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Abstract: Chaga (Inonotus obliquus) is an increasingly used natural product in botanical
dietary supplements, valued for its bioactive compounds. However, inconsistent stan-
dardized analytical methods raise concerns over product authenticity, mislabeling, and
quality control. This study employs a multi-analytical approach to differentiate wildcrafted
chaga canker from North American chaga dietary supplements, particularly those contain-
ing mycelia fermented grain products. High-Performance Thin-Layer Chromatography
(HPTLC), Liquid Chromatography with Evaporative Light Scattering Detection (LC-ELSD)
or Photo/Diode Array Detection (LC-PDA/DAD), Liquid Chromatography-Quadrupole
Time-of-Flight Mass Spectrometry (LC-QToF-MS), Nuclear Magnetic Resonance (NMR)
spectroscopy, UV-Vis spectrophotometry, and iodine-starch assays were used to evaluate
key markers, including triterpenoids, polysaccharides, and melanin. Whole chaga canker
contained triterpenoids (inotodiol, trametenolic acid) and phenolics, like osmundacetone,
while melanin absorbance at 500 nm differentiated it from fermented grain products.
β-Glucan quantification and iodine-starch assays confirmed starch-rich composition in
fermented grains and its absence in authentic chaga canker. NMR fingerprinting and
LC-QToF-MS metabolomics demonstrated stark compositional deviations between wild-
crafted chaga canker, I. obliquus mycelium, and fermented grain products. By integrating
complementary techniques, we establish a framework that can reliably distinguish genuine
chaga canker from misrepresented products, ensuring consumer safety and fostering trust
in the functional mushroom, canker, and mycelium markets.

Keywords: mycelium; fermented grain adulteration; triterpenoids; inotodiol; fungi;
melanin; polysaccharides; chromatography; quality control; botanical authenticity

1. Introduction
Chaga is the common name for the sterile canker that forms on birch trees (Betula spp.),

such as paper birch (Betula papyrifera), as the tree’s response to infection by the pathogenic
fungus Inonotus obliquus (I. obliquus) (Pers. ex Fr.) Pilát. Chaga is characterized by a black,
cracked outer layer containing melanin [1] and a rusty-brown, streaked inner tissue [2,3].
The actual fertile fruiting body of I. obliquus, by contrast, forms under detached bark on
dead or fallen trees as a grayish, resupinate mass up to 3–4 m long and 40–50 cm wide,
with downward-cascading pores that release spores [4].

Chaga is commonly found in the northern circumpolar region, as Inonotus parasitizes
birch and other hardwood species such as alder (Alnus), beech (Fagus), and ash (Fraxinus).
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Over decades, I. obliquus mycelia spread within the host tree, degrading cellulose, hemicel-
lulose and lignin, causing heartwood decay. Infected trees continue to grow but typically
have a shorter lifespan, with British Columbia foresters estimating a 50–100% reduction in
timber value due to extensive decay from a single canker [2]. All chaga is harvested wild
(wildcrafted), and currently no chaga has been successfully cultivated.

Chaga contains approximately 10% fungal mycelium, with the remainder consisting of
decayed woody tissue [5]. This distinction is further supported by the low levels of fungal-
specific markers, such as ergosterol and inotodiol, observed in chaga [5]. True sclerotia
serve as resting structures for fungi, formed underground and capable of producing fruiting
bodies under favorable conditions [6]. Chaga, in contrast, is a visible manifestation of
fungal infection in the tree trunk.

The use of chaga in traditional medicine spans indigenous cultures in North America
and Eurasia, where it has been employed for its alleged anti-inflammatory, antimicro-
bial, and antioxidant properties [7–10]. Today, chaga is highly regarded for its health
benefits, including immune modulation [11–13], anti-inflammatory [5,14–17], antioxi-
dant [5,17–20], antimicrobial [5,21] and antidiabetic effects [17,22–25] and potential an-
ticancer properties [5,9,10,13,15,17,19,21,26–37]. These medicinal properties can be at-
tributed to several classes of biologically active compounds found in chaga, including
phenolics [5,20], sterols [15], polysaccharides [38–40], triterpenes [10,15,18,30,32,35,38], and
melanins [1,8,24,38,41]. While many of these compounds can be found in a variety of other
organisms, some are unique to chaga and therefore can be used as molecular markers for
product authentication [42].

As consumer demand for chaga-based supplements rises, concerns have emerged over
quality control, mislabeling, and authenticity. A major issue is the misrepresentation of
mycelia fermented grain products as authentic chaga, despite their fundamental differences
in composition and bioactivity. The differences between authentic mushroom products
and mycelia-fermented grain were previously demonstrated with Reishi (Ganoderma lu-
cidum), where the presence of starch and the absence of important secondary metabolites
characteristic of Reishi were noted in many commercial products [43]. To address this
issue of authenticity, we employ a multi-tiered analytical strategy combining simple as-
says and advanced instrumentation to differentiate wildcrafted chaga from fermented
grain substitutes.

The polysaccharide profiles of fungi differ dramatically from those of grain: grain-
based products are high in starch (α-glucans), with a small amount of β-glucans, and in
some cases cellulose, while fungi are typically high in β-glucans, and devoid of starch.
The β-glucan structure of chaga has been previously characterized as β-(1,3) with β-
(1,6) branching [40,44], whereas cereal β-glucans (e.g., oats, barley) contain β-(1,3) and
β-(1,4) linkages [45–47]. In this study, we use Lugol’s solution (I2/KI) to detect starch and
enzymatic assays to quantify α-and β-glucans in different chaga and commercial samples.
Additionally, we employ UV-Vis and IR spectroscopy to detect melanin, an important
polyphenolic macromolecule and antioxidant that gives chaga its distinct dark color [1,48].

To evaluate secondary metabolites, HPTLC, and LC-ELSD/UV are used to screen for
key markers, including lanosterol-derived triterpenes and phenolic compounds. These find-
ings are corroborated by LC-QToF-MS and 1H NMR spectroscopy, which provide detailed
metabolomic comparisons. Principal component analysis (PCA) and Linear Discriminant
Analysis (LDA) of these datasets reveal critical compositional differences between authentic
chaga canker, pure mycelium, and fermented grain products.

By integrating complementary techniques, each targeting distinct chemical classes
(polysaccharides, melanin, triterpenoids), this study establishes a robust framework to
authenticate chaga supplements, addressing both quality control gaps and consumer safety
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concerns in the functional fungi market. This represents the first application of a multi-
analytical approach, combining HPTLC, LC-QToF-MS, NMR, UV-Vis, and iodine-starch
assays to differentiate wildcrafted chaga canker from mycelia fermented grain products.
By identifying chaga-specific biomarkers, this study fills a critical gap in quality control for
dietary supplements, ensuring product integrity, and regulatory compliance.

2. Results
2.1. Physical Appearance of Whole Chaga and Commercial Products

Whole chaga vouchers (WChV1-6), regardless of origin, appeared as woody chunks
with a bright cinnamon-brown interior and a thin outer layer of almost black crust, charac-
terized by a coarse and cracked texture (Figure 1, top row). Samples of I. obliquus mycelium
(IoMyc) grown in liquid culture (IoMyc1,2) or agar Petri dish (IoMyc3) and freeze-dried
ranged in color from sand (IoMyc1 and IoMyc3) to nearly pure white (IoMyc2) (Figure 1,
middle row). Cooked, autoclaved, lyophilized grains (brown rice, oats, and sorghum) were
cream-colored, with oats presenting a slightly darker hue (Figure 1, middle row, right).
Among commercial products, the chaga canker 1:1 extract (ChExt11) was distinctly dark
brown, whereas the fermented grain products appeared in various shades of beige and
light brown (Figure 1, bottom row).
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Figure 1. Samples used in this study. Top: summary of sample codes assigned to chaga vouchers
and commercial products. Bottom: photographs of the sample materials. In the photograph, the top
row displays whole chaga voucher samples (WChV1–WChV6) sourced from various geographical
regions, with coarsely ground powders of the same chaga samples shown just below. The middle
row depicts Inonotus obliquus (I. obliquus) mycelium samples grown in liquid culture (IoMyc1 and
IoMyc2) and Petri dish (IoMyc3). The middle row also shows common grain substrates (brown rice,
oats, and sorghum) used in fermentation. The bottom row shows commercial chaga products.
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2.2. Polysaccharides in Authentic Chaga Canker and Commercial Products
2.2.1. β-Glucan Quantification

