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AEE HEW—F LEE HW—F

() IR E%) (BE) ¥ERE%)

A% | 3,597 70 161 171 (R TERASFE BT

A &3 | 75016 6.6 755 33 | kFHE-EF-EHH B
HiE | 26138 0.7 101 40 | REF LM B BE S HE

4 4t3E | 138,501 5.6 343 -130 | REF #HE S ABE S 3bEE S LY
¥3E | 2424 59 11 80 | FH KW/~ R TESHE

76835 | 110,741 24 579 05 R~ #E ~ AR~ F)] > ki
3k | 40,998 55 278 47 | #E S FFE - ABE S LEE B

Fae3k | 37223 2.6 230 56 |#FEBSKF~ B~ FN-AEF
a3 24 -65.7 7 742 | RE B F o WAL~ Bl s fedol
Lt | 3,666 -18.1 33 171 [(FWIERKFHAF)
&3t | 438328 24 2,499 54

k2. #EI0FR LA BZ A EHREIEK

+ & EFCNIT) 2 ($E ) BARGERE /AT + & F K
2000 2,278,008 57073212432 25054 6936(3%1)
2001 2,222,899 53,551,859,809 24,091
2002 2230972 62.424,827,532 27981
2003 1,936,904 52,488.,154.,200 27,009
2004 1,921,567 52.918,829.486 27,539
2005 2,031,979 42,649,188,154 20,989 4817(31)
2006 2,044,057 42317 ,663,088 20,703
2007 2,028 477 40,561,425,738 19.996
2008 2,031,945 47995311335 19.996
2009 2,992,829 58,346,497,994 23,620 2660(312)
SELBBE LR HAF RO ERELSASTHERN % 222 F LR
B) o
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A3 HBI0FRESBZE EH O RER

= EEERT) & #A($H) FREEE/ N 2EAHK
2000 17,454,440 103,923,735,760 5,954 6936(3%1)
2001 18,518,221 111,297,508,210 6,010
2002 21,545,351 141,940,772,388 6,588
2003 22,374,218 163,779,275,760 7,320
2004 24,397,274 113,398,529,552 4,648
2005 24,509,121 113,011,556,931 4,611 4817(3%1)
2006 23,592,006 96,184,608,462 4,077
2007 25,356,644 105,204,715,956 4,149
2008 25,242,120 123,787,356,480 4,904
2009 22,797,353 132,452,620,930 5,810 2600(3%2)

SLAELLAE  BEF— ki R ERAAER
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34 e %1% 5
%ﬁ% (Jrj%g) (é%/{a\\fr) A
2000 70,759 311,764,154 4,406 8,309
2001 70,529 322,105,943 4,567 7,792
2002 72,348 293,334,966 4055 7,088
2003 61,965 224,158,388 3,618 6,842
2004 52211 176,708,130 3,385 7,946
2005 56,886 166,105,586 2,921 5474
2006 45,782 117,110,356 2,558 4,120
2007 45957 97,681,604 2,126 3,805
2008 40,071 88,556,910 2,210 3,093
2009 39,159 91,299,209 2332 2,673
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2000 23,837 176
2001 37,955 99,821,650 2,630 200
2002 38,072 95,560,720 2,510 174
2003 41,232 101,018,400 2,450 127
2004 32,796 72,807,120 2,220 173
2005 40,161 62,651,160 1,560 51
2006 34,400 59,856,000 1,740 58
2007 36,864 62,668,800 1,700 54
2008 55,231 92,235,770 1,670 49
2009 61,057 96,384,580 1,579 38

B R E R AA R

R6. BT RS 8L R R BRI

& & () SBT3 A) BARGEE/ AT & & ¥

2000

2001

2002

2003 18,358 94,965,934 5,173 653
2004 32,736 158,474,976 4,841 959
2005 43,230 174,605,970 4,039 857
2006 43,256 154,726,712 3,577 587
2007 46,357 153,302,599 3,307 542
2008 45,906 149,056,782 3,247 488
2009 36,808 129,380,120 3,515 426
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& & F () 4 EEHB(H )
&3t 20,070,606 11,033,109
Tl 2,260,694 1,132,996
L RA 2,061,103 1,236,800
k=) 1,969,742 868,244
EEIe 1,769,698 1,003,886
ZHITAE 1,635,220 667,680
LA 1,567,000 652,896
A ) 950,000 650,000
w14 937,800 422000
EHA 937,030 556.000
B 869,808 391,414
ik Py 758,498 424,193
REAR 723 475 343917
JE RA 701,952 678,541
#Ha A 650,000 390,000
A 625,770 201,945
LEA 600,000 212,000
Ly 466,021 280,900
oy 140,436 98,263
L@ 99,100 56,500
LT 74,850 79,179
@A 69,753 350.000
RET 67,900 -
FET 52,780 22,167
g ERaER 34,749 23,072
HMA 30,940 282,400
FREREEE 16,287 8,116
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&8.% E2005 » 2007 * 2008 220095 A ¥ 4 & ¥ 4.3t

