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ABSTRACT
Many studies had reported that medicinal fungi and lactic acid bacteria possess a number of different bioactive properties, including
anti-oxidantd immunomaodulatory, and anti-tumor bioactive functions. For the two species, co-culture systems using fermentation
studies were conducted less frequently. Therefore, this study was conducted employing a co-culture system of the medicinal
mushroom - Wolfiporia cocos and lactic acid bacteria- Lactobacillus acidophilus. Natural carbon and nitrogen sources were used
instead of a half-compound medium. Effects of culture conditions on the production of bio-active ingredients in a 5L stirred tank
fermenter(PTF). Further, to assess of antibacterial activity and antioxidant activity. The results: Optimal medium carbon source 4%
food grade- sucrose and nitrogen source 1% peanut powder. Add to 4% of Lactobacillus acidophilus co-cultured, the best production
by polysaccharides and triterpenoid. In 5L fermenter culture conditions of optimum culture growth conditions, at 25001 , 150 rpm,
1vvm, initial pH=>5.5, that was the most suitable conditions to bioactive ingredients with the production. Under the same conditions
(Avvm, 2500, 150rpm, initial pH5.5), employing single strain cultures and double strain co-cultures it was found that there was
significantly greater extracellular polysaccharide (EPS), intracellular polysaccharide (IPS), triterpenoid, ergosterol and polyphenol
improvement in the double strain co-culture than the single strain culture (10.7mg/mL, 1.5mg/mL, 0.7mg/mL, 0.6mg/mL, 2.73
mg/g, 31.08 mg/g, respectively). The antibacterial activity results: Six strains of pathogenic, liquid antibacterial test, including
Staphylococcus aureus and Escherichia coli were better, the zone of inhibition were 8.5mm and 7.4mm. Minimum inhibitory
concentration (MIC) of the 10% test, including Staphylococcus aureus and Bacillus cereus were better. The antibacterial stability test,
including Staphylococcus aureus and Escherichia coli were better.

Keywords : Wolfiporia cocos Lactobacillus acidophilusC] bioactive ingredientsC co-culture
Table of Contents

D000 ooooboob0wiocoboovOOwviiDOviiOoOOxii0od xv1l00 120000 32100000000
32200000000 42210000 5222070000 6233000000 112340000 122400000 1325
gboogdb 12600000000000 1726100 1726200 172630000 182.6.4000 192.6.500 192.6.6
pHO 20266000 212670000 213.00000 23310000 23320000 233210000 243220000
243230000 263300000 27340000 28341000000 28342000000000 28350000 29
3000000 293610 0000000000 0O0O0DO0OODOODOO0ODO OO 293620000000000O0DOOO
oooobgoobob 3363000000000 0OD0O0DOO0DbOObDO0ODbD ObObO 364D OODODO
oooobo0obobobOob0 oboooboob 3375L0b00b000b0o0bOo0obOobOo 3137100000 boOon
o000 337200 000000000 3137300000000 00Db0O0 137400 00pHOODOOODOO 32
3850 000000000000 32380000 3338.1000000000000 333820000000000 33
38300000 338400000000 3638500000000 363860000000 383870 00000O 39
400000 41410000000000 414110000000 00000D00OD0O 414220000000 00DOO
U000bo0obo0oob 004341300 000000000000000O0ODO0O0OO OO0 46414000000000
U000o0bo0oooob0oobOoO 4415000000000 0000DO0ODO0OO0ODOObOO 242000
OsL0000000054421000058L0000000000000005542200000000000000000
Uo00oooooogsr4230000b0000oobooooboobooooDbD bOoes42400 000D 0ObOOODODO
Uoooboobob ob 842500pHODOO0DODOODO0ODODOOD ODO0OD 804250000000
goooboobobbobo0oobOoed43sboooboobonoboboob 2440000000 944100
Ub0o00Dbdoes44200DPPHOD 9644300000 97450000 1004510000000000000000O0
1004520 00 0000000000000 0O0O0O0O0O 1004530 000000000DbD00Db0OD0O0O 101500 106
gboogi1sunbod b2i1dbooboobg 40220000 402300000000 602400J000000 9
025000000 110260000000 130270000000 130 4.1(a-d) Wolfiporia cocosO Lactobacillus
acidophilusO OO0 ODOOOODOOO 420420000000000000000DO00DO0 4604300000000



