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Abstract: The present paper deals with literature review on 

different aspects of supercritical extraction. A brief 

introduction and literature review on two aspects such as 

types of solute available for extraction and design of 

experiment for the optimizing the experimental runs are 

provided. Type of solute/extractable solid can be divided 

into 13 categories and found that maximum work has been 

done on seed category. By literature review on type of 

species available for extraction, categories having least 

work done can be identified. Root and leaves categories are 

less investigated category in which ginger root, turmeric 

root, mango leaves, guava leaves are the option for the 

future study. Different designs of experiment techniques 

available for the optimization of experimental runs have 

been reviewed. Four types of designs are Factorial design 

(full or fractional), Mixture design, Response surface 

method (RSM) and Taguchi method in which RSM has 

been found  best design technique. Three type of design 

comes under RSM design: (1) Three-level factorial design 

(FD), (2) Central composite design (CCD) and (3) 

Box-Behnken design (BBD). Among all three designs, CCD 

has been found best design techniques because CCD 

provides less number of experiments for given factors and 

central points. 
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I. INTRODUCTION 

Recently more attention has been paid to the healthy way of life, 

mainly to the importance of healthy nutrition intake. That means 

the general use of natural products, food supplements and 

different natural medical preparations at homes
1)

.The 

supercritical fluid extraction (SFE) substitutes the traditional 

organic solvent extraction such as hexane extraction in an 

increasing area. The official regulations motivate the producers 

to manufacture products less harmful to the people and 

environment, and to initiate new environment friendly 

technologies. The authorative FDA (Food and Drug 

Administration, USA), EMEA (European Agency for the 

Evaluation of Medicinal Products, EU) and EPA 

(Environmental Protection Agency, USA) regulations promote 

the spreading of the techniques, which do not use organic 

solvents. Comparing the traditional organic solvent extraction 

with the supercritical fluid extraction (SFE), which uses CO2 as 

solvent for extraction of active substances from plants, it is 

observed that one of the most significant advantages of SFE is 

to separate the solvent from the extract without leaving any 

residue
2)

. 

A supercritical fluid (SCF) has physical and thermal properties 

between those of the pure liquid and gas
3)

. The properties of 

supercritical fluid (SCF) change sharply with very little change 

in pressure, particularly in the vicinity of the critical 

temperature and pressure. Some commonly used solvents for 

SFE are Carbon dioxide, Ethane, Ethylene, Propane, Propylene, 

Benzene, Toluene, Methanol etc. Several applications  for the 

supercritical fluid extraction have been  described  in 

bioprocessing, including, extraction of fermentation products, 

bio-oil production
4)

, production of pharmaceutical ingredients
5)

 

removal of biostatic agents and organic solvents from 

fermentation broth, SCF disruption of yeasts
6)

 and bacteria
7)

, 

destruction of industrial waste
8)

, fractionation and purification 

of biopolymers
16)

, removal of chlorinated compounds from 

water and treatment of lingo-cellulosic materials 
8)

. 

 

II. Different aspects of SFE 

Supercritical fluid extraction (SFE) is a unique extraction 

process which embodies several features of conventional 

solvent extraction while, at the same time, having 

important features of its own such as use of non-toxic 

solvent, no residual solvent in extract. Literature on 

supercritical fluid extraction can be divided into several 

aspects as: 

1. Extraction of different species 

2. Pretreatment of seed 

3. Mathematical modelling of supercritical extraction 

process 

4. Design of experiment 

5. Selection of co-solvent (modifier) 

6. Selection of solvent 

7. Data availability 

8. Kinetics of supercritical extraction process 

9. Computational fluid dynamics of supercritical 

extraction process 

10. Effect of operating parameters 

11. Effect of seed matrix 

12. Economics of supercritical extraction process 

13. Pollution abatement of Contaminated soil 

Amongst all these aspects detailed literature on Extraction 

of different species and Design of experiment are reviewed 

in this paper. 

 

III. Extraction of Different Species 

    Different species for which Supercritical fluid extraction 

is used are categorized as: 

Seeds, Roots, Flowers, Leaves, Herbs, Meat, Algee, Stem, 

Fractionation of Oil components 
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No of papers available in different types of species is 

shown in Fig.1 and can be seen that out of all type of 

solutes, maximum work has been done on seed category 

followed by herbs, leaves, flowers, roots, algee, meat, oil 

and stem. As can be seen from literature that most of the 

work has been done on seed category i.e. Sunflower, Corn 

germ, Black pepper, Watermelon. It can be concluded from 

above dicussion that least work has been done on root, 

leaves, algee and stem category.Ginger root and turmeric 

root are least investigated according to literature, similarily 

in leaves category,neem leaf, guava leaf and mango leaf are 

least investigated as shown in Fig.2,3,4. In stem category, 

Eucalyptus globulus bark and wood, white fir sapwood and 

cedarwood chips are least investigated so all these species 

can be taken for the future work as they have many health 

and nutrition benefits. The abbreviations used in Figures 

are given in Appendix A. 

 

Fig.1 No of papers in different types of species 

 

 
Fig.2  No of papers in Root category. 

 
Fig. 3 No of papers in Leaves category. 

Fig. 4  No. of papers in Stem category. 