4 E 2 (AR)

3 2,424,845 2,884,765 3,091,115 3,435,447
kb 3,706,137 4,145,662 4341427 4,928,662
3% 1,527,669 2440943 2,375,837 2,181,053
44tk 838,517 1,177,962 1,549,006 1,567,748
3k 274338 437256 513,093 410,901
EARF 975,584 1,441,047 1,905,002 2,697.316
EARF 1,124,845 1,113,012 984,535 889,838
a KH 184,130 251414 305,692 312,725
36 203,746 259,175 270,189 310,467
Wz 5836 45348 57,231 46,368 127,064
He MR B 285,100 441,869 411,660 440,714
8 & % 172,727 181,671 216,837 204,829
& 403k 87,180 202,302 393,203 322,289
¥ SR 68,844 232,868 327,881 416,360
A $13 42,188 102,726 121,055 133,395
5% 176,226 421,406 399,221 442325
F 5 3k 19,062 133,596 206,745 219,706
3k 2,245 7115 10,833 6.423
34 836 77,710 54,245 52,827
B % 1,608 47,030 53433 34,539
3 195 1,535 6310 6,200
AT H 1.486 16,172 28,880 11,659
FALH 253 1,082 1,047 210
FZ 47,661 116,542 131,906 114,437
e 39,611 90,834 93,300 121,749
R%E 35,222 52,640 68,177 293314
e 62,711 420435 439,467 388,415
487w 12,348 314 16,822,166 18,271,796 20,070,606
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Development and Application of the Liquid
Spawn for Mushroom Industry

Shih, Hsin-Der'"”", Chen, J in—Tong1 and Chen, Chee-Jen’

'Plant Pathology Division, Taiwan Agricultural Research Institute, Wu-Feng Taichung,
Taiwan
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Abstract

Comparing liquid spawn with soil spawn, the liquid spawn possess the following
merit, the short time of cultivating fungus, the quick velocity of sending out, the
order of fungus age, and the convenient of inoculation etc. By the way, it is more
convenient for the edible fungus on grand scale and industry production. There are
few papers mentioned about the domestic research of liquid spawn production or
extraction of metabolite. This article aims to introduce a model of liquid spawn for
the winter mushroom cultivation, and apply to other edible or medicinal mushroom

cultivation.

Key words: liquid spawn, mushroom industry, inoculums machine.
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Abstract

In the recent, the yield of cultivated mushrooms was held at about 140,000
tons yearly in Taiwan. Most of the cultivated mushrooms are saprophytic, wood-
decomposing fungi. Therefore, the demand of sawdust, which is the main substrate
for mushroom cultivation, is very extensive. However, owing to not only limited but

also over deforestation, the area of forest in Taiwan is gradually decreased. According
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to the present cultivated style for mushrooms, the forest resource in Taiwan will
not meet the demand of mushroom’ s industry, which is result in hindering the
development of this industry. In order to seek sawdust replacement materials for
mushroom cultivation, this research was to partially replace sawdust by three
grass plants (Panicum repens, Pennisetum purpureum and Zea mays) and three
agricultural wastes (bagasse, rice straw and rice hull) for Pleurotus citrinopileatus, P.
sajor-caju, P. eryngii and Auricularia polytricha cultivation, respectively. According
to the results, it is feasible for using P. repens, P. purpureum, Z. mays and bagasse
partial replaced sawdust on cultivation of P. citrinopileatus, especially bagasse; Z.
mays and bagasse for cultivation of P. sajor-caju, especially bagasse; Panicum repens,
Zea mays and rice straw for cultivation of P. eryngii, especially Zea mays; Panicum

repens, Zea mays and bagasse for cultivation of A. polytricha, especially Zea mays.

Key words: grass plant, agricultural waste, Pleurotus citrinopileatus, P. sajor-caju,

P. eryngii, Auricularia polytricha, mushroom cultivation
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Recycling application of spent mushroom
substrates
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Abstract

The economic value of the annual production of fresh mushrooms in Taiwan has
reached 9 billion NT dollars. Spent mushroom substrates (SMS) generated as a by-
product was more than 10 tones from over 250 million sawdust filled in plastic bags
or bottles. Part of the spent mushroom substrates was further fermentation as organic
fertilizers, however, some farmers just abandoned those spent mushroom substrates
in the filed and it might cause the pollution. Recently, the environment issue has
drawn attention by public. Recycling those spent mushroom substrates has become an
important project. Due to lots of nutrient remained in SMS, it can be further applied in
several areas such as 1.) substrates for mushroom cultivation; 2.) substrates for organic
compost or disease suppressive medium; 3.) feed of livestock; 4.) materials for fuel
or biomass energy; 5.) materials for ecological remediation; 6.) sources for extraction
of enzymes and polysaccharides. In Taiwan, the research on use of SMS is major in
replacing of sawdust in mushroom cultivation, making organic compost or disease
suppressive medium. However, SMS still have the potential for better application.
Since the well used of SMS not only can reduce the production of agricultural waste,
but also increase the profit for mushroom farmers. Therefore, how to recycle SMS is

worthy for further study and extension.

Key words: agricultural wastes, spent mushroom substrates, organic compost
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How to steadily maintain high-quality mushroom
growing

CogelE
Kazuo Maenishi

'"Taiwan Hokuto Corporation

"Contact information: tw-wu@hokto-kinoko.co.jp

Abstract

Hokuto Corporation is one of the comprehensive mushroom producers having
its own research center, in which, seeds, cultivation technologies, functions and
other categories related to mushrooms’ R&D has been broadly conducted. Hokuto
currently owns 29 facilities throughout Japan, with its 4 main products, annually
producing about 6.5 thousand tons of mushrooms. Similarly in Hokuto s Taiwanese
subsidiary, offering 2 main products and featured with its state-of-the-art low product
damage rate, Hokuto Taiwan has annual production capacity about 1.2 thousand tons.
From Hokuto™ s perspective, production management is the most crucial ingredient
in order to maintain steady-quality mushroom growing. Although it is essential to
automate and standardize production processes, it is still very important to have

human controls in major production lines.

