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Abstract

This study was conducted to investigate the effects of pretreatment and extraction methods on the water extraction
vields of sugar, protein and phenolic compounds, and the antioxidative activity of extract from Ganoderma lucidum.
The herb was ground, sifted, and treated for 10 min with microwave (2,450 MHz) and ultrasound (20 kHz), and
then extracted by boiling underatmospheric pressure and pressured boiling. Particle size (0.8~2.4 mm), extraction
time (2 hr) and solvent/solid ratio (20:1) were selected as optimal conditions for extraction. Micowave and ultrasound
treatment increased the extraction yields of total sugar, protein and phenolic compounds and the radical scavenging
activity of extract. In comparison with microwave treatment and ultrasound treatrment, microwave treatment was
more effective than that of ultrasound treatment. The yields of all three compounds and the radical scavenging
activity of extract were higher in pressured boiling extraction than in boiling underatmospheric pressure. The results
showed that microwave radiation and sonication prior to extraction, and pressured extraction could be utilized for

improving the extraction efficiency of G Jucidum.
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introduction

Ganoderma lucidum has been widely used as a remedy
to promote health and longevity. G. lucidum is one of the
most famous medicinal fungus and its biological activities
and therapeutic effects such as immunomodulation, antitu-
mour, antiinflammation, antioxidation, cholesterol lowing,
antihypertension and antiallergy have been reported (1,2).
Because of their perceived health-stimulating properties and
medicinal effects, today the use of G. lucidum is widespread
and growing in a health food industry.

Extraction of chemical constituents from the raw materials
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is a principal unit operation in medicine and food manufacture.
The reflux extraction has been used as conventional method
for centuries, but it requires long extraction time and has
low efficiency. Therefore, new technologies are applied to
save the extraction time as well as to increase the extraction
yield.

Microwave-assisted extraction (3-5), ultrasound-assisted
extraction (6-8) and supercritical fluid extraction (9-11) were
developed to improve the conventional extraction method for
various herbs. However, they have many disadvantages such
as requirement of special equipment, or sometimes the low
recovery and the instability of a target component, which
limits the wider commercial applications (5,11). Microwave
radiation and ultrasonication should be used in combination
with the conventional extraction. But, there are no report about
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the effects of both microwave and ultrasound treatment prior
to the conventional extraction on extraction property.

This study compared with the effects of both microwave
and ultrasound pretreatment in relation to extraction pressure
applied to the extractions of G. lucidum in order to determine
preferable treatment method.

Materials and Methods

Materials

Ganoderma lucidum was obtained from the herb market
in Daegu, Korea. The samples were kept in a sealed plastic
bag and stored at 4C until use.

Folin-Ciocalteu reagent, gallic acid, diphenyl picryl
hydrazyl radical (DPPH) and glucose were purchased from
Sigma Chemical Co. (St Louis, USA). All other used chemicals
were analytical grade.

Comparison of sample particle size

Herb samples were ground by a mill (model J-NCM,
JISICO, Korea) and sifted in different particle sizes: 0.8~2.4
mm and 2.4~4.0 mm. These samples (10 g) were extracted
with 200 mL of distilled water for 2 hr under two extraction
pressures: by boiling (100C) under atmospheric pressure and
by boiling (1217C) high pressure. The used ratio of sample
and solvent were obtained from preliminary tests to achieve
approximately effective conditions.

Comparison of extraction time

Herb samples (10 g, 0.8~2.4 mm) were extracted with 200
mL of distilled water. Extractions were performed by boiling
(1007C) under atmospheric pressure and by boiling (1217C)
high pressure during different periods: 0.5, 1, 2 and 3 hr.

Comparison of pretreatment method

Herb samples (10 g, 0.8~2.4 mm) and distilled water (200
mL) were mixed and treated using a microwave oven (2,450
MHz) or using a sonicator (Sonic Dismembrator F550, Fisher
Scientific, USA, 20 kHz) for 10 min prior to extraction. The
treated and nontreated samples were extracted for 2 hr under
atmospheric pressure (100°C) and high pressure (1217C).

Component analysis

General extraction efficiency was estimated as content of
soluble solids in the water extract. Soluble solids were
measured using a refractometer (model N-1E, Atago Co.,
Japan).