O0000O000000Db 4904400000000000000000O00DO0O0OOS2045000000000D0OO
0000000000 560 4.6a-d00 Wolfiporia cocosC] Lactobacillus acidophilusO OO O5-0 00000000 56 O 4.75L-
0000000000000 0DODO0OpHDO Lactobacillus acidophilusD D 00000 6204.85L-0 00000000
0000000000000 0 0000000000 0Db00b00DO0ObOO0Oee3049L-0000000D00OO
0000000 pHDO Lactobacillus acidophilusD D 00000 7004.105L-0 0000000000000 O0O0ODOOODO
000000000002 00000000000 7104115L-0000000000000000OpHDO Lactobacillus
acidophilusD O DO OO0 7704125L-0 000000000000 000ODOOO0OOD ODOOOODOOOOMWDOO
000000000 780413L-0000000000pHOO0O DO O O pHDO Lactobacillus acidophilusd OO0 00 OO 86
04145L-00000000C00OpHO0O0OOOO0ODOOC DOOUODODOOOOODOMOODOOOOODOOO 87
04.155L-0000000000000O00O0000COCO00O000OOOO00DOODOOMWDOOO00ODOOOO0 O 9!
0416000000000 COOODCOODPPHOOODO OODOOO9OD417000000000DOOO0ODOOO
0010304180 00000000DO0C0O00O0ODOOOOMICIOO 1040400000000 000DO0OO0ODO 1050
00 041000000C000DOCO0O0ODOOOODCOOORDO420000000000O0O0O00O0ODOOOODOO
7204300 0000000000000 00O0O0O00O0O0 7M904400pHO0D00ODOOOOODOOOODOOOOO
880450 00000000000 DOOOUOODOOUOODODOOOO 9%

REFERENCES

lL00000b00b0bozeco0OoOooobOOobOobOobOooboobonbOobD2224-2270 20000000000000000
0000000000000 0O0wB@o3.oooooooboooobz2ee0 0000000000000 0ODO0O0O0O@OD 40000
OO000O00O0z00000000D00O000DODOO00DOO0O0DOOO0O0ODDO40120 s.000D0000OOO0O0O0ODOOODO
0000000000020 000000000 00DODO0O0DOO00O0DOODO0O0DO0O00(:17-200 6.00000DO0O0OOO
OO000o0oO0oOooO7000MO00@EOO)000000000DOCO00DOOOOO D00 DOOoOOOOOg2008C00O0ODO
gboooooobooboboboboboooobobOobobooebbbubobOobUobOoze OO ODODODOOOOO
000002840 100000000000 000O2000000000000000000000000O0O28(1):52-550 11.000
gzoo00pooo?2o0oooobooboboboobooboonoo2000bogbgzee oo oboboboon
034(5):920-9210 13.000020070 000000000 00DOOO0ODODO0O0ODODOO0OOOOOODOD 4000200800000
g200b0bo0ooboobouob0ob0oboboobooboobDobOobOobO sb0bUbze02000bobobDobD0obObOOO
OOo0OOOOOOOOOOOOOOOOOOOOOOOO 000020020 000000pHOC Xanthangumd OOOOOOOO
oooboooooooooobooobrgobobozo08 Do OoooooooooDbO0ooboooooOoOOoOoDO 18
oooboOoobooooobbzoo000ooOo0oobO0oooo0oooObo0ooDbbOOoobOUobooboOooDIanDbog
O00OO00OO0O0OOOOOOOOOOOOO9B)y3e7-3800 200 0000000 ODODOOOOOO20110 0000000000000
0000000 41(2:21-250 22.0000000000000000O0O0O0OOOOOOOOO20I0DOOODOOOODOOOODOOO
OO0O0O0Q0OoOoo3z7o20000000000000000000000000000O0)23U0 23.00 000000000
gz20070 00000000D00C00DOO00O0O0OD2720 24000020010 000000000000 00O00O0O00OODOOODAO
gboooooooboboboboo2s.b0boze0700dboobobOoboob 20000200200 000000000000
O00D00OO0000O0O00DOOO027.0000200400000000000OWolfiporiacocosDOOOOOOOOOOODOOODO
OO000C0000028.00000000C20040000000000000036(3):1-30 29.000 020100000000 Chlorella sp.
gbobooooobobOoboboobooboobogsoboobzeesobooooooooboobOoboobobooooooboOon
oboboooooboobOo3igbogbz2eced0bobooooboobobobobooobooxmobooboobooboobobooon
b 300022p0000000000000000000000DO0DO0ODOOOOOODOOD B OOO00O200000000000
goobo2oo0oooooboobobobob 400z ooogooboboboboboooobDobDoboboboon
gboobooooooobogs3soogbzedboboooooooobobobobobooooooobDobobobobooO se.
0000000000000 0O000O0O00DD20800000000000000D0DO0000O00O9(1)T 37.0000000O0O2002
oboob0ooooboobobobobo229-100 38000 00O0bOOobOOoOoOO2O2000000b0Db0ObOobOOOoOoOoDgon
OO0O0O0OOO0OO0OO0O18O 3¢.00002001000000000000000000000033:37-460 40.00002004000000
O (Tricholomamatsutake) D 000000000000 0O0O0OO0O0O 41000020010 0000000000000O0O0O0O0ODODOOO
oo0oboo0ooooooob 42000201000 0000000000000DODO0ODOO0O0OODOOOODO0O 43.000020030
000000 4-nitroguinoline-N-oxideO OO0 0000000 0O0OOODO 440000201100000000000000000000
g200b000boooooobooooo4s0bboooobooobbooboooobzoboooOOooobDbOOOLDOO
OO0O0O0OO00O 19565670 46.00002007000pHO OAgaricusblazei DO OO DOOOOOODOOOOOOOOOOOOODOOOO
0470000000190 000:00000000000017(1):34-370 480 0000000000000 OOO200900000
O00000000000DO0O0O2512)-1438-14420 4000 000000DOOO0ODOOOOODOOODOOOODOOOOODO



