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Abstract The aim of this study was to use high hydrostatic

pressure treatment to enhance the extraction efficiency of

the active components from the fruiting bodies of Antrodia

cinnamomea, and compare with those obtained by shake

and ultrasonic extraction methods. The conditions of high

pressure extraction (HPE) at 600 MPa, a liquid/solid ratio

of 40:1, and 3 min of treatment yielded triterpenoids and

adenosine concentrations of 410.41 mg/100 mL and

0.47 mg/100 mL, respectively, which did not differ sig-

nificantly from those with the two other treatments—shake

extraction at 180 rpm for 8 h and ultrasonic extraction at

50 Hz for 60 min. The HPE extracts significantly attenu-

ated reactive oxygen species, nitric oxide and prostaglandin

E2 production in lipopolysaccharide-stimulated RAW

264.7 cells than shake extracts did. SEM micrographs

revealed that high-pressure caused physical morphological

damage to the mycelium of fruiting bodies, such as dis-

tortion and disruption of mycelial cells, and increased the

mass-transfer effectiveness of the solvent and solute. HPE

can be employed as an efficient extraction technique for

production of bioactive ingredients that might have a

potential application in food and related industries.

Keywords Antrodia cinnamomea � High-pressure
extraction � SEM � Ultrasonic

Introduction

Antrodia cinnamomea is a valuable medicinal fungus that

only grows on the Cinnamomum kanehirai tree at an alti-

tude of 600–1800 m, which is native to Taiwan. The

morphological features of the fruiting bodies of A. cin-

namomea are very diverse, and the fruiting bodies have

reddish brown, light brown, or light yellowish-brown sur-

faces. (Chang and Chou 1995). A. cinnamomea contains a

variety of useful compounds that can be used for medicinal

purposes, including polysaccharides, triterpenes, diterpe-

nes, maleic and succinic acid derivatives, and ubiquinone.

A novel polysaccharide extraction from mycelia of A.

cinnamomea displayed anti-proliferative effect against

several tumor cell lines (Zhang et al. 2018). Wu and Chen

(2016) reported that A. cinnamomea contains active com-

ponent, triterpenes, which reduce the inflammation to

promote the wound healing via the streptozotocin-inducing

hyperglycemia-diabetes mice model. Many studies have

confirmed the fungus’s anticancer, hepatoprotective, and

anti-inflammatory effects, as well as its ability to increase

immunity and prevent cardiovascular diseases (Cheng et al.

2009, 2018; Geethangili and Tzeng 2011). Recent studies

have explored different extraction technologies to improve

the yield of the active ingredients of A. cinnamomea, such

as ultrasonic extraction and supercritical extraction (Zhao

and Leung 2010; Liang et al. 2014), both of which have

been commercialized. Ma et al. (2014) added citrus peel

extract to the extraction process of A. cinnamomea and

found that the triterpenoid extraction rate increased tenfold.

Tu (2008) compared the extraction yields of A. cinnamo-

mea components among heat reflux extraction, microwave

extraction, and ultrasonic extraction, and the results indi-

cated that the extraction of polysaccharides, adenosine, and

crude triterpenoids with microwave-assisted extraction
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required only half of the extraction time to achieve the

same extraction yield as heat reflux and ultrasonic

extractions.

In recent years, many new technologies have been

developed to improve the extraction yields of active

ingredients. For example, ultrasonic, microwave, and high-

pressure-assisted extraction (HPE) technologies can

improve the extraction rate of active ingredients from food

or medicinal plants (Wang and Weller 2006). During

extraction, when the pressure increases, the volume of the

mixture is compressed, and the pressure will physically

damage the cell structure of the mixture, which changes the

permeability of the cell wall or the membrane and in turn

causes the solvent to rapidly enter into cells, increasing the

mass-transfer effectiveness of the solvent and solute (Xi

2013). Because HPE is carried out at room temperature, it

avoids the adverse effects caused by heat sensitivity and

results in shorter extraction times, lower costs, and higher

extraction yields (Huang et al. 2013). This technique has

been successfully used in the extraction of ginsenosides

from ginseng, anthocyanin from grape skins, catechins and

caffeine from tea, pectin from lime peel, corilagin from

longan fruit pericarp, and flavonoids from propolis (Chen

et al. 2009; Corrales et al. 2009; Xi 2009; Naghshineh et al.

