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Evaluations of the nutritional ingredients, biologically active materials, and pharmacological activities (antibacterial and anti-
oxidant) of two types of Stropharia rugosoannulata, grown under the bamboo forest and in the greenhouse, respectively, were
carried out in this study. +e nutritional ingredient tests included moisture, ash, crude protein, crude fat, crude fiber, total
carbohydrates, total sugar, mineral elements, vitamins, and amino acids. +e biologically active material assays included total
flavonoids, total polysaccharides, total triterpenoids, and reducing sugars. In addition, a brothmicrodilution susceptibility test was
performed to evaluate antibacterial activity. +e antioxidant activity was measured by ABTS+ radical scavenging, ferric-reducing
power, and β-carotene bleaching assays. Results showed that two types of S. rugosoannulata were rich in protein, carbohydrate,
fiber, mineral, B-group vitamins, polysaccharides, triterpenoids, and reducing sugars, with low content of fat and low Na/K ratio.
Besides, they were effective in antibacterial and antioxidant activities, while S. Rugosoannulata grown under the bamboo forest
was better than the greenhouse one in some respects such as higher content of protein, calcium, selenium, nicotinic acid, folic acid,
polysaccharides and triterpenoids, and stronger antibacterial and antioxidant activities.+ey were appropriate for functional food
and nutritional supplements, especially bamboo forest.

1. Introduction

Stropharia rugosoannulata, belonging to the family of
Strophariaceae, has a worldwide distribution in northern
temperature zones and is edible and can be cultivated for
food [1] due to its rich nutrition and pleasant flavor. It is one
of the top ten mushrooms internationally traded and rec-
ommended to developing countries by the UN Food and
Agriculture Organization [2, 3]. It has some important
pharmacological activities such as antitumor, antioxidative,
and antihyperglycemic effects and also has preventative
effects on coronary heart diseases [4, 5].

S. rugosoannulata is easy to cultivate and can be culti-
vated with different kinds of raw materials such as sawdust,

straw, corncob rice, and husk [6–8]. But now, cultivating
mushrooms in forest lands has been encouraged by the
Chinese government, because it can efficiently use the large
expanses of space under the woods. So S. rugosoannulata has
been cultivated under the forest in several Chinese prov-
inces, including Shandong, Fujian, Yunnan, and Henan
[9, 10]. In Bo’ai County of Henan province, the bamboo
forest has a thousand-year history of cultivation, known as
the “living fossil of an artificial bamboo forest in northern
China.” Based on the abundant bamboo resources, the
people living here make efforts to develop the
S. rugosoannulata cultivation industry and have achieved
good economic and ecological benefits. But the nutritional
ingredients, biologically active materials, and some
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pharmacological activities in view of the S. rugosoannulata
grown under the bamboo forest in Bo’ai County have been
scarcely reported.

+erefore, the aim of this study was to evaluate the
nutritional ingredients and biologically active materials of
S. rugosoannulata grown under the bamboo forest in Bo’ai
County, compared with S. rugosoannulata cultivated in the
greenhouse. Furthermore, the antibacterial and antioxidant
activities of two kinds of extractions (aqueous and ethanolic)
obtained from these two types of mushrooms were tested
and compared.

2. Materials and Methods

2.1. Chemicals and Reagents. 2,2′-Azinobis-(3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS+), 2,4-dinitro-
fluorobenzene (DNFB), 2,6-di-tert-butyl-4-methylphenol
(BHT), dimethyl sulfoxide (DMSO), rutin, ursolic acid,
glucose, and ascorbic acid (Vc) were obtained from Sigma-
Aldrich (Germany). All other chemicals and solvents were of
the highest commercial grade and obtained from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China).