Megazyme® Yeast & Mushroom β-Glucan assay (K-YBGL) analysis of β-glucan levels
demonstrated that WChV1-6 contained approximately 5.7–11.9% β-glucans, with slightly
higher levels in the pure mycelium sample IoMyc2 (14.4%) (Figure 2). On average, β-
glucan levels were lower in IoMFG products than in authentic chaga canker. IoMFG-oat
and IoMFG-rice showed β-glucan content that was comparable to their cereal substrates,
yielding ~1% in rice-based materials and ~5% in oat-based products; only the sorghum-
based sample (IoMFG-sorg) had somewhat higher β-glucan content than pure sorghum.
Significantly higher levels of α-glucans were found in grain samples (46–74%) as well as
fermented grain products (33–68%) compared to authentic chaga canker, which contained
less than 2% α-glucans, or pure mycelium, IoMyc2, which had 15.2% α-glucans. ChExt11
displayed α-glucan and β-glucan levels comparable to WChV1-6 (Figure 2).
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commercial products. Glucan quantification was conducted using the enzymatic assay by 
Figure 2. Quantification of α-glucans and β-beta glucans, in chaga, I. obliquus mycelium, grain,
and commercial products. Glucan quantification was conducted using the enzymatic assay by
Megazyme® (Yeast & Fungi kit, K-YBGL). The assay was run in triplicate for each sample, and mean
values are represented in the graph, with error bars representing standard deviation. Numbers on
the X-axis in the graph correspond to sample numbers in the table below.
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2.2.2. Starch Detection Using Lugol’s Reagent (I2/KI)

Starch detection using Lugol’s (I2KI) reagent revealed the presence of starch, as well
as its degradation product, maltodextrin in fermented grain products, as evident from
the development of blue-purple color in these samples, upon addition of Lugol’s reagent
(Figure 3). None of the authentic chaga, nor pure I. obliquus mycelium samples showed
a significant color change upon Lugol’s reagent addition, apart from the yellow color of
iodine. After overnight digestion with α-amylase the blue-purple color was no longer
detected in either the grain samples or fermented grain products, confirming that this color
change was caused by the presence of starch in these samples. All authentic chaga samples
(WChV1-6), I. obliquus mycelium (IoMyc), and chaga canker 1:1 extract (ChExt11) had the
same color before and after α-amylase treatment. These data suggest that, in contrast to
authentic chaga, fermented grain products contain a significant amount of starch (Figure 3).
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Figure 3. Colorimetric detection of starch in chaga, grain, and commercial products, using Lugol’s
(I2/KI) reagent. In each well, 0.5 mL of suspension containing 5 mg/mL of powdered sample in
distilled water. In each panel, the first and third rows labeled (−) depict the negative control wells
where no Lugol’s reagent was added, while the second and bottom rows labeled (+I2/KI) were
colorized with 50 µL of Lugol’s solution. The bottom two rows (+α-Amylase have been treated
overnight with α-Amylase (30 U/mL), prior to the addition of Lugol’s reagent to the bottom row.
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2.3. Melanin Evaluation in Chaga Dietary Supplements

The absorbance values from alkaline extracts (Table 1) ranged from 0.4854 (dilution
factor 20) in WChV1-6 and up to 0.7685 (dilution factor 10) in ChExt11. These values reflect
the absorbance of solubilized compounds extracted with NaOH, a method commonly
used to concentrate melanin-like pigments. In contrast, IoMFG and IoMyc1 had trace
absorbances, ranging from 0.0313 to 0.0492 (dilution factor 1).

Table 1. UV-Vis absorbance and dilution factors for melanin content in chaga canker (WChV1-6),
chaga canker 1:1 extract (ChExt11), I. obliquus mycelium (IoMyc1), and mycelia fermented grain
samples at 500 nm. Dilution factors were applied to ensure that absorbance values remained within
a measurable range for comparative analysis. WChV1-6 and ChExt11 exhibited vastly higher ab-
sorbance values, consistent with the behavior of melanin-like pigments. In contrast, IoMyc1 and
IoMFG showed low absorbance, indicating negligible melanin-like pigments.

Composition Sample Code Absorbance Dilution Factor

Whole Chaga Canker

WChV1 0.4768 2

WChV2 0.6565 1

WChV3 0.4854 2

WChV4 0.5298 1

WChV5 0.7053 2

WChV6 0.7685 1

Chaga 1:1 Extract ChExt11 0.6580 2

I. obliquus Mycelium IoMyc1 0.0313 1

Fermented Grain

IoMFG-oat 0.0417 1

IoMFG-unk 0.0492 1

IoMFG-sorg 0.0457 1

IoMFG-rice 0.0179 1

UV-Vis spectra of extracted pigments from WChV6 and ChExt11 displayed a character-
istic decreasing absorbance from 200 to 600 nm (Figure 4A). In contrast, IoMyc, IoMFG-oat,
and the oat substrate had spectra nearly identical to the 0.05 M NaOH blank, with only
trace absorbance in the UV and visible light ranges. This aligns with the observation that
IoMFG and oat samples yielded white to pale brown material following melanin extraction,
indicating minimal pigment presence. Sorghum, rice grains, and their fermented grain
products were excluded, as no material was recovered from the extraction procedure.

The ATR-FTIR spectrum of the purified melanin reference (Figure 4B) exhibited broad
O–H stretching at approximately 3400 cm−1, aromatic C=C stretching near 1650 cm−1, and
signals in the 1200–1300 cm−1 range associated with phenolic C–O stretching, consistent
with the functional groups associated with fungal melanin.
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Figure 4. Spectral analysis of the melanin extracts from chaga canker, related product samples,
and purified melanin reference. (A) UV-Vis absorbance spectra of whole chaga canker (WChV6),
chaga canker 1:1 extract (ChExt11), mycelia fermented grain products (IoMFG), I. obliquus mycelium
(IoMyc1), oat substrate, and a 0.05 M NaOH blank. Samples were chosen to compare melanin-rich
(WChV6, ChExt11) and melanin-deficient (IoMFG, IoMyc1, oat) materials, with the NaOH blank
serving as a baseline. WChV6 and ChExt11 exhibit a broad melanin-associated absorption profile,
while IoMFG, IoMyc1, and the oat substrate show minimal absorbance. (B) ATR-FTIR spectrum
of the purified melanin reference prepared from ChExt11, demonstrating key functional group
absorbances associated with melanin structure, including hydroxyl (3400 cm−1), aromatic C=C
stretching (1650 cm−1), and phenolic C–O stretching (1200–1300 cm−1).

2.4. HPTLC Identification of Chaga

HPTLC fingerprinting, using an identification method previously developed by Nam-
mex, was performed to compare the chemical profiles of chaga against 10 other fungal
species commonly found in dietary supplement products (Figure 5). Visualization after
anisaldehyde/sulfuric acid derivatization is shown for 366 nm UV (Figure 5, Top) and
white light (Figure 5, Bottom). While ergosterol appears ubiquitously across the species
at varying strengths, the triterpenoids lanosterol, 3ß-hydroxylanosta-8,24-dien-21-al, in-
otodiol, and trametenolic acid are uniquely observed in the chaga canker. In addition to
its marker compounds, chaga canker’s unique composition is also reflected by the lack of
many of the bands found in the chemical fingerprint of the other species.
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Figure 5. Comparison of the HPTLC chemical fingerprints of whole mushroom, conk, and sclerotium
vouchers from 11 fungi species. Top: 366 nm UV visualization. Bottom: white light visualization.
Both images were captured following anisaldehyde/sulfuric acid derivatization. The lanes from
left to right begin with triterpenoids (TTPs), which are from highest to lowest RF value: lanosterol
(LAN; RF 0.56), 3ß-hydroxylanosta-8,24-dien-21-al (3ß-HDLDA; RF 0.50), inotodiol (INT; RF 0.41),
and trametenolic acid (TRM ACD; RF 0.39). Chaga canker is the only track with these triterpenoids
visibly present. The second lane contains ergosterol (ERG), present in each species. Fungal species
are abbreviated as follows: chaga (Io), cordyceps (Cm), lion’s mane (He), maitake (Gf), Oyster (Po),
phellinus (Pl), poria (Pc), reishi (Gl), shiitake (Le), tremella (Tf), and turkey tail (Cv).

