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Abstract: Natural edible blue pigment is a scarce pigment among natural pigments, mainly derived from animal and plant 
tissues, microbial fermentation metabolites. Among the plant natural blue pigments, the ones that account for the widest market 
of edible natural blue pigments are algal blue pigment and gardenia blue pigment. The sources of microbial natural blue pigment 
include some fungi and bacteria in addition to microalgae, mainly focusing on the study of Streptomyces, Pseudomonas, 
Pseudoalteromonas, purple non-sulfur bacteria, Dourollerella, and sprouting short-stalked mold. The natural blue pigment is 
unstable, so it is of far-reaching significance to improve the extraction process, especially the research on the isolation and 
purification of blue pigment produced by microbial fermentation. High-speed frozen centrifugation, solid-phase extraction, high 
performance liquid chromatography, nuclear magnetic resonance spectroscopy, mass spectrometry and other methods are 
commonly used for the separation and purification of natural blue pigments and analytical identification. Some natural blue 
pigments have antioxidant, antitumor, hypolipidemic, hypoglycemic, anti-inflammatory, anti-cancer, immunomodulatory 
activities, etc. There will be a broad development prospect for the future research of natural blue pigments. 
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1. Introduction 
Colorants, also known as colorants, are substances that can 

color the mordant, and are widely used in the food, 
pharmaceutical, cosmetic, and textile industries.[1] . In the 
past, synthetic pigments were mainly used to produce the 
required products, and they dominated the market due to their 
low price, excellent performance and ease of use. With the 
improvement of science and technology, people are gradually 
aware of the potential hazards of synthetic colors to the 
environment and human health.[2] Synthetic pigments not 
only produce toxic waste, but also have a negative impact on 
human health. Synthetic colors not only produce toxic waste, 
but also cause skin allergies, neurological disorders in 
children and even cancer.[3] In recent years, synthetic colors 
have become increasingly popular. In recent years, the use of 
synthetic colors is gradually declining and the demand for 
natural colors is increasing day by day.[4] Natural colours are 
derived from substances found in nature. Natural colors are a 
new alternative to synthetic colors, prepared from substances 
found in nature.[5] They are safe, reliable and 
environmentally friendly. They are popular among consumers 
because they are safe, reliable, non-polluting to the 
environment and have no toxic side effects.[6] Natural 
coloring is mainly derived from animals, plants and other 
plants. Natural pigments are mainly derived from animals, 
plants, minerals and metabolic substances produced by 
microbial culture, etc.[7] The natural pigments are mainly 
derived from animals, plants, minerals and metabolites 
produced by microbial culture. 

Japan is the most advanced country in the world in terms 
of research into the use of natural food coloring, as a 
representative of the more stringent requirements for product 
quality and environmental efforts[8] Japan is the most 
advanced country in the world in terms of research into the 
use of natural food coloring, followed by the United States, 
where large amounts of natural red and natural yellow 
pigments have been identified in past research.[9] . The 
coloring effect of natural pigments is closer to the original 

color of the substance, with the improvement of the level of 
science and technology, China has also conducted a lot of 
research and exploration of natural food coloring, to a certain 
extent to expand the range of varieties of pigments available, 
according to statistics have been up to more than forty typical 
pigment varieties, common pigments such as curcumin, red 
currant red, tea yellow pigment, etc.[10] . While the blue 
pigment as one of the three primary colors has rarely been 
reported. Blue is a rare color in nature, the development of 
blue pigment to seize the international first opportunity to 
become the goal of domestic and foreign research workers[11] 
In the long run, natural blue pigment is important for food. In 
the long run, natural blue pigment has a broad development 
prospect for food processing, medicine and health care, textile 
and industrial production of colorants, especially for its 
biological activity.[1] The blue pigment has a broad 
development prospect for food processing, medicine and 
health care, textile and industrial coloring agent, especially 
for its biological activity. China's vast geographical area and 
abundant resources have great advantages for research and 
development of new blue pigment sources. However, natural 
blue pigments are mostly characterized by unstable chemical 
properties[12] This requires in-depth research on the 
extraction and purification process, but there is still no 
denying that natural blue pigments have a broad market 
prospect in the future development. 

