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Fructus arctii is commonly used in Chinese medicine, and arctiin and arctigenin are its
main active ingredients. Arctiin has low bioavailability in the human body and needs
to be converted into arctigenin by intestinal microbes before it can be absorbed into
the blood. Arctigenin has antiviral, anti-inflammatory, and anti-tumour effects and its
development has important value. In this study, we used external microbial fermentation
with Aspergillus awamori and Trichoderma reesei to process and convert arctiin from
F. arctii powder into arctigenin, hence increasing its bioavailability. We developed a
fermentation process by optimising the carbon and nitrogen source/ratio, fermentation
time, pH, liquid volume, inoculation volume, and substrate solid-liquid ratio. This allowed
for an arctiin conversion rate of 99.84%, and the dissolution rate of the final product was
95.74%, with a loss rate as low as 4.26%. After the fermentation of F. arctii powder,
the average yield of arctigenin is 19.51 mg/g. Crude fermented F. arctii extract was
purified by silica gel column chromatography, and we observed an arctigenin purity of
99.33%. Our technique effectively converts arctiin and extracts arctigenin from F. arctii
and provides a solid basis for further development and industrialisation.

Keywords: Fructus arctii, arctiin, arctigenin, microbial fermentation, preparation process

INTRODUCTION

Fructus arctii, also known as great power seed,was originally described in “The Miscellaneous
Records of Famous Physicians.” It is derived from the dry and ripe fruit of Arctium lappa L., a
biennial herb of the Compositae family, and is commonly used in Chinese medicine,which is cold,
pungent, and with bitter taste. It has cooling properties on the lung and stomach meridians. It
disperses wind-heat, detoxifies rashes, and diminishes swelling and promotes healing lung rashes.
F. arctii is mainly used to treat sore throat, fever, cough, and rashes and was even used to treat
mumps, rubella, carbuncle boils, syphilis, and scurvy with similar uses in veterinary medicine in
the past (Chen, 2015; Gao et al., 2015). F. arctii is mainly used to treat sore throat, fever, cough,
and rashes and, in the past, was even used to treat mumps, rubella, carbuncle boils, syphilis, and
scurvy (Chen, 2015) with similar uses in veterinary medicine (Gao et al., 2015). The main active
components are lignans, including arctiin and arctigenin. Arctiin has low bioavailability but can be
converted into arctigenin by gastrointestinal microorganisms (Hu et al., 2004; Yu, 2007; He et al.,
2019). Modern science has demonstrated that arctigenin is beneficial for the treatment of viruses

Frontiers in Microbiology | www.frontiersin.org 1 May 2021 | Volume 12 | Article 663116

https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://doi.org/10.3389/fmicb.2021.663116
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmicb.2021.663116
http://crossmark.crossref.org/dialog/?doi=10.3389/fmicb.2021.663116&domain=pdf&date_stamp=2021-05-31
https://www.frontiersin.org/articles/10.3389/fmicb.2021.663116/full
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-12-663116 May 25, 2021 Time: 20:6 # 2

Lu et al. Fructus arctii Into Arctiin Using Fungi

(Swarup et al., 2008; Hayashi et al., 2010), tumours (Matsumoto
et al., 2006; Kim et al., 2010), inflammation (Zhao et al., 2009),
allergy (Lee and Kim, 2010), shock (Ishihara et al., 2006), bacteria
(Liu, 2008), and parasites (Wang et al., 2009). Furthermore, it
has immunomodulatory (Cho et al., 1999), neuroprotective (Jang
et al., 2002), hepatoprotective (Kim et al., 2003), and anti-diabetic
effects (Lu, 2007). Therefore, it is a traditional Chinese herb that
warrants development.

The natural content of arctigenin in F. arctii is only about
0.19%, while the content of arctiin can reach 3.5% (Ming et al.,
2004). Arctiin has low bioavailability in humans and needs to
be converted into arctigenin by intestinal microbial enzymolysis
before it can be absorbed into the blood (Hu et al., 2004; Yu,
2007). Hu et al. (2004) demonstrated that a snail enzyme could
be used for the enzymatic digestion of arctiin into arctigenin. The
use of β-glucosidase yields high conversion rates of arctiin into
arctigenin (Zhang et al., 2012).

In this study, we optimised the process of enzymatic hydrolysis
of arctiin in vitro using fungal strains known for their high
expression of β-glucosidase. Six fungi and different culture
conditions were used to ferment F. arctii powder to break the
glycosidic bond of arctiin and convert it into arctigenin. We
then used a new method to separate and purify arctiin from the
fermented material by silica gel column chromatography. Thus,
we established a simple and efficient method that could eventually
be upscaled for the industrialisation of arctigenin conversion into
arctiin. This method was patented in China (#CN103233056A).