2013; Prasada et al. 2009; Zhang et al. 2005). However,

there are no reports on the use of high hydrostatic pressure

for extracting active ingredients from the fruiting bodies. In

this study, the optimum extraction conditions for triter-

penoids, adenosine, and polysaccharides from A. cin-

namomea mycelia were identified by evaluating different

variables, such as the solvent (water, 70% ethanol, and

methanol), high hydrostatic pressure (100–700 MPa),

dwell time (1–9 min), and liquid/solid ratio (10:1–50:1). In

addition, the extraction efficiencies for the active ingredi-

ents of A. cinnamomea were compared among the HPE,

traditional shake extraction, and ultrasonic extraction

methods. The potential mechanisms of the reactive oxygen

species (ROS) inhibition and anti-inflammatory action of

extracts were investigated in lipopolysaccharide (LPS)-in-

duced macrophage cells (RAW 264.7). The morphological

changes in A. cinnamomea mycelia after the three extrac-

tion procedures were also compared by scanning electron

microscopy (SEM).

Materials and methods

Antrodia cinnamomea fruiting bodies

Fresh fruiting bodies of A. cinnamomea were obtained

from a local agricultural supplier and dried for 4 h at 80 �C
in a hot air dryer until the water content was approximately

9%. The fruiting bodies were then ground into a powder,

filtered through a 40-mesh filter, placed in vacuum-sealed

bags, and stored in an electronic damp-proof cabinet until

use.

High-pressure treatments

For high-pressure treatment, 2.5 g of A. cinnamomea

fruiting body powder was mixed with 25, 50, 75, 100, or

125 mL of solvent (water:ethanol = 30:70) to determine

the optimal liquid/solid ratio. The dissolution of bioactive

components into the solvent is a physical process. When

the amount of solvent increases, the chance of the bioactive

components coming into contact with the solvent increases,

which leads to higher leaching-out rates. The mixture was

then placed in a sterile polyethylene bag, which was vac-

uum-sealed and subjected to high-pressure treatment. The

high-pressure machine used in this study has a chamber

volume of 0.3 L and water was used as the pressure-

transmitting medium. The packed mixture was placed in

the high-pressure chamber and subjected to 100–700 MPa

at 25 �C (initial temperature). After the high-pressure

treatment, the extraction mixture was immediately cen-

trifuged at 4000 rpm for 10 min, the supernatant was col-

lected and stored at 4 �C for subsequent component

analyses, and the remaining pellet was used for SEM

analysis.

Conventional shake extraction

For shake extraction, 2.5 g of A. cinnamomea fruiting body

powder was mixed with 25, 50, 75, 100, or 125 mL of

solvent (water:ethanol = 30:70) in a 200-mL serum bottle.

The mixture was then placed in a shaker at 150 rpm at

25 �C (Lien et al. 2014). After extracting for 8 h, the

mixture was centrifuged at 4000 rpm for 10 min. Then,

extracts were collected and stored at 4 �C for subsequent

component analyses, and the remaining pellet was used for

SEM analysis.

Ultrasonic extraction

For ultrasonic extraction, 2.5 g of the A. cinnamomea

fruiting body powder was mixed with 25, 50, 75, 100, or

125 mL of solvent (water:ethanol = 30:70) in a 200-mL

beaker. After 60 min of ultrasound-assisted extraction

(frequency 20 kHz, power 125 W) at 25 �C (Q125 Soni-

cator, Qsonica), the extracts were collected by centrifuga-

tion at a speed of 4000 rpm for 10 min. The supernatants

were stored at 4 �C for subsequent component analyses,

and the remaining pellet was used for SEM analysis.

J Food Sci Technol (September 2019) 56(9):3988–3997 3989

123



Analysis of bioactive ingredients

Triterpenoids

Triterpenoids were evaluated using the method of Lu et al.