2. Natural Blue Pigment 
Most of the currently known natural blue pigments are 

derived from plants and animals, such as the preparation of 
gardenia blue pigment from gardenia[13] The phycocyanin is 
extracted from microalgae[14] In addition to this, indigo dyes 
are also prepared from the leaves of wood blue plants such as 
Polygonum multiflorum, Chaenomelanum, Malanum, Wu 
blue and Woad.[15] . Genetic engineering techniques for 
genetic modification to induce plants to produce blue 
substances, but due to the high cost and low efficiency of this 
technology, it has not been released into industrial 
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production[16] . In the past reports, the most widely available 
edible natural blue pigments that account for the edible 
natural blue pigment market are algae blue pigment and 
gardenia blue pigment, with Spirulina being the main raw 
material for the production of algae blue pigment[7] . 

Spirulina is rich in protein, carbohydrates, lipids, 
carotenoids and algal bile proteins, among other important 
components.[17,18] . 

C-Phycocyanin (C-PC), a natural blue pigment, is known 
as the most abundant photosynthetic pigment in 
Spirulina.[17-19] It is often used in processed food, 
pharmaceutical and cosmetic industries.[17] . Gardenia Blue 
is a natural colorant widely used in confectionery, baked 
goods, frozen desserts, beverages (wine) and jams.[20] . It is 
produced by adding β -glucosidase to a mixture of cyclic 
enzyme glycosides extracted from gardenia fruit to produce 
kynepin[21] Although kynepin itself has no color, it can react 
with protein hydrolysis products to produce a blue substance, 
providing a new natural dye for the textile, cosmetic, and food 
industries.[9,22] . In addition to this, the preparation of 
natural blue pigments using metabolites produced by 
microbial cultures is now a major research target[23-25] . 

3. Microbial Natural Blue Pigment 
In recent years, several pigments of microbial origin have 

been studied, such as the production of yellow and red 
pigments in the liquid fermentation of Aspergillus oryzae[26] , 
extraction of melanin from Aspergillus fumigatus in the 
environment[27] , the production of yellow carotenoids using 
a complex fermentation strategy from liquid to solid 
fermentation with the filamentous fungus Aspergillus 
pulsatilla, using dilute wine lees and waste bread as substrates, 
while achieving the conversion of waste to high-quality feed 
containing pigments[22] , and carotenoids from rusty 
fungus[28,29] . 

However, most of these microbial pigments are red or 
yellow in color. To date, only a few blue pigments from 
microorganisms have been reported, and the availability of 
natural blue colorants for industrial use remains limited. The 
extraction of most natural blue pigments currently available 
in the market involves the involvement of microorganisms. 
Algal microbial sources of natural blue pigments have been 
found to be mainly eukaryotic algae, red algae and 
cryptophytes[17,30] , and the cyanobacterium Arthrospira 
(Spirulina obtusa) [19] Cyanobacteria are responsible for the 
production of phycocyanin, one of the most important blue 
compounds approved for use in food and cosmetics.[31] . 

In addition, past reports include some studies on other 
bacteria such as Streptomyces, Pseudomonas, 
Pseudoalteromonas, purple non-sulfuric bacteria, 
Durylobacter, and sprouting stunt molds that can produce 
different blue pigments using microbial substrates.[7] . 

In the last few years, research on the production of natural 
blue pigments by bacteria has been slow and few new strains 
have been discovered, e.g. the latest research includes the 
fermentation metabolite of Streptomyces by ethyl acetate 
extraction, purification by preparative thin layer 
chromatography and high performance liquid 
chromatography using mass spectrometry and nuclear 
magnetic resonance to identify the compound as a new blue 
pigment from the genus Streptomyces[23] 

The strain identified as Pseudomonas aeruginosa was 
isolated and purified in culture and it was found that the strain 

produced a water-soluble blue pigment consisting of four 
main components, the pigment showed high water solubility 
and very low toxicity, but further studies are needed to 
improve the level of pigment production and its suitability as 
an industrial dye[24] . 

The production of the blue pigment indigo has been 
achieved in the entomopathogenic bacterium 
Luminobacterium luminescens through promoter exchange 
and heterologous expression of the biosynthetic gene indC in 
E. coli, and the activation of "silent" gene clusters through 
genetic engineering techniques, but the research is still at the 
laboratory stage and there is still a long way to go before 
industrial production using these microorganisms can be 
achieved. There is still a long way to go[32,33] The research 
is still at the laboratory stage and there is still a long way to 
go before these microorganisms can be used for industrial 
production. There is also some research on the extraction of 
natural blue pigments from fungi, which can be grown in a 
short period of time and can be easily cultured to produce high 
density cultures, many of which are aromatic polyketides 
produced during secondary metabolism, and could be an 
additional source of natural blue pigment production.[18,34] . 

