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Abstract: The genus Ganoderma is a widely used medicinal fungus in East Asia. The main medicinal
components are triterpenoids, polyphenols, and polysaccharides. Bitterness is an important com-
mercial trait for Ganoderma. White Lingzhi (G. leucocontextum) is less bitter. But the characteristics of
its nutritional and medicinal ingredients are still unclear, which undoubtedly limits its commercial-
ization. In this study, the medicinal ingredients of Lingzhi and white Lingzhi were extracted and
quantified. The structure and antioxidant activities of purified polysaccharides were determined. At
the same time, their nutritional differences were compared. White Lingzhi contains more medicinal
ingredients and its polysaccharide is more active. The higher protein content may be one of the
reasons for weaker bitterness in white Lingzhi. The nutritional and medicinal traits of white Lingzhi
were described for the first time in this study, which provides fundamental knowledge to support the
development of white Lingzhi.

Keywords: white Lingzhi; Lingzhi; Chinese traditional medicine

1. Introduction

Ganoderma lucidum, commonly known as Lingzhi, is a traditional Chinese fungus
that is widely used in China, Japan, Korea, and other Asian countries. It possesses a
wide range of bioactivities, including anti-tumor properties [1,2], immunomodulatory
effects [3], antimicrobial and antiviral activities [4], liver-protective effects [5], anti-aging
properties [6], and potential in diabetes control [7]. Lingzhi has been extensively studied
due to its numerous beneficial properties.

In 2015, G. leucocontextum, also known as white Lingzhi, was identified as a new
species [8]. White Lingzhi exhibits significant morphological differences compared to
Lingzhi. While Lingzhi has a semi-circular or kidney-shaped cap and off-white to light
brown hard flesh, white Lingzhi has a semi-circular or fan-shaped cap and white soft flesh.
Additionally, white Lingzhi has been found to promote neurite outgrowth [9] and possess
immunomodulatory effects [10].

The medicinal value of Ganoderma fungi primarily stems from the presence of bioac-
tive substances, including polysaccharides, triterpenoids, polyphenols, and proteins [11].
However, Lingzhi’s practical applications are hindered by its poor palatability due to its
strong bitter taste. Furthermore, there have been reports of adverse reactions associated
with Lingzhi consumption, such as dry mouth, nausea [12], diarrhea [13], sore throat [14],
and insomnia [1].

In contrast, white Lingzhi exhibits relatively less bitterness and causes milder hy-
persensitivity reactions, making it a more promising candidate for broader applications.
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These characteristics of white Lingzhi make it more palatable and tolerable for individuals,
potentially increasing its acceptability and usage.

Opverall, the discovery of white Lingzhi as a new species and its distinct morphological
features, along with its unique bioactivities, suggest that white Lingzhi has the potential to
contribute to the development of new therapeutic agents. Further research is warranted to
explore the full range of its medicinal properties and potential applications.

In this study, our focus was on examining differences in the main nutritional and
medicinal ingredients between white Lingzhi and Lingzhi. We extracted the main medici-
nal ingredients and quantified these medicinal and nutritional components. Additionally,
we characterized the structure of the polysaccharide. Furthermore, to gain a clearer un-
derstanding of the bioactivities, we investigated the antioxidant capacity in vitro of the
polysaccharides, phenolics, and triterpenoids.

These investigations into the differences between white Lingzhi and Lingzhi may
explain the milder and less bitter taste of white Lingzhi. The details obtained from this study
will serve as a foundation for the more accurate application of white Lingzhi, providing
valuable insights into its potential benefits and uses.

2. Materials and Methods
2.1. Materials and Chemicals

Fresh fruiting bodies of Lingzhi and white Lingzhi were collected from the Biotechnol-
ogy and Genetic Germplasm Resources Research Institute, Kunming, China. 1,1-diphenyl-
2-picrylhydrazyl (DPPH), pyrogallic acid, and ferrozine were obtained from Sigma-Aldrich.
All the reagents were analytical grade.

2.2. Preparation of Sample

The fruiting bodies were dried in an oven at 40 °C until a constant weight was achieved.
Subsequently, they were ground into a fine powder (40 mesh) using a ball mill (model PM
100; Retsch GmbH; Haan, Germany) operating at a speed of 350 rpm for 1.5 h. The ball mill
operated for 5 min followed by a 10 min interval during which the rotational direction was
changed. These powder samples were stored in a desiccator for the following experiments.

