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Abstract. A heteropolysaccharide was isolated from the fruiting 
bodies of Amanita caesarea using a diethylaminoethyl‑cellu-
lose column, Sephacryl S‑300 gel column and Sephadex G‑200 
column. The Amanita caesarea polysaccharide was predomi-
nantly composed of α‑D‑glucose and α‑D‑lyxose at a ratio of 
2:1, and it had a molecular weight of 19,329 Da. The structural 
features of the Amanita caesarea polysaccharide were investi-
gated by a combination of total hydrolysis, methylation analysis, 
gas chromatography‑mass spectrometry, and infrared spectra 
and nuclear magnetic resonance spectroscopy. The results 
showed that Amanita caesarea polysaccharide (termed AC‑1) 
had a backbone of 1,4‑linked α‑D‑glucose and 1,3,6‑linked 
α‑D‑glucose, with branches of one 1‑linked α‑D‑lyxose 
residue. The antioxidant activity of AC‑1 was evaluated by two 
biochemical methods, 2,2‑azino‑bis diammonium (ABTS+) 
radical scavenging activity and 1,1‑diphenyl‑2‑picrylhydrazyl 
(DPPH‑) radical scavenging activity. The uncontrolled produc-
tion of free radicals is involved in various diseases, including 
cancer, atherosclerosis and degenerative aging processes. The 
results indicated that the Amanita caesarea polysaccharide 
exhibits strong antioxidant activity, thus, it may be a useful 
natural product antioxidant.

Introduction

The uncontrolled production of free radicals is involved 
in various diseases, including cancer and atherosclerosis, 
and degenerative aging processes. It is important to develop 

effective antioxidants with low toxicity that protect the 
human body from free radicals and, thus, a number of chronic 
diseases. Polysaccharides consist of polymeric structures 
composed of at least ten monosaccharides sequentially 
connected by glycosidic bonds. Polysaccharides can be clas-
sified as homopolymers, a term used to indicate a polymer 
composed of identical monosaccharides, or heteropolymers, 
a term used to classify polysaccharides composed of two or 
more types of monosaccharides. Fungal polysaccharides 
are a type of active organic compound that are found in the 
fruiting bodies, mycelium and fermentation broth of large 
edible and medicinal fungi (1,2). A large number of studies 
have demonstrated that fungal polysaccharides exhibit a 
variety of biological activities, including anti‑aging, antitumor, 
anti‑oxidation and immunoregulatory activities, and are safe 
with low toxicity (3‑10).

Amanita caesarea is a type of fungi of the Amanita genus, 
which grows in the Garzê county of Sichuan province (China) 
at an elevation of 3,800  m. In this study, a water‑soluble 
polysaccharide (termed AC‑1) was obtained from the fruiting 
bodies of Amanita  caesarea using a diethylaminoethyl 
(DEAE)‑cellulose column, Sephacryl S‑300 gel column and 
Sephadex G‑200 column. To the best of our knowledge, its 
chemical structure was characterized for the first time in the 
present study. Structural analysis of the fraction was conducted 
using chemical methods, infrared spectra spectroscopy and 
nuclear magnetic resonance spectroscopy. The antioxidant 
activity of AC‑1 was also evaluated by two antioxidant assays. 
The result of this study introduced Amanita caesarea as a 
possible valuable natural product, which exhibited unique 
antioxidant properties.

Materials and methods

Materials. Fresh Amanita caesarea was collected in the 
Garzê county of Sichuan province, for which specific permis-
sion was not required as it is an open village in China. The 
field studies did not involve endangered or protected species 
as the endangered or protected species protection zone was 
not entered for sampling. Following vacuum freeze‑drying, 
the Amanita caesarea were crushed and stored at 4˚C prior 
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to use in the Key Laboratory of Southwest China wild 
Resources Conservation (Ministry of Education), College of 
Life Sciences, China West Normal University (Nanchong, 
China). Trifluoroacetic acid (TFA), standard monosaccharides 
and dextrans of different molecular weights were purchased 
from Beijing Biodee Biotechnology Co., Ltd. (Beijing, China). 
DEAE‑cellulose column, Sephacryl S‑300 gel column and 
Sephadex G‑200 column were purchased from Sigma‑Aldrich; 
Merck Millipore (Darmstadt, Germany). All other reagents 
used were of analytical grade.

