 

might enhance the dissolution of some bioactive 

compounds compared with the maceration process. 

The contents of 11 constituents [benzoylaconine36, 

benzoylhypaconine37, benzoylmesaconine38, 

berberine39, coptisine40, palmatine41, jatrorrhizine42, 

aloe-emodin43 and emodin44, baicalin45, wogonoside46] 

in decoctions of SXT and FXT were significantly higher 

than those in macerations of SXT and FXT. The β- 

glucuronidase in herbs could catalyze the hydrolysis 

of the glucuronic acid group from glycosides (baicalin 

and wogonoside) to transfer into aglycones [baicalein47 

and wogonin48]. The high temperature in the decoction 

process deactivated the activity of the β- glucuronidase 

and prevented the transformation of glycosides to their 

aglycones, which led to the discovery of the higher 

contents of baicalin and wogonoside in decoctions as 

well as the higher contents of baicalein and wogonin 

in macerations. The interaction between chemicals 

from different herbs was also observed. The diester-

diterpenoid alkaloids were not detected in the 

decoction and maceration of FXT, but diester-

diterpenoid alkaloid hypaconitine49 was found in the 

decoction of the single herb Aconiti Lateralis Radix 

Preparata. The constituents of the other three herbs in 

FXT might promote the 
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transformation from diester-diterpenoid alkaloids in 

Aconiti Lateralis Radix Preparata to other less toxic 

monoester-diterpenoid alkaloids, which might explain 

the mechanism of toxicity reduction and efficacy 

enhancement of TCM by formulation.20

 

 

Table 1. A brief summary of various extraction methods for natural products 

 

Method 

 

Solvent 

 

Temperature 

 

Pressure 

 

Time 

The 
volume of 
organic 
solvent 

consumed 

The polarity of 
natural 

products 
extracted 

 
Maceration 

Water aqueous 
and non-

aqueous solvent 

Room 
temperature 

 
Atmospheric 

 
Long 

 
Large Dependent on 

extracting 
solvent 

 

Percolation 

Water aqueous 
and non-

aqueous solvent 

Room 
temperature 
occasionally 
under heat 

 

Atmospheric 

 

Long 

 

Large 

 
Dependent on 

extracting 
solvent 

Decoction Water Under heat Atmospheric Moderate None Polar compounds 

2. References 

1. WHO traditional medicine strategy: 2014– 

2023; 2013. http://www. 

who.int/medicines/publications/traditional/

t rm_strategy14_23/en/. Accessed 29 Dec 

2017. 

2. Newman DJ, Cragg GM. Natural products as 

sources of new drugs from 1981 to 2014. J Nat 

Prod. 2016; 79(3): 629–61. 

3. Newman DJ, Cragg GM. Natural products as 

sources of new drugs over the 30 years from 

1981 to 2010. J Nat Prod. 2012;75(3):311–35. 

4. Atanasov AG, Waltenberger B, Pferschy- 

Wenzig EM, Linder T, Wawrosch C, Uhrin P, 

Temml V, Wang L, Schwaiger S, Heiss EH, et 

al. Discovery and resupply of 

pharmacologically active plant-derived 

natural products: a review. Biotechnol Adv. 

2015; 33(8): 1582–614. 

5. Cragg GM, Newman DJ. Natural products: a 

continuing source of novel drug leads. 

Biochim Biophys Acta Gen Subj. 2013; 

1830(6): 3670– 95. 

6. Li P, Xu G, Li SP, Wang YT, Fan TP, Zhao QS, 

Zhang QW. Optimizing ultra-performance 

liquid chromatographic analysis of 10 

diterpenoid compounds in Salvia miltiorrhiza 

using central composite design. J Agric Food 

Chem. 2008; 56(4): 1164–71. 

7. Li P, Yin ZQ, Li SL, Huang XJ, Ye WC, Zhang 

QW. Simultaneous determination of eight 

flavonoids and pogostone in Pogostemon 

cablin by high-performance liquid 

chromatography. J Liq Chromatogr Relat 

Technol. 2014; 37(12): 1771–84. 