2.3. Determination of Protein Content

The content of crude protein was quantified by the Kjeldahl method [15]. A totalof 1 g
sample of powder was mixed with 12 mL H»5O4 and 6.4 g catalytic mix (KySO4:CuSO4 =
15:1, w/w). The sample was heated to 400 °C to completely fix the protein nitrogen into
ammonium. In total, 60 mL H,O and 50 mL 40% NaOH solution were added to the
digestion solution and heated for distillation. The distillate was absorbed by 2.5% H3BOs3,
which was then titrated with 0.05 mol/L HCl standardized for the quantification of total
nitrogen (N). For the protein content, the value of N was converted to N x 4.38 fungal
protein [16].

2.4. Determination of Amino Acids Composition

The amino acid composition was determined by the ninhydrin method with minor
modification [17]. The sample (50 mg) was hydrolyzed by 6 M HCI for 24 h at 110 °C in
vacuo. The supernatant was transferred and concentrated after cooling in the dark. The
concentrated solution was diluted with sodium citrate buffer (0.2 M, pH 2.2) and filtered
through a 0.2 um filter for analysis via an amino acid analyzer (Biochrom; Cambridge, UK).
A mixture of 17 kinds of amino acids was used as a working standard. The concentration
of each amino acid was 100 nmol/mL. The content of valine was determined by an HPLC
system equipped with a C18 column and UV detector. Tryptophan content was determined
using the p-dimethylaminobenzaldehyde (p-DAB) colorimetric method [18].
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2.5. Determination of Triterpenoid Content

Triterpenoids were extracted using methanol as the solvent. The sample was evenly
dispersed in methanol at a ratio of 1:10 (w/v). The mixture was then shaken for 12 h at
room temperature to ensure complete extraction.

The content of total triterpenoids (Tr) was represented by ursolic acid equivalents [19].
In brief, 100 pL of the extracting solution was mixed with 150 pL of 5% vanillin solution
(dissolved in glacial acetic acid) and 500 uL of a 70% perchloric acid solution. The resulting
mixture was heated for 45 min at 60 °C and then cooled on ice. As it cooled, 2.25 mL glacial
acetic acid was added. The absorbance of the solution was measured at 548 nm against a
blank (methanol). To prepare a calibration curve, different concentrations of ursolic acid
(ranging from 0.1 to 0.5 mg/mL) dissolved in methanol were used as standards.

2.6. Determination of Phenolic Content

Phenolics were extracted using methanol as the solvent. The sample was evenly
dispersed in methanol at a ratio of 1:10 (w/v), and the mixture was shaken for 12 h to
ensure full extraction.

The content of total phenolics (Ph) was represented by gallic acid equivalents [20]. A
total of 500 pL of the extract solution was mixed with 2.5 mL of Folin—-Ciocalteu reagent
(previously diluted ten times in water) and 2.0 mL of NapyCOj solution (75 g/L). The
mixture was vortexed and incubated for 30 min at 40 °C to develop color. The absorbance
of the solution was measured at 765 nm against a methanol blank. To prepare a calibration
curve, different concentrations of gallic acid (ranging from 0.1 to 0.5 mg/mL) dissolved in
methanol were used as standards.

2.7. Analysis of Polysaccharide
2.7.1. Extraction of Crude Polysaccharide

The sample powder was dispersed in water at a ratio of 1:15 (w/v) and heated at
95 °C for 4 h. After centrifugation at 8000 rpm for 15 min, the supernatant was mixed with
ethanol at a ratio of 1:3 (v/v) and left to stand for 10 h. The sediment was collected by
centrifugation and dissolved in water. To remove proteins, Sevage reagent was used [21].

The polysaccharide content of the supernatant was determined using the 3,5-dinitrosalicylic
(DNS) colorimetric method, as described by [22]. Prior to analysis, the supernatant was
dialyzed against water by using a membrane with a molecular weight cutoff of 3500 Dalton.
The dialyzed solution was then subjected to the DNS colorimetric method to quantify the
polysaccharide content.