(2011). Briefly, 0.2 mL of sample solution was placed in a

10-mL volumetric flask and heated to evaporation in a

water-bath. Then, 1 mL of freshly mixed 5% (W/V)

vanillin-acetic solution and 1.8 mL of sulfuric acid were

added, followed by mixing and incubation at 70 �C for

30 min. The mixed solution was then cooled and diluted to

10 mL with acetic acid. The absorbance was measured at

573 nm against a blank using a spectrophotometer. The

blank consisted of all reagents and solvents without the

sample solution. The triterpenoid content was determined

using a standard ursolic acid calibration curve. The cali-

bration equation for ursolic acid was

Y = 0.0605X - 0.0122 (R2 = 0.9991), where Y is the

absorbance value and X is the concentration of ursolic acid

(mg/mL).

Adenosine

The adenosine content of the samples was determined

using the HPLC determination method described by Chang

et al. (2005). The separations were performed using a

HPLC system (Hitachi Ltd., Tokyo, Japan), with 15-lL
loop and a reversed-phase column (Merck LiChrospher 100

RP-18, 5 lm, 4.0 9 250 mm I.D.; Darmstadt, Germany)

followed by linear gradient elution using eluents A, B, C,

and D [A: H2O; B: CH3CN/MeOH (1:1, v/v); C: 0.1 N

HCl; D: 0.1 N NH4H2PO4 (adjusted to pH 4.0 with

H3PO4)] according to the following A-D profile: 0–15 min,

60–30% A, 0–30% B, 20% C, and 20% D; 15–20 min,

30–60% A, 30–0% B, 20% C, and 20% D. The flow rate

was 1.0 mL/min. Detection was performed at 260 nm. To

prepare standards for the calibration curve and assessment

of validation, a stock solution of adenosine was prepared at

a concentration of 0.05 mg/mL. This solution was diluted

with distilled water to yield 0.5, 0.25, 5.0, and 50 mg/mL

working standard solutions for preparation of the calibra-

tion curve.

Polysaccharides

The polysaccharide content of the fruiting bodies of A.

cinnamomea was measured using the phenol–sulfuric acid

colorimetric method (Dubois et al. 1956). The polysac-

charide content was determined colorimetrically at

280 nm. First, 0.1 mg of polysaccharide was hydrolyzed at

100 �C for 48 h with 5 mL of 2.5 M H2SO4 in a sealed test

tube. The residue was neutralized with BaCO3 and

Ba(OH)2 followed by filtration. The liquid portion was

subjected to ion exchange chromatography using Amber-

lite IR-120 (H-form) and Amberlite IRA-400 (Cl-form)

resins and then neutralized in sugar solution. The sugar

solution was dried and resolved in 0.5 mL of distilled water

for further analysis. The polysaccharide content of the

mixture was determined using an HPLC (Hitachi Ltd.,

Tokyo, Japan) and a sphereclone-CHO column (Phenom-

enex Inc., Torrance, CA, USA). The results are expressed

as mg per 100 mL of extract (mg/100 mL).

ROS, NO and PGE2 inhibition

The RAW 264.7 cells were cultured in triplicate at a

density of 1 9 105 cells/well in a 96-well flat-bottomed

plate, incubated for 24 h, treated with various concentra-

tions of extracts, and then incubated for 4 h at 37 �C in an

atmosphere of 5% CO2. The intracellular ROS levels were

measured by detecting the fluorescence intensity of the

oxidant-sensitive probe, 20,70-dichlorofluorescein-diacetate
(DCFH-DA). The process involves the conversion of

DCFH-DA to DCFH by deacetylase in the cells, which is

then oxidized by various intracellular ROS to yield 20,70-
dichlorofluorescein (DCF), a highly fluorescent compound.

The cells were incubated with 50, 100 and 150 lg/mL of

extracts in the presence or absence of LPS (1 lg/mL) for

24 h. Then, the cells were stained with 20 lM DCFH-DA

for 15 min at room temperature and the intracellular ROS

production was determined by using an ELISA microplate

reader.