Key words: automate, standardize
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Overview and prospects of mushroom breeding in
Taiwan

Mei-Hsing Chenl’*, Yun-Sheng Lue', Wei-Sung Li', Hsin-Der Shih', and Kaun-Tzer
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Abstract

Mushroom strain is one of the key factors for running a successful mushroom
industry. To obtain superior strains, cross-breeding is the most widely used
approach. This method of breeding is cross-mating of basidiospores collected from
two compatible parents or mating between monokaryons and dikaryons. Taiwan
Agricultural Research Institute bred lots of mushroom strains by using crossbreeding
and those strains have released for commercial production. However, with the progress
of biotechnology in recent years, other techniques such as mutagenesis, protoplast
fusion and gene transformation are employed in mushroom breeding as well.
Especially, mushrooms can be used as molecular farming for production of vaccines
or specific secondary metabolites as a health purpose. In the future development, the
researchers will have to meet the challenge of global climate change and shortage of
sawdust. In addition to breeding high-yield mushroom strains, breeding objectives
will be conducted in 1) selection of mushroom strains tolerant to high temperatures
to reduce energy consumption and lower production costs; 2) selection of mushroom
strains with high amounts of bioactive compounds for human health; 3) selection of
mushroom strains with degrading a lot of varieties of agricultural wastes to reduce the
use of sawdust and conserve the ecosystem, resulting in sustainable development of

mushroom industry.

Key words: mushroom breeding, protoplast fusion, mutagen, climate change
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Prospects of mushroom molecular pharming
R&D and market potential

LyuY.T."”
"MycoMagic Biotechnology Co., Ltd.

"Corresponding author: e-mail: stellavie@mycomagic.com.tw

Abstract

The mushroom industry is the quality agriculture with a high output value
worldwide. The estimated compound annual growth rate of mushrooms can reach
3% to 10%. In addition, the global market sales of mushroom are about US$ 28 to 30
billion each year, suggesting its potential in production and market values are a highly
noticeable issue. Molecular pharming refers to the use of genetically engineered
plants or crops to produce recombinant pharmaceutical or industrial proteins. The
mushroom molecular pharming equips not only the advantages of plant molecular
pharming, but also exists the strength of edible mushrooms, such as fast growth, high
protein content, a closer form of post-translational modification to mammals than
that of plants, and an environmentally controlled close system to prevent mushrooms
from gene contamination. Based upon above reasons, the mushroom is an excellence
platform for heterologous protein expression. Therefore, the development of
mushroom molecular pharming provides the mushroom industries with applications
of breed improvement, patent strain development and production of pharmaceutical

protein, as well as the enhancement of market values productivity.

Key words : mushroom, molecular farming, precision agriculture, Flammulina

velutipes, Lentinula edodes, breed improvement, gene transformation
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Table 2. The hue ranges and saturation ranges of pileus and gill in six shiitake

mushroom lines after drying.

Cultivars Pileus Pileus saturation Gill Gill saturation
hue ranges1 (°)  ranges2 (%) hue rangesl (°)  ranges2 (%)
S271 26.2x1.1a3 49314 4¢ 31.5*1.1a 57.7£9.8c
G271 20.1£2.6¢ 69.2+6.1b 31.2+1.5a 82.1+11.8b
Ds271 23.9+1.2b 66.91t6.4b 26.4+1.8b 96.9+3.5a
921 22.7+£2.3b 72.5+7.8ab 31.5+0.5a 81.0+7.5b
Shi-Shiang 225+2.2b 76.1+7.9a 30.9+1.0a 87.8%4.1b

NO.2

Wu-Shing NO.2 23.7+1.8b 72.2%5.6ab 31.6*1.4a 82.2+9.4b

'Hue ranges between 0° and 255° in a smooth continuum of color with the following
benchmarks : 0°: red, 40° : yellow, 90° : green, 170° : blue, 210° : purple, 255° : red.
*The saturation ranges from 0% (gray) to 100% (full color).

* Means separation within same column followed by different letters were significantly
different (P<<0.05) by Least significant difference test, LSD.
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Table 3. Sensory assessment of six shiitake mushrooms lines.

Cultivars quor of Cslors it 7l Aroma Externals Total sensory
pileusl sensory sensory scores2
S271 75+11a3  75+06a  6.7+05ns. 8.0+0.9a 297a
G271 63+08a  50+09b  57+05ns.  5.7+1.6bc 22 7be
Ds271 661082  49+07b  6.6+08ns.  6.7+10ab 247b
921 49+18b  57+14b  56+1.5ns. 5.1+07c 21 3bc
Shi-Shiang /-, 10y 56+14b  59+16ns. 53+1.6¢ 21.4bc

NO2

W;gh;ng 44+08b  56+15b  5.6+08ns. 47+10c 203¢

"The sensory assessment is adopted 9 points system (1 = very dislike; 3 = dislike; 5 =
passable; 7 = like; 9 = very like).

®Total sensory scores was sun the scores of color of pileus, color of gill, aroma
sensory and externals sensory.

*Means separation within same column followed by different letters were significantly
different (P<<0.05) by Least significant difference test, LSD.