MATERIALS AND METHODS

Study Design
In this study, three parameters were used to determine the
performance of the fermentation conditions: the conversion rate
of arctiin, sample dissolution rate, and sample loss rate. First, six
fungal strains were tested alone or in combination to determine
the best yield of arctiin. Then, the best fungus or combination
was tested in different conditions. Each condition (carbon source,
nitrogen source, culture volume, culture time, and inoculation
volume) was first tested alone. Then, based on the outcomes, an
orthogonal design was used to determine the best combination of
different conditions.

Preparation of the Fungal Strains
The ingredients listed in Supplementary Table 1 were added
to form 1,000 mL of Mandel nutrient solution, and the pH
was adjusted to 5.0–6.0 with sulphuric acid. The solution was
sterilised at 115◦C for 20 min and stored for later use.

We sterilised 8.0 g F. arctii powder (200 mesh), 5.0 g of bran,
5.0 g of cornflour, and 0.6 g of peptone at 121◦C for 15 min. Then,
20 mL of sterile Mandel nutrient solution was added, and the
volume of the solution was adjusted to 130 mL with sterile water
and sterilised at 121◦C for 15 min.

Aspergillus phoenicis, Aspergillus awamori, Aspergillus oryzae,
Aspergillus niger, Trichoderma viride, and Trichoderma reesei
lyophilised fungal powder were purchased from the China
Industrial Microbial Culture Collection Management Center.

The fungi were evenly spread on a potato dextrose agar (PDA)
plate and cultured at 28–30◦C for 5–6 days until mature
spores formed. Then, we added sterile water to dilute the
spore suspension to a concentration of 106–107 units/mL. We
inoculated 2.0 mL of spore suspension in 50 mL of Mandel
nutrient solution and cultured the fungi at 175 rpm and 28–30◦C
for 1–2 days to obtain the seed solutions (one for each fungus).

Fermentation of Fructus arctii Powder
The six seed solutions were inoculated in triplicate in the
fermentation medium, according to Supplementary Table 2,
at 30◦C and 150 rpm for 168 h. The samples were dried at
100◦C, and the dry matter was pulverised and diluted in 50 mL
of methanol. After sonification for 20 min and overnight rest,
the solution was filtered and evaporated to obtain the crude
fermented F. arctii extract.

Determination of Arctiin and Arctigenin
The crude fermented F. arctii extract and the arctiin and
arctigenin standard solutions were analysed by thin-layer
chromatography (TLC). The developing agent was a mix of
chloroform, methanol, and glacial acetic acid in a 95:5:0.15 ratio.
The strain with the most darkened arctigenin spots was used as
the primary fermentation strain for the subsequent experiments.

We used an Agilentl1200 high-performance liquid
chromatograph (HPLC) with a ZORBAX Extend-C18 column
(4.6 mm × 250 mm, 5 µm). The mobile phase of the HPLC
was methanol and water in a volume ratio of 67:33 with a
flow rate of 1.0 mL/min. The injection volume was 10 µL. The
column temperature was maintained at 30◦C, and the detection
wavelength was 280 nm (Ju, 2008; He et al., 2019).

We dissolved 9.18 mg of arctiin standard (purity≥ 99.8%) and
23.36 mg of arctigenin standard (purity ≥ 99.8%) in 50 mL of
methanol to prepare a mixed standard solution. We made serial
dilutions of the standard solution in methanol and used HPLC
to analyse the solutions. The arctiin standard (A1) and arctigenin
standard (A2) peak areas were used to calculate arctiin (C1) and
arctigenin (C2) concentration in the F. arctii powder and crude
fermented F. arctii extract.

To determine the linear regression between arctiin and
arctigenin, 2, 4, 6, 8, and 10 mL of the mixed standard solution
of arctiin and arctigenin was accurately measured in a 10-
mL volumetric flask and diluted with methanol. Arctiin and
arctigenin were determined as above. Linear regression was
performed with the measured arctiin peak area (A1) and the
arctiin concentration (C1) to calculate the regression equation.
The same was performed for the arctigenin peak area (A2) versus
the arctigenin concentration (C2).

