
© 2024 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License (CC BY-NC 4.0), which   
permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided. “This article has been published 

 in Future Integrative Medicine at https://doi.org/10.14218/FIM.2023.00077 and can also be viewed on the Journal’s website  
at https://www.xiahepublishing.com/journal/fim ”.

Future Integrative Medicine 2024 vol. 000(000)  |  000–000      Epub 
DOI: 10.14218/FIM.2023.00077

Review Article

Introduction
Under specific temperature and humidity conditions, Eurotium 
cristatum (E. cristatum) has the ability to form golden cleistocyst 
shells on the surface of Fu brick tea, earning it the nickname “gold-
en flower”.1 E. cristatum is present during the flowering process 
of Fu brick tea and contributes to the fermentation process. The 
tea fermented by E. cristatum possesses various health benefits, 
including the ability to decrease blood glucose and blood lipid lev-
els as well as to exhibit anti-oxidant properties.2 E. cristatum has 
low nutritional requirements and can thrive in potato dextrose agar 
and rose bengal medium, showcasing its strong adaptability.3 It is 
also crucial in enhancing the quality of tea. By obtaining nutrients 
from tea, E. cristatum undergoes a series of metabolic transfor-

mations. In addition, it produces a range of extracellular enzymes 
that catalyze and transform various substances in tea, which have a 
significant effect on the color, aroma, and taste of tea.4 Researches 
have demonstrated that E. cristatum can significantly improve the 
biological activity of tea components.5 Moreover, it can enhance 
the content of aromatic compounds in tea and reduce the content 
of bitter and astringent compounds, thus greatly improving the 
overall taste and quality of tea. The development and utilization of 
E. cristatum have revealed some promising effects. Studies have 
shown that E. cristatum possesses numerous functions, including 
weight loss, lipid reduction, anti-oxidation, inhibition of harmful 
bacteria, antitumor effects, and regulation of intestinal microflora.6 
In the future, these potential effects of E. cristatum are expected to 
drive the development of new fermentation products and offer vast 
application prospects. This review provides a comprehensive over-
view of the fundamental functional characteristics of E. cristatum 
and its applications in tea. It also describes directions for further 
research and development, aiming to facilitate the extensive and 
in-depth exploration and utilization of E. cristatum.

Overview of E. cristatum

Identification and nomenclature of E. cristatum
E. cristatum is one of the strains present during the flowering pro-
cess of Fu brick tea that plays a vital role in determining the quality 
of tea. Therefore, numerous studies have been conducted to identify 
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and name E. cristatum. Figure 1 shows the morphological charac-
teristics of E. cristatum at different culture times. Initially, it was 
isolated from the “golden flower” found in dark teas such as Fu brick 
tea; hence, its common name is golden flower fungus. However, 
with the improvement of the isolation and identification technology 
of microorganisms, it was found that golden flower fungus contains 
many species and that it has a very rich microbial flora, including E. 
cristatum, Aspergillus chevalieri (A. chevalieri), Aspergillus crista-
tus (A. cristatus), etc. The process of identification and naming of 
E. cristatum has taken a long time. At first, in 1983, Professor Wen 
Qiongying named it A. chevalieri, but because one feature did not 
meet the requirements of the identification monograph, its name was 
changed to A. cristatus. Later, because it contains both sexual and 
asexual types, the name A. cristatus conflicted with Article 59 of the 
International Botanical Nomenclature, so it was finally named E. 
cristatum. Previous research reports have shown various identifica-
tion results for the golden flower fungus,7 which led to differences in 
its nomenclature. Table 1 shows the identification and naming of E. 
cristatum in tea from different sources.8-13 In a study conducted by 
Yang et al.,8 golden flower fungi were isolated from eight commer-
cially available golden flower teas. Through isolation and identifica-
tion, the fungi obtained from the golden flower included Aspergillus 

coronatus and E. cristatum. Additionally, A. chevalieri and Asper-
gillus amstelodami were also isolated and identified from these tea 
samples. It is worth noting that the microbial species present in these 
tea samples varied significantly due to the different tea types and 
processing techniques. However, microbial species within the same 
category exhibited greater similarity.