St )

)

112 %8 & F 8k

"£oIn0e 0400 YNM SIqRLIBA
OM) USIMJAQ UONIB[AII0D SATJEIIU SUBIW () [- ¢ AORINOIE 0g(Q] UIIM SI[qRLIBA OM]) UIMID] UONEB[ALIOD dAnIsod sueou
00’ T+ "SO[QELIEA 0} UM} UOTIB[OLIOd OU SUBSW ()('() 00" [+-00 [~ USOMIOQq 2I10M SANJEA : (4 ) JUSIIIFFA0D UONE[ALIOD)

I 980 690 0,0 LLO S¥0- S00- St0- LTO 79°0-  SAI00s AIOSUDS [€IO],
I 940 4 650 LEO- 01°0- Se0- €C0 09°0- A10suos s[eura)xyg
I geo w0 IT0- 0C0- 810~ ¥Z0 LTO" K10suos ewory
! 9T0 860" ceo ev'0- ¢co £C0- [I13 jo 10[0D
I 6C 0" 0C0- 8¢0- 010 0L0- snoid jo 1010D
(9)so3uel
I ¥9°0- 860 8¢0- (440 uoneINIEs 10
I 000 10°0- 010 (,)seSuer ony [[1D
! SO 90 ygpime anoig
I €1'0- (,)se3uer ony sn9[id
I saurg

SQI00S
KIOSUQS

[®10L

Kiosuas Aiosuas [ snoqid (%)so8uer  ()sdguer  (9)so3uer (,)so8uex 1(A)

S[eUIIXH PBWOIY JO JO[OD JO I0[0D) uoneInjes [[IH) ony [[IH) UuoneInje snafid ony sno[id JUSIOIJJO0O UOHB[IIO))

*SOUI] WOOIYSNW YIITYS XIS Ul sndfid Jo onsuv)oeIeyd aAnelenb Jo sisA[eue uone[o1Io)) “f S[qel,

W& Mo =R E e sk sE S @9 « v



NAEER B ALBRETERARASTZIAE 113

A studies on the characteristics and quality of dried
fruiting bodies in six shiitake mushroom lines'

Wan-Lu Lin ', Chin-Hsiung Hung 2‘*, Tan-Cha Leez, Shun-An YangS, Chia-Lin Wangl’,
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'Master of Dept. of Horticultural Science, National Chiayi University, Chiayi,
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" Corresponding author, E-mail : chhung@mail .ncyu.edu.tw

Abstract

Six shiitake mushroom lines (Lentinula edodes ‘S271° , ‘G271 , ‘Ds271  ,
921"  “Shi-Shiang No.2" and “Wu-Shing No.2" ) were harvested * trimmed °
and dried at 50-65°Cfor 20 hours. After drying * the dried mushroom were test for

¢

characteristics, color and sensory assessment. The diameter of fruiting bodies in 6
shiitake mushroom lines were 51.4-58. 1mm before drying and 38.5-43.0mm after
drying. The line ‘921  were the biggest , line ‘G271  were the smallest. The
thickness of fruiting bodies in 6 shiitake mushroom lines were 23.9-37.3mm before
drying and 12.0-22.5mm after drying. The line ‘Ds271  were the thickest, line *Shi-

Shiang No.2" were the thinnest. The weight of fruiting bodies in 6 shiitake mushroom
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lines were 8.8-21.6g before drying and 1.2-2.5g after drying. The line ‘Ds271 " and
line “S271" were the best and heavier, line *Shi-Shiang No.2" and line “Wu-Shing
No.2" were the worst and lighter. The diameter * thickness and weight of pileus in 6
shiitake mushroom lines were reduced to 69.4-78.3% *> 50.0-62.7% and 11.5-15.1%.
Shiitake lines ‘Ds271  had the lowest percentage in diameter and weight * but line
‘921" had the highest percentage in diameter. About the thickness percentage of
line ‘G271  was the highest , and line ‘Shi-Shiang No.2" was the lowest . The
weight percentage of line “Wu-Shing No.2" was also the highest > line ‘Ds271°
was the lowest . Three shiitake mushroom lines (such as "S271" > ‘G271  and
‘Ds271° ) had darker color of pileus than lines ‘921" » ‘Shi-Shiang No.2’
and “Wu-Shing No.2" . The color of gills was very close to red in line ‘Ds271" .
The expression of total sensory assessment of shiitake line ‘S271° was the best *

and line ‘Ds271 " was the next.

Key word: fruiting body, color, quality, shiitake, mushroom, sensory assessment .
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Postharvest Preservation Technology of Fresh
Mushroom
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Abstract

Mushrooms are generally characterized as very perishable, with high respiration
and metabolism. The shelf life is limited to 1 day at ambient temperature. The
factors affecting mushroom storage life include temperature, relative humidity,
gas composition, harvest maturity and disease of fruit body. The main losses of
mushroom are weight loss, cap opening, mycelium re-growth, scald and browning.
The aim of the present work was to establish the preserving technology of king oyster
mushroom. Like as modified atmospheres, generated by using different packaging
films, on the quality of king oyster mushrooms were evaluated. The results show, that
the optimal storage temperature is 1°C and mushroom is must be package in 0.09mm
polyethylene bag which could prolong storage life to 42 days. The package method
decrease weight loss, browning rate, and total phenolic compound compared to

commercial EVA packaging film has only 14 day storage life.

Key words: King oyster mushroom, package method, shelf life
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The mushroom spawns preservation technique

Wang B. c

'Southern Taiwan Service Center, Food Industry Research and Development Institute

“Corresponding author, E-mail : wbc@firdi.org.tw

Abstract

The application value of edible and medicinal mushrooms is highly
recommended, and its economic benefits also arouse people” s attention. However,
mushroom growers and the industry have expressed recently that the quality and
quantity of its production have decreased gradually. The main probability for causing
this problem is due to poor preservation of mushroom culture considered as the core
in production. It may lead to cultural contamination, mutation, recession, or even
death. These are all fatal problems during production and need to be studied and

solved thoroughly for preventing unnecessary economic losses on investments.