O Journal of Practical Oncology14(1)00 50.0 0 0 020050 00 00 0pHO OO OOOOOOODOOO0ODOOOODOOOOODOOOOO
51.000000000000000020060000000000000000000@):6-70 52000019960 00000000
0000034):55640 53.0 0000019980 0 0000000000000 S00002011000000000000

O Chlorella sp. O Saccharomyces cerevisiaie D0 0 0 000000 O00D0OOCO0OOOOS.00000000000200000000000
000000O0O0OO0OO0OO0OO0OOOOOOOOOOOOOOSeOO0OODODOOOOODODOOOOOODR20BO00D0ODOODODODODODOO
O0000D025@3):446~4530 57.0 00019980 0 00000000O0O0O0ODODO2:1-100 58.0 00020050 000000000 0OOO
O00000000O0O0O0O0O0ODODOOOSRe.00002000000000000000000000O0O0O0O0DO0ODODO0O0ODO0ODOO 60.
000000002020 0000000000000000000000O0O0O0O0O0OO4111050 61.0000000O0O0O0ODODODOO
O0000000000O0O0OO0ODOO20100 2000000000000206000000000000000DO0ODODODODODODODODO
g0o03e002044-47.63.0 00 00000000201100HPLCOO0ODODDO0ODOOODOOODOOODODDOOODOOODODO 64.0
gOd0d20030 000000000000 0000O000D0D0O00O0O00O0ODOO0O0DOO0O0OOee.000O0O20600000000
0000000000 00D0000DbO0O00e6.00002010000000000000000D0DO0O0ODOOOOODOOOODDOO
00000000000 67.Cho, E. J., Oh,J. Y., Chang, H. Y. and Yun, J. W. 2006. Production of exo-polysaccharides by submerged mycelia
culture of a mushroom Tremella fuciformis. Journal Biotechnol. 127(1):129-140. 68.Cuellar, M, J., Giner, R. M., Recio, M. C., Just, M. J., Manze,
S.and Rios, J .L. 1997. Two fungal lanostane derivatives as phospholipaseA2 Inhibitors.J.Natl.Product.59:977-979. 69.Czub, J. and Baginski, M.
2006. Comparative Molecular Dynamics Study of Lipid Membranes Containing Cholesterol and Ergosterol. Biophiophsical Journal
.90:2368-2382. 70.Desmond, T., Fergus, J. L.and Brian, O. S. 1990. Synthesis, structure and properties of stereochemically non-rigid molybdenum
pyrazolylborato complexes containing a dihapto-thiocarboxamido ligand. Jurnal of organo matallic chemistry. 381:33-37. 71.Fang, Q. H. and
Zhong, J. J. 2002a. Effect of initial pH on production of ganoderic acid and polysaccharide by submerged fermentation of Ganoderma lucidum.
Bioprocess Biochemistry. 37:769-774. 72.Fang, Q. H and Zhong, J. J. 2002b. Submerged fermentation of higher fungus Ganoderma lucidum for
production of valuable bioactive metabolites-ganoderic acid polysaccharide. Biochem. Eng. J., 10(1):61-65. 73.Forage, R. G., Harrison, D. E. F.
and Pitt, D. E. 1985. Effect of environment on microbial activity. Comprehensive Biotechnology1:253-279. 74.Fooks, L. J. and Gibson, G. R. 2002.
Proiotics as modulators of the gut flora. Br.J. Nutr. 88:39-49. 75.Gapter, L., Wang, Z., Glinski, J and Ng, K. 2005. Induction of apoptosis in
prostate cancer cells by pachymic acid from Poria cocos. Biochemical and Biophysical Research Communication. 332:1553-1161. 76.Houng J. Y.,
Chang M. Y. and Tsai G. J. 2006. Optimization of the medium composition for the submerged culture of Ganoderma lucidumby Taguchi array
design and steepest ascent method. Enzyme Micro.Tech. 38:407-414. 77.Huang, Y. C., Chang, W. L., Huang, S. F., Lin, C. Y., Lin, H.C. and
Chang, T. C. 2010.Pachymic acid stimulates glucose uptake through enhanced GLUT4 expression and translocation. European Journal of
Pharmacology. 648:39-49. 78.Hsieh, C., Liu, C. J., Tseng, M.H., Lo, C. T. and Yang, Y. C. 2005. Effect of olive oil on the production of mycelia
biomass and polysaccharides of Grifola frondosa under high oxygen concentration aeration. Enzyme and Microbial Technology.
