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METHOD FOR PREPARING WATER-SOLUBLE ASTAXANTHIN COMPLEX AND 

AQUEOUS SOLUTION OF ASTAXANTHIN PREPARED THEREBY 

TECHNICAL FIELD 

The present application relates to the technical field of biochemical engineering and, in 

particular, to a method for preparing water-soluble astaxanthin complex and an aqueous solution 5 

of astaxanthin prepared thereby. 

BACKGROUND 

Astaxanthin has physiological activities such as protecting skins from light damages, preventing 

arteriosclerosis and related diseases, anti-cancer activity, enhancing the functions of the immune 

system, maintaining the health of eyes and central nervous systems and anti-infection, and is 10 

widely applied to the fields of foods, medicine, cosmetics, and breeding industry. Therefore, the 

related extraction and application technologies of astaxanthin are attracting more and more 

attention. 

In current researches of patents and related documents, the technologies for extracting 

astaxanthin mainly include organic solvent extraction, supercritical CO2 extraction, enzymatic 15 

hydrolysis, and microwave extraction. However, there are some problems with these methods. 

CN110724083A has disclosed an organic solvent extraction method. During extraction, due to 

the unstable structure of astaxanthin, an isomerization reaction may occur so that the antioxidant 

activity of astaxanthin is reduced. In addition, most organic solvents used in this type of organic 

solvent extraction method have certain toxicity, and the problem of reagent residues after the 20 

extraction limits the application of products in the food industry. 

CN109608376A has disclosed a supercritical CO2 extraction method which requires an ability 

to withstand dozens of atmospheres in the production and application, high equipment 

requirements, large capital investment, and high production costs. In addition, the technology 

involves the operations of high-pressure resistant equipment and has high requirements on 25 

production technologies, which also limits its application in industrial production. 

CN107805215B has disclosed an extraction method of astaxanthin by enzymatic hydrolysis 

which is used for breaking the walls of Haematococcus pluvialis for a second time in an 

extraction process so that the extraction rate of astaxanthin is improved. However, the reaction 



 2 

has relatively high requirements on operation conditions such as temperature, pH, and time, the 

operation process is complicated, and the use of enzyme preparations also increases production 

costs. 

In 2007, Wang Lingzhao et al. performed an organic extraction of astaxanthin with an auxiliary 

microwave method (see "STUDY ON THE TECHNOLOGY OF EXTRACTING ASTAXANTHIN 5 

FROM HAEMATOCOCCUS PLUVIALIS BY MICROWAVE METHOD", Wang Lingzhao et al., 

Food Research and Development, Volume 28, No. 12, Pages 96-100). Although the extraction 

rate has been improved, an increase in temperature during the microwave extraction process 

results in an oxidative decomposition of astaxanthin. In addition, the microwave extraction has 

relatively poor selectivity, which is not conducive to the separation of astaxanthin. 10 

The above technologies and methods involve only the extraction of astaxanthin. However, 

astaxanthin faces many problems in product applications due to its insolubility in water 

regardless of many physiological activities. Therefore, the extracted astaxanthin often needs to 

be reprocessed to form an end product. Therefore, it has become a bottleneck problem in the 

process of astaxanthin productization to improve the dispersibility of astaxanthin in an aqueous 15 

solution and the stability of astaxanthin. 

At present, domestic and foreign patents and researches related to the improvement in the water 

solubility of astaxanthin mainly include a microcapsule method, an emulsifier method, a 

nanoprecipitation method, an inclusion method, and the like. 

CN108403666A has disclosed a microcapsule method which can improve the stability and 20 

physical properties of biomolecules. However, there are problems such as discontinuous 

operations which are not conducive to linked production and the difficulty in recycling 

embeddings which results in relatively high preparation costs. 

In 2013, Navideh A et al. improved the water solubility of astaxanthin by adding hydrophilic 

emulsifiers (polysorbate and sucrose ester). However, this technology relies on appropriate 25 

emulsification and homogenization means and drying technology. Moreover, residual organic 

solvents after emulsification and volatilization also cause certain biosafety problems for 

astaxanthin products (see "Effects of Selected Polysorbate and Sucrose Ester Emulsifiers on the 

Physicochemical Properties of Astaxanthin Nanodispersions", Navideh A, et al, Molecules, No. 

18, pages 768-777). 30 



 3 

In 2007, Xiaolin Chen et al. included astaxanthin in β-cyclodextrin by an inclusion method (see 

"The preparation and stability of the inclusion complex of astaxanthin with β-cyclodextrin", 

Xiaolin Chen et al., Food Chemistry, No. 101, pages 1580-1584). Although the solubility and 

stability of astaxanthin are improved, the method is low in drug loading content which is 

generally only 9% to 14%, which causes the waste of resources, increases production costs, and 5 

is not conducive to industrial production. 

CN109646425A has disclosed a method for constructing an astaxanthin nanosystem with 

chitosan and DNA. The method is simple to operate and does not impose high requirements on 

equipment. However, the components of a polymer material are mostly obtained by chemical 

methods such as artificial synthesis so that the polymer material has some deficiencies in 10 

biocompatibility, degradability, cytotoxicity, and organic solvent residues. 

In summary, the existing preparation process of natural astaxanthin products tends to include 

two steps: an extraction technology and a water-soluble astaxanthin complex preparation 

technology, and various technologies involved in the two-step process all have certain 

deficiencies. 15 

Therefore, it is necessary to develop a method for preparing water-soluble astaxanthin complex 

that can alleviate the above problems, so as to improve the water solubility and stability of 

astaxanthin. 

