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Abstract
Current quality control of Inonotus obliquus requires chromogen complex content limit of 10% in accordance with
the State Pharmacopoeia of the Union of Soviet Socialist Republics. However, this causes ambiguous results,
impeding precise quality control. To improve ambiguous quality control criteria, this study developed a new HPLC
method using two novel marker compounds (inotodiol and 3β-hydroxylanosta-8,24-dien-21-al) to control the
quality control of I. obliquus. The HPLC analysis was carried out in a C18 column with an isocratic elution of 95%
acetonitrile at 210 nm. The developed method validated in terms of linearity, precision, accuracy, and recovery. The
content criteria were established by the linear regression method and relative standard deviation method. As the
results of the quantitative monitoring, 1.165 mg/g of inotodiol and 1.717 mg/g of 3β-hydroxylanosta-8,24-dien-21-al,
calculated by the relative standard deviation method, were suggested new quality criteria. A new HPLC method
was developed to improve current quality control of I. obliquus and new lower content criteria were proposed as a
result of quantitative monitoring.
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Introduction
Mushrooms are a representative functional food because
they contain many bioactive compounds, such as βglucans, peptides, chitinous, terpenes, sterols, and phenolic compounds (Bach et al. 2017; Le et al. 2017; Yan et al.
2018). Among mushroom species, Inonotus obliquus has
received much interest recently and its extract is sold as a
functional food in markets in Korea and other Asian
countries.
Classified in the Hymenochaetaceae family, I. obliquus
is a type of white-rot fungus that can form a sclerotium
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(Sun et al. 2008). It has a wedge-like shape and the surface is irregularly cracked, with skin that can split and
peel off into pieces of 5 ~ 40 cm (Zheng et al. 2010). It is
distributed in Russia, China, Europe, and North America, and is a well-known precious medicinal mushroom
(Moon and Lee 2009) that is used to treat cancer and
heart, liver, and stomach diseases (Xu et al. 2016).
Many studies of I. obliquus have been conducted to investigate its bioactive components (Shikov et al. 2014).
The representative bioactive components of I. obliquus
are polyphenols and triterpenoids, which have antitumor properties, and polysaccharides, which have anticancer and anti-diabetes properties (Tian et al. 2017;
Wang et al., 2017a; Wang et al., 2017b; Xu et al. 2016).
Due to its extensive bioactivity, the import volume of I.
obliquus as a food item is increasing rapidly, having doubled between 2012 and 2016 (MFDS 2013, 2017).
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Currently, the quality control of I. obliquus is regulated by the State Pharmacopoeia of the Union of Soviet
Socialist Republics (11th edition), with a quality criterion
of a lower threshold of 10% chromogen complex (Medizina 1990). Chromogen complex is defined as substances
that can be easily converted into a dye or other colored
compounds, such as β-glucans, polyphenols, steroids,
superoxide dismutases, minerals, and tyrosine (Oxford
University Press 2010); it is used to visualize barely detectable compounds by visible light (Aguiar et al. 2003).
It has been used as a marker for cells or tissues that
need to be visualized when taking photographs (Panarelli
et al. 2012). Furthermore, chromogen can be used as a
marker to evaluate digestibility by quantifying chromogen levels using a spectrophotometer, which detects a
compound using visible light absorption (Davidson
1954). However, it is not required to use markers with
visible light absorption, as instruments using ultraviolet
(UV) have been developed such as UV detectors, which
can analyze compounds without visible absorption.
Therefore, the chromogen should not be selected as a
marker. Chromogen complex consists of varying contents of numerous compounds. Therefore, the total
quantity of chromogen complex is difficult to control
precisely when attempting to ensure the quality of I.
obliquus. In modern pharmaceutical analysis, the use of
the chromogen complex yields ambiguous results, and it
is not a suitable marker for quality control. Nevertheless,
there have been no investigations of potential new
markers to replace the chromogen complex for the quality control of I. obliquus since the Russian regulations
were published (Shikov et al. 2014).
In modern analytical chemistry, especially in the
pharmaceutical industry, bioactive compounds are used as
markers to determine the relationship between biological
or pharmaceutical activity with the quantitative analytical
results of bioactive compounds in quality control procedures. I. obliquus has well-known anti-cancer properties;
therefore, some compounds with demonstrable anti-
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cancer effects are worth considering as novel marker compounds. The identification of new markers for the quality
control of I. obliquus can be achieved through studies of
pharmacological activity. Hexane and chloroform extracts
of I. obliquus have been reported to have anti-cancer effects (Chung et al. 2010; Nakata et al. 2007). Furthermore,
in our previous study, a dichloromethane extract of I. obliquus displayed an immunoregulatory effect related to
anti-cancer activity, with the key compounds being inotodiol and 3β-hydroxylanosta-8,24-dien-21-al, which were
isolated from the dichloromethane extract of I. obliquus
(Nguyet et al. 2018). Therefore, inotodiol and 3βhydroxylanosta-8,24-dien-21-al have the potential to be
novel marker compounds for the quality control of I. obliquus due to their anti-cancer properties.
There have been few reports of the analysis of inotodiol obtained from I. obliquus (Du et al. 2011; Ju et al.
2010). Several reported analytical methods have been developed to verify the purity of extracted inotodiol and
trametenolic acid and to detect phenolic acids and
chromogen complex; however, these methods have not
been validated and are not appropriate for the quality
control of I. obliquus. Thus, new marker compounds
and a new validated analytical method are required for
the accurate quality control of I. obliquus. Therefore, the
aim of this study was to develop an efficient and validated modern analytical method with novel marker
compounds, including the optimization of extraction
conditions, for the quality control and confirmatory testing of I. obliquus mushrooms.