Key words : edible and medicinal mushrooms, culture, preservation
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Factorization Production of Mushrooms

Chia-chung Chen'”

'Department of Bio-industrial Mechatronics Engineering, National Chung Hsing

University

“Corresponding author: e-mail:ccchen@dragon.nchu.edu.tw

Abstract

The background of the factorization production of mushrooms was to face
the completion of 21" century. Form the Strain screening to post harvest, each
operation section was influenced by other sections. All the sections in the production
chart are connected. The production characteristics enhanced the style of industrial
production. The knowledge was the interior technique for the mushroom industry.
The rules established by the long-term experience cannot face the rapid change of the
mushroom industry. The detail knowledge was integrated by the useful information.
The technique was the application of knowledge. The collection, justified and
application of these information depended on the information management technique
of modern industry. That is the other reason for the factorization production of
mushrooms. The significant difference of the mushrooms industry and the traditional
industry was the biological subjects and the effect of the environment. In order to
produce mushrooms with factorization technique, the information of the biological
characteristics are detected by the sensing system and biological model. The responses
of the biological tissues were measured by the physiological sensing sensors. For
example, the medium temperature, water content, the density and activity of fungus

could be detected. The information of biological factors could be used to justify the
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physiological state and controlled it by the environment. The outside environment
could affect the production of mushrooms. To stabilize the growth environment, the
mushrooms houses was constructed. In order to enhance the factorization production
of mushrooms, the concept of production system need to be established. The
systematic production system included the following items: 1. Strain screening, 2.
Strain propagation, 3.Environment control, 4. Standardization of production process,

5. Harvest, treatment and storage, 6. Processing.

Key words: Agaricus subrufescens, Environmental control, Standard operational

procedure
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A T A% R JEAS45%] | (biological modifier)ZAEACY o Bt » 35HFA S 867 24
BA R B E SRR BRI G B —EaK - A RBEHERT
MHAKE AN E LRSI ADGII S B ALR —TRE NI BHF%RGER
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HZEAMAR o 491995F CherngF A B RAEEL FEH ERY F 4 34
ergostane & i R X #H =i 164 » 2 5| Zantcin A ~ antcin Bf7antcin C» L F
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P > Banticin BE-A #L&| & AP & 4E R (anticholinergic) & 4 fz. 7 # (antiserotonin)
&M o ChiangF A7 1995 TR 4L F K 1 3 By F R 2342 37 09 b 1L &4
2] 719965 » CherngF AR E R AR L T M F & AH 4483709 =ik L &4
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acid E » YA B R348 vAlanostane & B R 93 1L&4p » £ F 5 3£ 15 o -acetyl-
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LA RERGFote ZAET SR B SR EY > AR @A kA
Iy~ EALAh e R A FAET) 0 BT RB N2 R KGR
HAE L R A IR E R R 2RO,
— X H4HE S
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EWATRIERMBHAE P CBEA L0 (H 1953F 42 E4) » AM(1978
FVEBEETRIHEE I NELRB Z P —> MREREE LGN BERE
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Development of Functional Mushrooms and their
Applications

Chen C.J."”

"Department of Biotechnology, Southern Taiwan University

“Corresponding author, E-mail : ¢5200999@mail.stut.edu.tw

Abstract

Twenty First Century is the time for the development of biotechnology. The
abundant health foods designed and produced from mushrooms are well developed
in Taiwan. In this paper will introduce some new cases on innovative processes and
products, inclusive of common jelly fungus, Auricularia polytricha, making of highly
valuable product, fermented exopolysaccharides making of health drinker, residue of
mycelia making of commercial tablets, Chinese herbs fermented with Taiwanfungus
camphoratus to make of functional product on liver protection proved by preclinical
experiment, new technique on the cultivation of 7. camphoratus by wood-log
successfully changing the market, as well as the innovation of casing substitute on soil
born mushroom cultivation for reducing heavy metal absorption may changing the

history.

Key words: exopolysaccharides, Auricularia polytricha, Taiwanfungus

camphoratus, casing
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Figl. C. cicadae (‘P Bl # /L) &C. sobolifera (& % 1t k)

Fig 2.Changes of mycelium
£} T T biomass, residual sugar
concentration and pH in 5T
fermentor of C. sobolifera.
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Fig.3. The section showing cortex and medulla of Kidney, H& E stain.
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Fig. 4. The effects of Cs extract treatment on PK1 and MDCK cell viability
after 24 hours of LPS injury.

LL: low dose of lipopolyasccharide (25 i g/ml); HL: high dose of
lipopolysaccharide (250 (t g/ml)

LL+CS: low dose of lipopolysaccharide with Cs treatment

HL+Cs: high dose of lipopolysaccharide with Cs treatment
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displayed. * P<0.05 when compared to control group. # P<0.05 LPS+Cs vs. LPS
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Cordyceps sobolifera extract ameliorates
nephrotoxicity-induced renal dysfunction in the rat

Chin-Chiu Chen " Chiang-Ting Chien *

'Biotechnology center, Grape King Inc., Chung-Li City, Taiwan
*Department of Medical research, National Taiwan University Hospital and
National Taiwan University College of Medicine, Taipei, Taiwan