SUMMARY 

In view of the problem in the existing art, the present application provides a method for 20 

preparing water-soluble astaxanthin complex. The method overcomes the technical deficiencies 

in two steps of an extraction technology and a water-soluble astaxanthin complex preparation 

technology, includes mixing a raw material containing astaxanthin with a solution containing an 

organic acid and performing cell disruption and leaching and can enable natural astaxanthin to 

interact with components such as proteins, nucleic acids, or polysaccharides that naturally exist 25 

in the raw material, so as to extract natural astaxanthin and prepare water-soluble astaxanthin 

complex in one step without separately modifying astaxanthin. The method requires a natural 

source of astaxanthin, has low equipment requirements and production costs, is simple to 

operate, green and safe with no organic solvent residues, and easy to industrialize. 

To achieve this object, the present application adopts technical solutions described below. 30 
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In a first aspect, the present application provides a method for preparing water-soluble 

astaxanthin complex. The method includes the following steps:  

(1) mixing a raw material containing astaxanthin with a solution containing an organic acid and 

performing cell disruption to obtain a leachate; and 

(2) stirring and leaching the leachate in step (1) and performing solid-liquid separation to obtain 5 

water-soluble astaxanthin complex. 

The method for preparing water-soluble astaxanthin complex provided by the present 

application includes mixing a raw material containing astaxanthin with a solution containing an 

organic acid and performing cell disruption. The interaction between astaxanthin and 

components such as proteins, nucleic acids, or polysaccharides that naturally exist in the raw 10 

material containing astaxanthin is promoted through the environment of the organic acid so that 

water-soluble astaxanthin complex in a self-assembly form is formed. These natural components 

are wrapped outside the astaxanthin and make the astaxanthin present stable water solubility 

and the astaxanthin in the prepared aqueous solution of astaxanthin will not agglomerate. In 

addition, the method requires a natural source of astaxanthin, has low equipment requirements 15 

and production costs, is simple to operate, green and safe with no organic solvent residues, and 

easy to industrialize. 

In addition, the present application adopts an edible food-grade organic acid and the 

finally-obtained astaxanthin has no solvent residues, which can effectively ensure the chemical 

safety of astaxanthin in the fields of foods, biomedicine, or cosmetics. 20 

Preferably, the raw material containing astaxanthin includes any one or a combination of at least 

two of Haematococcus pluvialis, Phaffia rhodozyma, crustaceans, or chlorella. Typical but 

non-limiting combinations are a combination of Haematococcus pluvialis and Phaffia 

rhodozyma, a combination of Haematococcus pluvialis and chlorella, and a combination of 

Phaffia rhodozyma and chlorella. Preferably, the raw material containing astaxanthin is 25 

Haematococcus pluvialis.  

The raw material containing astaxanthin in the present application is preferably selected from 

wet algae mud of Haematococcus pluvialis. 

Preferably, the organic acid in the solution containing an organic acid in step (1) has a mass 
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concentration of 0.1 to 2.0 moL/L which may be, for example, 0.1 moL/L, 0.2 moL/L, 0.5 

moL/L, 0.8 moL/L, 1 moL/L, 1.2 moL/L, 1.3 moL/L, 1.5 moL/L, 1.8 moL/L, 2moL/L, or the 

like. 

Preferably, the solution containing an organic acid has a pH of 3.0 to 6.5 which may be, for 

example, 3.0, 3.2, 3.5, 3.8, 4.0, 4.2, 4.5, 4.8, 5.0, 5.2, 5.5, 5.8, 6.0, 6.2, 6.3, 6.5, or the like. 5 

Preferably, the pH is 5.0 to 6.3. 

The pH of the solution containing an organic acid in the present application is preferably 5.0 to 

6.3, which can better promote the interaction between astaxanthin and other natural components 

in the solution and increase a leaching rate. 

Preferably, the organic acid includes any one or a combination of at least two of malic acid, 10 

tartaric acid, glycine, oxalic acid, or citric acid. Typical but non-limiting combinations are a 

combination of malic acid and tartaric acid, a combination of malic acid and glycine, a 

combination of malic acid and oxalic acid, a combination of tartaric acid and glycine, and a 

combination of glycine and citric acid. Preferably, the organic acid is citric acid. 

Preferably, the solution containing an organic acid is a pH buffer solution of an organic acid.  15 

The solution containing an organic acid in the present application is preferably a pH buffer 

solution of an organic acid. This is because the pH has a relatively great effect on the isoelectric 

points of various substances in the leachate, which will affect the degree of self-assembly 

between astaxanthin and natural substances in the solution, and finally affect the extraction rate 

and antioxidant property of astaxanthin. Moreover, the cell sap in a cell originally has a certain 20 

pH. The use of the pH buffer solution can effectively ensure the stability of the pH of the 

solution in a long-term leaching process and further improve the leaching rate. 