2.2. Materials. Two types of S. rugosoannulata were col-
lected under the bamboo forest and in the greenhouse from
Bo’ai County in July 2020, abbreviated as BFSR and GHSR,
respectively. +e district is a warm temperate, continental
monsoon climate characterized by hot, rainy summers, and
cold and dry winters, with an annual mean temperature of
14.1°C, sunshine time of 2432.6 hours, and precipitation of
597.1mm, while the temperature and humidity in the
greenhouse were kept at about 26°C and 80–90%, respec-
tively. +e basic materials included 40% corn stalks, 30%
corncobs, 20% rice husks, and 10% sawdust, which formed a
mixture. +eir moisture content was maintained at 70–75%
and pH at 6–6.5 when paved. +e identification was con-
firmed by Prof. Chengming Dong, a taxonomist from the
Henan University of Chinese Medicine. +e mushrooms
were cleaned with a plastic knife and transported back to the
laboratory as soon as possible. +ey were freeze-dried and
powdered through a 40 mesh sieve. Ten kinds of bacteria
were as follows: Escherichia coli (ATCC 25922), Strepto-
coccus pneumoniae (ATCC 49619), Staphylococcus aureus
(ATCC 29213), Pseudomonas aeruginosa (ATCC 27853),
Salmonella typhimurium (ATCC 13311), Klebsiella pneu-
moniae (ATCC 700603), and Streptococcus pyogenes
(ATCC 19615) were collected from the Nanjing Bianzhen
Biological Technology Co., Ltd., and Salmonella Dublin,
Stenotrophomonas maltophilia, and Enterococcus faecalis
were preserved in the Key Laboratory of Natural Products,
Henan Academy of Sciences.

2.3. Nutritional Ingredient Test

2.3.1. Proximate Analysis. +e proximate analysis consisted
of analytical determinations of moisture, ash, crude protein,
crude fat, crude fiber, total carbohydrates, and total sugars as
described by AOAC [11]. Moisture content was determined

by further heating of the dried sample at 105°C overnight
until constant weight; ash content was determined by in-
cineration of samples at 550°C for 6 h; crude protein content
was determined using the nitrogen-to-protein conversion
factor of 6.25 [12]; crude fat was gravimetrically analyzed
after extraction with diethyl ether using a soxhlet system;
crude fiber content was determined by the method reported
by Kaur and Asthir [13]; total carbohydrates (%)�

100− crude protein− crude fat− ash; total sugar content was
measured by the phenol-sulfuric acid method according to
Dubois [14].

2.3.2. Mineral Analysis. +e mineral composition was de-
termined using inductively coupled plasma optical emission
spectrometry (ICP-OES). +e samples were ashed in a
muffle furnace at 500°C over night and digested in diluted
nitric acid (7mol/L) [15]. Phosphorus (P) was determined by
molybdenum blue spectrophotometry.

2.3.3. Vitamin Analysis. Fat-soluble vitamins A, D, and E
were determined by HPLC [16]. Vitamins B1, B6, and B12
were determined according to Markopoulou [17]. Vitamin
B2 was tested as reported by Petteys [18]. Vitamin K1 was
assayed by reverse-phase HPLC [19]. Pantothenic acid
(vitamin B5) was determined by reverse-phase liquid
chromatography-mass spectrometry [20]. Nicotinic acid was
determined by HPLC [21]. Folic acid was tested by the
reagent kit method.

2.3.4. Amino Acid Analysis. +e compositions of amino
acids were determined by reverse-phase HPLC according to
Robert and Stephen [22] with a little modification. It was
equipped with a Phenomenex Gemini NX C18 column
(4.6mm× 250mm, 5 μm), with gradient elution at 35°C and
a flow rate of 1mL/min. +e gradient of the mobile phase
was formed with buffer A (0.05mol/L sodium acetate, pH
adjusted 6.4± 0.05 with acetic acid, including 0.1% N,
N-dimethylformamide) and buffer B (acetonitrile: deionized
water� 1 :1, V/V). +e gradient program of the mobile
phase is shown in Table 1. 2, 4-dinitrofluorobenzene was
used as the precolumn derivation reagent, and detection
wavelength was set at UV 360 nm. +e stock solutions of
individual amino acids were prepared in 0.1mol/L HCl
except tryptophan, which was prepared in water, and the
concentration of individual amino acids was approximately
1mmol/L.