Extraction, isolation and purification of polysaccharides 
from the fruiting bodies of Amanita  caesarea. The fresh 
Amanita caesarea was thoroughly washed with water, dried at 
60˚C, and then powdered with a pulverizer. For conventional 
extraction, dried and powdered Amanita caesarea (200 g) was 
accurately weighed and extracted with 2,000 ml distilled water 
at 85˚C for 6 h. The extract was filtrated and centrifuged at 
17,925 x g for 20 min in a high‑speed centrifuge and concen-
trated in a vacuum. Then the supernatant was added to 6X 
95% EtOH to precipitate the crude polysaccharides. After the 
deproteination as described previously (11), the crude polysac-
charides were redissolved in 100 ml distilled water, purified 
with the Sephacryl S‑300 gel column and DEAE‑cellulose 
column according to the manufacturer's instructions. The 
polysaccharides were eluted stepwise, fractionated with 0.1, 
0.2, 0.3, 0.4 and 0.5 mol/l NaCl and monitored using the 
phenol‑sulfuric acid method (12). The 0.1 M NaCl elution 
was purified, concentrated using the Sephadex G‑200 column, 
passed through a 6‑kDa membrane for 36 h to eliminate small 
molecular compounds and lyophilized overnight in a Christ 
Alpha 1‑2 LD freeze dryer (Martin Christ Gefriertrocknung-
sanlagen GmbH, Osterode am Harz, Germany). AC‑1 were 
obtained by vacuum freeze drying for further analysis of their 
structure.

Determination of the molecular weight of AC‑1. The molecular 
weight of the polysaccharide fraction was identified by 
high‑performance gel permeation chromatography (HPGPC) 
as described previously (13). Briefly, an aliquot (5 mg) of the 
dry polysaccharide was dissolved in 5 ml double‑distilled water 
and filtered through a membrane filter (0.22 µm). The calibra-
tion curve was prepared from the standard T‑series Dextran. 
The data were analyzed using GPC software (Millennium 32 
software; Agilent Technologies, Inc., Santa Clara, CA, USA).

Monosaccharide composition analysis of AC‑1. The 
polysaccharide AC‑1 (5 mg) was hydrolyzed with 2 M TFA at 
110˚C for 6 h using acid‑catalyzed hydrolysis (14). When hydro-
lysis was completed, the products were dissolved with distilled 
water for monosaccharide composition analysis. Monosaccha-
ride composition was measured by a high‑performance liquid 
chromatography (HPLC) refractive index detector (Agilent 
1100 series; Agilent Technologies, Inc.). The HPLC was 
performed under the following conditions: A concentration of 
refined polysaccharide of 20 mg/ml, 75% acetonitrile as the 
mobile phase at 1.4 ml/min and a column oven temperature 
of 35˚C (15). D‑glucose, D‑mannose, D‑fructose, D‑galactose, 
L‑rhamnose, L‑arabinose and D‑xylose were used as standard 
sugars.

Fourier transform‑infrared spectra (FT‑IR) analysis. FT‑IR 
spectra of the polysaccharide AC‑1 were measured by 
grinding a mixture of polysaccharide with dry KBr, then 
pressing into pellets. FT‑IR spectra of the AC‑1 was collected 
using a Thermo Nicolet 6700 spectrometer (Thermo Fisher 
Scientific Inc., Waltham, MA, USA) operating in the range of 
400‑4,000 cm‑1 at a resolution of 2 cm‑1.

Methylation analysis. The polysaccharide was methyl-
ated using methyliodide as described previously  (16). The 
completeness of methylation was confirmed by the disappear-
ance of the hydroxyl absorption in IR spectrum at 3,400 cm‑1. 
The permethylated product was depolymerized with 90% 
formic acid at 100˚C for 4 h, and further hydrolyzed with 2 M 
TFA at 100˚C for 6 h. The resulting products were deriva-
tized using the derivatization reagent and analyzed by gas 
chromatography‑mass spectrometry (GC‑MS) as described 
previously (17).

Nuclear magnetic resonance (NMR) analysis. The poly-
saccharide was dissolved in deuteroxide accompanied by 
ultrasonic wave precessing for 10  min. Ultrasonic wave 
precessing was conducted using a Bransonic CPX‑3800H 
(Branson Ultrasonics, Danbury, CT, USA) and precessing 
increases the dissolution rate of polysaccharides. Then the 
Varian Unity INOVA 400/45 (Agilent Technologies, Inc.) was 
used to perform the 13C NMR spectra and 1H NMR spectra 
analyses with tetramethylsilane as internal standard.