Preferably, the pH buffer solution of an organic acid includes any one or a combination of at 

least two of a buffer solution of malic acid and sodium malate, a buffer solution of tartaric acid 

and sodium tartrate, a buffer solution of glycine and HCl, a buffer solution of oxalic acid and 25 

sodium oxalate, or a buffer solution of citric acid and sodium citrate. Typical but non-limiting 

combinations are a combination of the buffer solution of malic acid and sodium malate and the 

buffer solution of glycine and HCl, a combination of the buffer solution of oxalic acid and 

sodium oxalate and the buffer solution of citric acid and sodium citrate, a combination of the 

buffer solution of citric acid and sodium citrate and the buffer solution of malic acid and sodium 30 
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malate, a combination of the buffer solution of oxalic acid and sodium oxalate and the buffer 

solution of glycine and HCl, and the combination of the buffer solution of malic acid and 

sodium malate and the buffer solution of glycine and HCl. Preferably, the pH buffer solution of 

the organic acid is a buffer solution of citric acid and sodium citrate. 

Preferably, a material-to-liquid ratio of the raw material containing astaxanthin to the solution 5 

containing an organic acid is 0.1-10 g: 10-40 mL and may be, for example, 0.1 g: 10 mL, 2 g: 

10 mL, 5 g: 10 mL, 10 g: 10 mL, 0.1 g: 20 mL, 0.5 g: 20 mL, 1 g: 20 mL, 5 g: 20 mL, 10 g: 20 

mL, 0.1 g: 30 mL, 0.5 g: 30 mL, 1 g: 30 mL, 2 g: 30 mL, 5 g: 30 mL, 10 g: 30 mL, 0.1 g: 40 mL, 

0.5 g: 40 mL, 1 g: 40 mL, 2 g: 40 mL, 5 g: 40 mL, 10 g: 40 mL or the like.  

Preferably, the manner of the cell disruption in step (1) includes cell disruption by use of an 10 

ultrasonic disruptor. 

Preferably, the cell disruption is performed for 30 to 60 min which may be, for example, 30 min, 

35 min, 40 min, 45 min, 50 min, 55 min, 60 min, or the like. 

Preferably, in step (1) and/or step (2), an auxiliary agent is added to assist in leaching.  

The present application can achieve the interaction between natural astaxanthin and the 15 

components such as proteins, nucleic acids, or polysaccharides that naturally exist in the raw 

material by adding an auxiliary agent allowable in foods, thereby promoting the assembly of 

water-soluble astaxanthin complex in one step and improving the extraction rate of 

water-soluble astaxanthin complex. 

Preferably, the auxiliary agent includes any one or a combination of at least two of proteins, 20 

nucleic acids, or polysaccharides. Typical but non-limiting combinations are a combination of 

proteins and nucleic acids, a combination of proteins and polysaccharides, and a combination of 

nucleic acids and polysaccharides. 

Preferably, the stirring and leaching in step (2) is performed for 6 to 72 h which may be, for 

example, 6 h, 8 h, 10 h, 12 h, 15 h, 20 h, 24 h, 25 h, 30 h, 35 h, 40 h, 45 h, 48 h, 50 h, 60 h, 72 h 25 

or the like and preferably, 12 to 48 h.  

Preferably, the stirring and leaching is performed at a temperature of 20 to 35 °C which may be, 

for example, 20 °C, 22 °C, 25 °C, 26 °C, 27 °C, 28 °C, 29 °C, 30 °C, 32 °C, 33 °C, 35 °C, or the 

like. 
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Preferably, the stirring and leaching is performed under a closed condition without light. 

Preferably, the solid-liquid separation in step (2) includes centrifugal separation. 

Preferably, the centrifugal separation is performed at a temperature of 2 to 5 °C which may be, 

for example, 2 °C, 3 °C, 4 °C, 5 °C, or the like. 

Preferably, the centrifugal separation is performed for 30 to 60 min which may be, for example, 5 

30 min, 35 min, 40 min, 45 min, 50 min, 55 min, 60 min, or the like. 

Preferably, the centrifugal separation is performed at a rotational speed of 7000 to 9000 r/min 

which may be, for example, 7000 r/min, 7500 r/min, 7800 r/min, 8000 r/min, 8200 r/min, 8500 

r/min, 8600 r/min, 9000 r/min, or the like.  

Preferably, after the centrifugal separation, a supernatant obtained through the centrifugal 10 

separation is filtered with a filter to obtain a solution of water-soluble astaxanthin complex. 

Preferably, the method further includes: (3) re-leaching raw material residues containing 

astaxanthin obtained through the solid-liquid separation in step (2) at least once. 

In the present application, the leaching environment is relatively mild and it is impossible to 

extract astaxanthin completely once. The raw material residues containing astaxanthin after the 15 

solid-liquid separation are added with a solution containing an organic acid for another 

extraction, which may be repeated many times to improve the overall yield of the process. 

Preferably, the re-leaching includes mixing the raw material residues containing astaxanthin 

with a solution containing an organic acid to obtain a leachate and repeating step (2). 

Preferably, the re-leaching adopts the same solution containing an organic acid as step (1) 20 

and/or a different solution containing an organic acid from step (1). 

Preferably, the re-leaching adopts the same solution containing an organic acid as step (1) and 

then a different solution containing an organic acid from step (1). 

In the present application, the same solution containing an organic acid is preferably adopted for 

leaching. When the extraction rate of astaxanthin is low, the concentrations of various 25 

substances in the solution have reached the isoelectric points under this pH condition. The 
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solution is then replaced with a solution containing an organic acid with a different pH for 

another extraction, which can further increase the extraction rate. 