HPTLC chromatograms revealed distinct triterpenoid markers in WChV5, ChExt11,
IoMyc3, aligning with reference standards for inotodiol, trametenolic acid, lanosterol,
and 3β-hydroxylanosta-8,24-dien-21-al (Figure 6). After derivatization with anisalde-
hyde/sulfuric acid, these triterpenoids were readily visualized. By contrast, IoMyc1 and
IoMFG products lacked these key triterpenoid bands (Figure 6). Betulin and betulinic acid
coeluted and were not detected in any of the samples.

The methanol extract of WChV5 consistently displayed bands corresponding to os-
mundacetone (RF 0.22) and syringic acid (RF 0.31) visible under 254 nm UV, with os-
mundacetone also appearing as a yellow band under white light, 366 nm UV light, and
white light following derivatization with anisaldehyde/sulfuric acid (Figure 7A). UV-Vis
absorbance spectra confirmed the presence of syringic acid and osmundacetone through
comparison to reference standards of these compounds (Figure 7B,C).
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Figure 6. HPTLC chromatograms of chemical markers, whole chaga voucher (WChV5), chaga
canker 1:1 extract (ChExt11), I. obliquus mycelium grown on an agar plate (IoMyc3), liquid culture
I. obliquus mycelium (IoMyc2), mycelia fermented grains (IoMFG), and associated grain substrates
(sorghum, brown rice, and oat). The first reference lane contains osmundacetone (OAC), observed
only in ChExt11 and WChV5. The next track to the right contains triterpenoid (TTPs) standards, with
retention factors (RF) from high to low belonging to lanosterol (LAN; RF 0.56), 3ß-hydroxylanosta-8,24-
dien-21-al (3ß-HDLDA; RF 0.50), inotodiol (INT; RF 0.41), and trametenolic acid (TRM ACD; RF 0.39).
The tracks titled ERG and LA contain ergosterol and linoleic acid standards, respectively. ChExt11,
WChV5, and IoMyc3 display characteristic triterpenoid bands. IoMyc2 lacks the triterpenoids but
has a more intense ergosterol band. IoMFG and grain substrates show a distinct lack of triterpenoid
content but an intense linoleic acid band, emphasizing compositional differences.

2.5. LC-ELSD/DAD/PDA Detection of Chaga Chemical Constituents

LC-ELSD chromatograms of WChV2, WChV5, and ChExt11 displayed prominent
peaks corresponding to triterpenoids, including inotodiol, trametenolic acid, and lanosterol
(Figure 8A). In contrast, IoMyc1 and IoMFG lacked these triterpenoids entirely. IoMFG
products exhibited intense peaks for fatty acids, including linoleic, palmitic, oleic, and
stearic acids, which were absent or present only in trace amounts in authentic whole chaga
canker (Figure 8B). IoMyc1 displayed a peak corresponding to linoleic acid.
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Figure 7. Chaga canker (WChV5) and chaga canker 1:1 extract (ChExt11) phenolic HPTLC chro-
matograms and UV-Vis absorbance spectra. (A) HPTLC bands corresponding to the standards for
osmundacetone (OAC) and syringic acid (SA) are compared against WChV5 and ChExt11, with
the images from top to bottom being captured under white light, 366 nm UV, and 254 nm UV after
development, and then white light after derivatization. HPTLC-densitometer absorbance spectra
captured after the development of syringic acid (SA; (B)) and osmundacetone (OAC; (C)). Spectra of
these standards are highlighted yellow, with the bands of corresponding RF positions in WChV5 and
ChExt11 overlaid.

LC-PDA analysis at 281 nm (Figure 9) assessed ergosterol content, with greater peak
intensities observed in I. obliquus mycelium (IoMyc1) than those observed in WChV5 and
ChExt11. IoMFG showed the lowest ergosterol signals, with peak heights approximately
one-tenth of those in WChV5.

Table 2 provides a summary of triterpenoid contents from WChV1-6 and ChExt11.
The most abundant triterpenoid was inotodiol (0.19%), followed by trametenolic acid
(0.09%), 3β-hydroxylanosta-8,24-dien-21-al (0.09%), and lanosterol (0.06%). None of the
triterpenoids were detected in either the liquid cultured I. obliquus mycelium or fermented
grain samples. Statistical analysis is also reported for each triterpenoid, including limit of
detection (LOD), limit of quantification (LOQ), and correlation coefficient (R2). Across the
triterpenoids, the LOD and LOQ ranged from 0.86 to 4.96 ng and 2.61 to 15.02 ng, respec-
tively. Correlation coefficients ranged from 0.9998 to 1.0000, indicating each triterpenoid
calibration curve was well fit by a linear regression model. Figure 10 shows the HPLC-DAD
chromatograms of WChV5 compared to triterpenoid and ergosterol reference standards.
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Figure 8. LC-ELSD chromatograms of triterpenoid and fatty acid standards compared with whole
chaga canker (WChV5), chaga canker 1:1 extract (ChExt11), I. obliquus mycelium (IoMyc1), and
mycelia fermented grains (IoMFG). (A) Chromatograms of a nine-compound triterpenoid/sterol
standard mix, with key peaks labeled. Whole chaga and chaga canker 1:1 extract displays prominent
peaks for trametenolic acid (4), inotodiol (5), lanosterol (7), aligning with authentic chaga composition.
In contrast, IoMyc1 exhibits ergosterol (6) as its primary sterol. The peak labeled with an asterisk
(*) was initially considered unknown but was later likely identified as 3β-hydroxylanosta-8,24-dien-
21-al based on HPTLC and HPLC-DAD analyses. (B) Chromatograms of fatty acid standard mix.
IoMFG products lack characteristic chaga triterpenoids and instead show dominant peaks for fatty
acids, including linoleic (10), palmitic (11), oleic (12), and stearic (13) acids, reflecting their grain
substrate composition.
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Figure 9. LC-UV 281 nm chromatograms comparing ergosterol contents in whole chaga canker
(WChV5), chaga canker 1:1 extract (ChExt11), I. obliquus mycelium (IoMyc1), and mycelia fermented
grain (IoMFG) products. WChV5 and ChExt11 exhibit low ergosterol levels, while IoMyc1 shows
a strong ergosterol peak, confirming its fungal origin. IoMFG products contain detectable but
significantly lower ergosterol levels, approximately one-tenth the peak height of that found in WChV5.
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Table 2. Summary of triterpenoid quantification results in six whole chaga cankers (WChV1–6) and
chaga canker 1:1 extract (ChExt11) using LC-DAD at 210 nm absorbance. The mean percentages
(%w/w, dry) of inotodiol, trametenolic acid, 3β-hydroxylanosta-8,24-dien-21-al, and lanosterol are
reported alongside relative response factors (RRF), standard deviation (SD), limit of detection (LOD),
limit of quantification (LOQ), and R2 values for each compound. The data indicate that inotodiol is
the most abundant triterpenoid.

Statistic Inotodiol Trametenolic
Acid

3β-hydroxylanosta-
8,24-dien-21-al Lanosterol

RRF NA 1.28 1.39 1.43
Mean% 0.19 0.09 0.09 0.06

SD 0.080 0.022 0.030 0.017
LOD (ng) 19.9 16.7 8.4 3.0
LOQ (ng) 60.4 50.6 25.3 9.0

R2 1.0000 0.9998 0.9999 0.9999
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Figure 10. HPLC-DAD chromatograms of (A) whole chaga canker (WChV5) and (B) chemical ref-
erence standards for betulinic acid (BA), betulin (BET), tramentenolic acid (TA), inotodiol (INT), 3β-
hydroxylanosta-8,24-dien-21-al (3 β -HDLDA), ergosterol (ERG), and lanosterol (LAN). 

2.6. 1H NMR Spectral Fingerprinting of Chaga and Commercial Products 

¹H NMR spectral fingerprinting revealed distinct compositional differences between 
WChV2, ChExt11, IoMyc1, and IoMFG products (Figure 11). WChV2 and ChExt11 dis-
played peaks in the aliphatic (0.5–2.5 ppm) and aromatic regions (6.0–9.0 ppm), with Io-
Myc and IoMFG showing lower to no signal in these regions. The sugar region (3.0–4.0 
ppm) shows overlapping signals attributable to polysaccharides. Comparisons of IoMFG 
to their corresponding grains (rice, oat, and sorghum) showed near-superimposable spec-
tra (Figure 12). 