Total sugar content was determined using the phenol-
sulfuric acid method (12). The extract (1 mL) was added
to a 1 mL of 5% phenol solution plus 5 mL of conc sulfuric
acid. The mixture was shaken and left for 20 min. The
absorbance of the resulting solution was measured with a
spectrophotometer (model UV1601, Shimadzu, Japan) at 470
nm. Concentration of total sugar was determined by
comparison with the absorbance of glucose used at different
concentration as standard. Yield of total sugar was expressed
in grams of total sugar extracted per gram of raw materials.

Protein content was determined using the method provided
by the Association of Official Analytical Chemists (13). Yield
of protein was expressed in grams of protein extracted per
gram of raw materials.

Content of total phenolic compounds was determined using
the Folin-Ciocalteu method (14). The extract (5 mL) was
transferred into volumetric flask. Folin-Ciocalteu reagent (5
mL) was added and the contents of the flask mixed thoroughly.
After 3 min, 5 mL of 10% Na,COj; solution was added and
left for 1 hr. The absorbance of the resulting solution was
measured with a spectrophotometer (model UV1601,
Shimadzu, Japan) at 760 nm. Concentration of total phenolic
compounds was determined by comparison with the
absorbance of gallic acid used at different concentration as
standard. Yield of total phenolic compounds was expressed
in grams of total phenolic compounds extracted per gram
of raw materials.

Radical scavenging activity

Radical scavenging activity was determined using diphenyl
picryl hydrazyl radical (DPPH) (15). The water extract (0.2
mlL) was added to a 0.8 mL of 4x10*M ethanolic solution
of DPPH radical. The mixture was shaken vigorously and
left for 10 min. The absorbance of the resulting solution was
measured at 525 nm with a spectrophotometer (model
UV1601, Shimadzu, Japan). Radical scavenging activity was
calculated using the formula: percentage inhibition = [1 -
(absorbance of samplefabsorbance of DPPH)] x 100.

Statistical analysis

Statistical analysis was conducted with the SPSS software
(version 12.0, SPSS Inc., USA) for replicated test data.
Analyses of variance were performed by an ANOVA
procedure. Significant differences (0=0.05) between means

were determined by Duncan’s multiple range test.
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Results and Discussion

Comparison of sample particle size

Yields of total sugar, protein and phenolic compounds
extracted by using atmospheric boiling and high pressure
boiling from the different particle sizes of Ganoderma
lucidum are compared in Table 1. Yields of three components
of the G. lucidum were higher in high pressure extraction
than in extraction under atmospheric pressure as particle
having same size was used. The herbs between 0.8 to 2.4
mm exhibited the higher vields except for the yield of phenolic
compound extracted by high pressure extraction, when same
extraction pressure was applied. From this result, the samples
having 0.8~2.4 mm in diameter were used for other
experiment in this study. It was well known that the rate
of mass transfer was directly proportional to the surface area,
so reductions in particle size increase the rate of extraction
up to certain limits (16).

Table 1. Yields of total sugar, protein and phenolic compounds
extracted from different particle sizes of Ganoderma lucidum

Extraction Particle size Total sugar Protein C(l)’rl:]en(l)llril%s
method (mm) (mg/g) (mgfg) (m";’,g)
b b a
Nonpressred 08-24 17.sa 22.83 0.61a
2440 146 19.2 0.66
Preseured 0824 256 UE 0.80°
2440 20.6° 248 0.87°

"alues with the same letter are not significantly different at the 5% level.

Comparison of extraction time

Yields of total sugar, protein and phenolic compounds
extracted from G. lucidum for different times by using under
atmospheric pressure boiling and high pressure boiling are
presented in Table 2. In case of G. lucidum, the yields of

Table 2. Yields of total sugar, protein and phenolic compound
extracted for different extraction times from Ganoderma lucidum

Extraction  Extraction Period  Total sugar Protein C;?;g?}:]fis
method (hour) (mg/g) (mgfg) (ngfe)
0.5 132° 178 061°
B34 194 067"
Nonpressured 156" B8 073"
3 126 19.0° 0.70"
05 160° 0ng 068"
Prossured 164" 374° 073"
208 408 086"
3 132° 350° 0.75°

““Values with the same letter are not significantly different at the 5% level.

all three compounds increased rapidly up to a peak level
during 2 hr of extraction and afterwards it downed slowly.
From these results, 2 hr was selected as optimal period for
other extraction experiments.