For example, red polyketide compounds derived from the 
secondary metabolism of the fungus Fusarium spp., which 
obtain a red product during fermentation and turn blue after 
heat treatment (Brazilian patent BR 10 2013 015305-2 A2). 
[34] . 

Two different fungi were co-cultured to improve pigment 
production by changing medium conditions and taking 
different light irradiation, however, despite studies on this 
aspect, research on improving pigment production and 
optimizing production protocols for other pigment-producing 
fungal species has remained superficial, so it has become 
necessary to study the factors that induce the pigment-
producing capacity of fungi[35] . 

Although research on the use of microorganisms to extract 
natural blue pigments still ushers in many problems such as 
few sources of strains, culture protocols and isolation and 
purification methods have not yet reached the ideal 
requirements, but compared with other commonly used 
methods, the pigments produced by microbial fermentation 
processes still have many advantages, such as high production 
efficiency, large culture scale, not affected by climatic and 
environmental factors, which all make microorganisms as a 
natural blue pigment This makes microorganisms as a source 
of natural blue pigment provide a broader development 
prospect[36] . 

For microbial production of edible natural pigments, 
solubility, color, stability and safety are key factors for 
meeting the conditions for industrial application. [37] . This 
requires that the screening and cultivation of the strain and 
subsequent research on the extraction and isolation and 
purification of the pigments should take into account whether 
the content of this research can be applied to industrial 
production and future processing and utilization. 

In the study of natural blue pigment extraction using 
microorganisms, the research includes the screening and 
identification of strains, optimization of fermentation media, 
determination of physical and chemical properties of blue 
pigment and detection of some toxicological properties, such 
as the effect of temperature, light, PH, metal ions, oxygen 
radical scavenging, complexes and additives on the stability 
of the pigment, as well as antibacterial activity and 
cytotoxicity.[7,23,25] . However, the number of studies on 
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blue bacterial pigments is limited, mainly because only very 
few bacteria are able to produce blue pigments[23,36] . 
Therefore, it is important to screen for new blue pigment 
producing strains in future research efforts. More in-depth 
studies on this aspect are needed for a wider application of 
natural blue pigments in industrial production. 

4. Extraction of Natural Blue Pigment 
Natural blue pigments are susceptible to structural 

degradation and changes when subjected to external factors 
such as light, temperature and pH[9] , so it becomes essential 
to study the extraction conditions of the pigments. It was 
found that the methods of extraction of biological compounds 
from microalgae include supercritical fluid extraction[38] 
microwave-assisted extraction[39] extraction, pressurized 
liquid extraction[40] ultrasonic assisted extraction[41] and 
pulsed electric field treatment.[42] The extraction process 
was carried out to maintain the bright blue color and 
antioxidant properties. During extraction, their stability can 
be improved by adding high concentrations of sugars and salts, 
such as glucose and sodium chloride, in order to maintain 
their bright blue color and antioxidant properties.[43] . It has 
also been shown that light emitting diode lamps and the use 
of lamp color changes can significantly improve the 
production of blue pigments[44] . Almost all of these methods 
used to purify phycocyanins include steps such as 
precipitation, centrifugation, dialysis, ion exchange 
chromatography, and gel filtration chromatography, which are 
both difficult and expensive for application to large-scale 

production[14,45,46] . However, the current extraction 
protocols still do not allow the evaluation of all aspects of the 
biological activity of the extracted blue pigments, and further 
studies on the chemistry of algal bile proteins with stabilizers 
and food matrices are needed. In addition, the bioavailability 
and biological potential of algal bile proteins and their 
mechanisms of action need to be further investigated.[47] . 
The extraction process of gardenia blue pigment that is widely 
used now includes two kinds, one is the one-step process of 
fermenting gardenia blue pigment by inoculating the enzyme-
producing strain into the aqueous extract of gardenia fruit 
powder, and the other is the two-step process of concentrating 
the aqueous extract of gardenia fruit powder, followed by the 
enzymatic reaction to produce gardenia blue pigment[7] . Due 
to the problem of easy degradation of natural blue pigment, 
the problem of light resistance, heat resistance, acid and alkali 
resistance of gardenia blue pigment and stability to different 
metal ions in the extraction process still need to be studied in 
depth[48] Recently, a new safety assessment on the 
consumption of gardenia blue pigment was made again, and 
the results showed that gardenia blue pigment and its 
precursor kynepin do not cause damage to human genes[13] 
However, there are few studies on the modification of natural 
blue pigment in the current research. The research in recent 
years has mostly focused on the production of blue pigment 
using microbial fermentation, and its extraction scheme has 
been optimized along with the research, and several 
extraction methods that are representative in the literature are 
summarized in Table 1. 