As a preferred solution of the present application, the method includes the following steps:  

(1) mixing a raw material containing astaxanthin with a solution containing an organic acid and 

performing cell disruption to obtain a leachate, where the organic acid has a mass concentration 5 

of 0.1 to 2.0 moL/L, the solution containing an organic acid is a pH buffer solution of an 

organic acid with a pH of 3.0 to 6.5, and a material-to-liquid ratio of the raw material containing 

astaxanthin to the solution containing an organic acid is 0.1-10 g: 10-40 mL; 

(2) stirring and leaching the leachate in step (1) for 6 to 72 h at 20 to 35 °C under a closed 

condition without light, performing centrifugal separation for 30 to 60 min at 2 to 5 °C and 7000 10 

to 9000 r/min, and filtering a supernatant obtained through the centrifugal separation with a 

filter to obtain water-soluble astaxanthin complex; and 

(3) mixing raw material residues containing astaxanthin obtained through solid-liquid separation 

in step (2) with a solution containing an organic acid to obtain a leachate and repeating step (2), 

where the re-leaching is performed at least once.  15 

In a second aspect, the present application provides an aqueous solution of astaxanthin prepared 

by the method for preparing water-soluble astaxanthin complex described in the first aspect.  

The aqueous solution of astaxanthin provided by the present application contains a relatively 

high content of astaxanthin and astaxanthin is stable and not polymerized and can be stored 

well. 20 

In a third aspect, the present application provides a lyophillized powder of astaxanthin prepared 

by lyophillizing the aqueous solution of astaxanthin described in the second aspect.  

The present application may also lyophillize the aqueous solution of astaxanthin to obtain the 

lyophillized powder of astaxanthin which can not only increase the concentration of astaxanthin 

but also has good resolubility when dissolved in water again. 25 

Compared with the existing art, the present application has beneficial effects described below.  

(1) The method for preparing water-soluble astaxanthin complex provided by the present 
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application overcomes the deficiencies of two steps of astaxanthin extraction and water-soluble 

astaxanthin complex preparation which are coupled to obtain water-soluble astaxanthin complex 

in one step. The concentration of astaxanthin in the prepared aqueous solution of astaxanthin 

can reach 72.66 μg/mL or more, the first extraction rate can reach 37.45wt% or more at most, 

and the extraction rate of multiple extractions can reach 68.05wt% or more. 5 

(2) The method for preparing water-soluble astaxanthin complex provided by the present 

application adopts a solution containing an organic acid safe for use in foods, has no solvent 

residues, and is mild to operate and suitable for industrial production. 

(3) The aqueous solution of astaxanthin provided by the present application has stable properties, 

a high content of astaxanthin, and good resolubility after lyophillized. 10 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a flowchart of a method for preparing water-soluble astaxanthin complex according to 

the present application.  

FIG. 2 is a diagram of water-soluble astaxanthin complex prepared in Example 1 of the present 

application under a transmission electron microscope. 15 

DETAILED DESCRIPTION 

The technical solutions of the present application are further described below through 

embodiments in conjunction with drawings. 

The present application is further described in detail below. The examples described below are 

merely simple examples of the present application and not intended to represent or limit the 20 

scope of the present application. The protection scope of the present application is defined by 

the claims.  

As shown in FIG. 1 which is a flowchart of a method for preparing water-soluble astaxanthin 

complex according to the present application, the method specifically includes the following 

steps: 25 

(1) mixing a raw material containing astaxanthin with a solution containing an organic acid and 

performing cell disruption to obtain a leachate;  
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(2) stirring and leaching the leachate in step (1) and performing solid-liquid separation to obtain 

water-soluble astaxanthin complex; and 

(3) mixing raw material residues containing astaxanthin obtained through the solid-liquid 

separation in step (2) with the solution containing an organic acid to obtain a leachate and 

repeating step (2), where re-leaching is performed at least once.  5 

I. Examples 

Example 1 

This example provides a method for preparing water-soluble astaxanthin complex. The method 

includes the following steps:  

(1) Haematococcus pluvialis (wet algae) was taken out from a refrigerator of -20 °C and thawed, 10 

1 g of Haematococcus pluvialis algae mud was weighed and added with 20 mL of a buffer 

solution of citric acid/sodium citrate with a concentration of 0.1 mol/L and a pH of 6.0, they 

were mixed thoroughly, and the mixed solution of Haematococcus pluvialis was disrupted for 

30 min with an ultrasonic disruptor to obtain a leachate;  

(2) the leachate in step (1) was transferred to a 50 mL brown finger-shaped bottle, placed on a 15 

magnetic stirrer, and stirred and leached at 25 °C for 24 h in a closed environment without light; 

and 

(3) the mixed solution after leaching in step (2) was transferred to a centrifuge tube and 

centrifuged at 4 °C and 8000 rpm for 30 min with a centrifuge, and a supernatant after 

centrifugation was filtered with a disposable filter with a pore size of 3 μm to obtain 20 

water-soluble astaxanthin complex that was uniform, stable, orange-red and translucent and had 

a concentration of 72.66 μg/mL. 

The morphological characterization of water-soluble astaxanthin complex prepared in this 

example was carried out. A drop of freshly prepared water-soluble astaxanthin complex was 

dropped on a clean paraffin board and a copper mesh was gently placed on the surface of the 25 

drop so that the drop was immersed in the copper mesh. The copper mesh was removed after 10 

min, the liquid on the surface of the copper mesh was wiped off with a filter paper, and the 

copper mesh was then placed with the surface with the liquid up. The front face of the copper 

mesh was dyed with 1% phosphotungstic acid for 10 min, dried, and observed with a 
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transmission electron microscope (JEM-1400 transmission electron microscope produced by 

Japan JEOL) whose field of view was adjusted. 