Figure 10. HPLC-DAD chromatograms of (A) whole chaga canker (WChV5) and (B) chemical
reference standards for betulinic acid (BA), betulin (BET), tramentenolic acid (TA), inotodiol (INT),
3β-hydroxylanosta-8,24-dien-21-al (3 β -HDLDA), ergosterol (ERG), and lanosterol (LAN).

2.6. 1H NMR Spectral Fingerprinting of Chaga and Commercial Products

¹H NMR spectral fingerprinting revealed distinct compositional differences between
WChV2, ChExt11, IoMyc1, and IoMFG products (Figure 11). WChV2 and ChExt11 dis-
played peaks in the aliphatic (0.5–2.5 ppm) and aromatic regions (6.0–9.0 ppm), with IoMyc
and IoMFG showing lower to no signal in these regions. The sugar region (3.0–4.0 ppm)
shows overlapping signals attributable to polysaccharides. Comparisons of IoMFG to
their corresponding grains (rice, oat, and sorghum) showed near-superimposable spectra
(Figure 12).
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Figure 11. 1H NMR spectra of whole chaga (WChV2), chaga canker 1:1 extract (ChExt11), I. obliquus 
mycelium (IoMyc1), and mycelia fermented grain (IoMFG) products. Both WChV2 and ChExt11 
exhibit distinct signals in the 6.5–9 ppm region, absent in IoMyc1 and IoMFG products. Additional 
spectral differences between chaga canker-based products and fermented grain products are evi-
dent in the 0.5–2.5 ppm and 6.5–9 ppm regions, corresponding to compositional variations. 

 

Figure 12. 1H NMR spectra of mycelia fermented grain products (IoMFG) compared to their respec-
tive cooked, autoclaved, and freeze-dried grain substrates (rice, sorghum, and oat). In each case, the 
spectral pattern of the fermented grain closely resembles that of its substrate, indicating a predom-
inantly unchanged composition. This suggests that fungal metabolism during fermentation does 
not significantly alter the grain’s chemical profile, with the major detected components likely origi-
nating from the substrate rather than fungal metabolites. 

  

Figure 11. 1H NMR spectra of whole chaga (WChV2), chaga canker 1:1 extract (ChExt11), I. obliquus
mycelium (IoMyc1), and mycelia fermented grain (IoMFG) products. Both WChV2 and ChExt11
exhibit distinct signals in the 6.5–9 ppm region, absent in IoMyc1 and IoMFG products. Additional
spectral differences between chaga canker-based products and fermented grain products are evident
in the 0.5–2.5 ppm and 6.5–9 ppm regions, corresponding to compositional variations.
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Figure 12. 1H NMR spectra of mycelia fermented grain products (IoMFG) compared to their re-
spective cooked, autoclaved, and freeze-dried grain substrates (rice, sorghum, and oat). In each
case, the spectral pattern of the fermented grain closely resembles that of its substrate, indicating a
predominantly unchanged composition. This suggests that fungal metabolism during fermentation
does not significantly alter the grain’s chemical profile, with the major detected components likely
originating from the substrate rather than fungal metabolites.
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2.7. LC-QToF-MS Metabolomic Analysis of Chaga Dietary Supplements

The LC-QToF-MS metabolomic analysis revealed distinct chemical profiles among
WChV1–6, ChExt11, IoMyc1, and IoMFG products. PCA for Interpretation 1 demonstrated
tight clustering of WChV1–6 and ChExt11 (Figure 13, Top). In contrast, IoMFG products
formed dispersed clusters, away from both chaga canker materials and IoMyc, reflecting
minimal fungal modification. Interpretation 2 PCA further segregated chaga canker, IoMyc,
and IoMFG into distinct groups (Figure 13, Bottom).
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Figure 13. Principal component analysis (PCA) of LC-QToF-MS metabolomic data comparing whole 
chaga canker (WChV1-6), chaga canker 1:1 extract (ChExt11), I. obliquus mycelium (IoMyc1), and 

Figure 13. Principal component analysis (PCA) of LC-QToF-MS metabolomic data comparing whole
chaga canker (WChV1-6), chaga canker 1:1 extract (ChExt11), I. obliquus mycelium (IoMyc1), and
mycelia fermented grain products (IoMFG). (Top) PCA score plot with axes representing variance ex-
plained by the first three principal components: Component 1 (X-axis, 47.78%), Component 2 (Y-axis,
14.89%), and Component 3 (Z-axis, 8.36%). The close clustering of WChV1–6 and ChExt11 indicates
high metabolic similarity, whereas IoMFG forms separate clusters, reflecting distinct compositional
differences. IoMyc1 also clusters separately, demonstrating its unique metabolic profile. (Bottom)
Alternative PCA interpretation with Component 1 (X-axis, 57.72%), Component 2 (Y-axis, 42.28%),
and Component 3 (Z-axis, 42.28%), further illustrates the compositional divergence of fermented
grain products and I. obliquus mycelium from authentic chaga canker.



Int. J. Mol. Sci. 2025, 26, 2970 16 of 29

Venn diagram analysis (Figure 14, Left) identified 11 unique molecular entities exclu-
sive to WChV1–6 and ChExt11, including compounds with molecular formulas (Figure 13,
Right). Statistical filtering (ANOVA, p < 0.05; fold change > 2.0) confirmed their significance
as chaga-specific biomarkers.
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Figure 14. The entities from LC-QToF-MS that are exclusive or shared among whole chaga canker
(WChV1-6), I. obliquus mycelium (IoMyc1), and mycelia fermented grains (IoMFG). (Left) Venn
diagram showing unique molecular entities identified in WChV1-6, ChExt11, IoMyc1, and IoMFG.
(Right) Table summary of molecular formulas and confidence scores (%) for unique entities in WChV1–
6 and ChExt11, identified through untargeted LC-QToF-MS metabolomic profiling, PCA classification,
and algorithmic formula generation. The detected compounds align with triterpenoids and sterol
derivatives, reinforcing their role as key chemical markers distinguishing authentic chaga canker.

3. Discussion
3.1. Analytical Methods and Their Limitations

Multiple analytical methods were used to authenticate chaga (I. obliquus) products and
distinguish them from fermented grain alternatives, including Lugol’s reagent for starch
detection, Megazyme® β-glucan (K-YBGL), HPTLC, LC-ELSD, LC-UV, melanin-focused
UV-Vis/FTIR analyses, 1H NMR, and LC-QToF-MS. Each method, however, has inherent
constraints: Lugol’s reagent provides primarily qualitative starch detection; the Megazyme®

β-glucan assay (K-YBGL) is an accurate method for measuring fungal β-(1,3)–(1,6) glucans
in mushrooms and yeast but, as the manufacturer explicitly warns, products containing
grain will elevate results due to detection of cereal β-glucans and cellulose; HPTLC re-
quires visual interpretation of semiquantitative banding patterns; LC-ELSD and LC-UV
can be limited by overlapping peaks, non-UV absorbing compounds, or low abundance
constituents; and melanin assessments via UV-Vis and FTIR may be influenced by other
chromophores and do not fully confirm pigment identity without orthogonal techniques.
Additionally, while 1H NMR yields a comprehensive metabolomic fingerprint, it may miss
low-concentration compounds and, like LC-QToF-MS, requires extensive instrumentation
and expertise. Despite these individual limitations, using multiple complementary assays
together provides a robust framework for product authentication, as the strengths of each
method offset the weaknesses of the others.

3.2. Physical Appearance Differences Between Whole Chaga Canker and Fermented Grain Products

Physical appearance offers a distinction between authentic chaga and its extracts with
fermented grain products (Figure 1). WChV1–6 consistently appears as woody chunks
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with a dark, crusted outer layer and cinnamon brown interior, while IoMFG products show
lighter, beige-brown coloration depending on the cereal substrate. The visual cues observed
in whole chaga samples align with previous descriptions of I. obliquus canker morphol-
ogy [2,3]. The distinct coloration and textural differences observed among whole chaga
canker, cultured mycelium, and commercial products suggest substantial compositional
differences, notably in their pigment contents. Pure mycelium was pale in color and would
be difficult to distinguish from finely ground grain based on physical appearance alone, but
our subsequent chemical analyses highlight important distinctions between these samples.