2.7.2. Purification of Polysaccharide

The polysaccharides were purified following the protocols of Feng et al. [23]. After
dialysis against phosphate buffer (0.05 M, pH 7.4), the crude polysaccharide was purified
on a DEAE-Sepharose column. Elution was performed stepwise with phosphate buffer
(0.05M, pH 7.4), 0.15 M NaCl in phosphate buffer (0.05M, pH 7.4), 0.5 M NaCl in phosphate
buffer (0.05 M, pH 7.4), and 1 M NaCl in phosphate buffer (0.05 M, pH 7.4). The fractions
with high polysaccharide content, eluted by phosphate buffer (0.05 M, pH 7.4) and 0.5 M
NaCl in phosphate buffer (0.05 M, pH 7.4), were collected for further analysis.

Subsequently, the collected fractions were subjected to a CM-Sepharose column and
eluted with acetate buffer (0.05 M, pH 4.6). The unbound fraction was collected and
subsequently freeze-dried to obtain pure polysaccharides. This purification process ensured
the isolation of polysaccharides with high purity from the crude extract.

2.7.3. Characterization of Polysaccharide

The molecular weight of the polysaccharide was determined using high-performance
gel permeation chromatography (HPGPC) with an Agilent 1200 HPLC system equipped
with a PL aquagel-OH 50 column (7.7 x 300 mm) and a differential refractive index detector
following the method described by [24]. Phosphate buffer (0.2 M, pH 7.5) was used as the
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flow phase at a flow rate of 0.5 mL/min. The weight-average molecular weights (Mw) and
number-average molecular weights (Mn) were estimated from a calibration equation based
on PL pullulan polysaccharide standards.

A thermogravimetric analysis (TGA) of polysaccharide was conducted with a thermal
analyzer (model STA 2500; Netzsch; Selb, Germany) under a nitrogen atmosphere, and
heated from 30 to 800 °C with a heating rate of 10 °C/min [25].

The polysaccharide was hydrolyzed by trifluoroacetic acid (TFA, 2.0 M) [26] and
then analyzed using a high-performance anion exchange chromatography (HPAEC) sys-
tem (Dionex ISC 3000, Sunnyvale, CA, USA) with pulsed amperometric detector (PAD),
CarboPac PA20 column (4 x 250 mm, Dionex), and PA-20 guard column (3 x 30 mm). Cali-
bration was performed using the standard solutions of L-arabinose, D-xylose, D-glucose,
D-mannose, D-galactose, glucuronic acid, and galacturonic acid.

Fourier-transform infrared spectroscopy (FTIR) was performed on an FTIR spec-
trometer (Alpha; Bruker; Optics, Germany) with KBr disks containing 1% finely ground
samples [27]. The spectrum was recorded in the range of 4000 to 400 cm ™.

For nuclear magnetic resonance (NMR) spectroscopy, the polysaccharide was dis-
solved in D,O, and solution-state 1H, 3C, and heteronuclear single quantum coherence
(HSQC) NMR spectra were acquired at 298 K from an Avance III HD 500 spectrometer
(Bruker; Optics, Germany) [28].

2.8. Antioxidant Capacity In Vitro

In this experiment, polysaccharides and phenolics were dissolved in phosphate buffer
(0.1 M, pH 7.4), while triterpenoids were dissolved in 50% methanol. Antioxidant capacity
was determined as follows:

The ability to scavenge HyO, was evaluated following [29] with minor modifications.
Sample solution (1.0 mL) with different concentrations was added to a mixture containing
0.4 mL H,O, (0.3%) and 2.0 mL phosphate buffer (0.1 M, pH 7.4). The absorbance of H,O,
at 230 nm was determined after 10 min. HO, scavenging ability = (A — As + A¢)/A x 100,
where A was the absorbance of the reaction solution without the sample, As was the
absorbance of the reaction solution with the sample and A. was that of the solution
replaced HyO, with solvent.

DPPH radical scavenging activity was assayed following [30]. Sample solution (1 mL)
with different concentrations was added to 3 mL 75 uM DPPH in 50% methanol solution.
The mixture was kept in the dark at room temperature for 30 min. Absorbance was
measured at 517 nm. DPPH scavenging ability (%) = (A — As + Ac)/A x 100, where A was
the absorbance of the solution including DPPH and methanol, As was the absorbance of
the sample and DPPH solution, and A. was the absorbance of the solution including the
sample and methanol.