The diagram of water-soluble astaxanthin complex prepared in this example under the 

transmission electron microscope is shown in FIG. 2. The prepared water-soluble astaxanthin 

complex has a regular and complete shape and a spherical shape with good dispersibility, and 5 

most astaxanthin particles have a diameter within a range of 40 to 100 nm, do not agglomerate, 

and have relatively high stability. 

Example 2 

This example provides a method for preparing water-soluble astaxanthin complex, which is the 

same as that in Example 1 except that "a buffer solution of citric acid/sodium citrate with a pH 10 

of 6.0" in step (1) was replaced with "a buffer solution of citric acid/sodium citrate with a pH of 

3.0". 

Example 3 

This example provides a method for preparing water-soluble astaxanthin complex, which is the 

same as that in Example 1 except that "a buffer solution of citric acid/sodium citrate with a pH 15 

of 6.0" in step (1) was replaced with "a buffer solution of citric acid/sodium citrate with a pH of 

4.0". 

Example 4 

This example provides a method for preparing water-soluble astaxanthin complex, which is the 

same as that in Example 1 except that "a buffer solution of citric acid/sodium citrate with a pH 20 

of 6.0" in step (1) was replaced with "a buffer solution of citric acid/sodium citrate with a pH of 

5.0". 

Example 5 

This example provides a method for preparing water-soluble astaxanthin complex, which is the 

same as that in Example 1 except that "a buffer solution of citric acid/sodium citrate" in step (1) 25 

was replaced with "a buffer solution of glycine/HCl". 

Example 6 
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This example provides a method for preparing water-soluble astaxanthin complex. The method 

performs re-extraction six times on raw material residues containing astaxanthin obtained 

through the centrifugal separation in step (3) in Example 1, which specifically includes the 

following steps: 

the raw material residues containing astaxanthin obtained through the centrifugal separation in 5 

step (3) were mixed with a buffer solution of citric acid/sodium citrate with a concentration of 

0.1 mol/L and a pH of 6.0 at a material-to-liquid ratio of 1 g : 20 mL to obtain a leachate, step (2) 

was repeated, and the re-leaching was repeated six times. 

Example 7 

This example provides a method for preparing water-soluble astaxanthin complex. The method 10 

performs re-extraction 10 times on raw material residues containing astaxanthin obtained 

through the centrifugal separation in step (3) in Example 1, which specifically includes the 

following steps: 

(4) the raw material residues containing astaxanthin obtained through the centrifugal separation 

in step (3) were mixed with a buffer solution of citric acid/sodium citrate with a concentration 15 

of 0.1 mol/L and a pH of 6.0 at a material-to-liquid ratio of 1 g : 20 mL to obtain a leachate, step 

(2) was repeated, and the re-leaching was repeated six times; and 

(5) the raw material residues containing astaxanthin obtained through the centrifugal separation 

in step (4) were mixed with a buffer solution of citric acid/sodium citrate with a concentration 

of 0.1 mol/L and a pH of 5.0 at a material-to-liquid ratio of 1 g : 20 mL to obtain a leachate, step 20 

(2) was repeated, and the re-leaching was repeated four times. 

Example 8 

This example provides a method for preparing water-soluble astaxanthin complex. The method 

includes the following steps:  

(1) Chlorella (wet algae) was taken out from a refrigerator of -20 °C and thawed, 10 g of 25 

Chlorella algae mud were weighed and added with 40 mL of a buffer solution of citric 

acid/sodium citrate with a concentration of 0.1 mol/L and a pH of 3.0, they were mixed 

thoroughly, and the mixed solution of Chlorella was disrupted for 60min with an ultrasonic 

disruptor to obtain a leachate;  
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(2) the leachate in step (1) was transferred to a 50 mL brown finger-shaped bottle, placed on a 

magnetic stirrer, and stirred and leached at 35 ℃ for 12 h in a closed environment without light; 

and 

(3) the mixed solution after leaching in step (2) was transferred to a centrifuge tube and 

centrifuged at 3 ℃ and 7000 rpm for 60 min with a centrifuge, and a supernatant after 5 

centrifugation was filtered with a disposable filter with a pore size of 2.5 μm to obtain 

water-soluble astaxanthin complex that was uniform, stable, orange-red and translucent. 

Example 9 

This example provides a method for preparing water-soluble astaxanthin complex. The method 

includes the following steps:  10 

(1) Rhodotorula fafu was taken out from a refrigerator of -20 °C and thawed, 0.5 g of 

Rhodotorula fafu mud were weighed and added with 10 mL of a buffer solution of malic 

acid/sodium malate with a concentration of 0.15 mol/L and a pH of 6.5, they were mixed 

thoroughly, and the mixed solution of Rhodotorula fafu was disrupted for 60 min with an 

ultrasonic disruptor to obtain a leachate;  15 

(2) the leachate in step (1) was transferred to a 50 mL brown finger-shaped bottle, placed on a 

magnetic stirrer, and stirred and leached at 20 ℃ for 48 h in a closed environment without light; 

and 

(3) the mixed solution after leaching in step (2) was transferred to a centrifuge tube and 

centrifuged at 5 ℃ and 9000 rpm for 40 min with a centrifuge, and a supernatant after 20 

centrifugation was filtered with a disposable filter with a pore size of 3 μm to obtain 

water-soluble astaxanthin complex that was uniform, stable, orange-red and translucent. 