39:434-439.Huang, Q., Jin, Y., Zheung, L., Cheung, P. G. and Kennedy, J. F. 2007. Structure, molecular size and antitumor activities of
polysaccharides from Poria cocos mycelia produced in fermenter. Carbohydeate Polymers. 70:324-333. 79.Hsieh, C., Tseng, M. H. and Liu, C. J.
2006. Production of polysaccharides from Ganoderma lucidum (CCRC 36041) under limitations of nutrients. Enzyme Micro. Tech. 38:109-117.
80.Jin, Y., Zhang, L., Chen, L., Cheung, P. C. K. and Chen, Liguo.2003. Effect of culture media on the chemical and physical characteristics of
polysaccharides isolated from Poria cocos mycelia. Carbohydeate Research338:1507-1515. 81.Ke, R. D., Lin, S. F., Chen, Y., Ji, C. R. and Shu,
Q. G. 2010. Analysis of chemical composition of polysaccharides from Poria cocos Wolf and its anti-tumor activity by NMR spectroscopy.
Carbohydeate Polymers.80:31-34. 82.Kim, S. W., Hwang, H. J., Xu, C. P., Sung, J. M., Choi, J. W. and Yun, J. W. 2003. Optimization of
submerged culture process for the production of mycelial biomass and exo-polysaccharides by Cordyceps militaris C738. Journal of Applied
Microbiology. 94:120-126. 83.Lee, K. Y. and Jeno, Y .J. 2003.Polysacccharide isolated from Poria cocos selerotium induces NF-Kb/Rel activation
and iNOS expression in murine macrophages. International Immunopharmacology 3: 1353-1362. 84.Lee, W. Y., Youngki, P., Ahn, J. K., Ka, K.
H. and Park, S. Y. 2007. Factors influencing the production of endopolysaccharides and exo-polysaccharides from Ganoderma applanatum.
Enzyme Microb. Technol., 40(2):249-254. 85.Lee, K. Y., You, H. J.,, Jeong, H. G., Kang, J. S., Kim, H. M., Rhee, S. D. and Jeon, Y. J. 2004.
Polysaccharide isolated from Poria cocos sclerotium induces NF-Nb/Rel activation and iNOS expression through the activation of p38 kinase in
murine macrophages. International Immunopharmacology4: 1029-1038. 86.Li, G. Y., Huang, L. H., Hse, C. Y. and Qin, T. F. 2011. Chemical
compositions, infrared spectroscopy, and X-ray diffractometry study on brown-rotted woods. Carbohydeate Polymers. 87.Ling, H., Zhou, L., Jia,
X., Gapter, L., Agarwal, R and Ng, K. 2009. Polyporenic Acid C Induces Caspase-8-Mediated Apoptosis in Human Lung Cancer A549 Cells.
Molecular Carcinogenesis.48:498-507. 88.Matsuzaki, T. and Chin, J. 2000. Modulating immune responses with probiotic bacteria.Immunol.Cell
Biol. 78:67-73. 89.Mau, J. L., Lin, H. C. and Song, S. F. 2002. Antioxidant properties of serval specially mushroom. Food Research International
35:519-526. 90.Mizuo, T. 1999. The extraction and development of antitumor-active polysaccharides from medicinal mushroom in Japan
(Review). Inter. J. Medicinal mushroom.1:9-29. 91.Niemenmaa, Q., Galkin, S. and Hatakka, A. 2008. Ergosterol contents of some wood-rotting
basidiomycete fungi grown in liquid and solid culture conditions. International Biodeterioration (1 Biodegradation 62:125-134. 92.0o0l, V. E .C.
and Fan, L. 2000. Immunomodulation and Anti-Cancer Activity of Polysaccharide-Protein Complexes .Curr.Med.Chem7:715-729. 93.Park, J. P.,
Kim, S. W., Hwang, H. J., Cho, Y. J. and Yun, J. W.2002. Stimulatory effect of plant oils and fatty acid on the exo-biopolymer production in
Cordyceps militaris.Enzyme and Microbial Technology, 31:250-255. 94.Rhee, S. D., Cho, S. M. and Park, J. S. 1999. Chemical composition and



