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Extraction temperature can potentially affect the chemical compositions and bioactivities

of the extracts obtained. The objective of this study was to investigate the effect of

extraction temperature on the distribution of bioactive compounds and the bioactivities of

Pleurotus citrinopileatus. The antioxidant activities (2,2-diphenyl-1-picrylhydrazyl and 2,2'-

azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)þ scavenging capabilities) and the inhib-

itory capabilities on pancreatic a-amylase, intestinal a-glucosidase, and hypertension-

linked angiotensin-converting enzyme of hot water P. citrinopileatus extract and cold

water P. citrinopileatus extract were determined. The results showed that the antioxidant

capabilities and inhibitory effects on a-amylase, a-glucosidase, and angiotensin-converting

enzyme of cold water P. citrinopileatus extract were significantly higher than those of hot

water P. citrinopileatus extract. The cold water P. citrinopileatus extracted was further

precipitated with 100% ammonium sulfate to obtain a polysaccharide fraction or with 75%

ethanol to obtain a protein fraction. The inhibitory activities of the protein fraction of the

cold water P. citrinopileatus extract on a-amylase, a-glucosidase, and angiotensin-

converting enzyme were significantly higher than those of the polysaccharide fraction.

In conclusion, the protein fraction of the cold water P. citrinopileatus extract could be

responsible for its bioactivities.
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1. Introduction

Hyperglycemia and hypertension are major health problems

that can lead to serious conditions, such as diabetes and

cardiovascular diseases [1]. By suppressing the activities of

carbohydrate digestion-related enzymes, such as a-amylase

and a-glucosidase, and angiotensin-converting enzyme (ACE)

may improve the control of hyperglycemia and hypertension.

A number of bioactive components isolated from maitake,

berries, herbs, and edible mushrooms have been shown to

exert potential inhibiting activities on the above mentioned

enzymes and may serve as complementary treatments for

hyperglycemia and hypertension [2e6].

Pleurotus citrinopileatus, a cultivated edible mushroom, has

been shown to exert several beneficial physiological activities,

such as immunomodulatory, antitumor, antihyperglycemic,

antioxidant, and antihyperlipidemic effects [7e11]. Processing

temperature can affect the chemical compositions and bio-

activities of extracts obtained. For example, more phenolic

compounds could be obtained from white tea when extracted

under cold temperature [12]. The high temperature can

destroy the flavonoids of onions [13]. A high temperature

treatment can decrease the antibacterial activity of Hypsizigus

marmoreus from 100% to 60% [14] and can reduce the capacity

of Tricholoma giganteum on ACE inhibition [15]. Collectively,

extraction temperature appears to be an important factor

affecting the efficacy of extraction. Nevertheless, the effects of

extraction temperature on the contents of bioactive compo-

nents and their bioactivities of P. citrinopileatus extracts have

not been investigated. Thus, the objective of this study was to

evaluate the effects of extraction temperature on the inhibi-

tory capability of P. citrinopileatus extracts against glycemic

and hypertensive enzymes.
2. Methods

2.1. Materials

Protein assay dye reagent concentrate was obtained from Bio-

Rad (Hercules, CA, USA). Bovine serum albumin, 2,20-
diphenyl-1-picryl-hydrazyl (DPPH), gallic acid, 2(3)-t-butyl-4-

hydroxyanisole (BHA), 3,5-dinitrosalicylic acid, a-glucosidase,

6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Tro-

lox), 2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)

diammonium salt (ABTS), p-nitrophenyl-a-D-glucopyranoside,

ACE, N-hippuryl-histidyl-leucine, and sodium tetraborate dec-

ahydrate were obtained from Sigma-Aldrich (St. Louis, MO,

USA). a-Amylase was purchased from Sigma-Aldrich (Buchs,

Switzerland). Trifluoroacetic acid (TFA) was obtained from

Merck Co. (Darmstadt, Germany). Acarbose was purchased

fromHisumPharmaceutical Co., Ltd. (Jiaojiang, Taizhou,China)

and lisinopril was obtained fromHeteroDrugs Ltd. (Hyderabad,

India).