Comparison of pretreatment method

Soluble solids of water extracts of G. lucidumin relation
to the extraction conditions are shown in Fig. 1. Effects of
the extraction methods and the pretreatment on the level of
soluble solids were almost not different in the G. lucidum.
Pressured boiling extraction considerably increased soluble
solids in the extract as compared with the atmospheric boiling
extraction, when same pretreatment was used. This effect
could be explained because the extraction temperature was
higher. It was reported that higher temperatures increase both
the rate at which solutes dissolve in the solvent and the rate
of diffusion into the bulk of the solvent (16). Pretreatments
using a microwave oven or a sonicator prior to extraction
increased soluble solids of extract isolated from the G.
lucidum regardless of the extraction pressure. These results
showed that the efficiency of hot water extraction could be
improved by microwave radiation or sonication.
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Fig. 1. Soluble solids of extract isolated from Ganoderma lucidum
in relation to extraction conditions. Values with the same letter are
not significantly different at the 5% level.

Yield of total sugar extracted from G. lucidum with
different pretreatment and extraction pressure is presented
in Fig. 2. In the G. lucidum, the yield of total sugar was
increased by pretreatment and pressured extraction. The yields
from treated with microwave prior to extraction under
atmospheric pressure were significantly higher than that
treated with ultrasound, but this effect did not show in case
of pressured extraction, This may be due to pretreatment effect
was compensated by high temperature during extraction.
Yield of protein extracted G. lucidumwith with different
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Fig. 2. Yield of total sugar extracted from Ganoderma lucidum in
relation to extraction conditions. Values with the same letter are
not significantly different at the 5% level.

pretreatment and extraction pressure is compared in Fig. 3.
The yield showed significant differences according to
extraction conditions. In the G. lucidum, the yield was
increased by pressured extraction regardless pretreatment
methods. And microwave pretreatment did significantly
increase the yield by nonpressured and pressured extraction.

Yield of total phenolic compounds extracted from G.
lucidum in relation to extraction conditions is presented in
Fig. 4. The yield was increased by pressured extraction when
same pretreatment was used, enhanced by the treatment of
microwave or ultrasound prior to both nonpressured and
pressured extractions. Between the two pretreatments,
microwave was more effective on the isolation of phenolic
compounds from the herbs. This effect was significantly
shown higher in the pressured extraction. On the other plant,
it was known that phenolic compounds could be easily
extracted with microwave-assisted extraction (17). However,
there was no significant difference between ultrasound
treatment and control in terms of the nonpressured extraction.
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Fig. 3. Yield of protein extracted from Ganoderma lucidum in
relation to extraction conditions. Values with the same letter are
not significantly different at the 5% level.
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Fig. 4. Yield of phenolic compound extracted from Ganoderma
lucidum in relation to extraction conditions. Values with the same
letter are not significantly different at the 5% level.

DPPH radical scavenging activity was investigated to
evaluate the antioxidative activity of water extracts isolated
from G. lucidum at different extraction conditions and its
result is presented in Fig. 5. In general, it was known that
radical scavenging activity is positively related to the level
of phenolic compounds (3). Result of this study could be
explained because phenolic compounds from G. lucidum have
a strong radical scavenging activity. Extraction condition
affect the radical scavenging activity of the extract of G.
lucidum. In G. lucidum, microwave treatment prior to
nonpressured or pressured extraction increased significantly
the radical scavenging activity of extracts, and there was no
difference between the both extraction pressures.
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Fig. 5. Radical scavenging activity of extract isolated from
Ganoderma lucidum in relation to extraction conditions. Values
with the same letter are not significantly different at the 5% level.

The study showed that the both microwave and ultrasound
treatments and the pressured extraction had increasing effect
on the extraction efficiency and the antioxidative ability of
extract. Therefore, microwave radiation, ultrasonication and
pressured extraction could be recommended as a suitable
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method to isolate chemical components from G. lucidum.