8. Yi Y, Zhang QW, Li SL, Wang Y, Ye WC, Zhao 

J, Wang YT. Simultaneous quantifcation of 

major favonoids in “Bawanghua”, the edible 

fower of Hylocereus undatus using 

pressurised liquid extraction and high-

performance liquid chromatography. Food 

Chem. 2012; 135(2): 528–33. 

9. Zhou YQ, Zhang QW, Li SL, Yin ZQ, Zhang XQ, 

Ye WC. Quality evaluation of semen oroxyli 

through simultaneous quantification of 13 

components by high-performance liquid 

chromatography. Curr Pharm Anal. 2012; 

8(2): 206–13. 

10. Du G, Zhao HY, Song YL, Zhang QW, Wang 

YT. Rapid simultaneous determination of 



72 
 

isoflavones in Radix Pueraria using high-

performance liquid chromatography-triple 

quadrupole mass spectrometry with the novel 

shell-type column. J Sep Sci. 2011; 34(19): 

2576–85. 

11. Ćujić N, Šavikin K, Janković T, Pljevljakušić 

D, Zdunić G, Ibrić S.  Optimization of 

polyphenols extraction from dried chokeberry 

using maceration as traditional technique. 

Food Chem. 2016; 194: 135–42. 

12. Albuquerque BR, Prieto MA, Barreiro MF, 

Rodrigues A, Curran TP, Barros L, Ferreira 

ICFR. Catechin-based extract optimization 

obtained from Arbutus unedo L. fruits using 

maceration/microwave/ultrasound 

extraction techniques. Ind Crops Prod. 2017; 

95: 404–15. 

13. Jovanović AA, Đorđević VB, Zdunić GM, 

Pljevljakušić DS, Šavikin KP, Gođevac DM, 

Bugarski BM. Optimization of the extraction 

process of polyphenols from Thymus 

serpyllum L. herb using maceration, heat- and 

ultrasound-assisted techniques. Sep Purif 

Technol. 2017; 179: 369–80. 

14. Jin S, Yang M, Kong Y, Yao X, Wei Z, et al. 

Microwave-assisted extraction of flavonoids 

from Cajanus cajan leaves. Zhongcaoyao. 

2011; 42(11): 2235–9. 

15. Zhang H, Wang W, Fu ZM, Han CC, Song Y. 

Study on comparison of extracting 

fucoxanthin from Undaria pinnatifid with 

percolation extraction and refluxing methods. 

Zhongguo Shipin Tianjiaji. 2014; 9: 91–5. 

16. Fu M, Zhang L, Han J, Li J. Optimization of 

the technology of ethanol extraction for Goupi 

patch by orthogonal design test. Zhongguo 

Yaoshi (Wuhan, China). 2008; 11(1): 75–6. 

17. Gao X, Han J, Dai H, Xiang L. Study on 

optimizing the technological condition of 

ethanol percolating extraction for Goupi 

patch. Zhongguo Yaoshi. 2009;12(10):1395–7. 

18. Li SL, Lai SF, Song JZ, Qiao CF, Liu X, Zhou 

Y, Cai H, Cai BC, Xu HX. Decocting-induced 

chemical transformations and global quality of 

Du–Shen–Tang, the decoction of ginseng 

evaluated by UPLC-Q-TOFMS/MS-based 

chemical profiling approach. J Pharm Biomed 

Anal. 2010; 53(4): 946–57. 

19. Zhang WL, Chen JP, Lam KYC, Zhan JYX, Yao 

P, Dong TTX, Tsim KWK. Hydrolysis of 

glycosidic flavonoids during the preparation of 

Danggui Buxue Tang: an outcome of moderate 

boiling of Chinese herbal mixture. Evid Based 

Complement Altern Med. 2014; 2014: 608721. 

20. Zhang Q, Wang CH, Ma YM, Zhu EY, Wang ZT. 

UPLC-ESI/MS determina- tion of 17 active 

constituents in 2 categorized formulas of 

traditional Chinese medicine, Sanhuang 

Xiexin Tang and Fuzi Xiexin Tang: applica- 

tion in comparing the diferences in decoctions 

and macerations. Biomed Chromatogr. 2013; 

27(8):1079–88. 