2.2. Preparation of cold and hot water extracts

Fresh fruiting bodies of P. citrinopileatus (Rich Year Farm, Puli,

Taiwan) were washed with tap water, rinsed with distilled
water, drained, and chopped. Chopped P. citrinopileatus was

blended with three volumes of deionized water using a ho-

mogenizer (6641, Osterizer, Shelton, CT, USA) for 1minute. For

cold water extraction, a portion of homogenized mixture was

agitated in a reciprocal shaking water bath (DKW-20, Deng

Yng, Taipei, Taiwan) for 24 hours in a refrigerator (4�C), and
centrifuged (10,400g; CT15RT centrifuge, Pantech Instrument,

Taipei, Taiwan) at 4�C for 30 minutes to obtain the superna-

tant (PCC-24H). For hot water extraction, a portion of ho-

mogenized mixture was heated to keep boiling for either

1 hour or 2 hours, cooled to room temperature, and centri-

fuged (10,400g; CT15RT centrifuge, Pantech Instrument) at 4�C
for 30 minutes to obtain the supernatant (PCH-1H and PCH-

2H, respectively). The supernatants were freeze-dried and

stored at �20�C until use.

2.3. Component analysis

Protein contents were measured according to the method of

Bradford [16] using the Bio-Rad protein assay dye reagent

dilutedwith five volumes of deionizedwater. The absorbances

at 595 nm were measured after 10-mL samples (1 mg/mL) and

200-mL diluted Bio-Rad protein assay dye reagent were thor-

oughly mixed and kept for 10 minutes. Bovine serum albumin

(0e500 mg/mL) was used as the standard.

The total polysaccharide contents were determined

following the method of Chaplin and Kennedy [17]. A 200-mL

sample, 1-mL concentrated sulfuric acid, and 200-mL phenol

(5%)weremixed and kept at room temperature for 10minutes.

The absorbance of the samples at 490 nmwas measured after

keeping at room temperature for an additional 30 minutes.

Glucose (0e100 mg/mL) was used as the standard to establish a

calibration curve.

The concentration of total phenolic compounds was

determined spectrophotometrically using FolineCiocalteu's
reagent and the method of Quettier-Deleu et al [18]. The

absorbance of the samples at 760 nm was determined after

mixing 0.2-mL sample, 1-mL FolineCiocalteu's phenol re-

agent, 0.8-mL sodium carbonate (7.5%), and incubated for

30 minutes. Gallic acid (0e100 mg/mL) was used as the

standard for a calibration curve and the results were

expressed as mg of gallic acid equivalents per mg of sample

(mg GAE/mg).

2.4. Evaluation of antioxidant characteristics

2.4.1. Scavenging capability of DPPH free radical
The scavenging capability of DPPH free radicals was deter-

mined following the method of Shimada et al [19]. One milli-

liter samples and 5-mL DPPH solution (0.1mM) were

vigorously mixed and incubated at room temperature for

50 minutes. The absorbance of the samples at 517 nm was

measured. BHA and Trolox were used as standards. The per-

centage of DPPH scavenging capability was calculated ac-

cording to the equation:

DPPH scavenging capability ð%Þ
¼ �

1� �
A517 nm; Sample

�
A517 nm; Blank

��� 100 (1)
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2.4.2. Determination of Trolox equivalent antioxidant
capacity
The Trolox equivalent antioxidant capacity (TEAC) of the

samples was assayed using the method of Arnao et al [20] and

Miller and Rice-Evans [21]. A mixture of 1.5-mL deionized

water, 0.25-mL peroxidase (44 units/mL), 0.25-mL H2O2

(0.5mM), and 0.25-mL ABTS (1mM) were vortexed and set in

dark for 1 hour until a stable and blueegreen colored ABTSþ

radical cation was formed. The absorbance of the samples at

734 nm was determined after mixing with 0.2-mL samples. A

standard calibration curve was constructed with Trolox.
2.5. Assays of enzyme inhibition