DPPH‑ radical scavenging activity. The DPPH‑ radical 
scavenging activity of the polysaccharide sample was 
measured by a decrease in absorbance at 517 nm of a solu-
tion of purple‑colored DPPH‑ in methanol brought about by 
the sample (18). A lower absorbance of the reaction mixture 
indicates higher free radical scavenging activity. Absorbance 
at 517 nm was measured after 30 min using a UV‑visible spec-
trometer. The capability to scavenge the DPPH‑ radical was 
calculated using the following equation:

Where Acontrol is the absorbance of the control reaction and Atest is 
the absorbance in the presence of the polysaccharide sample (19). 
The antioxidant activity of the extract was compared with that 
of vitamin C (Vc) butylated hydroxytoluene (BHT). 

ABTS radical scavenging activity. ABTS+ radical scavenging 
activity of the polysaccharide extracts and fractions was 
measured using the ABTS+ cation decolorization assay as 
described previously (20). Briefly, the ABTS+ radical cation 
was produced by reaction of 7 mM stock solution ABTS+ with 
2.45 mM ammonium persulphate and then the mixture was 
incubated at room temperature in the dark for 16 h. Then 2 ml 
of various concentrations of the sample and 2 ml of 0.7 mM 
ABTS+ radical solution were added. A control reaction was 
conducted without the polysaccharide extracts. The absor-
bance was measured immediately at 734 nm. The percentage 
of scavenging of hydrogen radicals was calculated as follows:
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Where Acontrol was the absorbance of the control group in the 
ABTS+ radicals generation system, Asample was the absorbance 
of the test group and Asample blank was the absorbance of the 
samples only. VC was used as a positive control.

Statistical analysis. All data are presented as the 
mean ± standard deviation of three replications. Statistical 
analyses were performed using Student's t‑test and one‑way 

analysis of variance with SPSS software (version 20; IBM 
SPSS, Armonk, NY, USA). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Extraction, isolation and purification of polysaccharides. 
The crude polysaccharide, termed AC‑1, was obtained as a 

Table I. 13C nuclear magnetic resonance chemical shift data (δ, ppm) for polysaccharide AC‑1

	 Chemical shift, δ (ppm)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Sugar residue	 C1	 C2	 C3	 C4	 C5	 C6

→4)‑α‑D‑Glcp‑(1→	 97.92	 68.32	 70.85	 72.63	 69.56	 62.56
→3,6)‑α‑D‑Glcp‑(1→	 98.26	 68.87	 71.03	 74.86	 69.90	 69.90
α‑D‑lyx‑(1→	 101.50	 69.51	 71.78	 78.01	 70.44	 61.08
 

Figure 1. High‑performance gel permeation chromatography analysis. The Mw of AC‑1 was 19,329 Da, the peak‑molecular weight was 17,737 Da, the Mn was 
4934 Da, and the polydispersity was 3.92. Mw, weight‑average molecular weight; Mn, number‑average molecular weight.

Figure 2. Component monosaccharide analysis of polysaccharides by high performance liquid chromatography.
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water‑soluble light yellow powder from the fruiting bodies of 
Amanita caesarea, with a yield of 10.8%.

Determination of molecular weight. HPGPC of the polysaccha-
ride fraction demonstrated that each fraction was represented 
by a broad and symmetrical peak on the chromatograms. The 
dextran standards were used to create a calibration curve for 
elucidating the molecular weight of AC‑1. Weight‑average 
molecular weight of AC‑1 was ~19,329 Da and the polydisper-
sity was 3.92 (Fig. 1).

Monosaccharide composition analysis. The composition anal-
ysis of polysaccharides is an important quality control step to 
determine basic information regarding the polysaccharides. In 
this study, the AC‑1 polysaccharide samples were hydrolyzed 
with TFA and then the component monosaccharides were 
analyzed by HPLC with Agilent refractive index detector. It 
is shown that the AC‑1 polysaccharides were composed of 
D‑Glucose and D‑Xylose (Fig. 2). 

FT‑IR analysis. The IR spectrum of the sample (Fig. 3) showed 
that the absorption was greatest at >3,000 cm‑1, which was caused 
by the stretching and angular vibration of the O‑H linkage. In 
addition, the absorption peak observed at 2,922.85 cm‑1 was due 
to C‑H stretching vibration, the absorption peak at 1,630.46 cm‑1 
was caused by OH deformation vibration and the strong 
absorption peaks at 1,400.68 cm‑1 were due to C‑H bending 
vibration. The absorption peaks at 1,120.19 cm‑1 in the range of 
1,200‑1,000 cm‑1 in the IR spectrum suggested that the mono-
saccharides in the two samples had a pyranose‑ring. In addition, 
the peaks at 569.28 cm‑1 were due to C‑H rocking vibration.