The conversion rate of arctiin, sample dissolution rate, and
sample loss rate were calculated by the following formulas:
T = (C01-Ce1)/C01 × 100; S = (Ce1 + Ce2)/(C01 + C02) × 100;
L = 100 – S; where T = conversion rate, S = dissolution
rate, L = loss rate, C01 = arctiin concentration in unfermented
powder, Ce1 = arctiin concentration in fermented powder,
C02 = arctigenin concentration in unfermented powder, and
Ce2 = arctigenin concentration in fermented powder. The
selection criteria for the final fermentation strain were a
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conversion rate > 99%, dissolution rate > 95%, and sample
loss rate < 5%.

Fermentation Optimisation
Based on the arctiin conversion rate, sample dissolution rate,
and loss rate, we examined the fermentation of the strains using
different carbon or nitrogen sources, liquid loading, pH, and
culture time to optimise the fermentation conditions.

Carbon sources: corn flour (C1), bran (C2), sucrose (C3), bran
and corn flour (C4), bran and sucrose (C5), sucrose and corn flour
(C6), and bran and sucrose and corn flour (C7).

Nitrogen sources: peptone (N1), soybean meal (N2), urea
(N3), ammonium sulfate (N4), ammonium nitrate (N5), and
ammonium chloride (N6).

Culture volumes: 30, 50, 70, 90, 110, 130, and 150 mL.
pH: 4, 5, 6, 7, 8, 9, and 10.
Culture times: 36, 48, 72, 96, 120, 144, and 168 h.
Inoculation volume: 1.0, 2.0, 3.0, 4.0, and 5.0 mL.
Each condition (carbon source, nitrogen source, culture

volume, culture time, and inoculation volume) was first tested
alone. Then, based on the outcomes, we designed an orthogonal
experiment with five following factors at four different levels:
F. arctii powder quantity, seed inoculation ratio, carbon to
nitrogen ratio, Mandel nutrient solution volume, and solid–
liquid ratio (Supplementary Table 3). The solid–liquid ratio
was the ratio of the amount of solid matter (e.g., F. arctii
powder, bran, and peptone) to the amount of liquid (e.g., Mandel
nutrient solution and water). For each condition used in the
orthogonal design, the top conditions in terms of conversion,
dissolution, and sample loss rates were used. All combinations
of the four conditions were tested, yielding 16 different groups of
combinations. The experiments were performed in triplicate, and
the arctigenin output rate was measured and averaged.

Determination of Enzymatic Activity
The β-glucosidase activity was measured in all conditions (groups
1–22, Supplementary Table 2) at 36 and 168 h using the
β-Glucosidase Activity Assay Kit from Sigma-Aldrich (St Louis,
MO, United States), according to the manufacturer’s instructions.
The β-glucosidase activity is expressed as U/mL, and 1 U is
defined as the production of 1 µmol of glucose per mL of enzyme
solution per minute. pNPGase, cellulase, and xylanase activities
were measured using commercial kits (Sigma-Aldrich, St Louis,
MO, United States), according to the manufacturer’s instructions.

Purification of the Fermented Extract
and Arctigenin Purity Determination
We wet-packed a 30 cm × 2 cm column with 40 g of silica gel
(200–300 mesh) using chloroform. The crude fermented F. arctii
extract was dissolved until saturation in 2.0 mL chloroform
and injected in the column for purification. The eluent was
chloroform and ethyl acetate in a 10:2 volume ratio. We used a
rotary evaporator to collect the eluent under reduced pressure
and dried the product, which was further purified (as described
above) a second time. The eluent was collected and dried,
and crystallised arctigenin was obtained using methanol. HPLC

(as described above) was used to determine the amount of
arctigenin in the sample.

Statistical Analysis
The results are presented as means ± standard deviations
and were analysed using ANOVA and Tukey’s post hoc test.
All analyses were performed using SPSS 16.0 (IBM, Armonk,
NY, United States). Two-sided P-values <0.05 were considered
statistically significant.

RESULTS

Strain Screening
Thin-layer chromatography showed that the selected strains and
combinations of strains all could convert arctiin. Subsequently,
all sample extracts were quantitatively tested by HPLC to
determine the best fermentation strain. We observed that many
combinations have strong fermentation ability, with arctiin
conversion rates of more than 95.05%. After a comprehensive
analysis, we found that the best conversion rate is obtained from
T. reesei combined with A. awamori (Figure 1, Group 13), which
reached 98.92–99.95%, with a dissolution rate of 94.63–96.45%.
The comparison of the fermentation of different strains and their
combinations is shown in Figure 1. The β-glucosidase activity is
shown in Supplementary Table 4.