Example 10 

This example provides a method for preparing water-soluble astaxanthin complex, which is the 

same as that in Example 1 except that "a buffer solution of citric acid/sodium citrate" in step (1) 25 

was replaced with "a buffer solution of tartaric acid/sodium tartrate". 

Example 11 
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This example provides a method for preparing water-soluble astaxanthin complex, which is the 

same as that in Example 1 except that "a buffer solution of citric acid/sodium citrate" in step (1) 

was replaced with "a solution of citric acid". 

Example 12 

This example provides a method for preparing water-soluble astaxanthin complex, which is the 5 

same as that in Example 7 except that 0.001 g of ATP synthase β-subunit were added in last four 

re-extractions in step (5). 

II. Test and Result 

1. Extraction rate 

The content of astaxanthin in a solution of water-soluble astaxanthin complex is tested by the 10 

following method: astaxanthin is extracted from water-soluble astaxanthin complex by use of 

methanol and chloroform. 1 mL of water-soluble astaxanthin complex was extracted with 

organic solvents and 1 mL of methanol and 2 mL of chloroform were added in sequence. 

Water-soluble astaxanthin complex was extracted until an aqueous phase was almost colorless, 

and organic phases were collected, dried with nitrogen, and passed through an organic filter 15 

membrane of 0.22 µm by use of 0.5 mL of methanol and 0.5 mL of methyl t-butyl ether (1/1, 

v/v) to collect samples for a later analysis. Standard astaxanthin (1 mg) was fully dissolved in 5 

mL of methanol and 5 mL of methyl t-butyl ether (1/1, v/v) and passed through an organic filter 

membrane of 0.22 µm to collect samples for a later analysis. The content of astaxanthin was 

determined by HPLC. 20 

Chromatographic column: YMC-Carotenoid-C30 chromatographic column (4.6 mm × 250 mm, 

5 µm); mobile phase: A is methanol and B is methyl t-butyl ether; linear gradient elution: B is 

10% from 0 to 15 min, B increases from 10% to 60% from 15 to 25 min, and B decreases from 

60% back to 10% from 25 to 35 min; flow rate: 1 mL/min; DAD detection wavelength: 476nm; 

column oven temperature: 35 °C; sample volume: 20 µL. The content of astaxanthin in 1 mL of 25 

water-soluble astaxanthin complex is calculated according to formula (1): 

1

2

g

S m A

S


 


  (1) 
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In formula (1), g  denotes the mass of astaxanthin in 1 mL of water-soluble astaxanthin 

complex, S1 denotes the peak area of astaxanthin in water-soluble astaxanthin complex, S2 

denotes the peak area of standard astaxanthin, m denotes the mass of astaxanthin in 20 μL of 

standard solution of astaxanthin and is 2 mg, and A denotes a conversion factor and is 50. 

The extraction rate is calculated as follows: all astaxanthin is extracted from a raw material 5 

containing astaxanthin according to the above experimental method, the total content of 

astaxanthin in the raw material is obtained, and the extraction rate of astaxanthin is calculated 

according to formula (2): 

Extraction rate % =
Content of astaxanthin in water−soluble astaxanthin   

Total content of astaxanthin in the raw material containing astaxanthin
× 100% (2) 

The extraction rates of astaxanthin in Examples 1 to 5 are calculated according to the above 10 

method and shown in Table 1. 

Table 1 

Example Example 1 Example 2 Example 3 Example 4 Example 5 

Extraction 

Rate (wt %) 
37.450.87 3.930.34 14.171.22 24.131.41 1.44±0.25 

 

The extraction rates of six re-extractions in Example 6 are calculated according to the above 

method. The results of the first extraction in Example 1 and the six re-extractions in Example 6 15 

are shown in Table 2. 

Table 2 

Extraction Times Extraction Rate (wt %) 

First extraction 37.45±0.87 

First re-extraction 11.66±0.98 

Second re-extraction 8.11±0.55 

Third re-extraction 3.71±1.29 

Fourth re-extraction 1.89±0.49 

Fifth re-extraction 0.52±0.22 
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Sixth re-extraction 0.54±0.17 

 

The extraction rates of the last four re-extractions in Example 7 are calculated according to the 

above method. The results of the re-extractions are shown in Table 3. 

Table 3 

Extraction Times 
Example 7 

Extraction Rate (wt %) 

Seventh re-extraction 1.67±0.44 

Eighth re-extraction 1.31±0.37 

Ninth re-extraction 0.61±0.24 

Tenth re-extraction 0.58±0.11 

 5 

2. Antioxidant property 

Method for analyzing the antioxidant property: an antioxidant capacity of water-soluble 

astaxanthin complex is determined through the scavenging rate of ABTS+ free radicals. A 

solution of potassium persulfate with a concentration of 2.6 mmol/L and a solution of ABTS 

with a concentration of 7.4 mmol/L were mixed in a brown finger-shaped bottle in equal 10 

amounts and reacted at room temperature for 12 h without light to obtain an operating solution. 

The overnight ABTS+ solution was diluted with absolute ethanol until the absorbance at 734 nm 

was 0.700±0.20 for use. 