 
source (of 

information 
etc) 

Type of 
pigment 

solvency 
extraction and 

separation 
purification and 

identification 
Extraction 

effect 
bibliography 

Pseudomonas 
aeruginosa 

extracellular 
pigment 

Soluble in water, 
partially soluble 

in methanol, 
insoluble in other 
organic solvents 

high speed centrifuge 
Vacuum drying 

rotary evaporation 
Vacuum concentration 
Reversed-phase solid-

phase extraction 

High performance 
liquid 

chromatography 
UV-Vis absorption 

spectrum 
infrared absorption 

spectrum 
nuclear magnetic 

resonance hydrogen 
spectrum 

Extraction 
rate 2.5 

gL-1 
[24] 

streptomycete 
(genus 

Streptomyces) 
 

extracellular 
pigment 

Soluble in 
alkaline aqueous 

solutions and 
some organic 

solvents 

high speed centrifuge 
Vacuum drying 

Semi-preparative high 
performance liquid 

chromatography 

High performance 
liquid 

chromatography 
nuclear magnetic 

resonance spectrum 
mass spectrometry 

Extraction 
rate 3gL-1 

[25] 

extracellular 
pigment 

Soluble in 
organic solvents, 
insoluble in water 

high speed centrifuge 
decompression 

evaporation 
Ethyl acetate extraction 

Thin layer 
chromatography (TLC) 

Silica gel column 
chromatography 

High performance 
liquid 

chromatography 
mass spectrometry 
nuclear magnetic 

resonance spectrum 

Extraction 
rate 4gL-1 

[23] 

 

5. Biological Activity of Natural Blue 
Pigments 

Some natural blue pigments such as phycocyanin (C-PC), 
in addition to their function as colorants, have 
antioxidant[49] , anti-tumor[50] , hypolipidemic[51] 
antioxidant, antitumor, hypolipidemic, anti-inflammatory, 
anticancer, immunomodulatory[52] The activity of 

phycocyanin is also very important. Experiments have shown 
that phycocyanin is a water-soluble fluorescent pigment, 
consisting of two different polypeptide subunits[53] It can 
activate cellular antioxidant enzymes, inhibit lipid 
peroxidation[54] It can activate cellular antioxidant enzymes, 
inhibit lipid peroxidation and DNA damage, scavenge free 
radicals (hydroxyl and peroxyl radicals), and increase 
superoxide dismutase and catalase activities.[44,55] The 



 

23 

results of the study confirmed that the treatment was able to 
activate cellular antioxidant enzymes and inhibit lipid 
peroxidation and DNA damage. In vivo animal models have 
confirmed that phycocyanin does not cause acute and chronic 
toxicity.[31] . Therefore, phycocyanin is also a natural dietary 
antioxidant that can be used as a supplement and food additive 
to prevent some chronic diseases involving reactive oxygen 
species[50] . In addition, it plays a key role in the treatment 
of many diseases such as diabetes, obesity, arthritis, anemia, 
cardiovascular disease, allergies, tumors and cancer[56] . The 
product of hydrolysis of gardenia glycosides, kynepin, can be 
used as a precursor of natural blue pigment[13] It is also an 
excellent natural biological cross-linking agent, and 
biomaterials made from it can help in the treatment of 
vascular diseases, diabetes, liver dysfunction, etc.[57,58] It is 
widely used in the biomedical field. In addition, kynepin and 
its related cyclic enol ether glycosides are a promising drug 
option that has been found to have strong antioxidant, anti-
inflammatory and neuroprotective properties and can be used 
as a direct drug for the prevention and treatment of liver 
disease[59,60] . Bicuculline, produced by Fusarium acnes, 
can turn blue after heat treatment[61] As another source of 
natural blue pigment, it has been reported in the past to have 
anticancer, antitumor, antibacterial, and antibacterial 
properties.[62,63] , antibacterial[64] The important biological 
activities such as anti-cancer, anti-tumor and anti-bacterial 
have expanded its use in the pharmaceutical and medical 
fields. Streptomyces azure is an actinomycete capable of 
synthesizing blue pigments, and one product, actinomycin, is 
an antibiotic produced by Streptomyces azure that inhibits 
most gram-positive bacteria, such as Staphylococcus aureus, 
at relatively high concentrations and has antioxidant effects 
under acidic conditions[23,25] . Based on the above studies, 
the development of new natural blue pigments not only can 
be applied to the food processing industry as coloring agents, 
but also have potential medicinal value, therefore, natural 
blue pigments have a broad development prospect and 
research value. 