Basic functional characteristics of E. cristatum
E. cristatum possesses good biological efficacy, including enzyme 
production, bacteriostasis, immune regulation, antitumor effects, 
and lipid reduction. The production of extracellular enzymes has an 
important impact on the transformation of tea substrates, while the 
other characteristics have beneficial regulatory and improvement ef-
fects on the organism. Table 2 summarizes the important impact of 
E. cristatum fermentation on substrates and the organism.14–25

Enzymes produced by E. cristatum
In addition to meeting its own growth requirements, E. cristatum 
also plays a crucial role in the transformation, degradation, polym-
erization, and oxidation of various substances in tea. It possesses 
the ability to produce a range of extracellular enzymes, including 

Fig. 1. Morphological characteristics of E. cristatum at different culture times. From (a)–(e), E. cristatum was cultured for 3 days, 4 days, 5 days, 6 days, 
and 7 days, respectively.
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polyphenol oxidase, cellulase, and protease, which facilitate the 
conversion of macromolecular substances such as pectin, polysac-
charides, and cellulose into smaller molecular compounds. This 
enzymatic activity contributes to improve the unique qualities and 
flavors in tea.14 For instance, the polyphenol oxidase produced by 
E. cristatum can oxidize polyphenols in tea, resulting in the re-
duction of phenolic compounds, which leads to a reduction in the 
bitterness of the fermented tea. Li et al.15 discovered that during 
the solid fermentation of green tea, the PE-1 strain of E. cristatum 
produced a variety of extracellular enzymes, including cellulase, 
xylanase, amylase, protease, and tannase. These findings highlight 
the superior enzyme production capacity of E. cristatum and its 
close association with the quality of tea.

Bacteriostatic effects of E. cristatum
During its growth and metabolic processes, E. cristatum produces 
metabolites that exhibit antagonistic effects on the growth and 
reproduction of other microorganisms, effectively inhibiting the 
proliferation of harmful microbes.26 For example, Zhang et al.27 
conducted experiments extracting a total of six active components 
from the fermentation products of E. cristatum. Through analysis 
and detection, it was found that two of these active components, 
FS-IV and FS-VI, have significant bacteriostatic effects and dis-
play excellent stability at temperatures of −20°C to 100°C and pH 
2–13. The remaining four components did not exhibit noticeable 
inhibitory effects. In addition, Li et al.16 studied the fermentation 
broth of E. cristatum and discovered that inhibition on molds and 
yeasts was not prominent, while its inhibitory effect on bacteria 
was enhanced. The reason for this is that antimicrobial substances 
have different mechanisms of action on bacteria and fungi. For 
bacteria, antimicrobial substances mainly inhibit the growth and 
reproduction of bacteria by inhibiting the synthesis of their cell 
walls; while for fungi, antimicrobial substances mainly inhibit the 
function of the fungal cell membrane, that is, the permeability of 
the cell membrane is changed to inhibit the growth and reproduc-
tion of fungi. Therefore, the antimicrobial substances have different 
inhibitory effects on bacteria and fungi. A large number of studies 
have revealed that the fermentation broth of E. cristatum has a re-
markable antimicrobial effect. Experimental results have indicated 
that certain substances produced during the growth of E. cristatum 
can hinder the growth and reproduction of other microorganisms. 
Moreover, Zhang et al.17 employed various commonly used or-
ganic solvents to extract and identify active substances in the fer-
mentation broth. Their results showed the presence of antimicro-
bial active components in the ethyl acetate extract, which exhibited 
significant inhibitory effects on actinomycetes and Gram-positive 
bacteria. Furthermore, it was observed that these antimicrobial ac-
tive components display good stability under acidic and thermal 

conditions. Du et al.18 isolated several aromatic glycosides from 
EN-220, which demonstrated inhibitory activity against Escheri-
chia coli. Xiao et al.19 investigated extracts from the propagules 
of E. cristatum and found that certain extracts exhibited potent 
inhibitory effects on actinomycetes, bacteria, and fungi. Notably, 
the strongest inhibitory effects were observed against Escherichia 
coli and Staphylococcus aureus. Additionally, these antimicrobial 
extracts display excellent thermal stability at 25–80°C and pH 2–6 
as well as are unaffected by acidic conditions, demonstrating good 
overall stability.