“Corresponding author: gkbioeng@grapeking.com.tw

Abstract

Cordyceps sobolifera (CS), an economic traditional Chinese herb. may
ameliorate nephrotoxicity-induced renal dysfunction in the rat via antioxidant, anti-
apoptosis, and anti-autophagy mechanisms. We investigated the water extract of
fermented whole broth of CS on lipopolysaccharide (LPS)-induced renal cell injury in
vitro and in vivo. We examined CS effect on LPS-induced epithelial Lilly pork kidney
(PK1) and Madin-Darby canine kidney epithelial (MDCK) cell death with MTT assay.
Two-month CS effects on renal blood flow (RBF), glomerular filtration rate (GFR),
plasma blood urea nitrogen and creatinine level and leukocytes (WBC) count were
determined in the LPS-treated rats. Cs treatment decrease CsA induced apoptosis
through the inhibition of caspase 3 cleaved. When CsA combined with Cs, the CsA-
Cs study group had higher expression anti-apoptosis protein of bcl-2 and bax in renal
tissue. Our result showed that Cs could ameliorate both renal glomerular function and
renal tubule function. In addition, Long-term Cs treatment reduced LPS-induced stress
responses and tissue damage possibly via blocking LPS-triggered signaling pathways.
We found that Cs blocked the CsA induced apoptosis through the expression of anti-

apoptosis factor in renal tubule cells.

Key words: Cordyceps sobolifera; Reactive oxygen species; Acute renal failure;

Acute renal failure; Lipopolysaccharide
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Utilization of some chemical compounds for
quality control of Antrodia cinnammomea
products
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"Corresponding author: ttchang@tfri.gov.tw

Abstract

Using 10 known components in Antrodia cinnamomea including 5 ergostanes
(antcins C and K, and zhankuic acids A, B, and C), 4 lanostanes (sulphurenic
acid, dehydrosulphurenic acid, eburicoic acid, and dehydroeburicoic acid), and 1
monophenyl (4,7-dimethoxy-5-methyl-1,3-benzodioxole) as standards, mycelia and
basidiomes of A. cinnamomea was differentiated in this study. Natural basidiomes
collected from wood of Cinnamomum kanehirai in natural forests and cultured
basidiomes grown on potato dextrose agar medium contained all 10 test components.
However, natural mycelia collected from the wood of C. kanehirai in a natural forest
and liquid/solid cultured mycelia grown on potato dextrose broth/potato dextrose agar
media contained the 4 lanostanes and 4,7-dimethoxy-5-methyl-1,3-benzodioxole but
not the 5 ergostanes. These results indicate that the production of ergostanes is related
to basidiomatal formation of A. cinnamomea, but is not related to the substrate on

which the organism is grown.

Key words: Antrodia cinnamomea, fruiting body, mycelium, chemical

differentiation
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Introduction

Antrodia cinnamomea TT Chang & WN Chou is a resupinate to effused-
reflexed basidiomycete with a porous hymenium. It is known only from Taiwan and
is restricted to Cinnamomum kanehirai Hayata (Chang and Chou 1995, 2004). The
basidiomes produced on infested wood are used as an herbal medicine in Taiwan.
Owing to its host specificity and rarity in nature as well as its effectiveness in curing
certain illnesses (Shen et al. 2004b), the basidiomes of the fungus are expensive.
Artificial cultivation of A. cinnamomea basidiomes to satisfy market demand is
considered the most effective solution. Chang and Wang (2005, 2008) reported that
A. cinnamomea produced basidiomes on artificial agar media without containing
substrates from wood of C. kanehirai indicating that the basidiomatal formation of A.
cinnamomea was not related to the substrate from wood of C. kanehirai. In addition,
Lin et al. (2006) reported that physical wounding of A. cinnamomea red hyphae
induced basidiomatal formation on an MEA (malt-extract agar) plate.

It is said that wood components of C. kanehirai might be related to the bioactive
components of A. cinnamomea. However, C. kanehirai is an endemic and endangered
species in Taiwan. Resources of this wood are limited from natural forests; therefore,
using C. kanehirai wood for cultivation of A. cinnamomea is impossible. Whether
the basidiomes that are formed on media without C. kanehirai substrates contain the
bioactive components is worth studying. Methanolic/ethanolic extracts from natural
basidiomes of A. cinnamomea had some bioactive components such as triterpenoids,
and monophenyl and biphenyl components (Chiang et al. 1995, Shen et al. 2003a,
b, 2004b, 2005). In addition, 2 lanostane-type triterpenoids were identified from
cultured mycelia of A. cinnamomea and could be involved in its anti-inflammatory
actions (Shen et al. 2004a, Chen et al. 2009). We therefore compared the components
from the methanolic extract of A. cinnamomea among natural basidiomes, cultured
basidiomes, natural mycelia, and liquid/agar-cultured mycelia in this study. Based on
previous studies from our team (Shen et al. 2003a, b, 2004b, 2005), 9 triterpenoids
(antcins C and K, zhankuic acids A, B, and C, sulphurenic acid, dehydrosulphurenic
acid, eburicoic acid, and dehydroeburicoic acid) and 1 monophenyl component

(4,7-dimethoxy-5-methyl-1,3-benzodioxole) from A. cinnamomea were purified and
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used as standards in a high-performance liquid chromatographic (HPLC) analysis to

differentiate mycelia and basidiomes of A. cinnamomea in this study.

