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Effect of Cultivation Stages of Hericium erinaceus on the Contents
of Major Components and a-Glucosidase Inhibitory Activity
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Abstract — Hericium erinaceus, also known as lion’s mane mushroom, is an edible and medicinal mushroom that
belongs to the family Hericiaceae. We previously reported hericene A as an anti-diabetic constituent of H.
erinaceus and the effect of cultivation substrates on its content was investigated. As the continuation, the contents
of five major compounds such as hericenes A-D, which exerted a-glucosidase inhibitory activity, together with
ergosterol were investigated depending on cultivation stages. H. erinaceus was cultured for 25 days (5 stages) to
induce fruiting bodies, and the contents of the compounds at each stage were quantified. All the five compounds
were detected in fruiting body by HPLC analysis. Among the hericene derivatives in the mushroom, the content
of hericene A was the highest, followed by hericene C and the content of hericenes B and D was relative low. All
four hericene derivatives present in the highest content at stage 4 whereas the content of ergosterol was highest at
stage 5. The highest a-glucosidase inhibitory activity of H. erinaceus was measured at stage 4, which correlates
with the contents of hericene derivatives. Conclusively, H. erinaceus with better efficacy and high content of

active constituents can be secured by the optimization of cultivation conditions.
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Introduction

Mushrooms, filamentous fungi with fruiting bodies, are
rich in nutrients and various active substances.' Mushrooms
originally grow in wild, and also have been obtained
through cultivation for sustainable supply.”* Hericium
erinaceus, commonly called lion’s mane mushroom,
belongs to the family Hericiaceae and has been used in
folklore for the treatment of metabolic diseases and
gastrointestinal disorders and to improve memory and
enervation.” ® As constituents, H. erinaceus was reported
to contain various bioactive constituents such as hericenones
and erinacines as well as polysaccharides and sterols.”'’
Recent study also suggested the beneficial effects of this
mushrooms such as neurotrophic, antibacterial, anti-
cancer and anti-inflammatory activity.'""!*

Due to its characteristic components and beneficial
effects, we have been interested in this mushrooms. We
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previously characterized the neurotrophic and anti-diabetic
components including newly reported ones.'®!” In addition,
the changes of bioactive component according to the
cultivation conditions including medium composition
were also suggested.'®

Mushrooms contain diverse compounds which contri-
buted to its biological activity, sometimes by synergistic
effects of various compounds.'® The content of compounds
varies during cultivation period, which showed differential
patterns depending on each compound.®*** The content of
each compound affects the efficacy of mushroom, which
need to be optimized for its harvest time considering
targeted efficacy.

As a continuation of our research for securing mus-
hrooms with better activity, the effects of cultivation
periods on the activity together with its composition was
investigated in this study. a-Glucosidase are essential for
the degradation of carbohydrate to monosaccharide which
can be easily absorbed. Therefore, inhibition of o-
glucosidase is an important therapeutic due to its hypogly-
cemic effect by the decrease of the carbohydrates absorp-
tion.”> We previously reported the a-glucosidase inhi-
bitory activity of H. erinaceus and characterized the active
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component.'” To find the best harvest time for a-
glucosidase inhibition, H. erinaceus was harvested at 5
different cultivation stages and the a-glucosidase inhibitory
activity was compared. In addition, the changes of major
constituents were investigated by quantitation using
HPLC analysis. The correlations between contents of
compounds and o-glucosidase inhibitory activity were
also suggested. Therefore, these results could be applied
for securing H. erinaceus with high o-glucosidase inhi-
bitory activity and for quality control by the quantitation
of active constituents.

Experimental

Strain of H. erinaceus — The strain of H. erinaceus
was obtained from Jeollanamdo Agricultural Research
Institute (Naju, Korea). They were grown on the potato
dextrose agar (PDA 200 g/l diced potatoes; 20 g/l glucose;
15 g/l agar) medium at 25°C for regular subculture or on
different culture conditions as indicated.