3.3. Polysaccharide Composition as a Key Differentiator

The α-glucan, and β-glucan data shown in Figure 2 confirm fundamental polysaccha-
ride distinctions between whole chaga canker and fermented grains. WChV1–6 contain low
amounts of α-glucans (0.8–1.1%), while β-glucans ranged from 5.7–11.9%, a modest amount
compared to other mushroom species [49,50] but characteristic of authentic chaga [18,51,52].
ChExt11 showed a similar pattern, with low α-glucans (1.1%), and β-glucans at 10.2%,
reinforcing its authenticity as a genuine chaga canker product. In contrast, pure grain and
fermented grain “chaga” formulations contained high α-glucans (33.1–74.0%).

Lugol’s reagent effectively differentiates fermented grain products from whole chaga
canker. Upon addition of Lugol’s reagent, IoMFG products turned navy blue to purple,
indicating the presence of starch and maltodextrin, both absent in WChV1–6 (Figure 3).
This colorimetric response aligns with the known high starch content of grains [45–47].
After overnight digestion with α-amylase, the blue-purple color was no longer observed
in grain and mycelia fermented grain samples, confirming the color change observed
prior to α-amylase treatment was starch-driven. Some sources note that Lugol’s reagent
can produce a dark brown color in the presence of glycogen, a polysaccharide found
in mushrooms with α-(1,4) and (1,6) glucose linkages, like starch [53–55]. However, no
significant color change was observed in WChV1–6 or IoMyc. The purple hue observed
in IoMFG products was reproducible by mixing starch and maltodextrin together with
Lugol’s reagent, further supporting maltodextrin’s role in the reaction. The presence of
starch in grain-based products aligns with their high α-glucan content, indicating that
starch is the main contributor to the high α-glucan levels in these products. Notably, liquid
culture I. obliquus mycelium (IoMyc2), despite containing 15.2% α-glucans, did not show a
significant color change upon addition of Lugol’s reagent, confirming that the mycelium
itself does not contain starch and does not contribute to the starch positive result observed
in fermented grains. These findings demonstrate starch as a reliable marker for detecting
grain-derived material, particularly in dietary supplements that may not clearly label grain
as an ingredient.

The α- and β-polysaccharide content of IoMyc2 differed from that of WChV1–6, with
higher levels of α-glucan (15.2%) and β-glucan (14.4%). These differences likely reflect
metabolic adaptations to nutrient-rich growth conditions, where the mycelium prioritizes
glycogen-like α-glucan storage over structural β-glucan synthesis. This is supported
by previous findings, where submerged fermentation I. obliquus mycelium produced an
anomeric NMR signal ratio of 1.7:1 glycogen-like α-glucan to β-glucan, in addition to IR
signals attributable to α-glycosidic linkages (830 cm−1) in the mycelium but not chaga
canker polysaccharide fractions [44]. The research also found that submerged fermentation
mycelium contained higher molecular weight polysaccharides than chaga canker, consistent
with the production of storage rather than structural polysaccharides [44]. Lugol’s reagent,
which normally stains helical α-glucans like glycogen dark brown, showed no reaction
to liquid-cultured I. obliquus mycelium in our study (Figure 3). This suggests that the
α-glucans in our mycelium samples either lack the helical structure necessary to produce
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color change in addition to Lugol’s reagent or that compounds of this nature are present at
levels below detection in these samples. Further structural analysis is needed to clarify its
branching, chain length, and linkage specificity.

β-Glucan analysis effectively differentiates authentic chaga canker from grain-derived
material (Figure 2). Our results are consistent with previous research reporting that au-
thentic chaga canker contains approximately 8–15% β-glucans [18,51,52]. While IoMFG
products contained some β-glucans (1.0–6.9%), values were consistently lower than in
WChV1–6, and α-glucan levels were disproportionately high (33.1–68.4%). IoMFG β-
glucans are likely attributable to the detection of cereal β-glucans and cellulose, aligning
closely with reported concentrations found in oats, brown rice, and sorghum [45–47]. This
suggests that fermented grain product polysaccharides likely originate from the cereal
substrate, rather than fungal biomass.

The high α-glucan levels in mycelia-fermented grain products contrast sharply with
the low α-glucan levels in authentic chaga. These results highlight the importance of
measuring multiple polysaccharide markers (α- and β-glucans, and starch) for accurate
chaga canker authentication. The α-glucan to β-glucan ratio may serve as a useful metric
for assessing product composition and ensuring supplement quality.

3.4. Melanin as a Marker for Chaga Identification

Previous work demonstrated that alkaline extract from the chaga canker, as well as
mycelium grown in submerged fermentation, displayed a UV-Vis absorbance spectrum
characteristic of melanin [1,41,48]. I. obliquus melanins were subsequently characterized
as allomelanin in the chaga canker and eumelanin in mycelium: despite their structural
differences, these compounds share a similar UV-vis spectrum. The pronounced UV-Vis
absorbance and ATR-FTIR spectral features in WChV1–6 and ChExt11 samples confirm
melanin as a definitive chemical marker for authentic chaga canker. Melanin’s broad ab-
sorption profile in the UV-Vis spectrum (Figure 4A) and its characteristic IR signatures align
with prior studies on fungal melanin, which emphasize its polyphenolic and macromolec-
ular structure [4,48,56]. The high absorbance values in WChV1–6 and ChExt11 correlate
with its dark pigmentation (Figure 1). Conversely, the negligible absorbance from IoMFG
products reflects their lack of melanin. Although there are reports in the literature of
melanin production in I. obliquus mycelium grown in submerged cultivation [41], we did
not find any evidence of melanin in IoMyc1. This is likely due to differences in the cul-
tivation conditions and media used in our study, which can have a profound influence
on the production of secondary metabolites [42]. This study did not endeavor to produce
mycelium with a specific biochemical composition but rather to produce pure mycelium as
a control for comparison to mycelia fermented grain products.

3.5. Triterpenoid and Sterol Profiles Distinguish Chaga Canker from Mycelia Fermented Grain

The distinct triterpenoid profiles determined by LC-ELSD in this study reflect the
metabolic specialization of whole chaga canker in contrast to I. obliquus mycelium and
mycelia fermented grain products (Figures 5 and 8). The detection of inotodiol, trame-
tenolic acid, and lanosterol in chaga is consistent with previous reports identifying these
compounds as chaga canker-specific metabolites [34,37,42,57]. LC-DAD quantification con-
firmed that wild chaga canker contained inotodiol at 0.19% w/w on average, successfully
exceeding the previously recommended threshold of 0.1165% w/w for chaga authentica-
tion [37]. The measured content of 3β-hydroxylanosta-8,24-dien-21-al (0.09%) was notably
lower than the previously reported 0.1717% w/w. However, our findings suggest that the
0.1717% value may be overestimated, potentially due to differences in extraction methodol-
ogy, quantification techniques, or sample selection criteria. This absence of key bioactive
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triterpenoids in IoMFG products reinforces that fungal fermentation on grain substrates
fails to replicate the chemical complexity of whole chaga canker, consistent with previous
research [42,58]. Interestingly, lanosterol and ergosterol were detected in pure mycelium
samples IoMyc1, IoMyc2, and IoMyc3, and triterpenoids in IoMyc3 (Figures 6 and 8).
Both IoMyc1 and IoMyc2 were grown in liquid culture; IoMyc1 was grown in a simple
medium (yeast extract, dextrose, malt), and IoMyc2 was grown in buffered peptone broth
containing amino acids. The use of buffered peptone promoted faster growth and increased
secondary metabolite production, aligning with previous studies, focused on optimizing
submerged cultivation of I. obliquus mycelium for enhanced metabolite yield [42]. Notably,
high triterpenoid levels were found in I. obliquus mycelium grown on a Petri dish, suggest-
ing its capacity to produce these metabolites under certain conditions. The total absence of
these triterpenoids in fermented grain products emphasizes the fundamental biochemical
differences between these products and pure mycelium.

Whole genome analysis of I. obliquus suggests that this organism possesses the biosyn-
thetic enzymes necessary to produce betulin and betulinic acid [59]. However, we found
these triterpenoids present only in trace amounts or entirely absent in WChV1–6, as well as
IoMyc and IoMFG products. This suggests that betulin and betulinic acid are not reliable
markers for chaga, despite previous reports of high betulin content in chaga from certain
geographic areas [27,49].