Optimization of the Fermentation
Conditions
Different carbon sources do not affect the conversion rate, which
was maintained between 94.09 and 98.45%, but it does have a
significant effect on the dissolution and loss rates (Figure 2).
We observed that mixing equal amounts of bran, sucrose,
and cornflour as a carbon source results in the most optimal
fermentation efficiency with a conversion rate of 94.31–98.45%
and dissolution rate of 95–99.61%.

Similar to the carbon source data, different nitrogen sources
have no significant effect on the conversion rate (96.43–98.08%)
but affected the dissolution and loss rates (Figure 3). We observed
that when using urea as a nitrogen source, the fermentation
conversion rate reaches an optimal 96.58–98.08% and with a
dissolution rate of 92.91–96.53%.

As expected, the fermentation time affected the concentrations
of arctiin and arctigenin as the fungi converted the substrates
(Figure 4). After 144 h of fermentation, there is no significant
change in the concentration of arctiin and arctigenin, suggesting
an ideal fermentation time.

Interestingly, we observed that when the volume is lowered,
the arctigenin yield is extremely low due to a high loss rate. An
increase of volume is associated with an increased dissolution
rate with an optimal rate above 90 mL, although the conversion
rate shows a downward trend. When the volume reaches 110 mL,
further increases do not affect the product conversion rate
(96.93–98.65%) and dissolution rate (98.65–99.78%) (Figure 5),
suggesting an ideal fill volume of 110 mL.
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FIGURE 1 | Comparison of the single and mixed strain fermentation capabilities. *Indicates significance at the 0.01 level.

FIGURE 2 | The influence of the carbon source on fermentation efficiency. *Indicates significance at the 0.01 level.

When the pH is maintained between 5 and 7, the fermentation
conversion rate is between 96.68 and 98.34% (Figure 6). The
optimal is pH 6, with a dissolution rate of 98.57–99.89%.

When the inoculation volume is greater than 3 mL, the
product dissolution rate decreases with correlating increases in
the loss rate. An inoculation volume of 2 mL in the previously
established fermentation volume of 110 mL was found to be
optimal, with a conversion rate of 94.54–96.76% and dissolution
rate of 97.65–99.61% (Figure 7).

After these single factor optimisation tests, we further
optimised the fermentation conditions by orthogonal testing.
As shown in Figure 8, the product conversion rate of all test
groups is 96.63–99.84%. Different F. arctii powder quantity,
seed inoculation ratio, carbon to nitrogen ratio, Mandel nutrient

solution volume, and solid–liquid ratio have a great influence on
the dissolution rate. According to the results, the fermentation is
the most effective in the conditions of group 2, which shows a
conversion rate of 97.56–99.84% and a dissolution rate of 94.56–
96.78%.

In addition, the maximum arctigenin output in group 2
is 19.51 ± 0.98 mg/g of F. arctii powder (Supplementary
Table 5). The factors that influence this yield are F. arctii powder
quantity, solid–liquid ratio, Mandel nutrient solution volume,
seed inoculation ratio, and carbon to nitrogen ratio, ranked
from high to low. The optimal fermentation conditions are
52% F. arctii powder in the fermentation substrate, 1:2 seed
inoculation ratio of A. awamori and T. reesei, 100:6 carbon to
nitrogen ratio, 10 mL of Mandel nutrient solution in 110 mL
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FIGURE 3 | The influence of the nitrogen source on fermentation efficiency. *Indicates significance at the 0.01 level.

total volume, and 1:2 solid-liquid ratio. Supplementary Table 6
presents the pNPGase, cellulase, and xylanase activities of the
optimal condition.

Purification of Arctigenin and Purity
Determination
After purification, we used HPLC as described above to
determine the amount of arctigenin in the sample. We
determined that the purity of arctigenin is between 99.14 and
99.52% (Table 1). A linear regression analysis was performed
on the arctiin concentration (C1) and peak area (A1). The
regression equation was A1 = 2.3 × 105

× C1 + 1588.4 with
r = 0.9997. Arctiin concentration has a good linear relationship
with the peak area within the concentration range of 0.068–
0.340 mmol/L. Similarly, arctigenin concentration (C2) shows
a good linear relationship with the peak area (A2) in the

FIGURE 4 | Concentration of arctiin and arctigenin over time during the
fermentation process.

concentration range of 0.286–1.430 mmol/L with the regression
equation A2 = 5.3× 106

× C2 + 1.4× 106 and r = 0.9992.