Materials and methods
Reagents and chemicals

Twenty-five samples were obtained from a medicinal herb
market in Korea and from Professor Haiying Bao of Jilin
Agricultural University, China. The details of the samples
are given in Table S1 and FigureS1. Inotodiol and 3βhydroxylanosta-8,24-dien-21-al were isolated and confirmed using NMR analysis by professor Young Ho Kim

Fig. 1 Chemical structure of inotodiol and 3β-hydroxylanosta-8,24-dien-21-al
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of Chungnam National University, Korea. The structures
of the two isolated marker compounds are given in Fig. 1
and their high-performance liquid chromatography
(HPLC) chromatograms are shown in Figure S2. HPLC
grade methyl alcohol, acetonitrile, acetone, chloroform, dichloromethane, ethyl acetate, and hexane were purchased
from Burdick and Jackson (Muskegon, MI, USA). Water
was purified using a Milli-Q system (Milford, MA, USA).
Standard and sample preparation

Stock standard solutions (1.0 mg/mL) were prepared in
methanol and stored in glass vials at 2 °C. Each sample
was pulverized and stored at 2 °C. A 0.2-g portion of
pulverized sample was mixed with 20 mL of chloroform
in a 50-mL polypropylene conical tube from Corning
Science Mexico (Reynosa, Tamaulipas, Mexico). Each
sample solution was extracted by sonication (40 kHz and
400 W) for 30 min using an SD-D250H sonicator from
Sungdong (Seoul, Korea). The liquid phase of each sample was separated by filtration and completely evaporated at 50 °C using an Eyela N-1000 rotary evaporator
(Kyoto, Kyoto, Japan). Then, 2 mL of methyl alcohol was
added and mixed using a Vortex Genie-2 mixer bade by
Scientific Industries (Bohemia, NY, USA). All solutions
were filtered through a 0.22-μm polyvinylidene difluoride filter before HPLC analysis.
High-performance liquid chromatography conditions

The analysis was performed using a RStech HECTOR-M
C18 column (250 × 4.6 mm, 5 μm; Daejeon, Korea), with
a Shimadzu HPLC 20A Prominence series (Kyoto,
Kyoto, Japan) instrument that consisted of an LC-20 AD
liquid chromatography unit, SPD-20A UV/VIS detector,
SPD-M20A DAD, SIL-20A auto sampler, and CBM-20A
communication bus module. Water and various organic
solvents were used in the mobile phase. A flow rate of 1
mL/min and an injection volume of 10 μL were applied.
The detection wavelength was 210 nm and the total analytical time was 30 min.
Optimization of analytical sample preparation

The effect of the solvent type, extraction process, and
extraction time were verified to achieve efficient extraction for analytical sample preparation. Acetone, chloroform, dichloromethane, ethyl acetate, and hexane were
verified for their use as an optimal extraction solvent.
Each 20 mL of solvent was added to a 0.2-g sample. To
determine the optimal extraction solvent, sonication and
reflux were compared to optimize the extraction process
at 30 min. Various extraction times (10, 30, 60, 90, and
120 min) were also investigated to determine the optimal
extraction time.
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Method validation