biological activities of immunostimulants purified from alkali extract of poria cocos sclerotium. The Korean iournal of mycology. 27(4):293-298.
95.Proma, K. E., Aidoo, R. F., 2002.Sugar profile of extracellular polysaccharides from different Tremella species.International Journal of Food
Microbiology79:121-129. 96.Shih, I. L., Pan, k and Hsieh, C. 2006. Influence of nutritional components and oxygen supply on the mycelia growth
and bioactive metabolites production in submerged culture of Antrodia cinnamomea. Process Biochemistry 41:1129-1135. 97.St.Onge, M. P.,
Farnworth, E. R., Jones, P. J. H. 2000. Consumption of fermented and metabolism. Am. J. Clin. Nutr. 71:674-681. 98.Tsai, S. Y., Huang, S. J. and
Mau, .J. L., 2002b. Antioxidant properties of hot-water extracts from Agrocybe cylindracea. Food Chemistry 98:670-677. 99.Tran, H. T. M.,
Cheirsilp, B., Hodgson, Brian and Umakul, K. 2010. Potential use of Bacillus subtilis in a co-culture with Clostridium butylicum for acetone

— butanol- ethanol production from cassava starch. Biochemical Engineering Journal 48:260— 267. 100.Ukiya, M., Akihisa, T., Hirano, M.,
Oshikubo, M., Nobukuni, Y., Tai, T., Kondo, S. and Nishno, H. 2002. Inhibition of tumor-promoting effect by poricoic acids G and H and and
other lanostane-type triterpenes and cytotoxic acitivity of poricoic acids A and G from Poria cocos.J.Net. Prod65:462-465. 101.Vercruysse, L.,
Gelman, D., Van de Velde, S., Raes, E., H, B., Vermeirssen, V., Van ,C. J and Smagghe, G. 2005. Inhibitor Captopril Reduces Ecdysteroids and
Oviposition in Moths. Ann NY Acid sci, 1040:498-500. 102.Xi, M., Hai, C., Tang, H., Chen, M., Fang, K. and Liang, X. Antioxidant and
antiglycation properties of total Saponins extracted from traditional chinese medicine used to treat Diabetes Mellitus. Phytotherapy research
.22:228-237. 103.Yang, F. C., Ke, Y. F. and Kuo, S. S. 2000. Effect of fatty acids on the mycelia growth and polysaccharide formation by
Ganoderma lucidum in shake flask culture .Enzyme and microbioal technology. 27: 295-3011. 104.Yasukawa, k., Kaminaga, T., Kitanaka, S., Tai,
T., Nunoura, Y., Natori, S. and Takido, M. 1998. 3- -p-Hyftocynrnzoyld -ehydrotumulosic acid from Poria cocos, and its anti-inflammatory
effect. Phytochemistry. 48:1357-1360. 105.Yang, J. H., Lin, H. C. and Mau, J. L. 2002. Antioxidant properties of several commercial mushroom.
Food Chemistry. 77(2):229-235. 106.Yang, F. C. and Liau, C.B. 1998a. Effetc of cultivating conditions on the mycelia growth of Ganoderma
lucidum in submerged flask cultures. Bioprocess Engineering. 19:233-236. 107.Yun J. W., Hwang H. J., Kim S. W., Hwang H. J. and Choi J. W.
2003. Production and characterization of exo-polysaccharides from submerged culture of Phellinus linteus KCTC 6190. Enzyme Micro. Tech.
33:309-319. 108.Yun J. W., Lee B. C., Bae J. T., Pyo H. B, Choe T. B., Kim S. W. andHwang J. H. 2004. Submerged culture conditions for the
productionof mycelial biomass and exopolysaccharides by the edible Basidiomycete Grifola frondosa. Enzyme Micro. Tech. 35:369-376.
109.Zhong, J. J., Fang, Q. H. and Tang, Y. J .2002. Enhanced production of valuable bioactive metabolites in submerged cultures of medicinal
mushroom Ganoderma lucidum by manipulation of oxygen supply. J. Plant Biotechnol. 4:109?115.