2.4.BiologicallyActiveMaterialAnalysis. +e reducing sugar
content was determined by the Nelson–Somogyi assay using
a microtiter plate [23]; total flavonoid content was deter-
mined following a procedure previously described [24]; total
triterpenoid content was determined through the vanillin-
glacial acetic acid system by spectrophotometry [25]; total
polysaccharide content was tested by the phenol-sulfuric
acid method using D-glucose as the standard [26].
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2.5. Pharmacological Activity Assays

2.5.1. Preparation of Aqueous and Ethanolic Extracts.
+e powders of BFSR and GHSR were used for extraction.
+e aqueous and ethanolic extracts were prepared as follows:
a suitable amount of the mushroom powder was soaked in
95% ethanol and soxhlation was performed at 75°C for 24 h
to obtain the ethanolic extract. For aqueous extract, the
powder wasmacerated in boiled water for 4 h under constant
agitation. Both extracts were filtered using filter papers of
pore size 2.5 μm, dried in a rotary evaporator set to 45°C, and
then stored at 4°C for further analysis.

2.5.2. Antibacterial Activity Test. +e broth microdilution
method for determination of the minimal inhibitory con-
centration (MIC) values was used according to the Clinical
and Laboratory Standards Institute (CLSI) [27]. Concisely,

the aqueous extract and ethanolic extract stored at 4°C were
diluted using the double dilution method, respectively. +e
concentrations included 16, 8, 4, 2, 1, 0.5, 0.25, 0.125, 0.0625,
and 0.03125mg/mL. +e bacteria aforementioned were
regulated to OD600 � 0.5 in the beef-protein broth. An equal
volume of 100 μL sample and 100 μL bacterial broth was
relatively added to each well in 96-well plates. +e plates
were covered with lids and incubated at 37°C for 24 h. +e
turbidity and a pellet on the bottom indicated bacterial
growth, and the lowest concentration was the MIC value.
+e lowest concentration at which 99.9% of the bacteria had
been killed was taken as minimal bactericidal concentration
(MBC).

2.5.3. Antioxidant Activity Test. 2.5.3.1. ABTS+ Radical
Scavenging Activity. +e ABTS+ stock solution (7.0mmol/L)
and potassium persulfate (2.45mmol/L of final concentra-
tion) were reacted in the dark at room temperature for 14 h,
and this solution was diluted with phosphate-buffered saline
(0.2mmol/L, pH 7.4) to an absorbance of 0.7 at 734 nm.
About 100 μL diluted ABTS+ solution was added to 100 μL
sample with the concentration from 1 to 20mg/mL, and the
absorbance was tested after 6min [28]. +e results were
expressed as percentage reduction absorbance shown by the
sample with respect to ABTS+ solution. Vc was used as the
positive control at a different concentration (0.1–0.5mg/
mL). +e formula was as follows:

ABTS+ scavenging(%) �
(control absorbance − sample absorbance)

conrol absorbance
  × 100. (1)

2.5.3.2. Ferric-Reducing Power (FRP). FRP was tested
according to the previously reported method [29]. Briefly,
1.0mL sample in phosphate buffer (0.2mol/L, pH 6.6) and
1.0mL K3[Fe(CN)6] solution (1.0%, w/v) were fully mixed
and heated in a 50°C water bath for 20min and then added
with 1.0mL trifluoroacetic acid (TFA, 10.0%, w/v) to ter-
minate the reaction. +e supernatant was collected after
centrifugation and added with 1.0mL ultrapure water and
0.5mL FeCl3 (1.0%, w/v). +is mixture was thoroughly
mixed and reacted for 10min at room temperature. After
centrifugation, the absorbance wasmeasured at 700 nm. FRP
of samples was expressed using sample absorbances against
ultrapure water (a blank), and Vc was used as the positive
control at the same concentration (0.2–4mg/mL).

2.5.3.3. β-Carotene Bleaching Assay. +e β-carotene
bleaching assay was carried out as previously reported [30].
About 11 μL of 1.0mg/mL β-carotene trichloromethane
solution wasmixed with 4.4 μL linoleic acid and 22 μL Tween
40. After removing the trichloromethane, the dry mixture
was diluted with 2.4mL phosphate buffer solution (0.02mol/
L, pH 7.01) and 0.1mL samples (2mg/mL). +e absorbance
at 460 nmwas measured andmonitored every 20min. About
0.1mL ethanol (60%, v/v) and BHT instead of samples were
used as the negative and positive controls, respectively.

