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ABSTRACT
Owing to the wild fruiting body is very rare and expensive, some researchers are developing artificial cultivation of Antrodia
cinnamomea fruiting bodies using woodblocks of Cinnamomum kanehirae Hayata to meet the demands of tests for physiological
function and markets. However, the supply of A. cinnamomea fruiting bodies is unable to meet the demand. The aim of this
research is to explore the effect of different additive on the production of secondary metabolites and antioxidant properties of A.
cinnamomea by grain solid-state culture. The cultures were under various conditions, and at a period of 30 or 45 days. Grains of
Coix lacryma-jobi ,wheat, and pearl barley were used as basic medium respectively. The highest yield of polysaccharide and
triterpenes produced by A. cinnamomea cultured on Coix medium were 23.01 mg/ml and 10.63 O, respectively. At 45 day, the
highest yield of polysaccharide derived from A. cinnamomea cultured on pearl barley and wheat medium were 60.80 and 31.48
mg/ml, respectively. And thighest yield of triterpenes derived from A. cinnamomea cultured on pearl barley and wheat medium
were 10.11 and 0.05 O, respectively. Culturing at 30 O for 60 days, the highest yield of polysaccharide and triterpenes obtained on
wheat and pearl barley media of A. cinnamomea were 64.12 mg/ml and 17.59 O, respectively. For different additives on culturing
A. cinnamomea, the highest polysaccharide yield was 68.66 mg/ml when 0.5 O (w/w) CaCl2 was added to pearl barley medium at
30 day of culture . And the highest triterpenes obtained was 16.65 O , which was produced at 60 day by A. cinnamomea when 0.5
O (w/w) chitosan was used as additive in pearl barley medium. When Chinese medicinal herbs were added to culture media, the
highest polysaccharide yielded 70.90 mg/ml on wheat medium with 1 0 (w/w) Magnolia officinalis at 15 day. And the highest
triterpenes produced was 33.72 O on pearl barley medium supplemented with 1 O (w/w) Perilla frutescens at 30 day culture of A.
cinnamomea. The highest scavenging ability on DPPH radical.of methanolic vi extract (10 mg/ml) was 95.47 [0 obtained from
culturing A. cinnamomea on Coix medium added with 0.5% (w/w) Ocimum basilicum at 15 day. The highest chelating capability
on ferrous ions of methanolic extract (20 mg/ml) was 95.7500 derived from adding 0.5 O (w/w) chitosan on wheat medium for
culturing A. cinnamomea 60 days. And the highest reducing powers of methanolic extract (10 mg/ml) was 2.957 yielded from A.
cinnamomea when culturing on pearl barley medium added with 0.5% (w/w) Piper betle at 60 day.

Keywords : Antrodia cinnamomea, grain solid-state culture, polysaccharide, triterpenoid, antioxidant property

Table of Contents
L0 0 D0 ettt st e be st e e be et e e be e beearesbeeneesteeneas iigaad
L ettt b e b e et e e e aae et v
ettt e b et e bt et e eheeabe e e e reeaesbeerearaere e vii O
ettt he b e b e e b e et e eheeebeeaeeabeeaesbeereataere e ix 00O
L ettt e e bt e e b e et a e beeab e beea b e ebeebeeheebeeaeeereanes xiidod
L ettt e et e e e e a b e e e arreeannnaeennreeean xv oo O
L ettt b e b b e b et e e ba b e e beeae e beearenreeaes 1000 000
0 ettt et et te e tenre e tenre e renreenes 4000 000
0 ettt et te e Re e tenre et nreerenneenes 4000000
0 ettt e e te e benra e reentenre e e nnn 400000000
0 ettt b e e b ere e re e e nreenes 40000000000
0 ettt a et ra e tenre e reane s 5(@)d?
0 ettt e et e e e be et e et e nta e beene e re e e e nreanes 6()00O
0 ettt et et e e e tente et e nre et e ene e reenrenreenes oo oo
0 ettt et et E e e b et et e nreebesae e teaaeenreenes 1100o0ooaa
SO PTRPTBRTN 110000000000
0 ettt a e b e re e benre e reere e 6000 0004