Nitrite constitutes the end product of the NO generated

by activated macrophages, RAW 264.7 cells were incu-

bated with 50, 100 and 150 lg/mL of extracts in the

absence or presence of LPS (1 lg/mL) for 24 h. Then,

100 lL of the Griess reagent (1:1 mixture of 1% sulfanil-

amide and 0.1% naphthylethylenediamine in 5% phos-

phoric acid solution) was added to 100 lL of the cellular

supernatant samples in 96-well plates, and the mixture was

automatically agitated for 10 min at room temperature. The

absorbance at 550 nm was measured using an ELISA

microplate reader (Molecular Devices Co., USA). The

reduction or increase in the nitrite level was estimated as

the percentage absorbance of the sample relative to that of

the respective control. Standard calibration curves were

prepared using sodium nitrite serial dilutions. For PGE2

assay, the RAW 264.7 cells were cultured with 50, 100 and

150 lg/mL of extracts in the absence or presence of LPS

(1 lg/mL) for 24 h. Then, 100 lL of the culture medium

supernatant was collected, and the PGE2 concentration was

measured by using a PGE2 ELISA kit (Cayman Chemical

Company, Ann Arbor, MI, USA). The concentration of

PGE2 was photometrically determined by using a micro-

plate reader at 405 nm. The standard calibration curves

were prepared by using PGE2 serial dilutions.
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SEM analysis

The cell pellets from extracted and unextracted A. cin-

namomea fruiting bodies were centrifuged at 10,0009g for

10 min after washing twice in 0.1 M phosphate buffer (pH

7.4). The cell pellets were then resuspended in 1 mL of

0.1 M phosphate buffer. The suspended cells were filtered

(0.22-lmMF-Millipore, GSWP; Millipore Corp., Billerica,

MA, USA) and fixed on a membrane using 10 mL of 1.0%

glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). The

fixatives were left in contact with the cells overnight at

4 �C. The membranes were subsequently transferred to

glass vials, subjected to three 10-min washes in buffer, and

post-fixed for 1 h in 1% osmium tetroxide. Next, the

membranes were rinsed twice in buffer for 10 min each

time. The membranes were dehydrated using a series of

10-mL ethanol solutions (10–90% ethanol in 10%-steps

and 90–100% ethanol in 5%-steps); the dehydration treat-

ment consisted of 15 min in each solution. The samples

were then soaked in isopentyl acetate before critical point

drying in CO2 medium, which was performed using a

critical point dryer (Hitachi HCP-2). Filters were then

attached to large SEM stubs with double-sided tape and

coated with gold palladium. The samples were analyzed

with an SEM (Hitachi S4700) at 15 kV, and photomicro-

graphs were obtained.

Statistical analysis

The experimental results represent the means from tripli-

cate experiments. The data are presented as the

mean ± standard deviation (SD), and they were analyzed

using a statistical analysis system (SAS Inc., NC, USA).

One-way ANOVA analysis was conducted. Significant

differences between the means were determined by Dun-

can’s multiple range tests. The results were regarded as

statistically significant at p\ 0.05.

Results and discussion

The effect of solvents on extraction yields

Figure 1 shows the extraction yields of the active compo-

nents from A. cinnamomea fruiting bodies using three

different solvents: water, 70% ethanol, and methanol. The

results indicate that the highest extraction yield of triter-

penoids was obtained when using 70% ethanol, which

resulted in significantly higher amounts than with methanol

and water. For adenosine, the extraction yields with 70%

ethanol and methanol were not significantly different;

however, both were higher than that with water. Regarding

the comparison of extraction yields for polysaccharides,

70% ethanol resulted in a higher extraction yield than water

and methanol. Zhang et al. (2007) used HPE techniques to

extract ginsenosides from Panax ginseng and compared the

extraction yields when using four different solvents: water,

50% ethanol, methanol, and n-butanol. Their results indi-

cated that 50% ethanol resulted in the best extraction yield.