Analysis of the NMR results. The hydrogen spectrum of AC‑1 
is shown in Fig. 4. In the 1H NMR (400HZ) spectrum, δ5.06 
and δ4.98 indicate that there were two anomeric hydrogens 
existing in AC‑1. This suggests that AC‑1 is composed of 
two monosaccharides (α pyranose), as the H‑1 chemical shift 
was >4.95. The signals at δ3.647‑δ4.196 are the signal peak 
overlaps of remaining protons. δ4.793 and δ4.814 were the 
hydrogen signals of water. The 13C NMR spectrum of AC‑1 
(Fig. 5) showed that the anomeric peaks were centralized 
at δ97.917, δ98.258 and δ101.494 ppm, indicating that there 
was only an α‑anomeric configuration in AC‑1. The results 
are consistent with the analysis results of IR and 1H NMR. A 
chemical shift was not observed in the region between δ160 
and δ180 ppm, indicating that there was no hyaluronic acid 
in AC‑1. The presence of the AC‑1 signal confirmed that all 
monomers had a pyran ring, as furan ring signals should be 
around δ107‑109 ppm. According to the literature, the reso-
nances in the region of 97‑101 ppm in the 13C NMR (400 MHz) 
spectrum of AC‑1 were attributed to the anomeric carbon 
atoms of ‑D‑lyxopyranose (‑D‑lyx) and ‑D‑glucosepyranose 
(‑D‑Glup). In the anomeric carbon region, the signal at δ97.92 
could be attributed to C‑1 of →4)‑α‑D‑Glu‑(1→; the signal 
at δ98.26 to C‑1 of →3,6)‑α‑D‑Glu‑(1→; and the signal at 
δ101.50 to C‑1 of α‑D‑lyx‑(1→ (Fig. 5). The assignment of the 
carbon atom signals is shown in Table I.

Methylation analysis. The methylated products of AC‑1 were 
hydrolyzed with acid, converted into alditol acetate, and 
analyzed by GC‑MS. Experimental data are shown in Table II. 
The information in MS showed that fragment ion peaks were 
consistent with data of D‑configuration monosaccharide 

Figure 3. Fourier transform‑infrared spectra analysis of AC‑1.

Table II. Gas chromatography‑mass spectrometry results of methylation analysis of AC‑1.

Methylated sugar	 Linkage	 m/z

2,3,6‑Me3‑Glcp	 1,4‑	 45, 59, 73, 88, 101, 113, 133, 146, 159, 175, 185, 201, 217, 232
2,4‑Me2‑Glcp	 1,3,6‑	 41, 59, 73, 89, 101, 117, 131, 146, 159, 173, 191, 217, 233
2,3,4‑Me3‑Lyx	 1‑	 45, 58, 73, 88, 101, 115, 133, 146, 159, 174, 185
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Figure 4. 1H nuclear magnetic resonance spectra analysis of AC‑1.

Figure 5. 13C Nuclear magnetic resonance spectra analysis of AC‑1.
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fragment ion peaks, which suggested that the glucose and lyxose 
residues were both of D‑configuration. Methylation analysis 
for AC‑1 demonstrated that the α‑D‑glucosepyranose resi-
dues were 2,4‑bis‑substituted and 2,3,6‑trisubsituted, and the 
α‑D‑lyxopyranose residues were 2,3,4‑tri‑substituted (Fig. 6 
and Table II). Results of methylated linkage analysis of AC‑1 
indicated that (1→4)‑linked‑α‑D‑glucosepyranose was one of 
the largest residues of the polysaccharide structure, the branched 
residue was (1→3, 6)‑linked‑α‑D‑glucosepyranose revealing 
that (1→3)‑linked‑α‑D‑glucosepyranose forms the backbone 
of the structure. Residues of branch structure terminated with 
α‑D‑lyxopyranose residues. It was concluded that a repeating 
unit of AC‑1 has a backbone of (1→4)‑α‑D‑glucosepyranose 

Figure 7. Predicted chemical structure of polysaccharide AC‑1. Figure 9. ABTS+ radical cation scavenging activity of AC‑1. Vc, vitamin C.

Figure 8. DPPH‑ radical scavenging effect of AC‑1 from Amanita caesarea. 
Vc, vitamin C.

Figure 6. Gas chromatography‑mass spectrometry analysis of AC‑1. (A) The fragment ion peaks of 2, 3, 6‑Me3‑Glcp. (B) The fragment ion peaks of 2, 
4‑Me2‑Glcp. (C) The fragment ion peaks of 2,3,4‑Me3‑Lyx.

  A

  B

  C
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and (1→3, 6)‑α‑D‑glucosepyranose. The branches were 
composed of one →1) α‑D‑lyxopyranose residue. The 
D‑configuration monosaccharide of AC‑1 (Fig. 2) was in 
accordance with the GC‑MS analysis (Fig. 6).