The binding of Fe?* was assessed following [31] with minor modification. Sample
solution (800 pL) with different concentrations was added to a reaction mixture containing
2.0 mL deionized water, 40 uL. FeCl, (2 mM), and 160 uL ferrozine solution (5 mM). Ab-
sorbance at 562 nm was determined after 10 min. The binding rate of Fe?* = (A — Ag + A.)/
A x 100, where A was the absorbance of the reaction solution without the sample, As was
the absorbance of the reaction solution with the sample, and A. was that of the solution
including the sample and water only.

2.9. Statistical Analysis

The independent experiments were performed in triplicate, and all the data were
expressed as Means + Standard Deviation (M £ S.D.). Statistical analyses were performed
by one-way ANOVA using the software program GraphPad Prizm 8.0. The FTIR and TGA
spectra were plotted with Origin 2019. The NMR spectra were analyzed with the software
program MestreNova 14.0.
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3. Results
3.1. Difference in Crude Protein Concentration

The crude protein concentration of white Lingzhi was 11.98%, while Lingzhi was only
8.98% (Figure 1). In a wider study of Chinese Lingzhi, the mean protein concentration was

9.9% [32], which falls between our values for Lingzhi and white Lingzhi.
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Figure 1. Crude protein concentration in white Lingzhi and Lingzhi. **** indicates that p < 0.0001.

3.2. Differences in Amino Acid Composition

For a more detailed comparison of protein, the amino acid compositions were de-
termined. We classified 18 amino acids into four groups (Table 1). The total amino acid
concentration of white Lingzhi exceeded that of Lingzhi, which was consistent with the
protein results. There were differences in the relative proportions of amino acids. The
concentrations of monosodium glutamate-like (MSG-like) amino acids were higher in white
Lingzhi, while the overall percentage of sweet amino acids was the highest in Lingzhi.
However, there was no significant difference in the relative proportions of the four amino

acid groups.

Table 1. Amino acid composition of white Lingzhi and Lingzhi.

Amino Acid Concentration (mg g~1)

Amino Acid

White Lingzhi Lingzhi
Aspartic acid 0.96 + 0.02 0.77 £ 0.02
MSG-like Glutamic acid 1.44 +0.02 0.80 4+ 0.02
Total/percentage 2.40/25.2% 1.57/22.6%
Alanine 0.64 + 0.00 0.50 £+ 0.01
Glycine 0.50 4+ 0.01 0.40 4+ 0.02
Sweet Serine 0.47 +0.01 0.40 4 0.02
Threonine 0.51 £ 0.01 0.47 + 0.02
Total/percentage 2.12/22.3% 1.77/25.4%
Arginine 0.65 £+ 0.02 0.32 +0.01
Histidine 0.17 = 0.00 0.13 +0.01
Leucine 0.88 4+ 0.01 0.69 4+ 0.02
. Phenylalanine 0.45 +0.00 0.34 +0.01
Bitter Methionine 0.15 = 0.01 0.10 = 0.00
Cysteine 0.15 £+ 0.00 0.18 4+ 0.00
Valine 0.60 4 0.01 0.48 +0.01
Total/percentage 3.05/32.0% 2.24/32.2%
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Scavenging ratio of H,0, (%)

Table 1. Cont.

Amino Acid Concentration (mg g—1)

Amino Acid
White Lingzhi Lingzhi

Isoleucine 0.44 £+ 0.01 0.35 £ 0.01

Lysine 0.55 £0.01 0.36 £ 0.01

Tastel Proline 0.47 +0.01 0.35+0.01
asteless Tryptophan 0.15 + 0.001 0.09 + 0.00
Tyrosine 0.34 £ 0.00 0.23 £0.01