The new method was validated by selectivity, linearity,
intra- and inter-day precision and accuracy, limit of detection (LOD), and limit of quantification (LOQ) according to the International Council for Harmonisation
(ICH) guidelines (ICH 2009) and the Korean Ministry of
Food and Drug Safety (MFDS) guidelines (MFDS 2014).
The selectivity was confirmed by a comparison of retention time and UV absorption spectra with standards and
samples. Linearity was evaluated by the coefficient of determination (R2) of a calibration curve in the inotodiol
range of 12.5–200 μg/mL and 3β-hydroxylanosta-8,24dien-21-al range of 25–400 μg/mL. Intra- and inter-day
precision and accuracy were verified by analyzing three
concentrations of standard solutions (inotodiol, 25, 50,
and 100 μg/mL; 3β-hydroxylanosta-8,24-dien-21-al, 50,
100, and 200 μg/mL) five times per day on five consecutive days. Intra- and inter-day variation for precision was
expressed as the relative standard deviation (RSD). Intraand inter-day accuracy was verified by spiking a standard
solution into a sample, and then calculated as percentages. The LOD and LOQ were estimated as three and
ten times the signal-to-noise ratio, respectively.
Application of the developed method for quality control

Various mushroom species, such as Auricularia auriculajudae, Ganoderma lucidum, Lentinula edodes, Phellinus
linteus, and Inonotus hispidus, were analyzed with the
HPLC method using the two proposed marker compounds to evaluate their suitability for the discrimination
of I. obliquus and analytical quality control.
Statistical analysis

The experimental data were expressed as the mean
and RSD. The content criteria of the marker compounds for I. obliquus were calculated using the
RSD and linear regression methods (Kang et al.
2012). For the RSD method, a Shapiro–Wilk normality test was performed at the level of p = 0.05;
the null hypothesis was that the quantitative data
followed a normal distribution. When data were
normally distributed, the RSD method was used by
applying the following equation: mean − 2.398 × S/
pﬃﬃﬃ
n (Standard deviation/the number of sample), to
produce a test statistic corresponding to −1% of the
total probability based on the mean from a t distribution. The content criteria of the marker compounds were also estimated by linear regression.
The established criteria were applied to mushrooms
to verify their suitability for quality control considering the fail sample number. The content criteria
were established by a statistical analysis using R
program and R Studio (Freeware version 3.5.0).
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Results and discussion
High-performance liquid chromatography conditions

In the detection wavelength screening of the two proposed marker compounds using water–acetonitrile as
the mobile phase, the maximum absorption (λmax) was
less than 190 nm for both compounds. However, this
was not the correct detection wavelength, and the baseline and UV cut-off of the mobile phase were unstable;
therefore, 210 nm was selected as the detection wavelength. To achieve an efficient separation of the two
marker compounds, various elution conditions were
assessed. Among the elution conditions, isocratic elution
using 95% acetonitrile was selected as the optimal mobile phase condition based on the shorter running time,
higher repeatability, better separation, and tailing factor,
because the polarity of the two marker compounds was
low (Fig. 2).
Optimization of the extraction method

The extraction efficiency of some compounds is affected
by solvent polarity. The chemical structures of inotodiol
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and 3β-hydroxylanosta-8,24-dien-21-al are similar to
that of cholesterol; therefore, the two markers might be
efficiently extracted in low-polarity solvents (Zheng et al.
2011). To verify this hypothesis, various low-polarity solvents were examined to improve the extraction efficiency of the two markers. The polarity of extraction
solvents decreased in the order of acetone, ethyl acetate,
chloroform, dichloromethane, and hexane. In general,
hexane, chloroform, and dichloromethane have high extraction efficiencies for cholesterol (Bligh and Dyer 1959;
Folch et al. 1957; McDonald et al. 2012). The polarities
of the two markers are higher than that of cholesterol
because they contain more hydroxyl and aldehyde
groups. Therefore, it was presumed that a more polar
solvent than hexane, such as chloroform or dichloromethane, could be the optimal extraction solvent for the
two marker compounds (Albuquerque et al. 2016). In
the experimental analysis, chloroform was selected as
the extraction solvent for both marker compounds (Figure S3). Sonication had a higher extraction efficiency
than reflux over a 30-min period (Figure S4). The