2.6. Statistical Analysis. All assays were performed in trip-
licate. +e results were expressed as mean values± standard
error (SE). +e results were analyzed using a one-way
analysis of variance (ANOVA) in SPSS 22.0 with a 95%
confidence interval performed to identify statistically sig-
nificant differences between BFSR and GHSR, followed by
Tukey’s post hoc test with α� 0.05. P-values below 0.05 were
considered statistically significant and below 0.01 were
considered statistically extremely significant.

3. Results and Discussion

In this study, levels of the nutritional ingredients and bio-
logically active materials were determined in BFSR and GHSR
with an aim to identify whether S. rugosoannulata grown under
the bamboo forest has more health-promoting nutrients than
cultivated one in the greenhouse. In addition, the antibacterial
and antioxidant activities were assayed and compared.

3.1. Nutritional Ingredients

3.1.1. Proximate Composition. +e results of proximate
composition are shown in Table 2. It showed that
S. rugosoannulata had high levels of crude protein

Table 1: Gradient program of the mobile phase.

Time/min Mobile phase A/% Mobile phase B/%
0 82 18
3 82 18
8 72 28
20 72 28
30 68 32
40 68 32
55 40 60
70 5 95
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(28.77–33.57%) and crude fiber (7.5–7.97%) but low levels of
ash (8.26–8.91%) and crude fat (1.32–2.37%) according to
the National Food Safety Standard General Rules for Nu-
trition Labeling of Prepackaged Food (GB 28050–2011).
Except total sugars, other parameters were significantly
different between BFSR and GHSR. Concisely, moisture
content of BFSR (11.36± 0.11%) was extremely significantly
higher than GHSR (9.81± 0.24%); crude protein content of
BFSR was significantly higher than that of GHSR, which was
much higher than 22 kinds of edible fungi reported by Yu
et al. [31]. +e contents of ash, crude fat, crude fiber, and
total carbohydrates of BFSR were extremely significantly
lower in comparison with GHSR. Total sugar contents were
38.39± 0.55% and 39.35± 0.57%, respectively. +erefore,
S. rugosoannulata has high carbohydrates, high crude
proteins, and high crude fibers, but low-ash and low-fat
edible fungus, which is in line with people’s pursuit of the
low-fat healthy diet. By comparison, BFSR was better than
GHSR in view of higher content of protein and lower
content of fat.

3.1.2. Mineral Content. As shown in Table 3,
S. rugosoannulata was a mushroom rich in mineral elements
and can be used as a good source of minerals, and the levels
of studied mineral elements meet well with the recom-
mended dietary allowances of NRC/NAS [32]. Extremely
significant differences were found in all macroelements
between BFSR and GHSR. +e contents of natrium (Na),
potassium (K), magnesium (Mg), and calcium (Ca) in BFSR
were 1282.08± 58.35, 34196.34± 55.05, 1126.46± 3.03, and
1350.54± 5.84mg/Kg, respectively, all of which were more
than 1000mg/Kg. +e most abundant mineral element
was K both in BFSR and GHSR, which agreed with the
previous reports [5, 33]. +e Na/K ratios in BFSR and GHSR
were 0.037 and 0.020, respectively, which was very low and
indicated that it was an advantage from the nutritional point
of view, because the intake of sodium chloride and diets with
a high Na/K ratio have been related to the incidence of
hypertension [34].

+e microelement contents including ferrum (Fe), zinc
(Zn), and manganese (Mn) were significantly different ex-
cept copper (Cu). In particular, BFSR had a high content of
selenium (Se) (2.21± 0.09mg/Kg) but not detected in GHSR.
Se is an essential micronutrient for humans and animals and
performs important biological functions. Se deficiency has

been linked to many human diseases, such as cardiovascular
disease, cancer, male infertility, and abnormalities in im-
mune and thyroid function [35]. So BFSR is a good dietary
supplement for the Se element.