Total/percentage 1.95/20.5% 1.38/19.8%

Total amino acids 9.52 6.96

3.3. Differences in Concentrations and Antioxidant Activities of Triterpenoids

Triterpenoid concentrations and DPPH scavenging ability are shown in Figure 2. The
triterpenoid concentration of white Lingzhi was significantly higher than that of Lingzhi.
Ganderma triterpenoids were strong scavengers on DPPH. However, these two triterpenoid
extracts showed little activity in HyO, removal or Fe?* chelation. This may be due to the
location of the hydroxyl group in their structure. And, it indicates that the mode of action
of triterpenoids does not involve Fe?* chelation to any significant degree.
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Figure 2. Concentrations and antioxidant activities of triterpenoids. The concentration (A) of
triterpenoids and capacity to scavenging DPPH (B), H,O, (C) and chelate Fe?* (D) in white Lingzhi

and Lingzhi. *** indicates that p < 0.001.
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3.4. Differences in Concentrations and Antioxidant Activities of Total Phenolics

No significant difference in the concentration of phenolics between white Lingzhi and
Lingzhi was observed. These phenolics are able to scavenge DPPH and H,O; and can
chelate Fe?*. But, the relationships between antioxidant capability and concentration were
inconsistent. Compared with the phenolics from Lingzhi, those from white Lingzhi had a
stronger initial capacity to scavenge HyO, and chelate Fe?*. In addition, the scavenging
ability of white Lingzhi phenolics on DPPH was relatively stable, and less affected by their
concentration (Figure 3).
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Figure 3. Concentrations and antioxidant activities of phenolics. The concentration (A) of phenolics
and capacity to scavenging DPPH (B), H,O, (C) and chelate Fe?* (D) in white Lingzhi and Lingzhi.
ns indicates that no significance.

3.5. Differences in Characters and Antioxidant Activities of Polysaccharides

A DEAE-sepharose column was used to separate the polysaccharides into acidic and
neutral fractions. The fraction bound to the column was identified as an acidic polysaccha-
ride, while the unbound fraction was identified as a neutral polysaccharide. The purified
fractions will be referred to as white Lingzhi neutral polysaccharide (WLNP), white Lingzhi
acidic polysaccharide (WLAP), Lingzhi neutral polysaccharide (LNP), and Lingzhi acidic
polysaccharide (LAP).
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3.5.1. The Molecular Weights of Polysaccharides

Table 2 presents the molecular weights (Mw and Mn) of the four polysaccharides. The
polydispersity (PD) values ranged between 1.55 and 1.75, indicating that the molecular
weights of the polysaccharides were relatively uniform. Furthermore, it can be observed
from Table 2 that the molecular weight of the neutral polysaccharide was higher than that
of the acidic polysaccharide.

Table 2. Molecular weight of polysaccharides.

Polysaccharide Mw Mn PD
WLNP 131,127 76,372 1.72
WLAP 123,869 74,105 1.67

LNP 139,141 88,465 1.57
LAP 104,006 61,417 1.69

Note: WLNP, white Lingzhi neutral polysaccharide; WLAP, white Lingzhi acidic polysaccharide; LNP, Lingzhi
neutral polysaccharide; and LAP, Lingzhi acidic polysaccharide. PD is an abbreviation for polydispersity and is
calculated as the ratio of Mw to Mn.

3.5.2. Thermogravimetric Analysis

The thermal stability of biomolecules plays a vital role in their suitability for var-
ious biological applications. In this study, the thermogravimetry (TG) and derivative
thermogravimetry (DTG) curves of four polysaccharides were examined, as depicted in
Figure 4. As the temperature increased, the residues gradually decreased. Interestingly, the
acidic polysaccharides exhibited higher residue levels than did neutral polysaccharides
at 800 °C. Moreover, the DTG curves of all four polysaccharides displayed a peak below
100 °C, which can be attributed to the evaporation of residual moisture [33]. However,
it is worth noting that the weight loss peak for the acidic polysaccharides was smaller,
indicating weaker water absorption and retention capabilities compared to the neutral
polysaccharides. The remaining peaks observed in the curves were a result of thermal de-
composition [34]. Notably, the thermal decomposition pattern differed between the acidic
and neutral polysaccharides. The neutral polysaccharides exhibited significant weight loss
between 150 and 400 °C, whereas the acidic polysaccharides displayed a minor, but more
abrupt weight loss between 200 and 300 °C, followed by further weight loss above 700 °C.
Our TG findings suggest that the acidic polysaccharides possess greater stability at high
temperatures. Additionally, when comparing the amount of residues at 800 °C, it was
observed that the white Lingzhi polysaccharide exhibited slightly better stability, although
the difference was not statistically significant.