2.5.1. Inhibition of a-amylase
Inhibition of a-amylase was determined according to the

method described by Pinto et al [5] with modifications. A

mixture of 0.2-mL sample (dissolved in 0.02M sodium phos-

phate buffer, pH 6.9) and 0.2-mL a-amylase (10 U/mL in

the same buffer) was kept at 37�C with occasionally shaking

for 45 minutes. Then, 0.4-mL starch (0.5%) was added and

incubated at 37�C for 5 minutes, before the addition of 2-mL

3,5-dinitrosalicylic acid (1%) to terminate the reaction.

The absorbance of the samples at 540 nm was read after

the samples were heated in boiling water for 10 minutes,

cooled to room temperature, and mixed with 3-mL buffer.

The buffer without sample was used as a blank. The per-

centage of a-amylase inhibition was calculated according to

the equation:

a� amylase inhibition ð%Þ ¼ ½ðACa �ACÞ � ðASa �ASÞ�=
ðACa �ACÞ � 100

(2)

where ACa and ASa were the absorbances of buffer or sample

reacted with a-amylase, respectively; AC and AS were the ab-

sorbances of buffer or sample reacted without a-amylase,

respectively.

2.5.2. Inhibition of a-glucosidase
Inhibition of a-glucosidase was determined according to the

method described by Pinto et al [5] with modifications. The

reaction was carried out in 96-well microplates. To each well,

a 50-mL sample and 50-mL buffer (with or without 0.13-U/mL a-

glucosidase) were thoroughly mixed and incubated at 37�C for

30 minutes. After the addition of 50-mL p-nitrophenyl-a-D-

glucopyranoside (3mM), themixture was incubated at 37�C for

another 30 minutes. The absorbance at 405 nm was read with

an enzyme-linked immunosorbent assay reader (MQX200,

uQuant, Bio-Tek Instruments Inc., Winooski, VT, USA). The

percentage of a-glucosidase inhibition was calculated ac-

cording to the equation:

a� glucosidase inhibition ð%Þ ¼ ½ðACa �ACÞ � ðASa � ASÞ�=
ðACa �ACÞ � 100

(3)

where ACa and ASa were the absorbances of buffer (control)

or sample reacted with a-glucosidase, respectively; AC and

AS were the absorbances of buffer or sample reacted without

a-glucosidase, respectively.
2.5.3. Inhibition of ACE
Inhibition of ACE was determined according to the method

described by Cushman and Cheung [22] with modifications.

After incubating 45-mL Hip-His-Leu (3mM in pH 8.3 sodium

borate buffer) and 10-mL sample or lisinopril (used as the

standard) at 37�C for 10 minutes, 45-mL ACE (33 mU/mL in pH

8.3 sodium borate buffer) was added to react for 30 minutes,

and then 150-mL TFA (0.1%) was added to terminate the reac-

tion. While Hip-His-Leu was converted into hippuric acid (HA)

and histidyl-leucine by ACE, HA concentration was deter-

mined using a high performance liquid chromatographer (L-

6000, Hitachi, Tokyo, Japan) equipped with a Lichrospher 100

RP-18 column (Merck, Darmstadt, Germany). The methanol

containing 0.1% TFA as an eluting solvent was at a flow rate of

0.6 mL/min and HA was detected at 228 nm. All of these de-

terminations were repeated three times.