Immune-modulating and antitumor effects of E. cristatum
Exopolysaccharides derived from E. cristatum have been shown 
to enhance the immune capacity and physiological function of the 
human body. Moreover, these polysaccharides exhibit strong anti-
tumor activity and effectively inhibit the growth of cancer cells.20 
In addition to the immunomodulatory and antitumor activities of 
fungal polysaccharides, E. cristatum also produces other bioac-
tive components with outstanding anti-inflammatory properties. 
Almeida et al.21 have demonstrated that Compound 1, whose 
chemical name is 2-(2′,3-epoxy-1′,3′-heptadienyl)-6-hydroxy-5-
(3-methyl-2-butenyl)benzaldehyde (Fig. 2),21 is a secondary me-
tabolite produced by E. cristatum that displays inhibitory effects 
on cell growth, making it a valuable candidate for anticancer and 
antitumor applications. Xu et al.22 conducted a study on the anti-
inflammatory effect and mechanism of benzaldehyde derivatives 
(2-6-H-5-B) derived from E. cristatum fermentation broth using 
lipopolysaccharide-induced RAW 264.7 cells. The results revealed 
that the 2-6-H-5-B compounds significantly inhibited the produc-
tion of nitric oxide, tumor necrosis factor-alpha, interleukin 6, and 
monocyte chemoattractant protein 1 in activated macrophages, 
indicating strong anti-inflammatory activity. This experiment con-
firmed the potent anti-inflammatory activity of the benzaldehyde 
derivative 2-6-H-5-B derived from E. cristatum culture medium. 
In a study by Peng et al.,28 E. cristatum fermentation broth was 
administered to immunosuppressed mice via gastric gavage for 

Fig. 2. The chemical structure of compound 1.21 

Table 2.  Basic characteristics of Eurotium cristatum and the effects on substrates or the organism

Characteristics Effects on substrate or organism References

Enzyme production Producing a variety of extracellular enzymes such as cellulase, protease, and polyphenol 
oxidase, polyphenol oxidase can reduce the bitter and astringent taste of tea, and improve  
the sensory quality of tea.

14,15

Antibacterial The inhibitory effect on bacteria is significant, but it is insensitive to mold and yeast. 16–19

Regulate immunity, 
anti-tumor

The fungal polysaccharides and metabolic products produced by Eurotium cristatum 
itself have a good anti-inflammatory effect and can inhibit the growth of cancer cells.

20–22

Lose weight and 
reduce cholesterol

Significantly reduced the content of triglycerides, low-density 
lipoprotein, and total cholesterol in the body.

23–25

https://doi.org/10.14218/FIM.2023.00077


DOI: 10.14218/FIM.2023.00077  |  Volume 00 Issue 00, Month Year 5

Zhang Q. et al: Eurotium cristatum in tea Future Integr Med

15 days. The results demonstrated that the fermentation broth sig-
nificantly enhanced the immune function of mouse cells. Further 
research revealed that the fermentation broth of E. cristatum could 
activate T lymphocytes and stimulate the production of the cor-
responding antibodies by B cells, thereby significantly improving 
immune function in mouse cells.