LC-PDA detection of ergosterol further differentiates I. obliquus mycelium and chaga
canker from fermented grain (Figure 9). While ergosterol is a fungal membrane sterol,
its low levels in WChV1–6 contrast sharply with its abundance in IoMyc1. The minimal
detection of ergosterol in IoMFG reflects dilution by grain substrates. While ergosterol
alone cannot authenticate chaga canker, its detection in chaga products provides a proxy
for fungal biomass, aiding quality control in mixed matrices [60].

3.6. Phenolic and Fatty Acid Profiles Highlight Additional Compositional Differences

HPTLC phenolic profiling (Figures 6 and 7) identified osmundacetone and sy-
ringic acid, both reported as chaga-associated phenolics, exclusively in the whole chaga
canker [16,20,61–65]. This suggests that I. obliquus mycelium and fermented grains not only
lack key triterpenoids, but do not replicate the polyphenolic profile of chaga canker, further
differentiating them from the authentic material.

The fatty acid profiles of IoMFG products, dominated by linoleic and oleic acids, mirror
lipid patterns in cereal grains, confirming their substrate-based composition. These results
are in alignment with reports of fatty acids in I. obliquus fermented oat products [58]. The
absence of these lipids in WChV1–6 highlights another layer of compositional divergence,
critical for distinguishing fermented grain products in commercial markets.

3.7. Metabolomic Analysis Confirms Authenticity Gaps

The HPTLC identification method effectively differentiates authentic chaga canker
from other fungal species commonly found in dietary supplements (Figure 5). Among
these species, ergosterol was the only shared compound across all samples, whereas chaga’s
triterpenoid profile distinguished it from the other species.

Comprehensive HPTLC profiling of triterpenoids (Figure 6) revealed that WChV5,
ChExt11, and I. obliquus mycelium grown on an agar plate (IoMyc3) exhibited distinct bands
corresponding to lanosterol, 3β-hydroxylanosta-8,24-dien-21-al, inotodiol, and trametenolic
acid. Osmundacetone was only observed in WChV5 and ChExt11. By contrast, IoMFG
products contained no triterpenoids or ergosterol, but showed high linoleic acid (RF 0.26)
and triglyceride (RF 0.86) content, closely resembling their grain substrates.
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Beyond individual marker compounds, metabolomic fingerprinting via ¹H NMR
and LC-QToF-MS provided a holistic differentiation between chaga canker and mycelia
fermented grain products. The ¹H NMR spectra (Figure 11) confirmed that WChV2 and
ChExt11 possess distinct aromatic signals (6.0–9.0 ppm), previously attributed to phe-
nolic compounds associated with chaga’s bioactivity [48,66]. Upfield aliphatic regions
(0.5–1.5 ppm) displayed stronger and more diverse signals in WChV2, likely reflecting
triterpenoid content. The spectral resemblance of IoMFG products to grain substrates
(Figure 12) further supports that fungal fermentation under these conditions does not
significantly alter grain composition, suggesting limited enzymatic hydrolysis or incor-
poration of fungal metabolites. This contrasts with commercial claims of “myceliated”
grains as bioactive equivalents to chaga, demonstrating potential discrepancies in prod-
uct composition.

1H NMR spectra of IoMFG and grains (Figure 12) exhibit signals at 5.3–5.5 ppm,
2.7–2.8 ppm, and 1.2–1.4 ppm, which correspond to the chemical shifts of linoleic acid [67].
This suggests that unsaturated fatty acids, which HPTLC (Figure 6) and LC-ELSD (Figure 8)
also show as predominantly linoleic acid, are a major component of their lipid profile. This
aligns with previous findings that I. obliquus cultivated on oats retains substantial fatty acid
content, unlike chaga canker [58].

The LC-QToF-MS metabolomic data corroborate the chemical uniqueness of WChV1–6
compared to IoMyc1 and IoMFG products. PCA demonstrates the close clustering of
WChV1–6 and ChExt11, suggesting that the extract production process preserves the
composition of the chaga canker starting material. In contrast, the greater dispersion
observed among IoMFG products suggests that fungal fermentation under these conditions
does not substantially alter the chemical profile of the grain substrate, reinforcing findings
from HPTLC and NMR analyses. Additionally, the close proximity of IoMFG-unk to
IoMFG-oat in PCA suggests that the unspecified grain substrate is likely oats. This LC-MS
work is consistent with previous research, which used GC-MS to differentiate chaga lipid
profiles from mycelial analogs [58], and LC-MS metabolomics as a robust tool for multiple
fungal species discrimination [68].

Metabolomic fingerprinting identified 11 entities exclusive to chaga canker materials,
with molecular formulas (Figure 14) matching known triterpenoids and sterols (C30H46O2,
C17H26O). These findings align with HPTLC and LC-ELSD data, as well as previous LC-
QToF MS analysis of chaga secondary metabolites, which confirm triterpenoids and sterols
as distinguishing chemical markers of chaga canker [42].

Overall, these NMR, HPTLC, and LC-MS data reinforce the conclusions that au-
thentic whole chaga canker (including its extracts) features a unique metabolic signature,
whereas fermented grain products largely mirror the compositional characteristics of their
cereal substrates.

4. Materials and Methods
4.1. Origin of Whole Dried Chaga, Chaga Canker 1:1 Extract, Mycelia Fermented Grain, and Grain
Substrate Reference Materials

Vouchers of authentic whole chaga harvested from birch trees were obtained from sev-
eral geographical locations, including Heilongjiang, China (Nammex, WChV5/6), Alaska,
USA (WChV1), Quebec, and Ontario, Canada (WChV2, WChV4), and Finland (WChV3).
Pure I. obliquus mycelium (IoMyc) was sourced from North Spore culture bank (IO1, lot#
081623-2), and propagated on Petri dishes (10 g/L dextrose, 10 g/L malt extract, 5 g/L yeast
extract, 20 g/L agar), and used to inoculate liquid cultures. Pure mycelium samples were
produced by Nammex in liquid culture fermentation: IoMyc1 was grown in simple malt
and sugar medium (10 g/L dextrose, 10 g/L malt extract, 5 g/L yeast extract), while IoMyc2



Int. J. Mol. Sci. 2025, 26, 2970 21 of 29

was grown in buffered peptone broth (10 g/L dextrose, 20 g/L malt extract, 0.25 g/L yeast
extract, 5 g/L buffered peptone 3MTM). Mycelium was grown for 3 weeks in 1 L flasks,
on a shaker (150 rpm), at 25 ◦C, filtered and rinsed three times in distilled water, then
freeze-dried. Mycelia fermented grain samples were purchased from the internet. Whole
oats, short grain brown rice, and sorghum grains were used as substrate reference materials
and were prepared by cooking, straining, autoclaving, and freeze drying. Whole chaga
canker, whole grains, and pure I. obliquus mycelium were ground to a fine powder using
a mortar and pestle, while chaga canker 1:1 extract and fermented grain products were
already powdered.

Early work analyzing biochemical profiles of the six whole chaga vouchers demon-
strated comparable results (as exemplified in Figure 13). For this reason, in some assays
only one representative voucher was used.

4.2. Starch Detection with Lugol’s Reagent (I2/KI)

For each sample, 50 mg of dry powder was transferred to a glass tube with a screw
cap and suspended in 10 mL of distilled water for a final concentration of 5 mg/mL. The
suspension was vortexed, and glass tubes were incubated in a hot water bath ~60 ◦C,
for 20 min. The tubes were removed from the water bath and allowed to cool at room
temperature to ~40 ◦C. A 990 µL aliquot of each sample was transferred to a new capped
glass tube, to which 10 µL of α-amylase (Megazyme®, Bray, Wicklow County, Ireland, Cat
Number: E-BSTAA) was added, to a final concentration of 30 U/mL. All samples (with
and without α-amylase) were incubated at ~40 ◦C overnight (>12 h). The following day,
500 µL of each sample was transferred to a 24-well plate, and 50 µL Lugol’s solution (I2/KI,
Sigma Aldrich, St. Louis, MO, USA, Cat Number: 62650) was added to each well, excluding
negative controls.