3.1.3. Vitamin Content. +e result of vitamin composition is
shown in Table 4. Vitamins A, D, E, K1, and B1 could not be
detected because their content might be less than relative
detection limits. +e contents of vitamins B2, B5, B6, folic
acid, and nicotinic acid were significantly different between
BFSR and GHSR except B12. Vitamins of group B belong to
the most important biologically active substances, as they
ensure the normal performance of a human body through
participation in the biosynthesis of proteins and functioning
of the central nervous, cardiovascular, and gastrointestinal
systems [36, 37]. But the human body cannot synthesize by
itself and needs additional supplements. +erefore, BFSR
and GFSR both can be used as important edible fungus for
supplementing group B vitamins. In addition, nicotinic acid
in BFSR (385.39± 3.98mg/100 g) was more than 3 times as
much as that of GHSR (103.92± 0.76mg/100 g). Nicotinic
acid is one of the naturally occuring B3 vitamins that acts as
the precursor of NAD+/NADH and NADP+/NADPH and
participates in many biochemical processes including lipid
metabolism, tissue oxidation, glycolysis, and respiratory
functions [38]. It is commonly used to improve animal
performance and healthy growth. In this perspective, BFSR
is better than GHSR in the nicotinic acid industry.

3.1.4. Amino Acid Composition. +e content and percentage
of amino acids in BFSR and GHSR are shown in Table 5.+e
results showed that 18 known amino acids all of which could
be recorded in these two types of mushrooms in this study.
In general, 7–17 kinds of known amino acids can be detected
in mushrooms [39, 40], while 18 kinds contained in
S. rugosoannulata.

In BFSR, the highest content of amino acid was isoleucine
acid (6.72± 0.10mg/100g) with the percentage of
35.45± 0.65%, 5 times more than reported [41], and GHSR
(0.98± 0.00mg/100 g, 5.79± 0.03%). Isoleucine acid, a raw
material for the synthesis of human peptide hormones and

Table 3: Mineral composition of BFSR and GHSR.

Elements (mg/Kg) BFSR GHAR

Macroelement

Na 1282.08± 58.35∗∗ 575.48± 4.39
K 34196.34± 55.05∗∗ 28757.31± 36.24
Mg 1126.46± 3.03∗∗ 986.17± 0.25
P 674.65± 4.41∗∗ 3097.83± 6.52
Ca 1350.54± 5.84∗∗ 212.22± 3.85

Microelement

Fe 271.43± 3.74∗∗ 244.85± 0.57
Zn 45.8± 1.63∗ 52.02± 1.15
Mn 17.42± 0.28∗∗ 27.33± 0.27
Se 2.21± 0.09 ND
Cu 18.45± 0.56 18.09± 0.61

Notes. Results were expressed as means± SE (n� 3). ∗Significant at 0.05
level. ∗∗Extremely significant at 0.01 level. “ND” represented it was not
detected.

Table 2: Mean values of proximate composition of BFSR and
GHSR.

Parameter/% BFSR GHSR
Moisture 11.36± 0.11∗∗ 9.81± 0.24
Ash 8.26± 0.05∗∗ 8.91± 0.07
Crude protein 33.57± 1.35∗ 28.77± 0.25
Crude fat 1.32± 0.07∗∗ 2.37± 0.04
Crude fiber 7.5± 0.08∗∗ 7.97± 0.05
Total carbohydrates 43.21± 1.09∗∗ 50.75± 0.29
Total sugars 38.39± 0.55 39.35± 0.57
Notes. Results were expressed as means± SE (n� 3). ∗Significant at 0.05
level. ∗∗Extremely significant at 0.01 level.
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enzymes, has the effect of promoting protein synthesis and
inhibiting its decomposition and plays an important role in
muscle protein metabolism. It is often combined with leucine
and valine acids to form amino acid infusions and amino acid
oral agents, which has a significant effect on the treatment of
cerebral coma, liver coma, kidney disease, etc., while isoleucine
acid cannot be detected in most mushrooms but for BFSR.