Weight loss and fat reduction effects of E. cristatum
In a study conducted by Kou et al.,23 the effects of E. cristatum 
fermentation broth on lipid metabolism in hyperlipidemia rats 
were investigated using sweet potato tea as the substrate. Male rats 
were used as the experimental animals and were fed under specific 
temperature as well as humidity conditions. The results showed 
that fermented sweet potato tea significantly reduced the weight 
and Lee’s index of obese rats as well as effectively decreased the 
degree of obesity. Furthermore, it promoted liver lipid metabolism 
in rats fed with a high-fat diet and reduced fat accumulation in 
their bodies. The levels of triglycerides, low-density lipoprotein, 
and total cholesterol in the serum of rats on a high-fat diet were 
significantly reduced. Additionally, Liu et al.24 examined the lipid-
lowering effect of E. cristatum in Jingyang tea. They studied the 
impact of black tea extract after being infused with E. cristatum 
on obese model mice. The experimental results demonstrated that 
fermented tea effectively inhibited body mass growth, decreased 
serum total cholesterol levels, and suppressed the increase in adi-
pocyte volume while reducing the diameter of subcutaneous adi-
pocytes. These findings provide valuable guidance and reference 
for the development of functional tea beverages aimed at lowering 
blood lipid levels. Moreover, Xiao et al.25 investigated the effects 
of fermented orange peel black tea on the metabolism of mice in-
duced by a high-fat diet. They found that the intervention of fer-
mented orange peel black tea significantly improved the steatosis 
induced by a high-fat diet in mice. This improvement was mainly 
manifested by a reduction in vacuoles in mouse stem cells. The 
concentration of total cholesterol in mouse liver tissue was also 
significantly decreased.

Application of E. cristatum in fermented tea
E. cristatum is extensively utilized in diverse types of fermented 
tea, including mulberry leaf black tea, mulberry leaf green tea, li-
tchi grass tea, etc. Table 3 shows the fermentation application of 
E. cristatum in different varieties of tea.29–46 In addition, many re-
searches have been conducted on the fermented tea extracts, which 
were derived from the fermentation of E. cristatum. During the 
fermentation process of E. cristatum, the bioactive components in 
different varieties of tea undergo some changes, leading to signifi-
cant impacts on the taste, aroma, and color of the fermented tea. 
The sensory quality of tea has been demonstrated to be enhanced 
through fermentation with E. cristatum, as evidenced by the data 
presented in column 5 of Table 3. The relationship between this 
change and the content of the main chemical components was also 
analyzed.

Effect of E. cristatum on tea taste
The amino acid content and polyphenol content of tea are crucial 
indicators that reflect tea quality and are closely related to the for-
mation of the tea taste. During the process of fermentation, E. cris-
tatum utilizes tea amino acids as a nitrogen source for its growth 
and synthesizes its own substances. Consequently, as the fermenta-
tion degree of E. cristatum deepens, the content of amino acids is 
decreased, which has a significant impact on the sensory quality 

of tea.47 During the growth and metabolism of E. cristatum, vari-
ous extracellular enzymes such as polyphenol oxidase, cellulase, 
pectinase, and protease are produced. These enzymes play a role in 
transforming tea components.5 For example, in a study conducted 
by Ma et al.,29 mulberry leaf black tea was inoculated with E. cris-
tatum. The results showed that fermentation by E. cristatum led 
to an increased production of flavonoids and polysaccharides in 
mulberry leaf black tea. However, the content of polyphenols in 
fermented tea decreased. Similarly, Yang et al.30 fermented lychee 
grass tea with E. cristatum. They observed a significant improve-
ment in the flavor quality of the fermented lychee grass tea. Further 
investigation revealed that E. cristatum produced active metabo-
lites during fermentation, which effectively enhanced the sensory 
quality of the fermented tea. The researchers also concluded that 
certain extracellular enzymes were produced by E. cristatum in the 
fermentation process, which facilitated the transformation, oxida-
tion, and degradation of various components in tea. Polyphenol 
oxidase, for example, oxidizes phenolic compounds into quinones, 
thereby reducing the polyphenol content and significantly decreas-
ing the bitter taste of fermented tea. Moreover, Zou et al.31 discov-
ered that fermented tea exhibits a reduced content of tea polyphe-
nols, which leads to a decrease in the bitterness of tea soup as well 
as significantly enhances the sensory quality of tea.