ACE inhibition was calculated according to the following

equation:

ACE inhibition ð%Þ ¼ ðAC �ASÞ=AC � 100 (4)

where AC and AS were the peak areas of buffer (control) or

sample, respectively.
2.6. Preparation of polysaccharide-rich and protein-rich
fractions and bioactivity assays

To investigate which the principal components (poly-

saccharides or proteins) were responsible for the bioactivities

of PCC-24H, the polysaccharide-rich and protein-rich frac-

tions (PCC-Ps and PCC-Pr, respectively) were prepared from

the PCC-24H. PCC-Ps was obtained by mixing PCC-24H with

75% ethanol and removing the supernatant. PCC-Pr was pre-

pared by mixing PCC-24H with saturated ammonium sulfate

and discarding the supernatant. The precipitates were freeze-

dried and stored at �20�C until analysis. The analyses of

protein and polysaccharide contents, antioxidant activities, as

well as the enzyme inhibitions were conducted according to

the methods described in the previous sections.
2.7. Statistical analysis

Data were expressed as mean ± standard deviation from trip-

licate analysis. One-way analysis of variance (ANOVA) and

Duncan's new multiple range test were used to compare the

means of antioxidant activities and enzyme inhibitory capa-

bilities among PCC-24H, PCH-1H, and PCH-2H samples. Student

t test was used to compare the differences between PCC-Pr and

PCC-Ps fractions. All statistical analyses were performed with

theSPSS forWindows, version 12.0 (SPSS Inc., Chicago, IL, USA).

A p value < 0.05 was considered statistically significant.
3. Results and discussion

3.1. Effects of extraction temperature on yield and bio-
compound contents

Previous studies have demonstrated that extraction temper-

ature could lead to varying degrees of physiological activities

http://dx.doi.org/10.1016/j.jfda.2016.02.005
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Figure 1 e (A) 2,2-Diphenyl-1-picrylhydrazyl (DPPH)

scavenging activity; (B) Trolox equivalent antioxidant

capacity (TEAC) of PCC-24H, PCH-1H, and PCH-2H. Data

with different letters were significantly different among

extractions at same concentrations using Duncan's new

multiple range test (p < 0.05). BHA ¼ 2(3)-t-butyl-4-

hydroxyanisole.
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of extracted compounds [23]. For example, cold extracts of

Lignosus rhinocerotis exhibited distinctively cellular toxicity

due to the cytotoxic components being only found in the cold

extracts [24]. The high temperature could decompose or

convert phenolic compounds of white tea [12]. Comparedwith

hot water extraction, cold water extractionwasmore effective

in controlling the growth of fungal pathogens of Hibiscus sab-

dariffa [25]. In the present study, the yields and component

analysis of cold and hot water extracts from P. citrinopileatus

are listed in Table 1. The yields of PCC-24H, PCH-1H, and PCH-

2H were 1.89%, 1.12%, and 1.19%, respectively. A higher yield

could be obtained from the cold water extraction. Moreover, a

longer extraction time of 2 hours, compared with 1 hour, in

hot water did not increase the extraction yield. Extract tem-

perature was also able to affect the extraction efficiency of

protein, polysaccharide, and total phenolics. The contents of

protein, polysaccharide, and total phenolics of hot water ex-

tracts were only 52e75% of those obtained in the cold water

extract.

3.2. Effects of extraction temperature on antioxidant
activities

With regard to the DPPH scavenging capabilities, PCC-24H

exerted a stronger capability than those of PCH-1H and PCH-

2H at either 0.5 mg/mL or 1.0 mg/mL (Figure 1A). However,

the DPPH scavenging capability of PCC-24H was significantly

lower (p < 0.05) than those of BHA and Trolox at a concen-

tration of 0.1 mg/mL. While the IC50 values for DPPH scav-

enging capabilities of BHA and Trolox were 0.032 mg/mL and

0.02mg/mL, respectively, those of PCC-24H, PCH-1H, and PCH-

2H were 0.6 mg/mL, 2.1 mg/mL, and 1.8 mg/mL, respectively

(Table 2). Similar results were found in the TEAC assay. The

TEAC values of PCC-24H, PCH-1H, and PCH-2H at 500 mg/mL

were 0.29mM, 0.15mM, and 0.17mM, respectively (Figure 1B).