6. Conclusion and Future Perspectives 
Although natural edible blue pigments occupy many 

advantages in industrial production and in food and health 
care, there are still many limitations to the large-scale 
production of natural edible natural blue pigments in the 
current state of development. First, there are limited sources 
of substances from which natural blue pigments can be 
produced. Apart from extraction from animal and plant tissues, 
there are few microorganisms that can be used to produce blue 
pigment, and the scarcity of raw materials can easily cause 
problems such as the high price of natural blue pigment. And 
in today's competitive market, people will not consider 
natural pigments as an additive option to be placed in the 
market for production. Therefore, finding new sources of 
strains that can produce natural blue pigments has become a 
primary goal. Secondly, the instability of natural blue 
pigments brings a lot of inconvenience to the process of 
extraction and purification, which increases the energy 
consumption of the extraction process, while the low 
extraction rate and the complexity of the purification process 
make the production cycle long and labor-intensive. 
Therefore, based on the existing raw materials, improving the 
extraction scheme, increasing the production capacity and 
perfecting the purification process are also essential elements 
for the production of natural blue pigment. Thirdly, the safety 

of natural blue pigment cannot be ignored when it is applied 
to food processing as well as medical and health care 
industries. Especially for the food industry, the solubility and 
safety of natural blue pigment directly affect the quality of the 
product, which is a key issue concerning personal health. 
Therefore, toxicological, carcinogenic and other safety 
studies should be strictly conducted before use to determine 
safe doses and exclude interactions between components to 
ensure that the product does not pose a health hazard. Despite 
all the limitations of the research on edible natural blue 
pigments, the current situation shows that the use of natural 
additives will be a necessary issue in the future in the food 
and medical field, and consumers will tend to prefer natural 
additives more. In view of this, developing new sources of 
strains, improving the production process and increasing the 
feasibility analysis and testing of natural blue pigments will 
be a major development goal for natural additives in the future, 
and deepening the research on scarce natural blue pigments 
will have far-reaching research significance and broad 
development prospects. 

References 
[1] Zou ZF, Pu M, Li JJ, et al. Current status and comparative 

analysis of food coloring use in various countries [J]. Chinese 
Journal of Food Hygiene, 2010, 22(02): 112-121. 

[2] Guo Xiaolei, Liu Tao, Lin Zhaosheng, et al. Determination of 
eight synthetic colorants in commercially available tea by high 
performance liquid chromatography and risk analysis[J]. 
Journal of Food Safety and Quality Inspection, 2020, 11(23): 
8874-8879. 

[3] Nigam P S, Luke J S. Food additives: production of microbial 
pigments and their antioxidant properties [J]. Current Opinion 
in Food Science, 2016, 7: 93-100. 

[4] Panesar R, Kaur S, Panesar P S. Production of microbial 
pigments utilizing agro-industrial waste: a review [J]. Current 
Opinion in Food Science, 2015, 1: 70-76. 

[5] Carocho M, Morales P, Ferreira I C F R. Natural food additives: 
quo vadis?[J]. Trends in Food Science & Technology, 2015, 
45(2): 284-295. 

[6] Charoensit P, Sawasdipol F, Tibkawin N, et al. Development 
of natural pigments from Tectona grandis (teak) leaves: 
agricultural waste material from teak plantations[J]. 
Sustainable Chemistry and Pharmacy, 2021, 19. 

[7] Mao DZ, Zhu YAL. Research progress on edible natural blue 
pigments in China[J]. China Food Additives, 2011(04): 149-
155. 

[8] Wu, Shuai, Wu, Qiu, Xu, Lin, et al. Research progress on the 
development and application of natural food pigments [J]. 
Shandong Food Fermentation, 2015(04): 35-38. 

[9] Zumahi S M A, Arobi N, Taha H, et al. Extraction, optical 
properties, and aging studies of natural pigments of various 
flower plants [J]. Heliyon, 2020, 6(9): e05104. 