L ettt bt e b b e et e et b ne e 190000 a ,a -Diphenyl- -picrylhydrazyl(DPPH) O 0 0O O



I TP TP UOSUPURPRPRURPN 20000000
s 20000000Db00O0DbOn
e 21000 00DbOb
e 2000000000
e 2000000000b00bO

L 23000 000

L 26000 000

L 26000

L 260000
TP T TP P TP 26000 000
e 2r0pooobooo
e 2r0p00oopbgn
e 27000000bOon
e 2800000000

L e 2800020000

L e 290000000
s 00000

L e 2000 0000
e 000 O0O00oon
s IOooooboobobbooboooboobooooboooo
OOO0 et BOoooobooobooboboboobooobooboobobooo

L e Jri0oobo0oboobobobooboobo.boobuoboboog

L A1 000 O OO DO D ettt 45000
U00000000000000000000000MODOL e 40000000000
DO000D000000000000O02W 00 s 4Ar0000bO00obOobooobo0obon
DO0O0O00O00OOWODO e Q00000000

L 520000 DPPHOODO

L e 5200000000000

L 2000000
s 71000 0
e 8100 d

L s 830
PP P TP TS PT PP PR PRURPRTIN 0000 1ImbOOo0obOonooo
e 502000000000000?20000

L 7030000000 Oo0ObDOo2Mmboon

L e 80 4000X-000000O B-13-D-O0D0O0O00OODOOO

L s 100 SO0 OO OO OO DD ettt 120
0000000000000 0O000O00O0O0O0ODOL cieeeeeesese s 14070000000
et 1508000000000000DO0AWDODODODOODOOODO
O 0D B) et 1700 90 O O O O O O ettt e 25
g10000000000000000D00000e60000D000D00OD0O0OO0O 10mg/mO0O0O DPPHOOODOO
O 530 11000000000 00DOCOO000DOO00eOOO0OODOOOODOO 10mg/mOO00 DPPHOO
goog.... 540 120 000000000000 OO0O00OOOeOODOOOODOOOODO 1I0M/mMDOODO
DPPHOOODODO ... 50 10200 0000000000000 0DbO000 e 0bO0OoODOonO 10
mg/mO00DPPHOOOODODO..570 14025000000 00000000000O0OOOee0O0ODOO0OOODOO
OO0010mg/mO0 DPPHOODOOOO...580 1502500 000000000000 0O0O0O0OOOeOO00O0DOOOO
cooooo1omg/mCO0DPPHOOODOOO..600 160 0000000000000 O0ODOCOOOeOO0OOO
oooooooo1omg/mIO0O0onoOooOoOn... 630 1700 0000000DO0O0DOO0O0O0ODbO0O0e0DOO
oooooobooob1omg/mOob0CoOonoOonoOoOon.... 640 180000000 0O0ODOO0ODOO0ODOO0O0OO 60
oo0oooOobooooobD 1omg/mOOO0D0OO0OoOOoOn......... 650 190250 0000000000 00b0O0DbO
gb0e0o0O0000ODOOO0OCOODOO1Omg/mIDOOOOOOODOO..... 670 20025000 000000000000

ooodboeoDOODO0OOODODOOOIOM/mOOOOODOODOO...... 680 210250 000000000 O0O



o00oOoboOobooec0DODOODOODOOD 1I0Mm/mMOOOCODODOODO.... 700 200000000000

0000000006000 0D00ODODOOD 10mg/mO0O0O0 e 720 230 00000000000
00000000 e00000D00000000 10mg/mIOOD00O0 i, 730 240 000000000000
0000000600000 00000000 10mg/mO0000 i 740 250250 00000000000
00000000 6000000000 0000 10mg/mOO000 .. 760 260250 00 0000OO00O0ODOO
00000000 6000000000 0O000 10mg/mOO0O00 .. 7020250 0000000000O0
CO0000O0O00e0000DOOO0ODOOO10mg/mO0000 .. 000 0D0000DO0ObO0OO0OOD
L BOODOOOoOooooooooobOoboooog