2 o

=

AW A (Ganoderma lucidum) S 2 58] ok 1

4 3
o] Q4 588 TONT 5 e PUS AT
=

of 32 AAY 2L PHe] LANE ¥, AEND
G E EAste] ApEen 28t lol22 st Aol
5

AT ¥ EE Sl A3 2 RS 4

7]

s

S
olf

N oox

oT

g S

o~

A& gPeozr &
E2FES TR WE]
7] A% Flske Aee Bon vlolazs) X
7t 253 EE} *fz Aoz Jepgth E3 3gE
ZH50 7193 24 nEE, 29 chulz o
Hed E4e %—’F%‘ﬂ THHEE 4F= 2ok wet
A 253 slolaza 42 igRee e

FE8e P FES

m?i
ro
pouk
o
b
)
L
_\‘ﬂ, O-Lh
32
_E

References

1. Kim, BXK. (1987) Pharmacological efficacy of G. lucidum.
Korean J. Pharmacogn., 18, 58-60

2. Shiao, M.S. (2003) Natural products of the medicinal
fungus Ganoderma lucidum: biological
activities, and pharmacological functions. Chem. Rec., 3,
172-180

3. Kim, HK., Kwon, Y.J., Kim, KH. and Jeong, Y.H. (2000)
Changes of total polyphenol content and electron donating
ability of aster glehni extracts with different microwave-
assisted extraction conditions. Korean J. Food Sci.
Technol., 32, 1022-1028

4. Kwon, J.H., Lee, G.D., Kim, K.E., Belanger, J.M.R., and
Pare J.RJ. (2004) Monitoring and optimization of
microwave-assisted extraction for total solid, crude

occurrence,

saponin, and ginsenosides from ginseng roots. Food
Science and Biotechnology, 13, 309-314

5. Luque-Garcia, J.L. and Luque de Castro, M.D. (2004)
Focused microwave-assisted soxhlet extraction: devices
and applications. Talanta, 64, 571-577

6.Jo, Y.J, Lee, S.G, An, YH. and Pi, JH. (2003)
Development of ultrasonication-assisted extraction process
for manufacturing extracts with high content of pinosylvin

FHEAZFE LA

A1274 A& (2005)

from pine leaves. Agric. Biosys. Eng., 28, 325-334

7. Park, J.H, Lee, H.S.,, Mun, H.C,, Kim, D.H,, Seong, N.S,,
Jung, HG,, Bang, JK. and Lee, HY. (2004) Improvement
of anticancer activation of ultrasonificated extracts from
Acanthopanax senticosus Harms, Ephedra sinica Stapf,
Rubus coreanus Miq. and Artemisia capillaris Thunb.
Korean J. Medicinal Crop Sci., 12, 273-278

8. Schinor, E.C., Salvador, M.J., Turatti, I.C.C., Zucchi,
O.L.AD. and Dias, D.A. (2004) Comparison of classical
and ultrasound-assisted extractions of steroids and
triterpenoids from three Chresta spp. Ultrasonics
Sonochemistry, 11, 415-421

9. Lee, C.J., Kim, M.S., Shen, J.Y., Kim, Y.D. and Shin,
JH. (2003) The extraction condition of pungent
compounds from Zanthoxylum piperitum D.C pericarps
by using supercritical fluid extraction. Korean J. Medicinal
Crop Sci., 11, 19-23

10. Yang, S.J., Shin, J.S. and Kang, C.H. (2004) Extraction
of acanthoside-D from Acanthopanax Cortex using
supercritical carbon dioxide. Korean J. Biotechnol.
Bioeng., 19, 284-287

11. Brunner, G. (2005) Supercritical fluids: technology and
application to food processing. J. Food Eng., 67, 21-33

12. Dubois, M., Gilles, K.A., Hamilton, J K., Revers, P.A.
and Smith, F. (1956) Colorimetric method for determination
of sugars and related substances. Anal. Chem., 28,
350-356

13. AOAC. (2000) Official Method of Analysis, 17th ed.,
Method 978.04, Association of Official Analytical
Chemists, Arlington, VA, USA

14.Lee, JH. and Lee, S.R. (1994) Analysis of phenolic
substances content in Korean plant foods. Korean J. Food
Sci. Technol., 26, 310-316

15. Blois, M.S. (1958) Antioxidant determination by the use
of a stable free radical. Nature, 181, 1199-1204

16. Toledo, R.T. (1999) Fundaments of food process
engineering. 2th edn., Aspen Publication, MD, U.S.A,,
p.548-566

17. Pan, X., Niu, G. and Liu, H. (2003) Microwave-assisted
extraction of tea polyphenols and tea caffeine from green
tea leaves, Chem. Eng. Process, 42, 129-133

(4= 20059 1€ 15¢, A9 20053 39 259)