3.5.3. Monosaccharide Components of Polysaccharides

Based on our HPAEC-PAD analyses, the composition of the acidic polysaccharide was
very simple, while the neutral polysaccharides were more complex (Table 3). The four
polysaccharides were mostly composed of glucose (Glc), strongly suggesting that it is the
major unit of the main backbone for Ganoderma polysaccharides. In addition, the neutral
polysaccharides were composed of a large variety of monosaccharides, which suggests they
may have a wider range of biological activities. The proportion of Glc in white Lingzhi was
lower, with greater balance among the various component monosaccharides, which may
be one of the reasons for the mild pharmacological properties of white Lingzhi.

Table 3. The monosaccharide components of polysaccharides.

Galactose Glucose Glucuronic
Sample Fucose (Fuc) (Gal) (Glo) Xylose (Xyl) Acid (GIcA)
LAP 0.00 0.00 78.07% 0.00 21.93%

WLAP 0.00 0.00 66.91% 0.00 33.09%
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Table 3. Cont.
Galactose Glucose Glucuronic
Sample Fucose (Fuc) Xylose (Xyl) .
P (Gal) (Glo) y YD Acid (GleA)
LNP 3.65% 12.79% 70.84% 7.51% 5.21%
WLNP 5.05% 19.21% 66.32% 6.00% 3.42%
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Figure 4. TG and DTG curves for four different samples: (A) WLNP, white Lingzhi neutral polysac-
charide; (B) WLAP, white Lingzhi acidic polysaccharide; (C) LNP, Lingzhi neutral polysaccharide;
and (D) LAP, Lingzhi acidic polysaccharide.

3.5.4. Polysaccharide Structural Analysis

The structure of the polysaccharides was analyzed using the Fourier-transform in-
frared spectroscopy (FTIR) and nuclear magnetic resonance (NMR) techniques. The FTIR
spectra, presented in Figure 5, facilitate the determination of the chemical bonds and molec-
ular structure of the polysaccharides, serving as complementary methods for structural
analysis [35].

Several absorption peaks were observed in the FTIR spectra. The peaks at 3444.24 cm !
and 2891.74 cm~! can be attributed to the stretching vibration of hydroxyl groups and
C-H groups, respectively [36,37]. The absorption peaks within the 1700-1300 cm~! range
indicate the presence of carboxyl groups in the polysaccharides. Specifically, the peak at
1635 cm ! reflects C=0 linkages [38], while the peak at 1362 cm~! corresponds to carboxy-
late groups [39]. The peak observed at 1159 cm ™! reflects the stretching of «-(1,4) glycosidic
linkages [40]. Additionally, the peak at 1074 cm~! confirms the presence of a pyranose ring
structure. Furthermore, the peaks observed at 946 cm~ 1,861 ecm™1, and 547 cm ™! represent
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B-glycosidic bonds, a-glycosidic bonds, and in-plane C=0 bending, respectively [41-43].
Notably, the a-glucosidic bonds in the neutral polysaccharide were not clearly evident in
the FTIR spectra.
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Figure 5. FTIR spectra of WLNP (white Lingzhi neutral polysaccharide), WLAP (white Lingzhi acidic
polysaccharide), LNP (Lingzhi neutral polysaccharide), and LAP (Lingzhi acidic polysaccharide).

In summary, the FTIR analysis provided valuable insights into the chemical bonds and
molecular structure of the polysaccharides, highlighting the presence of hydroxyl groups, C-
H groups, carboxyl groups, x-(1,4) glycosidic linkages, and various other functional groups.

The NMR spectra provide detailed information about the structural characteristics of
the polysaccharide polymers. Both the 'H NMR and HSQC NMR spectra are presented in
Figure 6. The 'H NMR spectra reveal several signals that indicate the presence of specific
sugar residues. These include 3-D-glucose (3.57 and 3.65 ppm), 3-D-mannose (3.76 ppm),
o-L-aranitol (4.12 ppm), and 3-D-xylan (4.44 and 3.23 ppm). Further details can be observed
in the HSQC spectra.