L Jqooos000b00ooobooooooboooooDn

L Jpoboo2000000obgooooboooboooooooboon

L eoogooboooobooobooooobg

L s Upoo200000000000b0O00bO0o0bDOoon

L s 0002000000000 00000000000O00O00OO

L o0000000D0O0ODO0ODbOObOODbDOO

L 420002000000000000000000000

L a3000200000000000000000D0O0DOOO

L 400000000000 00DOO0bOODObOObOOOMbOOobDO

L 4600000000000 O00DOO0ODOODOODOOOYM®ObODbO

L e 0000000000 DLOODOO0ObOO0o0obOoOobOobobO?xmobOon

L e 51

REFERENCES

1.00000000019700000000000000000 22000020080 00000000000000000000OO
0000000000000 o00ooo00ooo0oooOoooo .000ooe700000000000oo0oooooon
O 0000000000000 400002006000 000000000000000000D0O0O00O0O0OC0O0ODOOOODOOO
0000000 5. 0?00000020050Antrodiacamphorata 000 00000000000000000O0O0OOOOO
43(4):295-3030 6.0 0001990 00 000000000000 0OOODOODOODO0OOO 7.00000000000O002002000
0000-000000000000000000000 8. 000d2000dd00000ooOOo00obDO00oooODOoooooon
0000000000 00Doo0o0oooOoe.00ofOpz20300000000000ODOD00DODDODO0O0DODOO0D0O0ODOODOODOO0On
l0.000020000 00 0000000000000O0D 11.0000200400000000000000000 36(5):57-710 12.0
gopz20080000000000000000D0OO00O0DDOO0DO0O0OO0O0ODOO0DOO000ODODO0ODDO0OOD 13.000
g0 0000000000000 0O0O0O0ODDO0O0O0O0O0O0O0OODO0O0DO0O0O0O0O0O0ODODO 4. 0000200700000
0000000o0oo0o0ooO0o0ooo000ooDo00o0o000oo0U0oDoO00oOoOo000ooDOU . 00D0D00Ooooon
g0000 00 0000000000000 0O0O0OO0O0ODODOO0O0O 38(1):80-8800 16. 00O DO20070 00 00000O0ODOOOOO
0000000000 00oo00ooo000oooo00oo0ooOooD 17000020100 00000000000000O00O00O00O0O
0000000000 18.00002007000000000000000000O0O0OO0ODOO0ODOOOOODOOOOOOOOO
019000020000 0000000000000000000000000O0OCO00OOOOOODOOO0ODOOO0O 20000
g20050 00 0000000000000 00D0O0000O0O0O00O0O0O0O00O0O00000 22.000020070000000000
0000000000000000000 22.000000000000000020080000000000000000000O0O
O00000000000000000 46(6):223-2330 23. 0000200000 0000000000000000O0O0OODOOOO0O
000000000000 2400000001900 0000000000-00(00000)0000000 12?395-39600 25.00
OO0ooogoeoo0iooooooooooooo2e.0000207000000000000000000O0O02W00000
O00000000o0oo0oooooooOr.00000200000000000000000000000O0O0O0O0OOO0O
O0000o0oOos. 00002000 00000000000000000000000000O000D00O00O0O0OOO0OOOOO0O
2.0000270000000000000O0O0DODODODODDOOOOOOODOOODOOODOOOOO0O0O0000000O0OO0O 30.0
00020070 000000000000 000000O0DODO0O0OOOOOODOO0O0O 31. Ahsan, H., Ali A., and Ali R., 2003. Oxygen
free radicals and systemic autoimmunity. Clinical & Experimental Immunology 131:398-404. 32. Ao, Z.H., Xua, Z.H., Lub, Z.M., Xua,H.Y.,
Zhanga, X.M., and Dou,W.F., 2009. Niuchangchih (Antrodia camphorata) and its potential in treating liver diseases. Journal of
Ethnopharmacology 121:194— 212. 33. Bartosz, G., 2003. Generation of reactive oxygen species in biological systems. Commensts Toxicol 9:5-21.
34. Chang, C.Y., Huang, Z.N., Yu, H.H., Chang, L.H., Li, S.L., Chen, Y.P., Lee, K.Y. and Chuu, J.J., 2008. The adjuvant effects of Antrodia
camphorata extracts combined with anti-tumor agents on multidrug resistant human hepatoma cells. Journal of Ethnopharmacology 118:387