The effect of pressure on extraction yields

As shown in Fig. 2, the concentrations of active ingredients

in the extracts of A. cinnamomea fruiting body powder

increased as the pressure increased. At a processing pres-

sure of 600 MPa, the concentrations of triterpenoids,

Fig. 1 The yields of active components with different solvents. HPE:

600 MPa for 3 min, liquid/solid ratio 40:1 mL/g; 2.5 g dry fruiting

bodies of A. cinnamomea. Bars are expressed as mean ± SD (n = 3)
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adenosine, and polysaccharides increased to 410.41, 0.47,

and 190.52 mg/100 mL, respectively. When the processing

pressure was increased to 700 MPa, the concentrations of

these three active ingredients did not increase significantly

when compared to values at 600 MPa (p B 0.05). Thus, a

600 MPa pressure was used for the following experiments.

These results are consistent with a previous study in which

Xi (2006) used HPE technology to extract lycopene from

tomato paste waste and found that the extraction rate

increased as the pressure increased up to a point. The

extraction rate of lycopene was the highest at 500 MPa,

and the extraction rate no longer increased above a pressure

of 600 MPa. Similarly, Zhu et al. (2012) used HPE to

extract lignan compounds from Dysosma versipellis and

found that the maximum extraction rate was achieved at a

pressure of 200 MPa and that the yield did not increase

above that pressure, even at 500 MPa. According to the

mass-transfer theory, the mass-transfer rate = pressure/re-

sistance of mass transfer, and based on phase behavior

theory, dissolution occurs faster at higher pressures. Under

high-pressure conditions, the differential pressure between

the inside and the exterior of the cell is very large, which

causes the solvent to permeate very quickly through the

disrupted cell wall, and the mass-transfer rate of the solute

or the rate of dissolution is very high. This phenomenon

could explain the shorter time needed to achieve results

with HPE (Xi 2015).

The effect of pressure holding time on extraction

yields

Table 1 shows the yields of the active ingredients of A.

cinnamomea extracted under 600 MPa pressure with dif-

ferent extraction times. When holding times under 3 min,

the extraction yields and concentrations of extracts

increased as the extraction time increased. While extraction

time reached 1 min, the concentrations of triterpenoids,

adenosine, and polysaccharides were 351.47, 0.32, and

143.16 mg/100 mL, respectively; when it reached 3 min,

Fig. 2 The effect of pressure on the extraction yields of a triter-

penoids, b adenosine, and c polysaccharides. HPE: for 3 min, 70%

ethanol, liquid/solid ratio of 40:1 mL/g; 2.5 g dry fruiting bodies of A.

cinnamomea. Bars represent the mean ± SD (n = 3)

Table 1 Effect of pressure holding time and liquid/solid ratio on the

extraction yields of bioactive components of Antrodia cinnamomea

Extraction yields (mg/100 mL)

Triterpenoids Adenosine Polysaccharides

Holding time (min)

1 351.47 ± 15.78b 0.32 ± 0.09b 143.16 ± 8.47b

3 410.41 ± 19.73a 0.47 ± 0.08a 190.52 ± 11.47a

5 410.42 ± 21.07a 0.48 ± 0.15a 191.52 ± 12.67a

7 421.16 ± 18.24a 0.47 ± 0.11a 185.72 ± 10.24a

9 418.47 ± 14.58a 0.48 ± 0.17a 194.24 ± 13.74a

Liquid/solid ratio

10 297.54 ± 15.78c 0.39 ± 0.11a 133.71 ± 13.57c

20 353.25 ± 19.73b 0.40 ± 0.09a 160.37 ± 12.57b

30 360.92 ± 15.28b 0.42 ± 0.10a 162.38 ± 12.82b

40 410.41 ± 19.73a 0.47 ± 0.08a 190.52 ± 11.47a

50 426.28 ± 16.72a 0.46 ± 0.13a 197.27 ± 10.19a

Values are expressed as mean ± SD (n = 3). Means with different

superscript letters in every column are significantly different

(p\ 0.05). High-pressure extraction at 25 �C, 600 MPa pressure,

70% ethanol concentration, liquid/solid ratio 40:1 (mL/g), 2.5 g dry

fruiting bodies
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the concentrations of triterpenoids, adenosine, and