4.3. Polysaccharide Analysis: α- and β-Glucan Quantification

Quantification of β-Glucans in chaga and commercial products was conducted using
the Megazyme® Yeast and Mushroom β-Glucan Assay (K-YBGL ver 08/23), according to
the manufacturer’s protocol [69]. Whole chaga canker and chaga canker 1:1 extract samples
were prepared following the assay protocol for materials with <10% α-glucan content.
Mycelia fermented grain products were prepared using the protocol for samples with >10%
α-glucan content, accounting for their high starch-derived α-glucan content.

4.4. Melanin Extraction and Spectral Characterization
4.4.1. Melanin Extraction and Purification

Due to the lack of a commercially available chaga melanin standard, a purified melanin
reference was isolated from ChExt11 using an acid-base purification method described
previously [70]. Initial extraction began with boiling chaga in water, followed by alkaline
hydrolysis in 1 M NaOH and autoclaving to solubilize melanin. Acid precipitation at
pH 1 using HCl produced a crude melanin pellet. To enhance purity and solubility, the
precipitate underwent two additional purification cycles consisting of dissolution in 1 M
NaOH, boiling (100 ◦C, 20 min), centrifugation (5250× g, 1 h), and reprecipitation with HCl.
Residual impurities were removed via repeated aqueous washes, and the final melanin
was oven dried (80 ◦C) to constant mass.

For UV-Vis analysis of all samples, a simplified protocol was employed. Test sample
powder (5 mg) was suspended in 10 mL of 1 M NaOH, heated in a heating block (110 ◦C,
20 min), and centrifuged (5250× g, 5 min) to isolate solubilized melanin. The supernatants
containing the solubilized melanin were analyzed by UV-Vis spectrophotometry. Super-
natants were analyzed by UV-Vis spectrophotometry with 2-fold dilution (as necessary to
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remain in a measurable range for comparative analysis), and all samples were measured
with a 2-fold dilution in water for full absorbance spectrum acquisition.

4.4.2. Melanin Spectral Analysis

Absorbance measurements of melanin extracts were recorded at 500 nm using a VWR
UV-3100PC spectrophotometer. Additionally, full absorbance spectra (200–600 nm) were
recorded using the diode array detector (DAD) of an Agilent 1290 system, operated without
a column and using water as the mobile phase.

The purified melanin reference was ground to a fine powder with a mortar and
pestle, followed by analysis with an Agilent Cary 630 FTIR equipped with the Diamond-
ATR module.

4.5. HPTLC Identification and Fingerprinting
4.5.1. Chemicals and Reagents

ACS-grade solvents and reagents, including toluene, methanol, acetic acid, p-
anisaldehyde, and sulfuric acid, were obtained from Sigma Aldrich.

The following chemicals (purity ≥ 98%) were ordered from ChemFaces (Wuhan,
Hubei, China): inotodiol (Lot: CFS202301), trametenolic acid (Lot: CFS202301), betulin
(Lot: CFS202101), betulinic acid (Lot: CFS202102), 3ß-hydroxylanosta-8, 24-dien-21-al (Lot:
CF202301), osmundacetone (Lot: CFS202401), and syringic acid (Lot: CFS202402). Chemical
reference standards obtained from Sigma Aldrich were: ergosterol (Batch: MKCS7680),
lanosterol, (Batch: L5768-1MG), and linoleic acid (Batch: 0000283282).

4.5.2. HPTLC Extraction Protocol

To prepare test portions for HPTLC fingerprinting, 75 mg (±1 mg) of sample powder
was transferred into a 2 mL microcentrifuge tube. The fine powder was extracted in 1.5 mL
pure methanol. The suspension was vortexed for 10 s, followed by sonication at room
temperature for 15 min. The extracts were centrifuged at 7378× g for 10 min and the
supernatant was transferred into HPTLC vials, for a final extract concentration of 50 mg
sample mass per mL extraction solvent.

Stock solutions of each standard were prepared by dissolving the compounds in
methanol to appropriate concentrations. Standards were prepared at a concentration of
0.25 mg/mL in methanol.

4.5.3. Chromatography System and HPTLC Fingerprint Analysis

The following HPTLC equipment and software from CAMAG (Muttenz, Switzerland)
were used: Automatic TLC Sampler (ATS 4), Automatic Development Chamber (ADC
2), Scanner 4, Plate Heater III, TLC Visualizer 2, Immersion Device III, and VisionCats
4.0 software. Silica gel 60F254 HPTLC Premium Purity glass plates (20 × 10 cm) were
manufactured by Merck (Darmstadt, Germany).

Aliquots were applied as narrow bands of 8.0 mm length at 8.0 mm from the lower
edge of the plate. The bands of the outer lanes were applied 20 mm from the edge of the
plate. The distance between tracks (center to center) was 11.0 mm. Application volumes
were 10.0 µL. For identification testing, each chemical reference standard was applied at
2.0 µL.

The mobile phase consisted of toluene, methanol, acetic acid 85:10:5 (v/v/v), with the
development conditions as follows: pre-drying for 30 s, chamber temperature of 22 ± 5 ◦C,
chamber saturation for 20 min, plate activation for 10 min at a relative humidity of 35%
(±5%) using saturated MgCl2, preconditioning for 20 min, development to a distance of
70 mm, and drying for 5 min.
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Anisaldehyde/sulfuric acid derivatization reagent was prepared fresh by mixing
20 mL of acetic acid with 170 mL of ice-cold methanol, followed by 10 mL of sulfuric acid,
and then adding 1 mL of p-anisaldehyde. After development, plates were immersed in the
derivatizing reagent (speed 5, time 0). Immediately afterward, the plates were heated at
100 ◦C for 3 min on a plate heater. The derivatized plates were then imaged under white
light and 366 nm UV light.

4.6. UHPLC-ELSD/PDA Analysis of Triterpenoids, Sterols, and Fatty Acids

Acetonitrile, ethanol, formic acid used were of HPLC-certified grade, and water was
purified using a Milli-Q system (Millipore, Bedford, MA, USA).

Authentic chaga samples were homogenized to a fine powder. Approximately 1000 mg
of powdered chaga or commercial product contents were sonicated in 2.5 mL ethanol
for 30 min, centrifuged at 10,000 rpm for 15 min, and supernatants pooled into a 5 mL
volumetric flask. The extraction was repeated once, adjusted to final volume with ethanol,
and filtered (0.22 µm) into LC vials.

All analyses were performed on a Waters H-class Acquity UPLCTM system (Waters
Corp., Milford, MA, USA), including a quaternary solvent manager, sample manager,
column compartment, PDA and ELSD connected to Waters Empower 3 data station. An
Acquity UPLCTM C18 column also from Waters, was used for the separation. The column
temperature was maintained at 50 ◦C. The mobile phase comprised: 0.1% formic acid in
water (A), and 0.1% formic acid in acetonitrile (B). The gradient program, with a constant
flow rate of 0.25 mL/min was used. Seven µL of the sample was injected, and peak identities
were assigned based on the comparison of the retention times with standard compounds.

4.7. LC-DAD Triterpenoid Quantification
4.7.1. Preparation of Test Solutions and Standards for LC-DAD Quantification

Chaga canker samples were sieved through a 40-mesh screen before analysis, while
commercial products came as pre-milled fine powders. A 30 mg (±1 mg) portion sample
powder was accurately weighed and transferred into 2 mL microcentrifuge tubes. The
samples were extracted with 1.5 mL of pure methanol, followed by vortexing for 10 s and
sonication at room temperature for 15 min. The extract was then centrifuged at 7378× g for
10 min, and the resulting supernatant was filtered through a 0.22 µm filter into LC vials,
yielding a final extract concentration of 20 mg/mL. Reference standards were prepared in
methanol, with inotodiol and trametenolic acid prepared at a concentration of 0.1 mg/mL,
while 3ß-hydroxylanosta-8,24-dien-21-al and lanosterol were prepared at 0.05 mg/mL.