IV. Design of experiments 

Design of Experiment (DOE) is a well-planned, systematic and 

organized method used to determine the functional relationship 

between the various input parameters (Xs) that affect the output 

parameters (Ys) of the process as: 

 X i
fY 

 
Where, Y= output, Xi = input where  i= 1, 2, 3….. 
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Building a design through DOE helps to carefully select a small 

number of experiments that are to be performed under 

controlled conditions. This design is obtained in such a way that 

its analysis will lead to valid statistical inferences. There are a 

few interrelated steps in building a design as: 

I. To define an objective for the research e.g. sort out 

important input and output variables for a process.   

II. To define the important input design variables those will 

be controlled during the experiment and its maximum 

and minimum levels. 

III. To define the response variables e.g. how to measure the 

response that will describe the results of experimental 

runs (response variables).  

IV. One design has been chosen from all the available standard 

designs which suits to the objective e.g. number of 

input design variables and can be performed at a 

reasonable cost. 

There are various well-known classes of standard designs 

available for DOE. Once, the objective, number and nature of 

design variables, nature of the responses and number of 

experimental runs are decided, the experimental design can be 

generated using various software like Minitab, Matlab, Design 

Expert, etc. 

DOE has been mainly classified into four categories such as: 

 Factorial design(full or fractional) 

 Mixture design 

 Response surface method  

 Taguchi method 

Amongst all the categories of DOE, RSM is essentially 

a set of mathematical and statistical methods for experimental 

design. RSM is capable of evaluating the effects of variables 

and searching optimum conditions of variables required to 

predict targeted responses. It is also used extensively in 

industrial research where large number of variables affect the 

process
9)

. It is a well suited approach to study the primary and 

interactive effects of distinct variables and also for optimization 

of the process. Many authors followed the RSM for the 

optimization of extraction of vegetable oil from the various seed 

materials with supercritical carbon dioxide 
10)

 

Various design techniques, which fall under RSM, are  

 Three-level factorial design (FD) 

 Central composite design (CCD) and  

 Box-Behnken design (BBD) 

The three-level design is denoted as 3
k
 factorial design and used 

by several authors to optimize the experimental runs
11)

. It means 

that „k‟ factors are considered, each at three levels. Usually, 

these are referred to as low, intermediate and high levels as -1, 0 

and +1, respectively. 

Central composite design (CCD)
12,13)

 is another design of the 

RSM, which is often recommended when the design plans for 

sequential experimentation. CCD consists of factorial or cube 

points, axial or star points and center points. There are 

supercritical fluid extraction method
14)

. 

2k cube points, where k is the number of factors/input 

parameters. The cube portion and its center points may serve as 

a preliminary stage where first-order linear model can be fitted. 

However, these points can also be used for the fitting of a 

second-order (quadratic) model. 

Box-Behnken design (BBD)
16,17,18)

 is one of the classes of 

rotatable or nearly rotatable second-order designs, which is 

based on three-level incomplete factorial designs. The number 

of experiments (N) required for the development of BBD is 

defined as N=2k (k−1) +Co, (where, k is number of factors and 

Co is the number of central points). For comparison, the number 

of experiments for a CCD is N=2k +2k +C0. Therefore, CCD 

provides less number of experiments for given factors and 

central points. 

V. Conclusions 

This review intends to document and systematize the progresses 

of supercritical fluid extraction research upon natural extract 

with emphasis on raw materials and optimizing techniques. The 

present study discusses the type of raw materials or solute 

available for the supercritical fluid extraction and optimization 

techniques to optimize the number of experimental runs. The 

major conclusions of the study are: 

(1) The discussion on type of raw materials indicates that seed 

category is the exhausted category of solute for the 

supercritical extraction among all categories i.e. seed, 

leaves, flower, root, stem, meat, herbs, algae, oil. 

(2) Amongest all solute categories, least work has been found 

in supercritical extraction of root, leaves and stem 

category. Oil, algae and meat category also less work but 

supercritical extraction of these species is not feasible 

because of availabily of species. 

(3) By the literature review on supercritical fluid extraction of 

root and leaves, it can be concluded that ginger and 

turmeric root, mango leaves and guvava leaves have less 

work done but have a large scope in food industry, 

pharmaceuticals and as flavoring agents. 

(4) Literature review on design of experiment shows that 

among all type of designs, RSM is the best suited design 

and CCD is the more accurate design in RSM category. 
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VII. Appendices: 

 

S. No. Solute Code 

1 Vetiver roots VET 

2 Eucalyptus globulus bark EG 

3 Opuntia dillenii Haw. OD 

4 Turmeric rhizomes TR 

5 Ginger Gin 

6 Green tea GT 

7 Green tea GT 

8 rosemary leaves RoseL 

9 Psidium guajava L. PGL 

10 sage leaves SL 

11 Fig leaf gourd FLG 

12 Posidonia oceanica  PO 

leaves 

13 basil leaves BL 

14 marjoram leaves ML 

15 
Mango Leaves 

(Mangifera indica L.) 

MAL 

16 Peppermint leaves PL 

17 rosemary leaves Rose 

18 Andrographis paniculata AP 

19 Opuntia dillenii Haw. OD 

20 Lavandin essential oil LDO 

21 Persea indica L. PIL 

22 German beech wood GBW 

23 Psidium guajava L. PGL 

24 sage leaves SL 

25 Fig leaf gourd FLG 

26 Scutellaria baicalensis SB 

27 Spilanthes americana SA 

28 Olive leaves OL 

29 coca leaves CL 

30 oregano bracts OB 

31 white fir sapwood WFS 

32 German beech wood GBW 

33 cedarwood chips CWC 
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