[10] Zuo Yu. Research and application of natural pigments[J]. Grain 
and oil, 2006(09): 46-48. 

[11] Buchweitz M: Natural Solutions for Blue Colors in Food, 
Handbook on Natural Pigments in Food and Beverages, 2016: 
355-384. 

[12] Zhang Y, Zhao X, Ma Y, et al. Comparison of blue 
discoloration in radish root among different varieties and blue 
pigment stability analysis[J]. Food Chem, 2021, 340: 128164. 

[13] Hobbs C A, Koyanagi M, Swartz C, et al. Genotoxicity 
evaluation of the naturally-derived food colorant, gardenia blue, 



 

24 

and its precursor, genipin [J ]. Food Chem Toxicol, 2018, 118: 
695-708. 

[14] Pan-Utai W, Iamtham S. Extraction, purification and 
antioxidant activity of phycobiliprotein from Arthrospira 
platensis [J]. Process Biochemistry, 2019, 82: 189-198. 

[15] Xin Jiaying, Yan Wang, Jian Zhang, et al. Research progress 
of biosynthetic indigo[J]. Modern Chemical Industry, 2008, 
28(07): 31-35. 

[16] Yu M. Genetic recombination for breeding blue roses[J]. China 
Science and Technology Wealth, 2006(09): 60-61. 

[17] Strauch S M, Barjona Do Nascimento Coutinho P: Bioactive 
molecules from microalgae, Natural Bioactive Compounds, 
2021: 453-470. 

[18] Lale G J, Gadre R V. Production of bikaverin by a Fusarium 
fujikuroi mutant in submerged cultures [J]. AMB Express, 
2016, 6(1): 34. 

[19] Leema J T, Kirubagaran R, Vinithkumar N V, et al. High value 
pigment production from Arthrospira (Spirulina) platensis 
cultured in seawater [J]. Bioresour Technol, 2010, 101(23): 
9221-7. 

[20] Hong I K, Jeon H, Lee S B. Extraction of natural dye from 
Gardenia and chromaticity analysis according to chi parameter 
[J]. Journal of Industrial and Engineering Chemistry, 2015, 24: 
326-332. 

[21] Neri-Numa I A, Pessoa M G, Paulino B N, et al. Genipin: A 
natural blue pigment for food and health purposes [J]. Trends 
in Food Science & Technology, 2017, 67: 271-279. 

[22] Gmoser R, Sintca C, Taherzadeh M J, et al. Combining 
submerged and solid state fermentation to convert waste bread 
into protein and pigment using the edible filamentous fungus 
N. intermedia[J]. Waste Manag, 2019, 97: 63-70. 

[23] Zhu Y, Shang X, Yang L, et al. Purification, identification and 
properties of a new blue pigment produced from Streptomyces 
sp. A1013Y[J]. Food Chem, 2020, 308: 125600. 

[24] Finger S, Godoy F A, Wittwer G, et al. Purification and 
characterization of indochrome type blue pigment produced by 
Pseudarthrobacter sp. 34LCH1 isolated from Atacama desert[J]. 
J Ind Microbiol Biotechnol, 2019, 46(1): 101-111. 

[25] Zhang H, Zhan J, Su K, et al. A kind of potential food additive 
produced by Streptomyces coelicolor: Characteristics of blue 
pigment and identification of a novel compound, λ-
actinorhodin[J]. Food Chemistry, 2006, 95(2): 186-192. 

[26] Agboyibor C, Kong W-B, Zhang A-M, et al. Nutrition 
regulation for the production of Monascus red and yellow 
pigment with submerged fermentation by Monascus 
purpureus[J]. Biocatalysis and Agricultural Biotechnology, 
2019, 21. 

[27] Raman N M, Ramasamy S. Genetic validation and 
spectroscopic detailing of DHN-melanin extracted from an 
environmental fungus [J]. Biochem Biophys Rep, 2017, 12: 98-
107. 

[28] Wang E, Dong C, Zhang P, et al. Carotenoid biosynthesis and 
the evolution of carotenogenesis genes in rust fungi [J]. Fungal 
Biology, 2020. 

[29] Wang E, Dong C, Park R F, et al. Carotenoid pigments in rust 
fungi: Extraction, separation, quantification and 
characterisation [J]. Fungal Biology Reviews, 2018, 32(3): 
166-180. 

[30] Yoshida C, Murakami M, Niwa A, et al. Efficient extraction 
and preservation of thermotolerant phycocyanins from red alga 
Cyanidioschyzon merolae [ J]. J Biosci Bioeng, 2021, 131(2): 
161-167. 