Effect of E. cristatum on tea aroma
Fermentation of tea leads to the production of various ketones, 
alcohols, and aldehydes, causing changes in the composition and 
content of aromatic compounds. In a study conducted by Luo 
et al.,32 the volatile components of black tea raw materials and 
Jinhua loose tea were analyzed, and the research results showed 
that the fermentation of E. cristatum contributed to a significant 
increase in the content of nine volatile components. These com-
ponents included (E)-linalool 3,7-oxide, (E)-furan linalyl oxide, 
acetophenone, (E)-2-nonenal, (E)-2-octenal, (E,E)-3,5-undecadi-
en-2-one, tridecane, (E,E)-2,4-heptadienal, and methyl salicylate. 
These nine volatile components contributed to the unique fungal 
fragrance of Jinhua loose tea. Additionally, Zheng et al.48 fer-
mented green tea extract with E. cristatum and detected a total 
of 38 aromatic compounds in the fermented extract, with 10 of 
them having a high aroma. Furthermore, several new active com-
ponents with volatile aromas were discovered in the fermentation 
extract. Zou et al.49 fermented ginkgo biloba leaves with E. cris-
tatum and observed a decrease in alcohols and an increase in alde-
hydes as well as ketones after fermentation. They suggested that 
the transformation of these aromatic components may be related 
to oxidation during the metabolic process of E. cristatum. Moreo-
ver, Chao et al.33 carried out solid-state fermentation of Cyclo-
carya paliurus (C. paliurus) tea using E. cristatum and found that 
the content of polyphenols and total free amino acids decreased 
by 53.04% and 10.74%, respectively. Through sensory evalua-
tion and analysis of the main active substances of fermented C. 
paliurus tea, they identified 67 differential metabolites, with 31 
of them being terpene compounds with a molecular formula of 
C15H24. These terpene compounds are the main contributors to the 
fruity and floral aroma of C. paliurus tea. Xiao et al.50 pointed out 
that E. cristatum enables the physiological metabolism of terpenic 
alcohol. In addition, a study conducted by Peng et al.34 inoculated 
E. cristatum on a series of berry tea-dark tea composites, which 
were obtained by combining berry tea and dark tea in varying 
proportions, and then the fermentation experiments were carried 
out by E. cristatum. Through sensory evaluation, they found that 
the flowering process resulted in an obvious fungal aroma in the 
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black tea samples as well as in the Golden flower berry tea com-
plex black tea samples. Likewise, Tu et al.51 fermented liquid 
green tea beverage using E. cristatum and analyzed the aromatic 
components of the fermented tea beverage. They discovered a 
significant increase in the content of more than ten alcohol com-
pounds with aromatic components, which endowed the fermented 
tea beverage with a unique aroma.

Effect of E. cristatum on tea color
During the “blooming” process, E. cristatum produces various 
extracellular enzymes that promote the formation of theabrown-
ine. Theabrownine has high biological activity, and its increased 
content gives fermented tea a brown and red color. It may also be 
the main flavor substance in fermented tea.50,52 Bo et al.35 inves-
tigated the dynamic changes of the main taste substances during 
the processing of Jinhua white tea and found that the sensory qual-
ity of Jinhua white tea changed significantly after the “blooming” 
process. The fermented tea exhibited excellent sensory attributes. 
The tea soup displayed a vibrant orange-yellow color, possessed 
a mellow flavor with decreased bitterness, and emitted a distinc-
tive aroma. After the accumulation of Shoumei loose tea, the color 
changed to yellow-brown, and the golden flowers inside the tea 
brick began to grow vigorously on the eighth day of flowering, 
achieving a good flower effect. The soup color of Shoumei loose 
tea changed from yellow to orange-yellow, and as microorgan-
isms propagated and polyphenols oxidized, the overall soup color 
gradually deepened to a bright orange-red. Furthermore, Zheng et 
al.36 fermented mulberry leaf green tea with E. cristatum. Sensory 
evaluation revealed that after fermentation by E. cristatum, a large 
number of golden flower fungi attached to the surface of mulberry 
leaf green tea, accompanied by a unique fungal aroma. The fer-
mented tea exhibited a bright yellow-brown color, and the surface 
color of the fermented tea was pure.