10 μL of water-soluble astaxanthin complex were placed in a 96-well plate and added with 200 

μL of diluted ABTS+ solution. The mixed solution was mixed thoroughly and shaken uniformly 15 

and reacted for 1 h at normal temperature with no light. A microplate reader was used for 

measuring the absorbance at a wavelength of 734 nm and the absorbance was recorded as A1. 

10 μL of water-soluble astaxanthin complex were mixed thoroughly with 200 μL of absolute 

ethanol and reacted for 1 h at normal temperature with no light. The microplate reader was used 

for measuring the absorbance at a wavelength of 734 nm and the absorbance was recorded as A2. 20 

10 μL of absolute ethanol were mixed thoroughly with 200 μL of ABTS+ solution and reacted 

for 1 h at normal temperature with no light. The microplate reader was used for measuring the 

absorbance at a wavelength of 734 nm and the absorbance was recorded as A0.  
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The above steps were repeated three times and data was recorded respectively. The scavenging 

rate of ABTS+ free radicals by water-soluble astaxanthin complex is calculated according to 

formula (3): 

Scavenging rate % =
𝐴0−(𝐴1−𝐴2)

𝐴0
× 100% (3) 

In formula (3), A1 denotes the absorbance after the sample reacts with ABTS+ free radicals, A2 5 

denotes the absorbance of the sample itself, and A0 denotes the absorbance of the blank group. 

The antioxidant property of water-soluble astaxanthin complex in Examples 1 to 5 was 

calculated according to the above method and expressed as the scavenging rate of ABTS+ free 

radicals. The results are shown in Table 4. 

Table 4 10 

Example Scavenging Rate (wt %) 

Example 1 82.992.67 

Example 2 32.511.98 

Example 3 50.482.34 

Example 4 68.892.55 

Example 5 25.321.56 

 

The following points can be seen from Table 1 and Table 4:  

(1) It can be seen from Examples 1 to 4 that the effect of the buffer system of citric acid/sodium 

citrate in preparing water-soluble astaxanthin complex is related to the pH of the system. The 

extraction rate of astaxanthin increases with an increase of the pH within the pH range of 3.0 to 15 

6.0, and the antioxidant property of the obtained water-soluble astaxanthin complex increases 

with an increase of the pH. When the pH is 5.0 to 6.0, the effect in preparing water-soluble 

astaxanthin complex is better, the highest extraction rate of astaxanthin can reach 37.45 %, and 

the antioxidant property can be up to 82.99 wt% in terms of the scavenging rate of ABTS+ free 

radicals. 20 

(2) It can be seen from Examples 1 and 5 that the buffer system of citric acid/sodium citrate is 

used in Example 1, and the buffer solution of glycine/HCl is used in Example 5; in Example 1, 
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the extraction rate is 37.45 wt%, and the scavenging rate of ABTS+ free radicals is 82.99 wt%, 

while in Example 5, the extraction rate is only 1.44 wt% and the scavenging rate of ABTS+ free 

radicals is only 25.32 wt%, which shows that the present application improves the extraction 

rate and antioxidant property of water-soluble astaxanthin complex by selecting a particular 

buffer solution system. 5 

It can be seen from Table 2 and Table 3 that the raw material residues of astaxanthin after 

leaching and extraction still contain astaxanthin and can be extracted multiple times to improve 

the overall extraction rate of the process, and the extraction rate of astaxanthin gradually 

decreases when the same pH buffer solution is used for leaching and extraction multiple times 

and can be improved again by changing the ratio or pH of the pH buffer solution. Due to mild 10 

conditions and simple operations of leaching and extraction, the extraction rate can be improved 

through multiple times of leaching and extraction, which is very easy for industrial production. 

The overall extraction rate reaches 68.05 wt% after 10 re-extractions in Example 7, which has a 

high industrial application value. 

Moreover, Examples 8 and 9 can achieve similar extraction effects to those of Example 1 and 15 

can also prepare water-soluble astaxanthin complex in one step. Details are not repeated here.  

Example 10 that uses a buffer solution of tartaric acid/sodium tartrate has a lower extraction rate 

and a poorer antioxidant property of the prepared water-soluble astaxanthin complex than 

Example 1 that uses a buffer solution of citric acid/sodium citrate. In the present application, the 

astaxanthin extraction effect is intermediate and a relatively good extraction rate and antioxidant 20 

property can be achieved when a system of malic acid/sodium malate is used. 

In Example 11, it is difficult to ensure the stability of the pH in the extraction process when a 

solution of citric acid is used instead of a pH buffer system. Relative to the use of a buffer 

solution of citric acid/sodium citrate buffer, the extraction rate decreases. 

In Example 12, proteins are added in the re-extraction process so that the assembly of 25 

astaxanthin in the solution is promoted and the extraction rate of astaxanthin is improved. 