Materials and Methods

Fungal samples

Natural basidiomes: Three basidiomatal samples of A. cinnamomea were
collected from the host, C. kanehirai, in natural forests in Hsinchu, Chiayi and
Kaohsiung Counties. Natural mycelia: A mycelial mat of A. cinnamomea growing in
decayed wood of C. kanehirai in a natural forest in Hsinchu County was collected.
This mycelial mat was cultured (isolate TFRI B593) and identified by the first author.
Cultured basidiomes: The methods of Chang and Wang (2005) for basidiomatal
formation of A. cinnamomea were followed. Isolates TFRI B479 and B522 isolated
from basidiomes of A. cinnamomea respectively collected from Kaohsiung and
Taoyuan Counties were used for the basidiomatal production on potato-dextrose-agar
(PDA; Bacto) medium. One block (3%3mm) of culture was placed in the center of a
Petri dish containing PDA medium. Cultures were incubated at 24°C in the dark for 4
mo for basidiomatal formation. The basidiomes produced on the PDA medium were
collected as cultured basidiomes. In addition, the mycelia near by the basidiomes
were also collected for an HPLC analysis. Liquid-cultured mycelia: Isolates TFRI
B479 and B86 were used to produce liquid-cultured mycelia. Four blocks (3*3mm)
of cultures were inoculated into each 500-ml flask containing 200 ml potato-dextrose-
broth (PDB; Himadia) medium. Cultures were incubated at 24°C in the dark for 1
mo. At the end of incubation, mycelia were rapidly rinsed with 500 ml of NaCl (250
mM) in an aspirator-suction system to remove any contamination from the culture
medium. Agar-cultured mycelia: Isolates TFRI B479 and B86 were used to produce
agar-cultured mycelia. One block (3x3mm) of culture was placed in the center of a
Petri dish containing PDA medium. Cultures were incubated at 24°C in the dark for 1
mo. At the end of incubation, the mycelial layer at the top of the culture was removed
from the Petri dish. All test samples were dried in an oven at 50°C until dry before

being extracted with methanol.
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Preparation of methanolic extracts

Test samples were dried in an oven at 50°C for 2 d. Five grams of each
dry sample was refluxed 4 times with methanol for 6 h; the extract was filtered
and evaporated; and 10 mg of each dry extract was diluted with 1 ml methanol
immediately before use (Shen et al. 2004b).

HPLC system

HPLC was performed on an Agilent 1100 series with DAD detection. The
detection wavelength was set to 210 nm. Separation was obtained with a reversed-
phase column (Cosmosil 5C18- AR-II, 250 x 4.6 mm, Kyoto, Japan) eluted at
a flow rate of 1 ml min-1 with a linear solvent gradient elution of A (0.0085%
H3PO4 in H,0) and B (acetonitrite), and the column was eluted according to the
following profile: 0~65 min, 30~47% B, 65~100 min, 47~47% B, 100~140 min,
47~100% B, 140~170 min, 100~100% B, 170~175 min, 100~30% B, 175~200
min, 30~30% B. The column temperature was set to 30°C. The injection volume
was 20 uL. Ten known compounds (with purities of > 99% for each compound)
including 5 ergostane triterpenoids (antcins C and K, and zhankuic acids A, B, and
C), 4 lanostane triterpenoids (sulphurenic acid, dehydrosulphurenic acid, eburicoic
acid, and dehydroeburicoic acid), and 1 monophenyl (4,7-dimethoxy-5-methyl-1,3-
benzodioxole) were used as the detected components. Their retention times and
patterns of detecting wavelength (210 nm) were based on our previous studies (Shen
et al. 2003a, b, 2004b, 2005). Each component and its retention times (in min) in
parenthesis were as follows: antcin K (23.1 and 24.3), 4,7-dimethethoxy-5-methyl-
1,3-benzodioxole (35.8), antcin C (59.7 and 62.5), zhankuic acid C (62.6 and 64.0),
zhankuic acid B (83.4 and 84.5), dehydrosulphurenic acid (83.5), sulphurenic acid
(87.5), zhankuic acid A (93.9 and 95.0), dehydroeburicoic acid (140.1), and eburicoic
acid (141.4). Because the 5 ergostane triterpenoids have 2 C-25 epimers, they

presented 2 close retention times on the HPLC chromatogram.
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Results

Comparison of natural and cultured basidiomes

The HPLC chromatogram of 10 standard components is presented in Fig.1.
The HPLC chromatograms of 3 natural basidiomes from 3 collection sites (Hsinchu,
Chiayi and Kaohsiung Counties) were similar, and consequently 1 chromatogram of a
sample from Hsinchu County is presented as the standard of natural basidiomes (Fig.
2). For comparison with 10 standard compounds by HPLC, these 3 natural basidiomes
contained all 10 test standard compounds. The HPLC chromatograms of 2 cultured
basidiomes (isolates B479 and B522) were similar. When compared to the 10 standard
compounds of natural basidiomes, these 2 cultured basidiomes also contained all 10

test compounds (Fig.3).
Comparison of natural and cultured mycelia

The HPLC chromatograms showed that the methanolic extracts of natural
mycelia contained the 4 detected lanostane triterpenoids (sulphurenic acid,
dehydrosulphurenic acid, eburicoic acid, and dehydroeburicoic acid) and
4,7-dimethoxy-5-methyl-1,3-benzodioxole (Fig.4). The natural mycelia did not contain
the 5 detected ergostane triterpenoids (antcins C and K, zhankuic acids A, B, and C).
The HPLC chromatograms of 2 liquid-cultured mycelia and agar-cultured mycelia
(isolates B479 and B86) also contained the 4 lanostanes and 1 monophenyl compound
as did natural mycelia (Fig.5). In addition, the mycelia near by the basidiomes from
the nutrient agar medium of isolates TFRI B479 and B522 also only contained the
4 lanostanes and this monophenyl compound as did natural mycelia, but not the 5
detected ergostane triterpenoids produced by the cultured basidiomes on the same