21. Kongkiatpaiboon S, Gritsanapan W. 

Optimized extraction for high yield of 

insecticidal didehydrostemofoline alkaloid in 

Stemona collinsiae root extracts. Ind Crops 

Prod. 2013; 41: 371–4. 

22. Zhang L. Comparison of extraction efect of 

active ingredients in traditional Chinese 

medicine compound preparation with two 

different methods. Heilongjiang Xumu Shouyi. 

2013; 9: 132–3. 

23. Wei Q, Yang GW, Wang XJ, Hu XX, Chen L. 

The study on optimization of Soxhlet 

extraction process for ursolic acid from 

Cynomorium. Shipin Yanjiu Yu Kaifa. 2013; 

34(7): 85–8. 

24. Chin FS, Chong KP, Markus A, Wong NK. Tea 

polyphenols and alkaloids content using 

soxhlet and direct extraction methods. World 

J Agric Sci. 2013; 9(3): 266–70. 

25. Lv GP, Huang WH, Yang FQ, Li J, Li SP. 

Pressurized liquid extraction and GC–MS 

analysis for simultaneous determination of 

seven components in Cinnamomum cassia 

and the effect of sample preparation. J Sep 



73 
 

Sci. 2010; 33(15): 2341–8. 

26. Xu J, Zhao WM, Qian ZM, Guan J, Li SP. Fast 

determination of five components of 

coumarin, alkaloids, and bibenzyls in 

Dendrobium spp. using pressurized liquid 

extraction and ultra-performance liquid 

chromatography. J Sep Sci. 2010; 33(11): 

1580–6. 

27. Xu FX, Yuan C, Wan JB, Yan R, Hu H, Li SP, 

Zhang QW. A novel strategy for rapid 

quantification of 20(S)-protopanaxatriol and 

20(S)-protopanaxa- diol saponins in Panax 

notoginseng, P. ginseng and P. quinquefolium. 

Nat Prod Res. 2015; 29(1): 46–52. 

28. Vergara-Salinas JR, Bulnes P, Zuniga MC, 

Perez-Jimenez J, Torres JL, Mateos-Martin 

ML, Agosin E, Perez-Correa JR. Efect of 

pressurized hot water extraction on 

antioxidants from grape pomace before and 

after enological fermentation. J Agric Food 

Chem. 2013; 61(28): 6929–36. 

29. Gizir AM, Turker N, Artuvan E. Pressurized 

acidifed water extraction of black carrot 

[Daucus carota ssp. sativus var. atrorubens 

Alef.] anthocya- nins. Eur Food Res Technol. 

2008; 226(3): 363–70. 

30. Conde-Hernández LA, Espinosa-Victoria JR, 

Trejo A, Guerrero-Beltrán JÁ. CO2- 

supercritical extraction, hydrodistillation and 

steam distilla- tion of essential oil of rosemary 

(Rosmarinus ofcinalis). J Food Eng. 2017; 

200: 81–6. 

31. Falcão MA, Scopel R, Almeida RN, do Espirito 

Santo AT, Franceschini G, Garcez JJ, Vargas 

RMF, Cassel E. Supercritical fuid extraction of 

vinblas- tine from Catharanthus roseus. J 

Supercrit Fluids. 2017; 129: 9–15. 

32. Barba FJ, Zhu Z, Koubaa M, Sant’Ana AS, 

Orlien V. Green alternative methods for the 

extraction of antioxidant bioactive compounds 

from winery wastes and by-products: a review. 

Trends Food Sci Technol. 2016; 49: 96–109. 

33. Chemat F, Rombaut N, Sicaire AG, 

Meullemiestre A, Fabiano-Tixier AS, Abert- 

Vian M. Ultrasound assisted extraction of food 

and natural products. Mechanisms, 

techniques, combinations, protocols and 

applications. A review. Ultrason Sonochem. 