[31] Grover P, Bhatnagar A, Kumari N, et al. C-Phycocyanin-a 
novel protein from Spirulina platensis- In vivo toxicity, 
antioxidant and immunomodulatory studies[J]. Saudi Journal 
of Biological Sciences, 2020. 

[32] Santos M C D, Bicas J L. Natural blue pigments and bikaverin 
[J]. Microbiol Res, 2021, 244: 126653. 

[33] Brachmann A O, Kirchner F, Kegler C, et al. Triggering the 
production of the cryptic blue pigment indigoidine from 
Photorhabdus luminescens [J]. J Biotechnol, 2012, 157(1): 96-
9. 

[34] Medentsev A G, Arinbasarova A Y, Akimenko V K. 
Biosynthesis of Naphthoquinone Pigments by Fungi of the 
Genus Fusarium [J]. Applied Biochemistry and Microbiology, 
2005, 41(5). 

[35] Palacio-Barrera A M, Areiza D, Zapata P, et al. Induction of 
pigment production through media composition, abiotic and 
biotic factors in two filamentous fungi[J]. Biotechnol Rep 
(Amst), 2019, 21: e00308. 

[36] Venil C K, Zakaria Z A, Ahmad W A. Bacterial pigments and 
their applications [J]. Process Biochemistry, 2013, 48(7): 1065-
1079. 

[37] Fernandez-Lopez J A, Roca M J, Angosto J M, et al. 
Betaxanthin-Rich Extract from Cactus Pear Fruits as Yellow 
Water-Soluble Colorant with Potential Application in Foods[J]. 
Plant Foods Hum Nutr, 2018, 73(2): 146-153. 

[38] Mouahid A, Seengeon K, Martino M, et al. Selective extraction 
of neutral lipids and pigments from Nannochloropsis salina and 
Nannochloropsis maritima using supercritical CO2 extraction: 
effects of process parameters and pre-treatment[J]. The Journal 
of Supercritical Fluids, 2020, 165. 

[39] Herrman D A, Brantsen J F, Ravisankar S, et al. Stability of 3-
deoxyanthocyanin pigment structure relative to anthocyanins 
from grains under microwave assisted extraction[J]. Food 
Chem, 2020, 333: 127494. 

[40] Lao F, Cheng H, Wang Q, et al. Enhanced water extraction with 
high-pressure carbon dioxide on purple sweet potato pigments: 
comparison to traditional aqueous and ethanolic extraction[J]. 
Journal of CO2 Utilization, 2020, 40. 

[41] Ordóñez-Santos L E, Esparza-Estrada J, Vanegas-Mahecha P. 
Ultrasound-assisted extraction of total carotenoids from 
mandarin epicarp and application as natural colorant in bakery 
products[J]. Lwt, 2021, 139. 

[42] Wei H C, Wei Q L, He J H. Extraction of gardenia yellow 
pigment by high voltage pulsed electric field[J]. Food Industry 
Science and Technology, 2011, 32(08): 141-142+146. 

[43] Patil G, Chethana S, Sridevi A S, et al. Method to obtain C-
phycocyanin of high purity [J]. J Chromatogr A, 2006, 1127(1-
2): 76-81. 

[44] Hsieh-Lo M, Castillo G, Ochoa-Becerra M A, et al. 
Phycocyanin and phycoerythrin: Strategies to improve 
production yield and chemical stability[J] . . Algal Research, 
2019, 42. 

[45] Boo H-O, Hwang S-J, Bae C-S, et al. Extraction and 
characterization of some natural plant pigments [J]. Industrial 
Crops and Products, 2012, 40: 129-135. 

[46] Velmurugan P, Kamala-Kannan S, Balachandar V, et al. 
Natural pigment extraction from five filamentous fungi for 
industrial applications and dyeing of leather[J]. Carbohydrate 
Polymers, 2010, 79(2): 262-268. 

[47] Gallego R, Montero L, Cifuentes A, et al. Green Extraction of 
Bioactive Compounds from Microalgae [J]. Journal of 
Analysis and Testing, 2018, 2(2): 109-123. 



 

25 

[48] Luo Yifa, Tian Yanji, Zhou Sanni, et al. Stability study of blue 
pigment of Gardenia jasminoides [J]. Agricultural Products 
Processing, 2019(19): 6-8. 