Mushroom cultivation with different cultivation
days — Growing media composed of sawdust (SD, 49%)
as a base substrate supplemented with cottonseed hulls
(CH, 19%), rice bran (RB, 7%), cottonseed meal (CM,
12%) and beet (BT, 13%) was sufficiently mixed with
water by a mixer, and the excess water was drained to
reach a substrate moisture level of about 70%. Then, each
growing medium (1 kg of wet weight) was packed into a
propylene bottle and autoclaved at 121°C for 90 min.

After sterilization, the growing media were inoculated
with spawn and incubated at 25°C in the dark with 80%
relative humidity for mycelial colonization for 37 days.
Soon after the hyphae of H. erinaceus reached the bottom
of the bottles, the bottles were moved to a cold room with
light at 18°C with 90% relative humidity to induce fruc-
tification. Ventilation, and relative humidity were controlled
in the experimental mushroom house during the mushroom
production period. The bottles were then opened to allow
the development of fruiting bodies.

For the measurement the effect of incubation days for
fruiting body growth on the content of major components,
mycelium of H. erinaceus was grown for 37 days and
then fruiting bodies were induced for further 9, 13, 17, 21
or 25 days, namely stages 1-5, respectively.

Preparation of sample solutions — Dried fruiting bodies
were pulverized and 1 g of samples was extracted with 10
mL ethyl acetate for 24 h at room temperature. The
supernatant was evaporated in vacuo to yield ethyl acetate
extract. Ethyl acetate extract of H. erinaceus was dissolved
in methanol at a concentration of 10 mg/mL and was
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filtered through a 0.45mm PTFE filter. The solutions
were stored at -20°C until HPLC analysis.

Purification of major components — Major components
of H. erinaceus were purified from the ethyl acetate
extract for the quantitation and evaluation of biological
activities. Hericenes A and D were isolated from the
fruiting bodies of H. erinaceus as previously reported.'’
Ergosterol, hericene B and hericene C were purified by
semi-preparative HPLC eluting with methanol-water (97:3)
with retention times of 17.9, 36.2 and 48.5 min, respectively.

Measurement of a-glucosidase inhibitory activity —
a-Glucosidase inhibitory assays were performed using o-
glucosidase (from Saccharomyces cerevisiae, 1 U/mL)
and p-nitrophenyl a-p-glucopyranoside, as reported pre-
viously.'® The amount of p-nitrophenol cleaved by the
enzyme was determined by measuring the absorbance at
405 nm in a 96-well microplate reader.

Quantitation of major components using HPLC
analysis — A stock solution was prepared at the concen-
tration of 1.0 mg/mL of each component and diluted
appropriately for HPLC analysis. Waters HPLC A system
equipped with Waters 600 Q-pumps, a 996 photodiode
array detector, and Waters Empower software was used
for the quantitation of major components. The separation
was carried out on RP-C18 column (5 pm, 10 x 150 mm)
using isocratic elution of methanol-water (97:3). The
solvent flow rate of 2 ml/min was maintained throughout
the analysis and the injection volume was 10.0 uL. All the
analysis was carried out at room temperature at a
wavelength of 292 nm with a run time of 60 min.

Result and Discussion

To analyze the efficacy and compositional changes
according to the growth period, fruiting bodies of H.
erinaceus were harvested in 5 stages depending on culti-
vation days. As shown in Fig. 1A, the size of the fruiting
bodies grew up to stage 4, and then maintained thereafter.

Next, a-glucosidase inhibitory activity of H. erinaceus
from different cultivation days was measured. Although
all the samples from different cultivation days showed o-
glucosidase inhibitory activity, the efficacy was quite
different, as shown in Fig. 1B. Especially, the inhibitory
effect gradually increased and showed the strongest
inhibition at stage 4, and then decreased at stage 5.