3.3. Effects of extraction temperature on enzyme
activities

Pancreatic a-amylase and intestinal a-glucosidase are two

critical enzymes for the breakdown of complex carbohydrates

into simple sugars. Both the cold water extract and the two

hot water extracts were able to significantly inhibit the ac-

tivities of a-amylase (Figure 2A) and a-glucosidase (Figure 2B).
Table 1 e Yield and component contents of extracts and precip
citrinopileatus.

Sample Yield (%) Protein content (mg/mg) Polysacchar

Cold water extracts

PCC-24H 1.89 75.4 ± 1.5

Hot water extracts

PCH-1H 1.12 42.3 ± 1.1

PCH-2H 1.19 49.3 ± 0.7

100% Ammonium sulfate precipitates

PCC-Pr 0.13 271.7 ± 1.7

75% Ethanol precipitates

PCC-Ps 0.21 38.4 ± 0.7

GAE ¼ gallic acid equivalent.
By preventing the hydrolysis of starch into di- and mono-

saccharides, the extracts might be able to suppress post-

prandial hyperglycemia. While the IC50 value of acarbose

(positive control) on a-amylase inhibition was 0.5 mg/mL, the

IC50 value of PCC-24H was 7.1 mg/mL (Table 2). The inhibition

of PCH-1H and PCH-2H on a-amylase was below 10% even at
itates of cold and hot water extracts from Pleurotus

ide content (mg/mg) Total phenolics content (mg GAE/mg)

238.6 ± 1.9 27.5 ± 0.3

176.1 ± 1.3 14.2 ± 0.3

179.2 ± 1.0 16.4 ± 0.5

142.8 ± 1.7 25.1 ± 0.3

539.8 ± 2.3 5.0 ± 0.1

http://dx.doi.org/10.1016/j.jfda.2016.02.005
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Table 2eThe IC50 values for bioactivities, including 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging capability, inhibitory
activities on a-amylase, a-glucosidase, and angiotensin-converting enzyme of extracts and fractions from Pleurotus
citrinopileatus.

Sample IC50
a (mg/mL)

DPPH a-Amylase a-Glucosidase ACE

Positive control

BHA 3.2 � 10�2 ND ND ND

Trolox 4.0 � 10�2 ND ND ND

Acarbose ND 0.5 1.7 ND

Lisinopril ND ND ND 8.4 � 10�6

Cold water extracts

PCC-24H 0.6 7.1 7.6 4.6

Hot water extracts

PCH-1H 2.1 NIb 27.1 9.6

PCH-2H 1.8 61.7 27.7 7.2

100% Ammonium sulfate precipitates

PCC-Pr 1.3 2.5 0.8 2.0

75% Ethanol precipitates

PCC-Ps 6.4 4.4 33.6 8.8

ACE ¼ angiotensin-converting enzyme; BHA ¼ gallic acid; ND ¼ not determined; NI ¼ no inhibition.
a IC50 value is defined as the inhibitor concentration to inhibit 50% of activity.
b No inhibition, less than 10% inhibition at the concentration of 10 mg/mL.

Figure 2 e (A) a-Amylase inhibitory activity; (B) a-

glucosidase inhibitory activity of PCC-24H, PCH-1H, and

PCH-2H. Data with different letters were significantly

different among extractions at same concentrations using

Duncan's new multiple range test (p < 0.05).
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the concentration of 6 mg/mL (Figure 2B) and this result

indicated that extracts from hot extraction was unable to

inhibit the activity of a-amylase.

The inhibitory capability of PCC-24H on a-glucosidase

appeared to be dose-dependent and was significantly higher

than those of PCH-1H and PCH-2H (p < 0.05; Figure 2B). The

IC50 values of PCC-24H and acarbose (positive control) on a-

glucosidase inhibition were 7.6 mg/mL and 1.7 mg/mL,

respectively (Table 2). However, the inhibition percentages of

PCH-1H and PCH-2H on a-glucosidase were only 10.9± 0.3%

and 12.8± 0.3% at the concentration of 4.0 mg/mL, respec-

tively (Figure 2B).