An extremely significant difference was found in total
free amino acid between BFSR (18.97± 0.17mg/100 g) and
GHSR (16.92± 0.02mg/100 g). +e total content of essential
amino acids in BFSR (11.98± 0.03mg/100 g) was much
higher than that of GHSR (6.81± 0.01mg/100 g), while the
content of nonessential amino acid was much lower.
According to the ideal protein model recommended by the

FAO/WHO [42], the ratios of essential amino acids to total
free amino acids (EAA/TFAA) of a good-quality protein are
about 40%, and the ratios of essential amino acids to
nonessential amino acids (EAA/NEAA) are more than 60%.
+e EAA/TFAA values of BFSR and GHSR were 63.15% and
40.25%, respectively. It can be seen that the amino acid
composition of BFSR and GHSR meets the requirements of
an ideal protein, especially GHSR. So S. rugosoannulata is a
kind of edible fungus with high nutritional value.

3.2. Biologically Active Materials Content. As shown in
Table 6, S. rugosoannulata was rich in active compounds.
BFSR had a higher content of total polysaccharides

Table 5: Composition and content of amino acids of BFSR and GHSR.

Amino acida
BFSR GHSR

Content (mg/100 g) Percentage (%) Content (mg/100 g) Percentage (%)
Valb 0.87± 0.03∗∗ 4.58± 0.17∗∗ 1.18± 0.01 6.95± 0.06
Metb 0.23± 0.01∗∗ 1.18± 0.05∗∗ 0.82± 0.01 4.88± 0.03
Ileb 6.72± 0.10∗∗ 35.45± 0.65∗∗ 0.98± 0.00 5.79± 0.03
Leub 0.97± 0.02∗∗ 5.13± 0.07∗∗ 1.22± 0.00 7.21± 0.01
+rb 0.79± 0.02 4.16± 0.04∗∗ 0.81± 0.01 4.80± 0.05
Pheb 0.87± 0.03 4.59± 0.13 0.83± 0.01 4.94± 0.04
Lysb 1.40± 0.04∗∗ 7.36± 0.24∗∗ 0.84± 0.01 4.98± 0.04
Trpb 0.14± 0.00 0.71± 0.02 0.13± 0.01 0.75± 0.04
Asp 0.56± 0.04∗∗ 2.96± 0.17∗∗ 1.74± 0.01 10.28± 0.06
Glu 1.75± 0.03∗∗ 9.23± 0.19∗∗ 2.88± 0.00 17.07± 0.02
Ser 0.53± 0.01∗∗ 2.80± 0.02∗∗ 0.72± 0.01 4.25± 0.03
Gly 0.04± 0.00∗∗ 0.20± 0.01∗∗ 0.81± 0.00 4.82± 0.02
Argc 0.05± 0.01∗∗ 0.27± 0.05∗∗ 0.88± 0.00 5.22± 0.01
Pro 0.40± 0.00∗∗ 2.11± 0.03∗∗ 0.89± 0.00 5.28± 0.02
Ala 1.44± 0.03∗∗ 7.58± 0.14∗∗ 1.12± 0.00 6.60± 0.03
Cys 0.05± 0.00∗∗ 0.28± 0.02∗∗ 0.21± 0.00 1.26± 0.02
Hisc 0.37± 0.02 1.96± 0.01 0.32± 0.00 1.91± 0.01
Tyr 1.79± 0.07∗∗ 9.45± 0.32∗∗ 0.54± 0.01 3.16± 0.04
TFAA 18.97± 0.17∗∗ / 16.92± 0.02 /
EAA 11.98± 0.03∗∗ / 6.81± 0.01 /
NEAA 6.99± 0.15∗∗ / 10.11± 0.01 /
E/T 63.15% / 40.25% /
Notes. Results were expressed as means± SE (n� 3). ∗Significant at 0.05 level. ∗∗Extremely significant at 0.01 level. “a”: Valine (Val); methionine (Met);
isoleucine (Ile); leucine (Leu); threonine (+r); phenylalanine (Phe); lysine (Lys); tryptophan (Trp); aspartic acid (Asp); glutamic acid (Glu); serine (Ser);
glycine (Gly); arginine (Arg); proline (Pro); alanine (Ala); cystine (Cys); histidine (His); and tyrosine acid (Tyr). “b” represented essential amino acid to human
body. “c” represented essential amino acid to baby. “TFAA” represented total free amino acid. “EAA” represented essential amino acid. “NEAA” represented
nonessential amino acid. “E/T” represented the proportion of essential amino acids to total free amino acids.