polysaccharides increased by 16.8%, 46.9%, and 33.1%,

respectively, compared with the 1-min extraction. When

the extraction time was over 3 min, no significant differ-

ences were observed. These results indicated that the

optimal extraction yield with the greatest dissolution of

solutes can be achieved with 600 MPa pressure and a

3-min extraction time. Prasada et al. (2009) found that

when using high-pressure to extract corilagin from longan

fruit pericarp, the extraction time did not affect extraction

yields at 500 MPa, i.e., the concentrations of corilagin

were not significantly different for extraction times of 2.5,

5, 15, and 30 min. Zhang et al. (2005) also found that the

high-pressure holding time had no effect on the extraction

yields of flavonoids from propolis. Xi et al. (2015) found

that the extraction yield of polyphenols from green tea at a

pressure of 300–500 MPa significantly decreased when the

extraction time exceeded 2 min, and even longer extraction

times did not result in increased extract concentrations. The

extraction time should be long enough to ensure contact

between the active ingredients and the solvent. Exposure to

the solvent for a long time allows the matrix to swell, thus

enhancing the penetration of solvent into the sample

interstices and allowing contact between the solvent and

target compounds. Among the various experimental con-

ditions used for HPE, the holding time is usually between 1

and 10 min, as reported for the extraction of target com-

pounds from plant materials (Huang et al. 2013).

The effect of the liquid/solid ratio on the extraction

yields

Table 1 shows that the extraction yields of triterpenoids

and polysaccharides were affected by the liquid/solid ratio,

whereas the adenosine yield was not affected. When the

liquid/solid ratio increased from 10:1 to 40:1 mL/g, the

extraction yields of triterpenoids and polysaccharides

increased from 297.54 and 133.71 mg/100 mL to 410.41

and 190.52 mg/100 mL, respectively, indicating that as the

solvent amount increases, the rate of dissolution of bio-

logically active ingredients increases. However, the

extraction yield with a liquid/solid ratio of 50:1 mL/g was

not significantly different than with a ratio 40:1 (p\ 0.05),

indicating that 40:1 was the optimal ratio for dissolving

triterpenoids and polysaccharides in the solvent. Prasada

et al. (2009) also found that a 50:1 liquid/solid ratio was the

optimum ratio for dissolving the total phenolic contents in

longan fruit pericarp, i.e., increasing the solvent further did

not increase the extraction yield of the total phenolic

compounds. A similar phenomenon was reported in a study

by Zhang et al. (2005) who found that during the HPE of

flavonoids from propolis, extraction yields increased as the

liquid/solid ratio increased and reached a maximum at a

liquid/solid ratio of 35:1 or more. When the liquid/solid

ratio increased from 5:1 to 45:1 at 500 MPa for 1 min, the

extraction yield of flavonoids increased from 4.19 to

5.25%. Xi (2009) reported that highest extraction yields

(4.0%) were obtained at a liquid/solid ratio of 20:1 (mL/g)

with 500 MPa pressure applied for 1 min. When the liq-

uid/solid ratio increased from 10:1 to 25:1 (mL/g), the

yield of caffeine increased from 3% to 4.11%. Prasad et al.

(2009a, b) found that the HPE of the phenolic contents

from litchi fruit pericarp was not affected by the solid/

liquid ratio, as the extraction yields at solid/liquid ratios of

1:25, 1:50, 1:75, and 1:100 were not different (p\ 0.05).

However, Hu et al. (2015) demonstrated that the extraction

yields of chlorogenic acid from Lonicera japonica flower

buds using 70% alcohol and HPE were not affected by the

liquid/solid ratio, whereas the extraction yield of cynaro-

side increased when the proportion of liquid increased,

indicating that the dissolution rates of chemical compo-

nents in solvents varied significantly.

Comparison of extraction yields

among conventional, ultrasonic, and high-pressure-

assisted methods

Table 2 shows the extraction yields obtained with the HPE,

ultrasonic, and the traditional shake extraction methods.

Extraction at 600 MPa for only 3 min resulted in the same

similar concentrations of triterpenoids and adenosine as

ultrasonic extraction for 60 min or shake extraction for 8 h.

The concentrations of polysaccharides in extracts obtained

with high-pressure or ultrasonic extraction were signifi-

cantly higher than those obtained with shake extraction.

These results confirmed that both the high-pressure and

ultrasonic methods are effective in increasing the extrac-

tion yield and that the HPE method is the most efficient

among the three extraction methods studied here. As

indicated by the electron microscopy results (Fig. 4), both

the ultrasonic and high-pressure methods can destroy the

structure of A. cinnamomea mycelia. After the disruption

of the mycelia, the extraction solvent permeates the cells

rapidly and contacts the cellular contents, dissolving the

active components in a short period of time. This result is

consistent with the findings of Briones-Labarca et al.