In the HSQC spectra, a 5c /oy signal at 3.83/60.64 ppm corresponds to the C6-H of (1
— 4)-linked o-D-glucan [44]. The presence of different Glc configurations in the polysac-
charide is evident from the 'H/13C chemical shifts. The signals at 8¢ /by 3.44/72.96 and
3.65/60.74 ppm are assigned to H-5/C-5 and H-6/C-6 of —3)-p-D-Glcp-(1— residues [23].
The cross-peak at ¢ /8y 3.37/69.45 ppm is assigned to —3,6)--D-Glcp-(1— [45-47]. The
signal at 8¢ /by 4.91/97.87 ppm is associated with —6)-3-D-Glcp-(1— [47]. Similarly, the
cross-peaks at 5¢c /by 4.12/68.78 and 3.77/68.59 ppm are assigned to H-5/C-5 and H-6/C-6
of —6)-p-D-Manp-(1— residues [23]. The d¢ /6y 4.69/102.55 ppm signal is associated with
—3)-B-D-Galp-(1— [45]. Additionally, the "H/!3C chemical shifts at 5c /8y 4.44/102.74
and 3.25/73.08 ppm are assigned to C1-H and C2-H of (1 — 4)-linked (3-D-xylan [44].
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Figure 6. 'H (left) and HSQC (right) NMR spectra of WLNP (white Lingzhi neutral polysaccha-
ride), WLAP (white Lingzhi acidic polysaccharide), LNP (Lingzhi neutral polysaccharide), and LAP
(Lingzhi acidic polysaccharide).
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Scavenging ratio of DPPH (%)

In summary, the neutral polysaccharides from white Lingzhi and Lingzhi were found
to be composed of (1 — 4) a-glucan, —3)-3-D-Glcp-(1—, —3,6)-3-D-Glcp-(1—, —6)-3-D-
Glcp-(1—, —6)-p-D-Manp-(1—, —3)-3-D-Galp-(1—, and (1 — 4)-linked 3-D-xylan. This
is consistent with the information obtained from the FTIR spectrum. The spectra of WLNP
and LNP are very similar, with the exception that LNP has an additional peak (5c/0n
3.70/84.15 ppm) representing —3,6)-p-D-Galp-(1— [45]. This indicates that LNP has an
additional branch type, which may have an impact on its functionality. In comparison to
the neutral polysaccharides, the structure of the acidic polysaccharides, particularly WLAP,
appears to be simpler.

3.5.5. Antioxidant Activities

The polysaccharide concentration of white Lingzhi significantly exceeded that of
Lingzhi. Ganoderma polysaccharides had different antioxidant patterns for different free
radicals, and the properties of the four polysaccharides varied slightly (Figure 7). There
was no significant difference in the scavenging effect of the four polysaccharides on H,O,
or Fe?*, and it was obviously dose-dependent. However, the dose required to scavenge
H,0, was much smaller. WLNP was the most effective in scavenging DPPH radicals at
concentrations between 1 and 4 mg/mL.
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Figure 7. Concentrations and antioxidant activities of polysaccharides. The concentration (A) of
polysaccharides and capacity to scavenging DPPH (B), H,O; (C) and chelate Fe?* (D) in white
Lingzhi and Lingzhi. *** indicates that p < 0.001.
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4. Discussion

We compared the antioxidant activities of several components of Ganoderma, among
which polysaccharides were the strongest, suggesting that the antioxidant activities in
white Lingzhi and Lingzhi may be derived mostly from their polysaccharides.

Neutral and acidic polysaccharides of high Mw (>10° Da) were obtained from our ex-
tractions. Ganoderma polysaccharides with larger or smaller Mw have been obtained [48,49],
which could be related to different varieties, extractions, and purification procedures [50].
The relationships between Mw and antioxidant activity were inconclusive. One viewpoint
is that Mw in polysaccharides is positively correlated with its bioactivity [51]. However,
some studies have shown that degraded polysaccharides have stronger antioxidant activ-
ity [49]. The two outcomes may not be contradictory. A possible explanation is that the
antioxidant activity of polysaccharides shows two peaks in the molecular weight distribu-
tion. Another explanation is that the antioxidant activity of the purified polysaccharides
can be positively correlated with Mw, and degradation further enhances their activity.