Table 4: Vitamin content of BFSR and GHSR.

Vitamin BFSR GHSR
Vitamin Aa ND (<10) ND (<10)
Vitamin Db ND (<0.0007) ND (<0.0007)
Vitamin Eb ND (<0.04) ND (<0.04)
Vitamin K1

b ND (<1.5) ND (<1.5)
Vitamin B1b ND (<0.03) ND (<0.03)
Vitamin B2b 1.77± 0.15∗∗ 2.68± 0.03
Vitamin B6b 0.27± 0.01∗∗ 0.41± 0.01
Vitamin B12a 0.39± 0.02 0.41± 0.01
Folic acidab 55.87± 0.43∗∗ 35.37± 0.85
Nicotinic acidb 385.39± 3.98∗∗ 103.92± 0.76
Vitamin B5b 14.37± 0.32∗∗ 11.17± 0.26
Notes. Results were expressed as means± SE (n� 3). ∗∗Extremely significant at 0.01 level. “ND” represented it was not detected. aµg/100 g. bmg/100 g.
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(12.60± 0.57%) and triterpenoids (1.44± 0.01%) than GHSR.
Polysaccharides are important functional biological mac-
romolecules because of their significant benefit to human
health such as antioxidant, antidiabetic, immunopotentia-
tion, antitumor, anti-inflammatory, and hypoglycemic ac-
tivities [43–45]. In particular, the fungal polysaccharides
become a research hotspot [46, 47]. Triterpenoids also have a
wide range of biological activities such as anticancer, anti-
hyperlipidemic, cardioprotective, antidiabetic, antiobesity,
hepatoprotective, and anti-inflammatory capacities [48].
+erefore, BFSR should have higher medicinal values for
people to eat or for pharmacy, inspite of no statistically
significant difference in total flavonoid content
(0.14± 0.01%) compared with GHSR (0.16± 0.01%). Fur-
thermore, reducing sugars also had no significant difference.

3.3. Pharmacological Activities

3.3.1. Antibacterial Activity. +e antibacterial activity of
aqueous and ethanolic extracts of BFSR and GHSR showed
low values of MICs from 0.0625 to 8mg/mL except ethanolic
extract of GHSR (＞8mg/mL) as shown in Table 7. E. coli,
E. faecalis, and S. pneumoniae were relatively more sensitive
to both BFSR and GHSR extracts. +ey had the weakest
inhibitory effect on S. maltophilia. Broadly, aqueous extract
had stronger antibacterial activity than ethanolic extract.
Besides, the MBC values were found to be equal to or 2 to 4
times higher than the MIC values.

In antibacterial susceptibility tests, MIC value less than
8mg/mL for rude solvent extracts can be considered po-
tentially therapeutically useful [49, 50]. In this study, the

MIC values, ranging from 0.0625 to 8mg/mL, were less than
8mg/mL, which confirmed the existence of a significant
activity against all microbes tested except GHSREe against
S. maltophilia. +erefore, BFSR and GHSR both have a great
potential to be used as therapeutic agents for some common
infectious diseases. In addition, because of the susceptibility
difference between Gram-positive and Gram-negative bac-
teria [51, 52], most antibacterial medicinal compounds are
active against Gram-positive bacteria but few against Gram-
negative ones. But in our study, a remarkable antibacterial
activity was found on BFSR and GHSR on Gram-negative
bacteria such as E. coli, S. pneumoniae, P. aeruginosa,
S. typhimurium, and K. pneumoniae. +erefore, it can be
used to develop new antibacterial drugs, especially against
resistant Gram-negative strains.

3.3.2. Antioxidant Activity. +ree different tests were car-
ried out to evaluate the antioxidant properties of aqueous
and ethanolic extracts of BFSR and GHSR, including
scavenging activity on ABTS+ radicals (measuring the
decrease in ABTS+ radical absorption after exposure to
radical scavengers), ferric-reducing power (measuring the
conversion of a Fe3+/ferricyanide complex to the ferrous
form), and β-carotene bleaching activity (measuring
β-carotene absorption variance with time going by after
exposure to antioxidants). According to Figure 1, all
samples showed good antioxidant activities although
weaker than the positive controls (Vc and BHT).+e radical
scavenging activity and reducing power of all samples
increased with the increase in concentrations. +e aqueous
extracts revealed a higher antioxidant activity than

Table 7: Results of antibacterial tests of BFSR and GHSR.