Compared with the positive control lisinopril, the ACE in-

hibition abilities of either the cold water or the hot water ex-

tracts were lower (Figure 3). In terms of extraction

temperature, the cold water extract exerted a stronger ACE

inhibition than the hot water extract. This finding is similar to

that reported by Lee et al [15]. In their study, the ACE inhibition

of a cold water extract from Tricholoma giganteum was higher

than that of a hot water extract [15]. It is plausible that the

high temperature can partially destroy the bioactive compo-

nents that are responsible for the ACE inhibition effects.

Nevertheless, the observation that ACE inhibition of PCC-2H

was stronger than PCC-1H suggested that the inhibition ca-

pabilities were extraction time-dependent. This result is in

line with the study on T. giganteum where ACE inhibition ca-

pabilities were extraction time-dependent up to 3 hours [15].
3.4. Corresponding compounds of extracts on their
bioactivities

Previous studies have demonstrated that phenolic contents

are responsible for the antioxidant ability and carbohydrate

indigestibility of plant extracts. Dudonnel et al [26] found that

total phenolic contents were significantly correlated to ABTSþ

and DPPH scavenging ability and ferric ion reducing activity in

http://dx.doi.org/10.1016/j.jfda.2016.02.005
http://dx.doi.org/10.1016/j.jfda.2016.02.005
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plant extracts. Pinto et al [4] further demonstrated that the

total phenolic content of Fragaria x ananassa Duch. could

affect the levels of antioxidation and a-glucosidase inhibition.

Dehghan et al [27] reported a good correlation between DPPH

scavenging activity and total phenolic contents in 11 herbal

plants. In the present study, a higher level of phenolic con-

tents was found in PCC-24H than in PCH-1H and PCH-2H.

Consequently, PCC-24H exhibited stronger antioxidant activ-

ities and higher inhibition effects on a-amylase, a-glucosi-

dase, and ACE (p < 0.05).
sP-CCPrP-CCP

Figure 4 e (A) 2,2-Diphenyl-1-picrylhydrazyl (DPPH)

scavenging activity; (B) Trolox equivalent antioxidant

capacity (TEAC) of PCC-Pr and PCC-Ps. Data with different

letters were significantly different between PCC-Pr and

PCC-Ps at same concentrations by Student t test (p < 0.05).

BHA ¼ 2(3)-t-butyl-4-hydroxyanisole.
3.5. Effects of polysaccharide-rich and protein-rich
fractions on the distribution of bioactive components and
their bioactivities

Since relatively high levels of protein and polysaccharidewere

detected in PCC-24H, the phenolic content might not be the

only factor contributing to the enzyme inhibition. To investi-

gate the contribution of protein and polysaccharide on

enzyme inhibition, cold water extracts (PCC-24H) were

precipitated with 100% ammonium sulfate to obtain protein-

rich (PCC-Pr) fraction or with 75% ethanol to obtain

polysaccharide-rich (PCC-Ps) fraction. The yields of freeze-

dried PCC-24H precipitated with ammonium sulfate and

ethanol were 0.13% and 0.21%, respectively, indicating that

more polysaccharide than protein were present in the cold

water PCC-24H extract (Table 1).

The sample precipitated with ammonium sulfate

increased the protein content of the cold water extract from

75.4 ± 1.5 mg/mg to 271.7 ± 1.7 mg/mg, whereas the sample

precipitated with ethanol increased polysaccharide content

from 238.6 ± 1.9 mg/mg to 539.8 ± 2.3 mg/mg (Table 1). While the

phenolic contents of PCC-Pr (25.1 ± 0.3 mg GAE/mg) and PCC-

24H (27.5 ± 0.3 mg GAE/mg) were similar, they were higher

than that of PCC-Ps (5.0 ± 0.1 mg GAE/mg).