Structure elucidation of AC‑1. On the basis of the above 
experimental data, it was elucidated that the possible 
structure of AC‑1 had a backbone of 1,4‑linked D‑glucose 
and 1,3, 6‑linked D‑glucose with branches predominantly 
composed of one 1‑linked D‑lyxose residue (Fig. 7).

DPPH free radical scavenging activity of AC‑1. DPPH 
radicals have an odd (unpaired) number of electrons and a 
strong absorption at 517 nm. When a radical scavenger pairs 
to an unpaired electron, the strong absorption is gradually 
decreased. It is visually noticeable as a change in color from 
purple to yellow. Amanita caesarea exhibited a comparable 
anti‑oxidant activity with that of standard Vc at varying 
concentrations tested. There was a dose‑dependent increase 
in the percentage antioxidant activity (Fig. 8). The extract of 
AC‑1 at a concentration of 1.0 mg/ml showed 37.09% free 
radical scavenging activity and 89.74% at 6.0 mg/ml. The 
results showed that the IC50 value of eliminating DPPH‑ radi-
cals was ~1.69 mg/ml for AC‑1, which indicated that AC‑1 
has a significant effect on the scavenging DPPH‑ radical, 
particularly at a high concentration. However, the scavenging 
ability was lower than that of Vc. There was no significant 
difference between the DPPH free radical scavenging activity 
when the concentration of AC‑1 was 6 mg/ml compared with 
the Vc and BHT.

ABTS radical scavenging activity of AC‑1. The ABTS+ radical 
scavenging activity of AC‑1 was measured spectrophotometri-
cally at 734 nm. The results of antioxidant activity of AC‑1 
are shown in Fig. 9. It demonstrated that the absorbance of the 
ABTS+ radical cation was decreased dose dependently, upon 
interaction with various concentrations of the extract, and the 
IC50 value of AC‑1 was 0.92 mg/ml. Notably, there was no 
significant difference between ABTS free radical scavenging 
activity when the concentration of AC‑1 was 6‑8  mg/ml 
compared with Vc.

Discussion

The present study reveals that the polysaccharide obtained 
from the fruiting bodies of Amanita caesarea, termed AC‑1, 
is a heteropolysaccharide. The purified polysaccharide was 
confirmed to be of high purity. Structural analysis using GC‑MS 
indicated that AC‑1 consists of α‑D‑glucose and α‑D‑lyxose at 
a ratio of 2:1. The backbone of AC‑1 is composed of 1,4‑linked 
α‑D‑glucose and 1,3, 6‑linked α‑D‑glucose. The branches 
were predominantly composed of one 1‑linked α‑D‑lyxose 
residue.

Free radicals are atoms or groups of atoms with an odd 
(unpaired) number of electrons and are formed when oxygen 
interacts with certain molecules. Once formed these highly 
reactive radicals can initiate a chain reaction. Damage is 
caused when free radicals react with important cellular 
components, such as DNA or the cell membrane. Cells may 
function poorly or die if this occurs (21,22). Antioxidants 

are molecules which can safely interact with free radicals 
and terminate the chain reaction before vital molecules are 
damaged. Antioxidants are also thought to serve a role in 
slowing the aging process, and preventing heart disease and 
stroke (23,24). A large number of studies have demonstrated 
that fungal polysaccharides exhibit antioxidative activities 
and have low toxicity. 

In the present study, DPPH free radical scavenging 
activity was analyzed and compared with that of Vc. It was 
demonstrated under the same experimental conditions, that 
the IC50 value of Vc was 0.1 mg/ml while the IC50 value of 
AC‑1 was 1.69 mg/ml. According to the respective structural 
characteristics of the polysaccharide molecules, we can infer 
that the weight‑average molecular weight and the degree of 
polymerization of polysaccharide extracted are greater, while 
the amount of isolated hydroxyl are less. Therefore, the scav-
enging activity of AC‑1 through the direct reduction of the 
electron and proton depend on the isolated hydroxyl, which 
make it possible to decease the capacity of the N=N double 
bond in DPPH by oxidation‑ reduction reaction. In DPPH 
scavenging assays, the fraction of AC‑1 extract exhibit the 
great antioxidant activity, which may be due to the amount of 
isolated hydroxyl.

Furthermore, in the ABTS radical scavenging activity 
experiment, different polysaccharide doses resulted in 
different scavenging ability of ABTS+. Under the experimental 
conditions of the ABTS radical scavenging activity assays, the 
IC50 value of AC‑1 is 0.92 mg/ml. Overall the fruiting bodies 
of Amanita caesarea may be used in nutritional or pharma-
ceutical fields.
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