DISCUSSION

The natural content of arctigenin in F. arctii is only about 0.19%,
while the content of arctiin can reach 3.5% (Ming et al., 2004). In
this study, we screened different fermentation conditions in vitro
that simulate the intestinal microbial environment using the joint
fermentation of different fungal strains with high production of
β-glucosidase to directly prepare arctigenin from F. arctii. The
method is simple, practical, and inexpensive, and is suitable for
industrial upscaling.

Hu et al. (2004) demonstrated that the enzymatic digestion
of arctiin with a snail enzyme yielded a conversion rate
to arctigenin of 72%. The use of β-glucosidase boosts the
conversion rates to up to 90.94% (Zhang et al., 2012). There
are many sources of β-glucosidase, such as in animals, fruits,
and microorganisms (Yang et al., 2013; Mallek-Fakhfakh and
Belghith, 2016). Plant-derived β-glucosidase activity is lower than
those from microorganisms such as bacteria, filamentous fungi,
actinomycetes, and yeast; in particular, Archaea, Aspergillus,
Penicillium, Trichoderma, and Arthrobacter can produce a large
amount of β-glucosidase with high activity (Uchiyama et al.,
2015; Albaser et al., 2016). Arctiin is normally transformed
into arctigenin in the digestive tract by the β-glucosidase from
enterobacteria, but the use of enterobacteria for the production
of a compound for medicinal use might pose some problem
regarding the presence of lipopolysaccharides. In addition, fungi
produce higher amounts of β-glucosidase than enterobacteria
(Uchiyama et al., 2015; Albaser et al., 2016). Screening for
high-yield and highly active glucosidase is crucial for achieving
an efficient system for the biotransformation of arctiin (Yang
et al., 2015; Chang et al., 2018). Therefore, in this study, six
strains of fungi with high-yield β-glucosidase were screened.
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FIGURE 5 | The influence of medium volume on fermentation efficiency. *Indicates significance at the 0.01 level.

FIGURE 6 | The influence of pH on fermentation efficiency. *Indicates significance at the 0.01 level.

The results showed that the combination of A. awamori and
T. reesei yielded the highest efficiency for transforming arctiin
into arctigenin. No previous studies are available for comparison,
but the combination of those two fungi has been shown to be
effective in various industrial processes that require the digestion
of cellulose and β-glucosidase activity (Poutanen et al., 1986;
Friedrich et al., 1987; Makhatov et al., 2019).

The optimisation of the fermentation conditions is critical to
the production process. Factors such as fermentation substrate
composition and time have a significant impact on efficiency
and may even lead to changes in the product itself. The
optimal conditions are (1) equal amounts of bran, sucrose, and
cornflour as the carbon source, (2) urea as the nitrogen source,
(3) fermentation time of 144 h, (4) fermentation volume of
110 mL, (5) fermentation pH of 6, (6) inoculation volume of

2 mL per 110 mL fermentation liquid, (7) fermentation substrate
consisting of 52% F. arctii powder, (8) 1:2 inoculation ratio of
A. awamori and T. reesei, (9) 100:6 carbon-nitrogen ratio, (10)
10 mL Mandel nutrient solution per 110 mL fermentation liquid,
and (11) 1:2 solid–liquid ratio.

Some carbon and nitrogen sources stimulate the production
of other enzymes to assist in decomposing and dissolving arctiin
and arctigenin. Inversely, other sources may counteract the
production of cellulase and hinder the decomposition of the cell
wall, leading to insoluble arctiin and a decline in fermentation
yield. The concentration of arctiin increases in the medium
from 0 to 72 h, and then decreases. Arctiin can be bound
to the cell wall of F. arctii cells (Gao et al., 2018). Since
A. awamori and T. reesei can produce cellulase (Friedrich et al.,
1987), the bound arctiin is released with the degradation of
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FIGURE 7 | The influence of inoculation volume on fermentation efficiency. *Indicates significance at the 0.01 level.

FIGURE 8 | Orthogonal optimisation of fermentation conditions. *Indicates significance at the 0.01 level.

the cell wall, leading to an increase in arctiin concentration
over the first 72 h of culture. After 72 h, the cell walls are
digested and the β-glucosidase activity predominates, leading to
the decrease in arctiin concentrations until its near-complete
digestion into arctigenin. Therefore, 144 h is considered as the
optimal fermentation duration.

The fermentation volume mainly affects the growth space of
the fungal strain and the dissolved oxygen content in the liquid.

TABLE 1 | Arctigenin purity after purification.