Conclusions and perspectives
In summary, E. cristatum exhibits multifaceted biological effects 
including enzymatic production, bacteriostatic activity, immu-
nomodulation, antitumor properties, as well as weight and lipid 
reduction. As a fermentation starter, it facilitates the transforma-
tion and metabolism of the tea constituents through processes such 
as oxidation, degradation, and condensation, thereby enhancing 
the sensory attributes and biological functionality of tea. Conse-
quently, it represents a significant probiotic agent with substantial 
developmental potential. However, the current application of E. 
cristatum in fermentation still faces certain limitations, which are 
described below.

First, the fermentation variations among strains of E. cristatum 
remain unclear. The diversity of the source and the variety of E. 
cristatum strains have led to unclear studies on the composition 
differences and characteristics of the self-fermentation broth, and 
the ingredient markers for its biological activity have not been re-
solved, thus limiting the standardized management and precise ap-
plication of E. cristatum.

Second, the fermentation and transformation mechanism of E. 
cristatum as a starter culture remains elusive. Currently, there is 
a wide range of fermented teas made with E. cristatum, but the 
fermentation characteristics, component transformations, and 
metabolic mechanisms of different tea substrates have not been 
comprehensively compared. The substrate specificity as well as 
advantages and disadvantages of various fermentation substrates 
remain unclear, which limits the application range of E. cristatum 

fermentation and the market share of related products.
Third, the active mechanism of E. cristatum and its fermentation 

products remains unclear, while the exploitation and utilization of 
its active functions are inadequate. Studies have demonstrated 
the immunomodulatory, antitumor, anti-oxidative, and intestinal 
microbiota-modulating activities of E. cristatum; however, the 
underlying mechanisms remain elusive. Moreover, while most fer-
mented tea products rely on its sensory-enhancing properties, there 
is still a significant market gap for health foods and bioproducts 
that harness its active effects.

In light of the aforementioned issues, the following recom-
mendations are proposed for future fermentation applications of 
E. cristatum:
1. Screening out superior strains of E. cristatum with high produc-

tivity. Selecting teas of diverse origins and grades, conducting 
separation, identification, and fermentation culture processes, 
as well as employing metabolomics technology, a compre-
hensive and in-depth investigation could be conducted on the 
metabolites present in fermented broth from different sources. 
The aim is to elucidate key quality markers and to identify the 
advantageous characteristics of high flowering efficiency of E. 
cristatum for quality control;

2. Optimize the fermentation conditions according to the inher-
ent advantageous characteristics of the fermentation substrate. 
When utilizing E. cristatum for the fermentation of various sub-
strates, the advantageous chemical composition of the fermen-
tation substrate itself first needs to be accurately grasped. In the 
process of optimizing the fermentation substrate of E. cristatum 
by making use of modern microbial fermentation technology, 
the content of the target chemical component is utilized as an 
evaluation criterion to enhance the fermentation efficiency of E. 
cristatum to a greater extent;

3. Conduct further molecular mechanism exploration on the bio-
logical efficacy of E. cristatum and its fermentation products in 
order to clarify the target of its activity and to develop related 
biomedical preparations combined with genetic engineering 
technology. At the same time, it can be combined with the pro-
biotic properties of E. cristatum to expand its application in the 
fermentation of nontea food, agricultural products, and medici-
nal and edible plants as well as other substrates.
Under the background of great health in today’s society, there 

has been an increasing focus on the relationship between the bio-
logical efficacy of E. cristatum fermentation products and human 
health. In the future, utilizing important techniques such as metab-
olomics technology, modern microbial fermentation technology, 
and genetic engineering technology to develop an increasing num-
ber of health-care fermented products derived from E. cristatum 
will become an innovative direction for future development.
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