— 395. 35. Chang, T.T. and Chou, W.N., 1995. Antrodia cinnamomea sp. nov. on Cinnamomum kanehirai in Taiwan. Mycological Research 99



(b): 756-758. 36. Chang, T.T. and Chou, W.N., 2004. Antrodia cinnamomea reconsidered and A. salmonea sp. nov. on Cunninghamia konishii in
Taiwan. Botanical Bulletin of Academia Sinica 45: 347-352. 37. Chen, T.l., Chen, C.C., Lin, T.W. Tsai, Y.T., and Nam, M.K_, 2011. A 90-day
subchronic toxicological assessment of Antrodia cinnamomea in Sprague— Dawley rats. Food and Chemical Toxicology 49:429— 433. 38. Chen,
Y.C., Ho, H.O.,. Su, C.H, and Sheu, M.T., 2010. Anticancer effects of Taiwanofungus camphoratus extracts, isolated compounds and its
combinational use. Journal of Experimental and Clinical Medicine 2(6):274-281. 39. Cherng, I.H. and Chiang, H.C., 1995. Three new triterpenoid
from Antrodia cinnamomea. Journal of Natural Products 58: 365-371. 40. Cherng, I.H., Wu, D.P., and Chiang, H.C., 1996. Triterpenoids from
Antrodia cinnamomea. Phytochemistry 41(1):269-267. 41. Decker, E.A. and Welch, B., 1990. Role of ferritin as a lipid oxidation catalyst in muscle
food. Journal of Agricultural and Food Chemistry 38:674. 42. Dinis, T.C.P., Madeira, V.M.C., and Almeida, L.M., 1994. Action of phenolic
derivatives (acetaminophen, salicylate, and 5-aminosalicylate) as inhibitors of membrane lipid peroxidation and as peroxyl radical scavengers.
Archives of biochemistry and biophysics 315:161-169. 43. Fang, Y.Z., Yang, S., and Wu, G., 2002. Free radicals, antioxidants, and nutrition.
Nutrition 18:872-879. 44. Gutteridge, J.M.C. and Halliwell, B., 2010. Antioxidants: molecules, medicines, and myths. Biochemical and Biophysical
Research Communications393:561— 564. 45. Halliwell, B., 1994. Free radicals and antioxidants: a personal view. Nutrition reviews 52:253-265.
46. Halliwell, B. and Gutteridge, J.M.C., 1998. Free radicals in biology and medicine. Oxford University Press 548-549. New York. 47. Halliwell,
B., Murcia, M.A., Chirico S., and Aruoma, O.1., 1995. Free radicals and antioxidants in food and in vivo: what they do and how they work.
Critical Reviews in Food Sciences Nutrition 35:7-20. 48. Huang, L.C., Huang, S.J., Chen, C.C., and. Mau, J.L., 1999. Antioxidant properties of
Antrodia camphorate. Proceedings of 3rd International Conference on Mushroom Biology and Mushroom Products, 275-283. 49. Jacob, R.A.,
1994. Nutrition, health and anitioxidants. Inform 5: 1271-1275. 50. Kuo, M.C., Chang, C.Y., Cheng, T.L., and Wu, M.J., 2008.
Immunomodulatory effect of Antrodia camphorata mycelia and culture filtrate. Journal of Ethnopharmacology 120:196— 203. 51. Lin C.H. and
Chang C.Y., 2005. Textural change and antioxidant properties of broccoli under different cooking treatments. Food Chemistry 90:9— 15 52. Liu
JJ., Huang, T.S., Hsu, M.L., Chen, C.C., Lin, W.S., Lu F.J., and Chang, W.H., 2004. Antitumor effects of the partially purified polysaccharides
from Antrodia camphorata and the mechanism of its action. Toxicology and Applied Pharmacology 201:186-193. 53. Mizuno, T., 1999. The