Fig. 2 HPLC chromatograms of Inonotus obliquus under different elution conditions: (a) 5% B at 0 min, 99% B at 60 min, 99% B at 80 min; (b) 30%
B at 0 min, 99% B at 60 min, 99% B at 80 min; (c) 60% B at 0 min, 99% B at 30 min, 99% B at 60 min, (d) 95% B for 30 min. S1: inotodiol; S2: 3βhydroxylanosta-8,24-dien-21-al. HPLC conditions: column, HECTOR-M C18 (250 × 4.6 mm, 5 μm); flow rate, 1 mL/min; injection volume, 10 μL
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optimal extraction time was 30 min (Figure S5), while an
excessive processing time reduced the extraction yield of
the two markers, as also noted in other studies (Wang
and Weller 2006).
Method validation

The selectivity of a method indicates its ability to quantify a target compound within a matrix of other substances that could potentially interfere with the analysis
of complex samples (Andrade et al. 2016). The retention
times of inotodiol and 3β-hydroxylanosta-8,24-dien-21al in samples matched with the standards at 17.9 and
25.4 min, respectively. The UV spectra of inotodiol and
3β-hydroxylanosta-8,24-dien-21-al were also the same as
their standard compounds (Figure S6). Consequently,
two peaks in the samples were confirmed as inotodiol
and 3β-hydroxylanosta-8,24-dien-21-al. The peak resolution of each marker compound was greater than 1.5,
indicating a good separation without interference from
other peaks. The R2 of the calibration curve within the
target range was greater than 0.9997 for both marker
compounds, which confirmed that the linear regression
method was appropriate (Figure S7). The LOD and LOQ
of inotodiol were 0.07 and 0.24 μg/mL, respectively,
while the corresponding values for 3β-hydroxylanosta-8,
24-dien-21-al were calculated as 0.4 and 1.4 μg/mL, respectively (Table S2). For both marker compounds, the
intra-day precision was below 2.5% and inter-day precision was less than 4.0%, and the intra-day accuracy was
96.7 to 104.6% and inter-day accuracy was 98.6 to
104.9% (Table S3). The precision and accuracy of the developed method were less than 5% RSD, which confirmed the suitability of this method according to the
method validation guidelines of the MFDS (Korea) and
the ICH method validation guidelines. The recoveries
for both marker compounds ranged from 93.9 to
114.4%, with less than 1% RSD (Table S4). The HPLC
method was considered to be suitable for the qualification and quantitation of inotodiol and 3βhydroxylanosta-8,24-dien-21-al and could be used for
the quality control of I. obliquus.
Application of the developed method to mushrooms

A chromatographic pattern analysis was performed to
discriminate I. obliquus from other mushroom species
because the appearance of extracts obtained from other
mushrooms and raw mushrooms was similar to the extracts of I. obliquus and raw I. obliquus. It was important
to analyze I. obliquus alongside other mushrooms of the
same genus. Therefore, one mushroom of the same
genus (I. hispidus) and four mushrooms of a different
genus (A. auricula-judae, G. lucidum, L. edodes, and P.
linteus) were analyzed and the results were compared to
those obtained for I. obliquus (Fig. 3).
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In the pattern analysis results to select marker compounds, six peaks were observed before a retention
time of 10 min for all mushrooms, and a peak at 14
min for I. obliquus seemed to be suitable marker, but
other unknown small peaks were observed at the
same retention time for G. lucidum, L. edodes, and P.
linteus. However, only for I. obliquus were both inotodiol and 3β-hydroxylanosta-8,24-dien-21-al detected.
This result indicates that the detection of both inotodiol and 3β-hydroxylanosta-8,24-dien-21-al can be
used to discriminate I. obliquus from mushrooms of
the same or different genera, confirming the suitability of these compounds as new unique and representative marker compounds for the quality control of I.
obliquus.
Ten samples of I. obliquus mushrooms purchased at a
market were compared by pattern analysis, and the chromatographic pattern of the mushrooms was the same.
The inotodiol and 3β-hydroxylanosta-8,24-dien-21-al
concentrations in mushrooms were 0.625 ~ 2.399 and
1.357 ~ 2.553 mg/g, respectively (Table 1).
For the quality control, the content criteria of the
two marker compounds established for I. obliquus
mushrooms were determined using two statistical
methods: RSD and linear regression. The content criteria calculated by the two methods were different,
with the number of failed samples shown in Table 2.
For the RSD method, a Shapiro–Wilk normality test
was initially performed and the p values of inotodiol
and 3β-hydroxylanosta-8,24-dien-21-al were 0.7984
and 0.8065. The null hypothesis was that the quantitative data of collected samples would have a normal
distribution. However, because fewer than 30 samples
were used, the samples followed a Student t distribution. The content criteria calculated by the RSD
method were 1.165 mg/g for inotodiol and 1.717 mg/g
for 3β-hydroxylanosta-8,24-dien-21-al. For the linear
regression method, the regression equation was as follows: y = 0.7244 + 0.1445×(x = 1 ~ 10), with an adjusted R2 of 0.8622, for inotodiol and y = 1.4219 +
0.09692×(x = 1 ~ 10), with an adjusted R2 of 0.8594,
for 3β-hydroxylanosta-8,24-dien-21-al. The content
criteria estimated by the linear regression method was
0.869 mg/g for inotodiol and 1.519 mg/g for 3βhydroxylanosta-8,24-dien-21-al. The failed sample
number based on the new content criteria differed
slightly depending on the statistical method used for
the content criteria, with two samples failing for the
RSD method and one sample failing for the linear regression method. According to Kim et al. (2015), the
RSD method is more suitable to determine the content criteria when data are normally distributed;
otherwise, the linear regression method should be
used. In this study, the data were normally
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Fig. 3 Chromatographic pattern analysis of (a) a mixture of standards, (b) Inonotus obliquus, (c) Inonotus hispidus, (d) Auricularia auricula-judae, (e)
Ganoderma lucidum, (f) Lentinula edodes, (g) Phellinus linteus. S1: inotodiol; S2: 3β-hydroxylanosta-8,24-dien-21-al. HPLC conditions: column, HECTOR-M
C18 (250 × 4.6 mm, 5 μm); eluent, 95% acetonitrile; flow rate, 1 mL/min; injection volume, 10 μL