plates.
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Discussion

These results indicate that production of ergostane triterpenoids such as antcins
C and K, and zhankuic acids A, B and C is associated with the basidiomatal formation
of A. cinnamomea, since both natural basidiomes grown on wood of C. kanehirai and
cultured basidiomes produced on PDA medium contained the 5 detected ergostane
triterpenoids, these were found in neither the natural nor cultured mycelia (Table
1). The 4 detected lanostane triterpenoids (sulphurenic acid, dehydrosuphurenic
acid, eburicoic acid, and dehydroeburicoic acid) and 1 monophenyl (4,7-dimethoxy-
5-methyl-1,3-benzodioxole) were produced by basidiomes and mycelia of A.
cinnamomea regardless of the living substrate. Because prices of basidiomatal
products of A. cinnamomea are much higher than those of mycelia, it is said that some
manufacturers have used mycelia to substitute for basidiomes. It is almost impossible
to identify whether the commercial products of A. cinnamomea are from mycelia or
basidiomes when the products are a dry powder or capsulated/tableted. However, in
this study, only the basidiomes of A. cinnamomea produced ergostane triterpenoids
and not the mycelia, so these results can be applied to commercial quality checks of
the fungal products.

In addition to A. cinnamomea, basidiomes of A. salmonea, a congeneric
species of A. cinnamomea, also contained the 5 ergostane triterpenoids that
have not been found in any other fungi (Chen et al. 1995, Shen et al. 2007). The
monophenyl compound (4,7-dimethoxy-5-methyl-1,3-benzodioxole) was only
found in A. cinnamomea, indicating that it could be as an indicator component of A.
cinnamomea. However, the 4 lanostane triterpenoids were found in other fungi except
for dehydrosulphurenic acid that was only found in A. cinnamomea and A. salmomea
(Tai et al. 1993, Yoshikawa et al. 2000). But it is believed that dehydrosulphurenic
acid should be present in other fungi because its main structure is the same as
sulphurenic acid.

In this study, the production of the 10 detected components was not related to the
wood of C. kanehirai because they were present in cultured mycelia and basidiomes
grown on substrates that contained no wood of C. kanehirai. Five ergostanes (antcins

C and K, and zhanknic acids A, B, and C) isolated from basidiomes exhibited anti-
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inflammatory activities in isolated peripheral human neutrophils (Shen et al. 2004b).
The ergostane antcin C, and 3 lanostanes (sulphurenic acid, eburicoic acid, and
dehydroeburicoic acid) isolated from basidiomes of A. cinnamomea contributed to
the immunomodulatory activity (Shen et al. 2003). The ability of cultured basidiomes
and mycelia without the wood of C. kanehirai to produce these bioactive compounds

indicates that artificial cultures of A. cinnamomea possess some effective compounds.
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Table 1. Comparison of 10 chemical components between mycelia and basidiomes of
Antrodia cinnamomea

Chemical componenta

Form of Antrodia cinnamomea

4 5 6 7
Basidiomes from nature
Hsinchu County
Chiayi County
Kaohsiung County

Basidiomes from culture

TFRI B479

TFRI B522

Mycelia from nature = = = = =

Myecelia from culture

Liquid culture TFRI B479 - - = = -+ o+ o+ o+ o+
TFRI B 86 - - - - -+ o+ o+ o+ o+

Agar culture TFRI B 479 - - = = - + + + 4+ o+
TFRI B 86 - - - - . + o+ o+

“1, antcin C; 2, antcin K; 3, zhankuic acid A; 4, zhankuic acid B; 5, zhankuic acid C;
6, sulphurenic acid; 7, dehydrosulphurenic acid; 8, eburicoic acid, 9, dehydroeburicoic
acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxole.

Fig. 1. HPLC chromatogram of 10 known standard components isolated and purified from
Antrodia cinnamomea fruiting bodies. 1, Antcin C; 2, antcin K; 3, zhankuic acid A; 4,
zhankuic acid B; 5, zhankuic acid C; 6, sulphurenic acid; 7, dehydrosulphurenic acid; 8,
eburicoic acid; 9, dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxiole.
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Fig. 2. HPLC chromatogram of the methanolic extract from natural fruiting bodies of
Antrodia cinnamomea. 1, Antcin C; 2, antcin K; 3, zhankuic acid A; 4, zhankuic acid B;
5, zhankuic acid C; 6, sulphurenic acid; 7, dehydrosulphurenic acid; 8, eburicoic acid; 9,
dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxiole. The purity of these
standards was higher than 99 %. One milligram of each standard compound was dissolved in
10 ml methanol as the injected sample. The injection volume was 20 ul.

Fig. 3. HPLC chromatogram of the methanolic extract from cultured fruiting bodies of
Antrodia cinnamomea (isolate TFRI B479). 1, Antcin C; 2, antcin K; 3, zhankuic acid A;
4, zhankuic acid B; 5, zhankuic acid C; 6, sulphurenic acid; 7, dehydrosulphurenic acid; 8,
eburicoic acid; 9, dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxiole.
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Fig. 4. HPLC chromatogram of the methanolic extract from natural mycelia of Antrodia
cinnamomea. 6, Sulphurenic acid; 7, dehydrosulphurenic acid; 8, eburicoic acid; 9,
dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-benzodioxole.

Fig. 5. HPLC chromatogram of the methanolic extract from agar-cultured mycelia of
Antrodia cinnamomea (isolate TFRI B479). 6, Sulphurenic acid; 7, dehydrosulphurenic
acid; 8, eburicoic acid; 9, dehydroeburicoic acid; 10, 4,7-dimethoxy-5-methyl-1,3-
benzodioxole.
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