2017; 34: 540–60. 

34. Wu QS, Wang CM, Lu JJ, Lin LG, Chen P, et 

al. Simultaneous determination of six 

saponins in Panacis Japonici Rhizoma using 

quantitative analysis of multi-components 

with single-marker method. Curr Pharm Anal. 

2017; 13(3): 289–95. 

35. Zt Guo, Xq Luo, Jp Liang, Yang Z, Ai X. 

Comparative study on extraction of febrifugine 

from traditional Chinese medicine Dichroa 

febrifuga by refux method and ultrasonic 

method. Shizhen Guoyi Guoyao. 2015; 

26(6):1532–3. 

36. Chemat F, Cravotto G. Microwave-assisted 

extraction for bioactive compounds. Boston: 

Springer; 2013. 

37. Vinatoru M, Mason TJ, Calinescu I. 

Ultrasonically assisted extraction (UAE) and 

microwave-assisted extraction (MAE) of 

functional compounds from plant materials. 

TrAC Trends Anal Chem. 2017; 97: 159–78. 

38. Chen H. Optimization of microwave-assisted 

extraction of resveratrol from Polygonum 

cuspidatum sieb et Zucc by orthogonal 

experiment. Nat Prod Indian J. 2013; 9(4): 

138– 42. 

39. Benmoussa H, Farhat A, Romdhane M, 

Bouajila J. Enhanced solvent-free microwave 

extraction of Foeniculum vulgare Mill. 

essential oil seeds using a double-walled 

reactor. Arabian J Chem 2016. (in press 

https://doi.org/10.1016/j.arabjc.2016.02.01

0). 

40. Xiong W, Chen X, Lv G, Hu D, Zhao J, Li S. 

Optimization of microwaveassisted extraction 

of bioactive alkaloids from lotus plumule 

using response surface methodology. J Pharm 

Anal. 2016; 6(6): 382–8. 



74 
 

41. Hou J, He S, Ling M, Li W, Dong R, Pan Y, 

Zheng Y. A method of extracting ginsenosides 

from Panax ginseng by pulsed electric feld. J 

Sep Sci. 2010; 33(17–18): 2707–13. 

42. Bouras M, Grimi N, Bals O, Vorobiev E. 

Impact of pulsed electric felds on polyphenols 

extraction from Norway spruce bark. Ind 

Crops Prod. 2016; 80: 50–8. 

43. 43. Chen H, Zhou X, Zhang J. 

Optimization of enzyme-assisted extraction of 

polysaccharides from Astragalus 

membranaceus. Carbohydr Polym. 2014; 111: 

567–75. 

44. Liu T, Sui X, Li L, Zhang J, Liang X, et al. 

Application of ionic liquids based enzyme-

assisted extraction of chlorogenic acid from 

Eucommia ulmoides leaves. Anal Chim Acta. 

2016; 903: 91–9. 

45. Strati IF, Gogou E, Oreopoulou V. Enzyme and 

high pressure-assisted extraction of 

carotenoids from tomato waste. Food Bioprod 

Process. 2015; 94: 668–74. 

46. Verma SK, Goswami P, Verma RS, Padalia RC, 

Chauhan A, Singh VR, Darokar MP. Chemical 

composition and antimicrobial activity of 

bergamot-mint (Mentha citrata Ehrh.) 

essential oils isolated from the herbage and 

aqueous distillate using different methods. 

Ind Crops Prod. 2016; 91: 152–60. 

47. Yahya A, Yunus RM. Infuence of sample 

preparation and extraction time on chemical 

composition of steam distillation derived 

patchouli oil. Proc Eng. 2013; 53: 1–6. 

48. Lim KH, Kam TS. Methyl chanofruticosinate 

alkaloids from Kopsia Arborea. 

Phytochemistry. 2008; 69(2): 558–61. 

49. Zhang Z, Su Z. Recovery of taxol from the 

extract of Taxus cuspidata callus cultures 

with Al2O3 chromatography. J Liq 

Chromatogr Relat Technol. 2000; 23(17): 

2683–93. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