(2015), who compared the extraction yields of active

ingredients from Chilean papaya seeds among high

hydrostatic pressure, ultrasound, and conventional extrac-

tion methods. The results demonstrated that concentrations

of total phenol and flavonoids in the extract after 5 min of

extraction at 500 MPa were significantly higher than those

in the extracts after 15 min of ultrasonic extraction

(42 kHz, 130 W) and 30 min of conventional extraction (at

70 �C). In addition, the high-pressure extracts had a greater

antioxidant capacity. Lee et al. (2014) utilized response
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surface methodology to identify the best conditions for

HPE of saponins from ginseng. The optimum conditions

for maximizing either extraction yield or crude saponin

content were determined to be 446.46 MPa for 14.84 min

and 450 MPa for 15 min. Corrales et al. (2009) also uti-

lized high-pressure and ultrasonic methods to extract

anthocyanin from grape byproducts and compared the two

methods with conventional extraction. After 1 h of

extraction, the extraction yields with the high-pressure and

ultrasonic methods were three times and two times greater,

respectively, than with conventional 70 �C extraction.

However, Corrales et al. (2008) found that for the same

extraction time, the yield of total phenolic compounds from

grape byproducts with ultrasonic extraction (35 kHz) was

significantly higher than those with HPE (600 MPa) and

heat extraction (at 70 �C). However, the antioxidant

capacity of the extracts from HPE was stronger than in the

extracts from ultrasonic and thermal methods.

Inhibitory effects of extracts on ROS, NO, and PGE2

production

The inhibitory effects of A. cinnamomea extracts on the

production of ROS and pro-inflammatory mediators such

as NO and PGE2 were detected in the presence of LPS

(1 lg/mL) for 24 h. During stimulation, a large increase in

oxygen uptake resulted in the massive release of intracel-

lular ROS in the cells treated with LPS (1 lg/mL), com-

pared with untreated control cells. In Fig. 3a, the ROS

inhibitory activity of the HPE and ultrasonic extracts at a

concentration of 150 lg/mL were stronger than that of

shake extracts. The HPE extracts at 50 lg/mL showed the

same concentrations of ROS with shake extracts. However,

ultrasonic extracts at 150 lg/mL induced a significant

(p[ 0.05) lower concentration of ROS than all treated

group. The LPS-induced RAW 264.7 macrophages exhib-

ited increased NO and PGE2 production when compared

with the control group (Fig. 3a, b). The HPE and ultrasonic

extracts exhibited an excellent inhibitory activity on the

NO and PGE2 production compared with that of the shake

extracts. However, the concentrations of NO and PGE2

treated by HPE extracts were lower than those in the cells

treated with LPS only but showed no significant difference

with the ultrasonic extracts. At a concentration of 150 lg/
mL, the HPE extracts reduced the concentration of NO and

PGE2 released from RAW 264.7 cells by 38.3% and

41.2%, respectively compared with the LPS group. Folk

medicinal mushrooms are good resources for the devel-

opment of therapeutic agents with antioxidant and anti-

inflammatory potential that possess no or lower toxic

effects. Inflammatory disorders are often characterized by

the production of significant amounts of free radicals,

nitrogen reactive species, and cytokines such as PGE2. Wu

et al. (2011) reported that the extracts and metabolites

isolated from A. cinnamomea exhibits free radical scav-

enging and superoxide radical scavenging activities. Wen

et al. (2011) also found that methanol extract of liquid

cultured mycelia of A. cinnamomea had significant anti-

inflammatory activity by reducing the edema volume in

carrageenan-induced paw edema in mice. In this study, the

HPE extracts showed an increased polysaccharide content

recovery with shorter extraction time that was approxi-

mately twice that of the shake extracts. The results indicate

that exposure of RAW 264.7 cells to LPS apparently

stimulated the accumulation of ROS, NO and PGE2 while

the pretreatment of cells with HPE extracts significantly

attenuated this effect. The HPE method promoted the

antioxidant and anti-inflammatory activity of the extracts

by increasing the amount of bioactive compounds extracted

with shorter extraction time.