Bacteria Gram stain
BFSRAe BFSREe GHSRAe GHSREe

MICa MBCa MICa MBCa MICa MBCa MICa MBCa

E. coli. − 0.0625 0.125 0.125 0.125 0.0625 0.125 0.25 0.5
E. faecalis + 0.0625 0.25 0.25 0.5 0.125 0.125 0.5 0.5
S. pneumoniae − 0.125 0.25 0.25 1 0.125 0.25 0.25 1
S. aureus + 0.25 1 2 4 0.25 0.5 1 2
P. aeruginosa − 0.5 1 1 2 0.125 0.5 2 4
S. typhimurium − 0.5 2 1 4 0.5 1 4 4
K. pneumoniae − 0.5 2 4 8 1 2 2 4
S. Dublin − 1 2 2 4 0.5 2 4 8
S. pyogenes + 2 4 4 8 4 8 8 >8
S. maltophilia − 4 8 4 4 2 4 >8 >8
Notes. E. coli. was Escherichia coli. E. faecalis was Enterococcus faecalis. S. pneumoniae was Streptococcus pneumoniae. S. aureus was Staphylococcus aureus.
P. aeruginosa was Pseudomonas aeruginosa. S. typhimurium was Salmonella typhimurium. K. pneumoniae was Klebsiella pneumoniae. S. Dublin was
Salmonella Dublin. S. pyogenes was Streptococcus pyogenes. S. maltophilia was Stenotrophomonas maltophilia. “+” was Gram-positive. “−” was Gram-
negative. +e positive controls were active against all bacteria (MIC range: 0.2–50 μg/mL). amg/mL. BFSRAe was aqueous extract of BFSR. BFSREe was
ethanolic extract of BFSR. GHSRAe was aqueous extract of GHSR. GHSREe was ethanolic extract of GHSR.

Table 6: Biologically active material content of BFSR and GHSR.

Biologically active materials (%) BFSR GHSR
Total flavonoids 0.14± 0.01 0.16± 0.01
Total polysaccharides 12.60± 0.57∗∗ 8.82± 0.09
Reducing sugars 3.55± 0.18 3.24± 0.05
Total triterpenoids 1.44± 0.01∗∗ 1.15± 0.02
Notes. Results were expressed as means± SE (n� 3). ∗∗Extremely significant at 0.01 level.
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ethanolic extracts. +e aqueous extracts of BFSR showed
the highest ABTS+ radical scavenging activity and reducing
power, meanwhile the strongest inhibition of β-carotene
bleaching.

4. Conclusions

From the above investigations, S. rugosoannulata, whether
grown under the bamboo forest or cultivated in the green-
house, can be used as nutrient sources due to their high
content of protein, carbohydrate, fiber, and mineral, with low
content of fat andNa/K ratio.+ey are also rich in biologically
active substances including polysaccharides, triterpenoids,
and reducing sugars, which add great medicinal value to this
mushroom. In addition, they are effective in antibacterial and
antioxidant activities, while S. rugosoannulata grown under

the bamboo forest is better than greenhouse one in some
respects such as higher content of protein, calcium, selenium,
nicotinic acid, folic acid, polysaccharides, and triterpenoids
with stronger antibacterial and antioxidant activities. It is
more appropriate for functional food and nutritional
supplements.

Data Availability

+e data used to support the findings of this study are
available from the corresponding author upon request.
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Figure 1: Antioxidant activity of BFSR and GHSR. Notes. (a) ABTS+ radical scavenging activity. (b) Ferric-reducing power. (c) β-Carotene
bleaching assay. BFSRAe was aqueous extract of BFSR. BFSREe was ethanolic extract of BFSR. GHSRAe was aqueous extract of GHSR.
GHSREe was ethanolic extract of GHSR.
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