Table 1 Quantitative analysis of two marker compounds in I.
obliquus mushrooms and its commercial products (n = 3)
Sample

No. Content (mg/g)
Inotodiol

3β-hydroxylanosta-8,24-dien-21-al

Mushrooms 1

1.276 ± 0.198 1.888 ± 0.198

2

2.399 ± 0.100 2.004 ± 0.100

3

1.680 ± 0.034 1.763 ± 0.034

4

1.407 ± 0.024 1.950 ± 0.024

5

1.556 ± 0.004 1.984 ± 0.004

6

0.625 ± 0.064 1.357 ± 0.064

7

1.116 ± 0.045 2.081 ± 0.045

8

1.616 ± 0.148 2.553 ± 0.148

9

1.804 ± 0.247 2.217 ± 0.247

10

1.712 ± 0.166 1.752 ± 0.165

N.D. not detected

distributed. Thus, the recommended content criteria for
I. obliquus were 1.165 mg/g for inotodiol and 1.717 mg/g
for 3β-hydroxylanosta-8,24-dien-21-al using the RSD
method. This study established criteria using Student t
distribution for the RSD method because the sample size
is less than 30. To confirm the more accurate content criteria, a larger number of I. obliquus samples should be analyzed in a future study.

Conclusion
Inonotus obliquus is widely used as a functional food.
However, the use of chromogen complex, which has
long been used as a marker compound for quality control, yields ambiguous results and makes precise quality
control difficult. The aim of this study was to develop an
analytical method using new marker compounds for the
quality control of I. obliquus mushrooms by HPLC.
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Table 2 Content criteria of I. obliquus mushroom depending on statistical methods (n = 10)
Statistical process

RSD method

Marker compounds

Inotodiol

3β-Hydroxylanosta-8,24-dien-21-al

Linear regression method
Inotodiol

3β-Hydroxylanosta-8,24-dien-21-al

Lower content criteria (mg/g)

1.165

1.717

0.869

1.519

Fail sample number

2

1

1

1

Inotodiol and 3β-hydroxylanosta-8,24-dien-21-al were
selected as new marker compounds for I. obliquus because of their uniqueness and bioactivity. A new HPLC
method was developed in accordance with the method
validation guidelines of the MFDS and ICH. The new
method could completely discriminate I. obliquus from
those of mushrooms of the same genus and with a similar morphology. For the quantitative monitoring of I.
obliquus samples, the recommended content criteria
were 1.165 mg/g for inotodiol and 1.717 mg/g for 3βhydroxylanosta-8,24-dien-21-al using the RSD method.
Consequently, the new HPLC method is promising not
only for the discrimination but also for quality control of
I. obliquus.
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