In light of the intended applications of these polysaccharide extracts, their stability
must be considered. Polysaccharides must be subjected to intense heat in certain manu-
facturing processes. High thermal stability suggests that polysaccharides can be used for
functionalization and many other chemical modifications [52] to enhance their biological
activity. Additionally, the high stability of polysaccharides can reduce the costs associated
with storage and transportation. The application scenario of a polysaccharide depends on
its water retention and stability. For example, heat-stable acidic polysaccharides can be
used in food processing, while neutral polysaccharides with good water retention can be
added to cosmetics.

Reactive oxygen species (ROS) are reactive molecules produced by normal metabolism
in the human body. Excessive levels of ROS can cause many metabolic disorders and dis-
eases, such as cancer, liver injury, coronary heart disease, and hypertension [53]. Therefore,
the balance between the production and removal of ROS is crucial to human health. Many
studies have reported that polysaccharides can alleviate oxidative damage by scaveng-
ing free radicals, such as Sanqi polysaccharide, Agaricus bisporus polysaccharide, and G.
lucidum polysaccharide [54-56]. The four kinds of Ganoderma polysaccharides have clear
antioxidant activities. Although the antioxidant effect of WLNP is only slightly higher than
that of LNDP, the concentrations of triterpenoids and total phenolics in white Lingzhi are
significantly higher. Similarly to polysaccharides, these triterpenoids and phenolics can
also scavenge ROS [19]. And, our results showed that the triterpenoids and phenolics of
white Lingzhi were superior to Lingzhi in antioxidant activity. Overall, the effective doses
of white Lingzhi may be smaller than those of Lingzhi, which should reduce undesirable
side effects.

The structure of polysaccharides is critically associated with their activity. Het-
eropolysaccharides exhibit superior anti-tumor and immunomodulatory properties because
they contain a variety of monosaccharides [57]. Mannose, one of the most critical compo-
nents, can activate the immune response effectively by mediating the mannose receptor [58].
Neutral residues like —3)-3-D-Galp-(1— and —3,6)-3-D-Galp-(1— may suggest a compo-
sitional basis for anti-aging activity [59].

We must comprehensively consider the efficacy and taste of G. lucidum because it
is well established in Chinese traditional medicine. It is clear that the taste of Lingzhi
reduces its consumption. Researchers are working on methods to reduce the bitterness
and make Lingzhi better suited to consumer needs [42]. Our analysis of amino acid
composition showed that the relative proportions of bitter amino acids did not differ
between white Lingzhi and Lingzhi, but in absolute terms were higher in white Lingzhi, as
were its triterpenoid. But, people who consume white Lingzhi agree that it is less bitter,
contradicting previous studies reporting that bitterness was attributed to the content of
triterpenoids [60]. Here, the ratio of triterpenoids to proteins (T/P) was introduced to
represent the bitterness. Although the triterpenoid and protein levels in white Lingzhi
were higher than those in Lingzhi, the T/P was significantly lower (the value of T/P was
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0.58 for white Lingzhi and 0.64 for Lingzhi). Protein is often tasteless but may interfere
with taste buds’ perception of white Lingzhi as less bitter [61].

5. Conclusions

In conclusion, the differences in the nutritional and medicinal ingredients of white
Lingzhi and Lingzhi were compared. There is little difference in the nutritional ingredients
of the two Ganoderma, but the concentrations of the medicinal ingredients in white Lingzhi
are higher than those in Lingzhi. The triterpenoid levels in white Lingzhi are 20% higher
than those in Lingzhi, and the polysaccharide fraction is 28% higher. White Lingzhi neutral
polysaccharide has better antioxidant activity than do the other three polysaccharides, with
one less branch than the Lingzhi neutral polysaccharide. The factors that affect the taste of
G. lucidum are complex, and we use the ratio of triterpenoid to protein (T /P) to track the
degree of bitterness. The T/P value of Lingzhi is 10% higher than that of white Lingzhi,
which may help explain why white Lingzhi has a less bitter taste. Our findings provide a
basis for the commercialization and further development of white Lingzhi.
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