Since the a-glucosidase inhibitory activity of this
mushroom was changed depend on the cultivation period,
we tried to measure the change in the components. For
the quantitation of the constituents of H. erinaceus,
analytical method was established using HPLC analysis.
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Fig. 1. [A] Morphology and [B] a-glucosidase inhibitory activity of H. erinaceus depending on cultivation stages.
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Fig. 2. [A] HPLC chromatogram of H. erinaceus extract and [B] chemical structures of five major compounds.

HPLC chromatogram of the extract of H. erinaceus showed analytical method was established using HPLC analysis.

five major peaks, which identified as ergosterol and four Calibration curves were obtained using the purified

hericene derivatives, hericenes A —D (Fig. 2) by further compounds and used for quantitation of compounds in the

separation and characterization by spectroscopic analysis extract of H. erinaceus. Next the content of each major
16,24

together with the comparison with literature values. component in different H. erinaceus samples were quan-
For the quantitation of the constituents of H. erinaceus, titated using the established HPLC analysis. As shown in
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Fig. 3. [A] HPLC chromatograms, [B] content of each hericenes A-D (HA, HB, HC and HD, respectively) and [C] total hericenes
derivatives and ergosterol depending on cultivation stages of H. erinaceus.

Fig. 3A, the changes of each compound was well detected
in the HPLC chromatograms of different extracts. The
content of the hericene derivatives gradually increased as
the cultivation days, showing the highest content in stage
4, and then decreased thereafter. When looking at the
content of each compound, the content of HA was the
highest, followed by HC, HD and HB (Fig. 3B). On the
other hand, the content of ergosterol increased slowly and
showed the highest content in the later stage. As such, the
total content of hericene derivatives showed the highest

content in stage 4, whereas the content of ergosterol was
the highest at stage 5 (Fig. 3C). Thus, it was confirmed
that the content of hericene derivatives and ergosterol
showed different patterns depending on cultivation days.
Since the inhibitory effect and the content of the major
compounds showed differences in each cultivation stages,
the correlation between the content of each compound
and the efficacy was analyzed. First, the inhibitory efficacy
of the isolated compounds was evaluated. All the hericene
derivatives, HA, HB, HC and HD showed excellent a-
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Fig. 4. Correlation between o-glucosidase inhibitory activity and
the content of total hericenes A-D and ergosterol.

glucosidase inhibitory efficacy with ICsy values of 6.7,
1.0, 0.9 and 3.9 uM, respectively. However, ergosterol did
not exert inhibitory efficacy against a-glucosidase (ICso
>100 uM). As expected from the a-glucosidase inhibitory
efficacy of major compounds, correlation between the o-
glucosidase inhibitory activity of H. erinaceus and the
total content of hericene derivatives were observed with
R’=0.7197, whereas low correlation with the content of
ergosterol (Fig. 4).

Although many mushrooms have been collected tradi-
tionally in wild, it is obtained by cultivation these days for
its sustainable supply. The quality of the mushroom is
greatly affected by not only the species and strains but
also the cultivation condition, thus, many researchers have
attempted to optimize the culture condition for better
products.'”>*” The cultivation period is one of the
important factors during cultivation. It plays an important
role for its size, shape and freshness. In addition, it also
affects the composition of the mushroom which resulted
in the efficacy. Our present study showed that difference
of the cultivation period at which the content of hericene
derivatives and ergosterol were maximal amounts. After
the content of hericene derivatives was maximal, ergosterol
showed the highest content thereafter. Our data also
suggested that the content of hericene derivatives plays an
important role in anti-diabetic efficacy. Although ergosterol
did not show anti-diabetic effect in our assay system, it is
known as a precursor of vitamin D. When irradiated with
UV, ergosterol in the mushroom is converted to vitamin
D, so it is reported that a high content of ergosterol has a
protective effect on osteoporosis.”®*** Conclusively, H.
erinaceus with better efficacy and increased content of
active constituents can be secured by the optimization of
cultivation conditions.
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