extraction and development of antitumoractive polysaccharides from medicinal mushrooms in Japan. International Journal of Medical Mushrooms
1: 9-29. 54. Nes, W.D. and Zhou, X., 2002. Triterpenoids: higher. Encyclopedia of Life Sciences 12:1-13. 55. Oyaizu, M., 1986. Studies on
products of browning reactions: Antioxidative activities of products of browning reaction prepared from glucosamine.Japanese Journal of Nutrition
44:307-315. 56. Phuong, D.T., Ma, C.M., Hattori, M., and Jin, J.S., 2009. Inhibitory Effects of Antrodins A— E from Antrodia cinnamomea and
Their Metabolites on Hepatitis C Virus Protease. Phytotherapy Research 23:582— 584. 57. Robak, J. and Gryglewski, I.R., 1988. Flavonoids are
scavengers of superoxide anions. Biochemical Pharmacology 37: 837-841. 58. Shih, I.L., Pan, K., and Hsieh, C., 2006. Influence of nutritional
components and oxygen supply on the mycelial growth and bioactive metabolites production in submerged culture of A. cinnamomea. Process
Biochemistry 41:1129— 1135. 59. Shimada, K., Fujikawa. K., Yahara, K., and Nakamura, T., 1992. Antioxidative properties of xanthan on the
autoxidation of soybean oil in cyclodextrin emulsion. Journal of Agricultural and Food Chemistry 40:945-948. 60. Skaper, S.D., Fabris, M., Ferrari,
V., Carbonare, M.D., and Leon, A., 1997. Quercetin Protects Cutaneous Tissue-Associated Cell Types Including Sensory Neurons From
Oxidative Stress Induced By Glutathione Depletion: Cooperative Effects of Ascorbic Acid. Free Radical Biology and Medicine 22(4):669— 678. 61.
Tang, Y.J., and Zhong, J.J., 2003. Role of oxygen supply in submerged fermentation of Ganoderma lucidum for production of Ganderma
polysaccharide and ganoderic acid. Enzyme Microbial Technology 32:478-84. 62. Urso, M.L. and Clarkson, P.M., 2003. Oxidative stress, exercise
and antioxidant supplementation. Toxicology 189: 41-54. 63. Williams, W.B., Cuvelier, M.E., and Berset, C., 1995. Use of a free radical method to
evaluate antioxidant activity. LWT-Food science and technology 28(1): 25-30. 64. Wu, S.H., Ryvarden L., and Chang, T.T., 1997. Antrodia
camphorate ("niu-chang-chih") new combination of a medical fungus in Taiwan. Botanical Bulletin of Academia Sinica 38:273-275. 65. Yang,
C.M., Zhoua, Y.J., Wangb, R.J., and Hu, M.L., 2009. Anti-angiogenic effects and mechanisms of polysaccharides from Antrodia cinnamomea with
different molecular weights. Journal of Ethnopharmacology 123:407— 412. 66. Yang, H.L., Kuo, Y.H., Tsai, C.T., Huang, Y.T., Chen, S.C.,
Chang, H.W., Lin, E., Lin, W.H., and Hseu, Y.C., 2011. Anti-metastatic activities of Antrodia camphorata against human breast cancer cells
mediated through suppression of the MAPK signaling pathway. Food and Chemical Toxicology 49:290— 298. 67. Yang, S.W., Shen, Y.C., and
Chen, C.H., 1996. Steroids and triterpenoids of Antrodia cinnamomea-a fungus parasitic on Cinnamomum micranthum. Phytochemistry
41(5):1389-1392. 68. Yu, T.W. and Ong C.N., 1999. Lag-time measurement of antioxidant capacity using myoglobin and 2,2" -azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid): rationale, application, and limitation. Analytical biochemistry 275:217-223.