Observation by SEM

To understand the mechanism through which high-pressure

and ultrasonic extraction affects extraction yields, the

morphologic changes of A. cinnamomea after different

methods of extraction were studied using SEM. Figure 4a

shows the morphology of A. cinnamomea mycelia in the

control group, with intact tissues. Figure 4c shows mycelia

after 60 min of ultrasonic extraction, and Fig. 4d shows

mycelia after 3 min of HPE at 600 MPa. Figure 4b shows

the morphology of A. cinnamomea mycelia treated by

Table 2 Comparison of

extraction yields of bioactive

components from Antrodia

cinnamomea among high-

pressure, ultrasonic, and shake

extraction methods

Extraction methods Extraction time Extraction yields (mg/100 mL)

Triterpenoids Adenosine Polysaccharides

Shake 8 h 421.24 ± 24.72a 0.45 ± 0.07a 90.88 ± 8.84b

Ultrasonic 1 h 443.44 ± 19.47a 0.47 ± 0.08a 210.09 ± 20.24a

High pressure 3 min 410.41 ± 19.73a 0.47 ± 0.08a 197.52 ± 11.47a

Values are expressed as mean ± SD (n = 3). Means with different superscript letters in every column are

significantly different (p\ 0.05). Shake extraction (at 25 �C for 8 h), ultrasonic extraction (at 25 �C,
20 kHz and 125 W for 60 min), and high-pressure extraction (at 25 �C and 600 MPa for 3 min). Samples

are dissolved in 70% ethanol, liquid/solid ratio 40:1 mL/g, 2.5 g dry fruiting bodies
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shake extraction, which is similar to the morphology of the

control group. Ultrasonic energy exerts strong shearing

forces that can damage extraction samples. Figure 4c

shows mycelia that are crushed and have fractures on the

surface after ultrasonic extraction, whereas in Fig. 4d,

mycelia exhibit irregular distortions, flattening, folding,

and surface ruptures after high-pressure treatments, indi-

cating that both ultrasonic and high-pressure treatments can

damage the structure of mycelia. Physical damage to the

morphology of extraction samples allows better penetration

of the extraction solvent into cells, and the improved

interaction between solute and solvent can in turn promote

the dissolution of active ingredients and shorten the

extraction time (Xi 2015). Chen et al. (2009) used an SEM

to observe the morphology of ginseng samples after 5 min

of pressure treatment at 200 MPa and found that the high

pressure ruptured the ginseng cell wall, which led to the

increased dissolution of intracellular active components by

the solvent and an increased extraction yield of saponins

from ginsenosides that was equal to the yield obtained by

heat extraction at 90 �C for 6 h. Xi et al. (2011) used

transmission electron microscopy to observe the morpho-

logical changes in green tea samples after 400 MPa of

pressure treatment for 15 min. They found that the high

pressure damaged the structure of cells and caused twist-

ing, distortion, and breakage, which promoted the disso-

lution of the active components in the solvent.

Conclusion

In this study, the SEM micrograph data indicated that the

HPE technique could cause physical damage to the cell

structures of mycelia, resulting in better solvent penetration

into cells and increased contact between solvent and solute,

which is the main mechanism for increasing extraction

yields. Compared with other techniques such as ultrasound

extraction or shake extraction, extraction at 600 MPa of

pressure takes only 3 min to achieve the extraction con-

centration obtained by ultrasonic extraction for 1 h or

shake extraction for 8 h. The HPE technique, with its

shortened extraction time and reduced energy consump-

tion, is the most efficient extraction method. Thus, HPE

could be an alternative extraction technique for the fast

extraction of active compounds from A. cinnamomea.

Hence, HPE is a potential technology that can be used in

bFig. 3 Effect of extracts from A. cinnamomea on LPS-stimulated

a ROS; b NO; c PGE2 production in RAW 264.7 cells. Data are

expressed as the mean ± SD (n = 3). Different letters above the bars

of same concentration indicates significant differences among treat-

ment means (p\ 0.05)
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the food and biotechnology industries for the extraction of

active components.
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