[49] Fratelli C, Burck M, Amarante M C A, et al. Antioxidant 
potential of nature's "something blue": something new in the 
marriage of biological activity and extraction methods applied 
to C-phycocyanin[J]. Trends in Food Science & Technology, 
2021, 107: 309-323. 

[50] Wu Q, Liu L, Miron A, et al. The antioxidant, 
immunomodulatory, and anti-inflammatory activities of 
Spirulina: an overview [J]. Arch Toxicol, 2016, 90(8): 1817-40. 

[51] Sheu M J, Hsieh Y Y, Lai C H, et al. Antihyperlipidemic and 
Antioxidant Effects of C-phycocyanin in Golden Syrian 
Hamsters Fed with a Hypercholesterolemic Diet[J]. J Tradit 
Complement Med, 2013, 3(1): 41-7. 

[52] Prabakaran G, Sampathkumar P, Kavisri M, et al. Extraction 
and characterization of phycocyanin from Spirulina platensis 
and evaluation of its anticancer, antidiabetic and 
antiinflammatory effect[J]. Int J Biol Macromol, 2020, 153: 
256-263. 

[53] Estrada J E P, Bescós P B, Fresno A M V D. Antioxidant 
activity of different fractions of Spirulina platensis protean 
extract [J]. Il Farmaco, 2001, 56(5-7). 

[54] Abdelkhalek N K, Ghazy E W, Abdel-Daim M M. 
Pharmacodynamic interaction of Spirulina platensis and 
deltamethrin in freshwater fish Nile tilapia, Oreochromis 
niloticus: impact on lipid peroxidation and oxidative stress[J]. 
Environ Sci Pollut Res Int, 2015, 22(4): 3023-31. 

[55] Pereira T, Barroso S, Mendes S, et al. Optimization of 
phycobiliprotein pigments extraction from red algae Gracilaria 
gracilis for substitution of synthetic food colorants[J]. Food 
Chem, 2020, 321: 126688. 

[56] Papadaki S, Kyriakopoulou K, Tzovenis I, et al. Environmental 
impact of phycocyanin recovery from Spirulina platensis 

cyanobacterium [J]. Innovative Food Science & Emerging 
Technologies, 2017, 44: 217-223. 

[57] Zafeiris K, Brasinika D, Karatza A, et al. Additive 
manufacturing of hydroxyapatite-chitosan-genipin composite 
scaffolds for bone tissue engineering applications[J]. Mater Sci 
Eng C Mater Biol Appl, 2021, 119: 111639. 

[58] Nair M, Johal R K, Hamaia S W, et al. Tunable bioactivity and 
mechanics of collagen-based tissue engineering constructs: a 
comparison of EDC-NHS genipin and TG2 crosslinkers[J]. 
Biomaterials, 2020, 254: 120109. 

[59] Pan Y, Wang H, Tan F, et al. Lactobacillus plantarum KFY02 
enhances the prevention of CCl4-induced liver injury by 
transforming geniposide into genipin to increase the 
antioxidant capacity of mice[J]. Journal of Functional Foods, 
2020, 73. 

[60] Luo X, Lin B, Gao Y, et al. Genipin attenuates mitochondrial-
dependent apoptosis, endoplasmic reticulum stress, and 
inflammation via the PI3K/AKT pathway in acute lung 
injury[J]. Int Immunopharmacol, 2019, 76: 105842. 

[61] Dos Santos M C, Da Silva W S, Da Silva B F, et al. Comparison 
of Two Methods for Counting Molds in Fermentations Using 
the Production of Bikaverin by Fusarium oxysporum CCT7620 
as a Model[J]. Curr Microbiol, 2020, 77(11): 3671-3679. 

[62] Haidar S, Bouaziz Z, Marminon C, et al. Development of 
Pharmacophore Model for Indeno[1,2-b]indoles as Human 
Protein Kinase CK2 Inhibitors and Database Mining[J]. 
Pharmaceuticals (Basel), 2017, 10(1). 

[63] J. Frank H, L. B M, George Z, et al. Effects of Bikaverin on 
purine nucleotide synthesis and catabolism in ehrlich ascites 
tumor cells in vitro [J]. Elsevier, 1977, 26(21). 

[64] Deshmukh R, Mathew A, Purohit H J. Characterization of 
antibacterial activity of bikaverin from Fusarium sp. HKF15 [J]. 
J Biosci Bioeng, 2014, 117(4): 443-8. 

 