4.7.2. HPLC-DAD Instrumentation and Chromatographic Conditions

Analyses were performed on an Agilent 1260 Infinity II Prime LC, controlled by
OpenLab CDS 2.8. Separation was achieved on an Agilent Poroshell 120 EC-C18 column
at 30 ◦C, with a sample injection volume of 10 µL. For calibration curve preparation,
reference standards were injected at volumes between 1 and 7 µL, corresponding to different
concentration levels. The mobile phase consisted of water (A) and acetonitrile (B). The
gradient elution was carried out with a flow rate of 1.2 mL/min for the first 3.0 min, then
increased to 1.6 mL/min from 3.0 to 6.0 min, while maintaining 100% B. A post-run wash
step was performed, reducing % B from 100 to 70 between 6.0 and 7.2 min, followed by a
hold at 70% B from 7.2 to 9.0 min at 0.8 mL/min. The % B was then increased back from
100% from 9.0 to 10.8 min, maintaining a flow rate of 0.8 mL/min. Finally, an equilibration
step was applied from 10.8 to 14.5 min at 1.2 mL/min.
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4.7.3. Spectral Analysis and Compound Identification

Spectral analysis was performed to confirm the identity of the compounds in the chaga
samples. UV-Vis absorbance spectra were recorded using an Agilent 1290 DAD FS, and the
spectra of inotodiol, trametenolic acid, 3ß-hydroxylanosta-8,24-dien-21-al, and lanosterol
reference standards were compared to corresponding peaks in the sample extracts. In all
cases, the sample spectra matched the standards exactly, with identical absorption maxima.

4.7.4. Calibration Curves, Quantification, and Method Validation

Quantification was performed by an Agilent 1290 DAD FS, with an absorbance detec-
tion wavelength set to 210 nm. Peak areas were integrated and compared to the four-point
calibration curves to determine the concentrations of triterpenoids in the test solutions.

The method was validated according to ICH Q2(R2) guidelines, assessing accuracy,
precision, specificity, linearity, and system suitability. The percentage recovery was assessed
by spiking inotodiol (5.0, 10.0, and 15.0 µg, corresponding to 50%, 100%, and 150%) into the
chaga voucher test solution, resulting in recoveries of 93.8%, 87.2%, and 89.5%, respectively.
Intra-day and inter-day precision tests showed RSD values below 2%, demonstrating
excellent repeatability and method reproducibility. For each triterpenoid, the limits of
detection (LOD) and limits of quantification (LOQ) were determined using the standard
deviation of the response (σ) and the slope of the calibration curve (S).

System suitability tests confirmed that peak resolution, retention time stability, and
detector precision met acceptance criteria. Additionally, relative response factors (RRFs)
were determined for triterpenoid quantification using inotodiol as the reference standard,
allowing for a single calibration curve rather than separate ones for each triterpenoid.

4.8. 1H NMR Spectral Fingerprinting

4.8.1. Sample Preparation for 1H NMR

Triplicate extractions were performed to account for variability. Finely ground chaga
(0.19 w/w ratio to methanol) was vortexed, centrifuged (1480× g, 10 min), and 600 µL
supernatant mixed with 100 µL CD3OD-d4 in 5 mm NMR tubes.

4.8.2. Data Acquisition and Processing

Spectra were acquired on a Bruker Avance III HD spectrometer (400 MHz, 9.7 T) using
a NOESY presaturation sequence for solvent suppression. Parameters:

I. Spectral width: 8223 Hz (20 ppm)
II. Scans: 64
III. Recycle delay: 15 s
IV. 90◦ pulse: Optimized per sample

Spectra were processed using Bruker Topspin® software ver 3.6.3 for phasing, chemical
shift referencing, and baseline calibration. Tetramethylsilane (TMS, 0 ppm) served as the
chemical shift reference.

4.9. LC QToF-MS Metabolomic Profiling
4.9.1. Sample Extraction for LC QToF-MS

For whole dried chaga canker samples, the material was finely ground into a uniform
powder. For pre-milled samples (commercial products), no additional grinding was neces-
sary. Approximately 100 mg of each sample was weighed into 15 mL conical centrifuge
tubes in duplicate. Each sample was extracted with 10 mL of 80:20 methanol/water (v/v)
using a gentle mixing procedure on a rocking platform shaker for 48 h.
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Following extraction, the samples were centrifuged at 1480× g for 10 min to separate
the supernatant. The supernatant was filtered through 0.22 µm nylon syringe filters and
transferred into LC vials for analysis.

4.9.2. Instrumentation and Analysis

Separations were performed using an Agilent 1290 Infinity UHPLC (Agilent Technolo-
gies; Santa Clara, CA, USA) system equipped with an Agilent Zorbax Eclipse Plus C18
column (2.1 mm × 50 mm, 1.8 µm) and a guard column (3 mm × 5 mm, 1.8 µm). The
column temperature was maintained at 40 ◦C. The mobile phase consisted of water (A) and
methanol (B), and the flow rate was set to 0.200 mL/min. The injection volume was 1 µL. A
gradient elution program was applied as follows: the mobile phase composition started
at 75% B for 2.0 min, then increased linearly to 90% B over the next 4.0 min (2.0–6.0 min).
From 6.0–8.0 min, the proportion of B further increased to 97%, where it was held for
32.0 min (8.0–40.0 min). Finally, the system was re-equilibrated at 75% B for 3 min before
the next injection.

The Agilent 6546 QToF mass spectrometer was operated in positive ionization mode,
with a capillary voltage of 3500 V, nozzle voltage of 250 V, fragmentor voltage of 140 V, and
skimmer voltage of 65 V. The gas temperature was maintained at 300 ◦C, with a gas flow
rate of 10 L/min and a nebulizer pressure of 35 psig. The sheath gas temperature was also
set to 300 ◦C, with a sheath gas flow rate of 11 L/min.

4.9.3. Data Processing

Mass spectrometric data were processed using software for peak detection, alignment,
and normalization. Compounds were identified based on accurate mass measurements and
isotopic distribution patterns, referencing a comprehensive database of fungal metabolites.

Compounds were imported into Mass Profiler Professional and grouped in two differ-
ent interpretations for subsequent analysis. Upon grouping, the samples were explored
using significance testing and fold change workflow. First, entities (compounds) are filtered
to meet the frequency filter of being present in 100% of samples in at least one condition
(group). This ensures that only compounds that are truly characteristic of the group are
retained. Next, entities are filtered based on their p-values calculated from statistical analy-
sis. The statistical test used was a one-way ANOVA with a p-value cut-off of 0.05. Finally,
entities are displayed based on a fold change cut-off of 2.0 in at least one condition. A fold
change of 2.0 represents a two-times increase in the intensity (quantity) of a given entity.

PCA was used to visualize metabolomic differences between sample groups. Data
were normalized and log-transformed before analysis.

5. Conclusions
This study demonstrates the effectiveness of robust analytical methods for authenticat-

ing chaga (I. obliquus) dietary supplements. By integrating HPTLC, LC-ELSD, LC-QToF-MS,
NMR spectroscopy, UV-Vis spectrophotometry, and iodine-starch assays, we identified
critical chemical markers that distinguish wildcrafted chaga canker from fermented grain
products and pure mycelium. This multi-analytical approach is novel in its application to
authenticate chaga supplements, providing a comprehensive framework for quality control.

Authentic chaga canker was characterized by high melanin content, a high β-glucan
to α-glucan ratio, and unique triterpenoid and phenolic profiles. In contrast, fermented
grain products contained significant starch and α-glucans, lacked key triterpenoids, and
exhibited metabolic profiles closely resembling their grain substrates rather than chaga
canker. These findings emphasize a need for rigorous analytical verification to prevent
misrepresentation in the marketplace.
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Standardized multi-analytical approaches are essential for ensuring product authen-
ticity, consumer confidence, and industry transparency. This framework can be applied
to verify other functional fungal ingredients, setting a benchmark for quality control in
dietary supplements.
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Chemical characterization and biological activity of Chaga (Inonotus obliquus), a medicinal “mushroom”. J. Ethnopharmacol. 2015,
162, 323–332. [CrossRef] [PubMed]

6. Snell, W.H.; Dick, E.A. A Glossary of Mycology, 2nd ed.; Harvard University Press: Cambridge, MA, USA, 1971; p. 181.
7. Gottesfeld, L.M.J. Use of cinder conk (Inonotus oblilquus) by the Gitskan of the northwestern British Columbia, Canada. J. Ethnobiol.

1992, 12, 153–156.
8. Shashkina, M.Y.; Shashkin, P.N.; Sergeev, A.V. Chemical and medicobiological properties of chaga (review). Pharm. Chem. J. 2006,

40, 560–568. [CrossRef]
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