Sample Sample concentration
(mg/mL)

Arctigenin concentration
(mg/mL)

Arctigenin
purity (%)

1 1.051 1.042 ± 0.004 99.14

2 1.053 1.046 ± 0.006 99.34

4 1.049 1.044 ± 0.001 99.52

We observed that when the volume is in the range of 30–90 mL,
the dissolution rate increases with increasing volume, but the
conversion rate shows a downward trend. This may be due to
an unbalanced output of various enzymes from the fermentation
strains, which are unable to meet the conversion requirements.
Interestingly, our data demonstrated that an inoculation volume
of greater than 3 mL reduces the dissolution rate and increases
the loss rate. This may be explained by the limited amount
of nutrients in the fermentation system. When the inoculation
volume is too large, it is likely that the nutritional supply
will be insufficient, resulting in abnormal growth and enzyme
production of the fungi, which affects the yield. We further
optimised our process through orthogonal testing and achieved
an arctiin conversion rate of more than 99%.

We used a microbial co-fermentation method to directly
prepare arctigenin from F. arctii. Previously reported conversion
rates using A. niger was 92.3–94.7% (Ou et al., 2011, 2019). Other
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studies using high-yield enzyme strains achieved conversion rates
of 90–96% (Bai, 2006; Xu, 2007; Huang, 2014). A common theme
between these studies is the use of a single fermenting strain.
In comparison, our joint fermentation using two strains is more
conducive to the transformation of arctiin, with significantly
higher conversion rates. This indicates that the production of
β-glucosidase may be higher, and the activity may be stronger
during co-fermentation. It is possible that the two selected strains
of fungi have a mutually beneficial symbiotic relationship that
promotes growth and increases enzyme production during the
fermentation process.

Studies have investigated organic methods to extract arctiin
from F. arctii and have shown extraction rates of up to 94.98%
(Wang et al., 2003). Furthermore, alcohol extraction and silica
gel column chromatography to separate and purify arctiin and
arctigenin allow for 95.5 and 94% purity, respectively (Lu, 2011).
A mixture of degreased fruit powder of F. arctii and 50% alcohol
solution containing 5% hydrochloric acid was refluxed for 5 h.
and then F. arctii was extracted with chloroform twice. The
crude extract was purified by silica gel column chromatography
resulting in about 99.3% arctigenin,and the approximately 1.1%
total yield (Ye et al., 2011). Arctigenin was extracted from fruits
of F. arctii powder by supercritical carbon dioxide, The percent
content of arctigenin was about 99.66%, and the total yield
was approximately 0.45% (Yang et al., 2007). In the optimal
extraction process herbs meal were taken, plus 1.5 times the
amount of water soaking herbs for 8 h, and then 10 times
amount of water extracting three times with 1 h each time, The
transfer rate of arctiin was 67% (Gong and Gao, 2010).We applied
microbial fermentation and silica gel column chromatography
to convert, separate, and purify arctigenin from F. arctii powder
without additional separation and extraction enzymes. Using our
methods, the conversion rate of arctiin to arctigenin is as high
as 99.84%, and the yield of arctigenin from 1 g of F. arctii
powder is 19.51 mg under the optimal conditions. Silica gel
column chromatography was used to purify arctigenin, and our
methods improve the purity of arctigenin to 99.33%,with the
total yield approximately 1.95%. According to the current market
sales of F. arctii 3 US dollars/kg, and Arctigenin Standard,3 US
dollars/mg, the cost of arctigenin obtained by this method is
relatively high, very low. Thus, we have established a simple
and efficient method for preparing arctigenin from F. arctii,
which can be applied in the industrial development of F. arctii
and related products and promote modernisation of traditional
Chinese medicine in China. At the same time, as F. arctii
and its main active ingredient arctigenin have good anti-virus,
anti-inflammatory and many other pharmacological effects, it is

believed that in the near future, arctigenin and its processing
products will make a positive contribution to people’s life and
health in the world.

CONCLUSION

A combination of A. awamori and T. reesei is the best fungal
combination to convert arctiin in F. arctii powder to arctigenin.
The optimal fermentation conditions were also determined,
achieving arctiin conversion rates of 99.84% with dissolution
rates of 95.73% and loss rates of 4.26%, yielding 19.51 mg
arctigenin per 1 g F. arctii powder. This study demonstrates an
effective method to extract arctigenin from F. arctii that can be
upscaled for the industrialisation of arctigenin as a potential new
drug with antiviral, anti-tumour, and anti-inflammatory benefits.
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