The DPPH scavenging capabilities of both fractions were

dose-dependent (Figure 4A). The IC50 values for DPPH scav-

enging of PCC-Pr and PCC-Ps were 1.3 mg/mL and 6.4 mg/mL,

respectively (Table 2). The TEAC of PCC-Pr was also signifi-

cantly higher than that of PCC-Ps, with Trolox equivalents for
PCC-Pr and PCC-Ps at 500 mg/mL equaled to 0.20mM and

0.07mM, respectively (Figure 4B). The phenolic content also

correlated well with DPPH scavenging and TEAC abilities.

The dose-dependent inhibitory abilities of PCC-Pr on a-

amylase (Figure 5A) and a-glucosidase (Figure 5B) were

significantly higher than those of PCC-Ps. Fractionation

improved the a-amylase inhibition, especially for the protein-

rich fraction. The IC50 values of PCC-24H, PCC-Pr, and PCC-Ps

on a-amylase inhibition were 7.1 mg/mL, 2.5 mg/mL, and

4.4 mg/mL, respectively (Table 2). Compared with the inhibi-

tion of the positive control acarbose, the inhibition of PCC-24H

and PCC-Pr was about 7.5% and 20.8% of the positive control,

respectively. Moreover, fractionation with ammonium sul-

fate, but not ethanol, improved the capability of inhibition on

a-glucosidase. The IC50 values on a-glucosidase inhibition

were 7.6 mg/mL, 0.8 mg/mL, and 33.6 mg/mL for PCC-24H,

PCC-Pr, and PCC-Ps, respectively (Table 2). The effect of PCC-

Pr on a-glucosidase inhibition was even better than that of

acarbose in all the concentrations tested. However, the inhi-

bition of PCC-Ps was only 10%. The higher inhibition effect of
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PCC-Pr on a-glucosidase suggested that further studies should

be conducted regarding its potential to be used as a hypogly-

cemic agent.

For the ACE inhibition, both fractions followed a dose-

dependent pattern, 62e87% and 21e54% for PCC-Pr and PCC-

Ps at concentrations between 2.5 mg/mL and 10 mg/mL,

respectively (Figure 6). PCC-Pr possessed a significantly higher

ACE inhibition than PCC-Ps but less than that of the positive

control lisinopril.

Previous studies have shown good correlations between

antioxidant ability and total phenolic content [4] and between

hypoglycemic effect and the content of water soluble poly-

saccharides from P. citrinopileatus [11]. Other studies have also

demonstrated that peptide fraction was related to the ACE

inhibition [28,29]. In our study, compared with other extracts

and fractions, PCC-24H contained the highest amount of total

phenolics and thus, exerting the strongest antioxidant abili-

ties. However, the inhibition capabilities on carbohydrate

digestion-related enzymes appeared to be related to protein,

but not the total phenolic and polysaccharide contents since

the phenolic contents of PCC-24H and PCC-Pr were at

approximately the same levels. Similar to the inhibition effect

on carbohydrate digestion-related enzymes, PCC-Pr also
exhibited a stronger ACE inhibition, indicating that it has

more potential for use in the management of hypertension.

The findings from this study indicated that a low extraction

temperature was the preferred choice for the extraction of P.

citrinopileatus since a high extraction temperature could

destroy the bioactive components and thereby affect the

bioactive capabilities of P. citrinopileatus. While the antioxidant

capabilities were correlated well to a higher phenolic content,

the inhibitions on the carbohydrate digestion-related en-

zymes and ACE of PCC-Pr were significantly stronger than

those of PCC-Ps. Therefore, the protein, but not the poly-

saccharide in PCC was more likely to be responsible for the

suppression effects of P. citrinopileatus on hyperglycemia and

hypertension.
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