In summary, the method for preparing water-soluble astaxanthin complex provided by the 

present application includes mixing a raw material containing astaxanthin with a solution 

containing an organic acid and performing cell disruption and leaching and can enable natural 

astaxanthin to interact with components such as proteins, nucleic acids, or polysaccharides that 30 
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naturally exist in the raw material, where the extraction rate of the first extraction is 1.44wt % or 

more and can be 37.45 wt% or more at most and the overall extraction rate of multiple 

extractions can reach 68.05 wt%. The method can obtain water-soluble astaxanthin complex in 

one step without solvent residues, requires a natural source of astaxanthin, and is simple to 

operate and easy to industrialize. 5 

The applicant has stated that although the detailed structure characteristics of the present 

application are described through the examples described above, the present application is not 

limited to the detailed structure characteristics described above, which means that the 

implementation of the present application does not necessarily depend on the detailed structure 

characteristics described above. It should be apparent to those skilled in the art that any 10 

improvements made to the present application, equivalent replacements of units selected in the 

present application and addition of auxiliary units thereof, and selections of specific methods, 

etc., all fall within the protection scope and the disclosed scope of the present application. 
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What is claimed is: 

1. A method for preparing water-soluble astaxanthin complex, comprising:  

(1) mixing a raw material containing astaxanthin with a solution containing an organic acid and 

performing cell disruption to obtain a leachate; and 

(2) stirring and leaching the leachate in step (1) and performing solid-liquid separation to obtain 5 

water-soluble astaxanthin complex. 

2. The method according to claim 1, wherein the raw material containing astaxanthin comprises 

any one selected from the group consisting of Haematococcus pluvialis, Phaffia rhodozyma, 

crustaceans, chlorella, and a combination of at least two selected therefrom, preferably, 

Haematococcus pluvialis.  10 

3. The method according to claim 1 or 2, wherein the organic acid in the solution containing an 

organic acid in step (1) has a mass concentration of 0.1 to 2.0 moL/L. 

4. The method according to any one of claims 1 to 3, wherein the solution containing an organic 

acid has a pH of 3.0 to 6.5, preferably 5.0 to 6.3. 

5. The method according to any one of claims 1 to 4, wherein the organic acid comprises any 15 

one selected from the group consisting of malic acid, tartaric acid, glycine, oxalic acid, citric 

acid, and a combination of at least two selected therefrom, preferably, citric acid. 

6. The method according to any one of claims 1 to 5, wherein the solution containing an organic 

acid is a pH buffer solution of an organic acid. 

7. The method according to claim 6, wherein the pH buffer solution of an organic acid 20 

comprises any one selected from the group consisting of a buffer solution of malic acid and 

sodium malate, a buffer solution of tartaric acid and sodium tartrate, a buffer solution of glycine 

and HCl, a buffer solution of oxalic acid and sodium oxalate, a buffer solution of citric acid and 

sodium citrate, and a combination of at least two selected therefrom, preferably, a buffer 

solution of citric acid and sodium citrate. 25 

8. The method according to any one of claims 1 to 7, wherein a material-to-liquid ratio of the 

raw material containing astaxanthin to the solution containing an organic acid is 0.1-10 g: 10-40 

mL. 

9. The method according to any one of claims 1 to 8, wherein in step (1) and/or step (2), an 
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auxiliary agent is added to assist in leaching;  

preferably, the auxiliary agent comprises any one selected from the group consisting of proteins, 

nucleic acids, polysaccharides, and a combination of at least two selected therefrom. 

10. The method according to any one of claims 1 to 9, wherein the stirring and leaching in step 

(2) is performed for 6 to 72 hours, preferably, 12 to 48 hours; 5 

preferably, the stirring and leaching is performed at a temperature of 20 to 35 °C;  

preferably, the stirring and leaching is performed under a closed condition without light. 

11. The method according to any one of claims 1 to 10, wherein the solid-liquid separation in 

step (2) comprises centrifugal separation;  

preferably, the centrifugal separation is performed at a temperature of 2 to 5 °C;  10 

preferably, after the centrifugal separation, a supernatant obtained through the centrifugal 

separation is filtered with a filter to obtain a solution of water-soluble astaxanthin complex. 

12. The method according to any one of claims 1 to 11, further comprising: (3) re-leaching raw 

material residues containing astaxanthin obtained through the solid-liquid separation in step (2) 

at least once; 15 

preferably, the re-leaching comprises: mixing the raw material residues containing astaxanthin 

with a solution containing an organic acid to obtain a leachate and repeating step (2); 

preferably, the re-leaching adopts the same solution containing an organic acid as step (1) and/or 

a different solution containing an organic acid from step (1); 

preferably, the re-leaching adopts the same solution containing an organic acid as step (1) and 20 

then a different solution containing an organic acid from step (1). 

13. The method according to any one of claims 1 to 12, comprising:  

(1) mixing a raw material containing astaxanthin with a solution containing an organic acid and 

performing cell disruption to obtain a leachate, wherein the organic acid has a mass 

concentration of 0.1 to 2.0 moL/L, the solution containing an organic acid is a pH buffer 25 

solution of an organic acid with a pH of 3.0 to 6.5, and a material-to-liquid ratio of the raw 

material containing astaxanthin to the solution containing an organic acid is 0.1-10 g: 10-40 mL; 
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(2) stirring and leaching the leachate in step (1) for 6 to 72 h at 20 to 35 °C under a closed 

condition without light, performing centrifugal separation for 30 to 60 min at 2 to 5 °C and 7000 

to 9000 r/min, and filtering a supernatant obtained through the centrifugal separation with a 

filter to obtain water-soluble astaxanthin complex; and 

(3) mixing raw material residues containing astaxanthin obtained through solid-liquid separation 5 

in step (2) with a solution containing an organic acid to obtain a leachate and repeating step (2), 

wherein the re-leaching is performed at least once.  

14. An aqueous solution of astaxanthin prepared by the method for preparing water-soluble 

astaxanthin complex according to any one of claims 1 to 13. 

15. A lyophillized powder of astaxanthin prepared by lyophillizing the aqueous solution of 10 

astaxanthin according to claim 14. 




