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摘 要

雲芝(Trametes versicolor) LH1屬於腐生菌之一，可以分泌木質素分解酵素和纖維分解酵素，又稱為白腐真菌，也為十分珍

貴的藥用真菌，除了能產生多元化的生物活性成分，也能產生多種具潛力的酵素，如木聚醣?(Xylanase)、漆?(Laccase)、錳

過氧化?(manganese peroxidase)等酵素。木寡醣(xylo-oligsaccharide)含2-7種分子的木糖，被廣泛應用在食品上。本實驗以雲

芝Trametes versicolor LH1靜置培養下測試不同接菌量與初始pH值對雲芝利用玉米軸芯生產木寡醣，結果顯示10%接菌量

能得到最佳的生物質量、胞外多醣和木聚醣?產量分別為10.57mg/mL、1.04mg/mL和58.25U/100mL；在不同初始pH

值(pH3-7)，以初始pH5在生物質量、胞外多醣、木聚醣?和木寡醣產量能得到較佳的結果，其分別為13.94mg/mL

、1.46mg/mL、82.81U/100mL和52.97 mg/mL；添加0.3%花生粉氮源在不同初始pH值(pH3-7)，中初始pH5為最佳條件，

其生物質量、胞外多醣、木聚醣?和木寡醣產量分別為19.36mg/mL、1.64mg/mL、104.98U/100mL及109.01mg/mL。在不

同初始pH值生產木寡醣的產量多寡以pH5>pH6>pH7>pH4>pH3；當添加0.3%花生粉萃取液作為氮源時，測量不同初

始pH值對生產木寡醣的產量多寡為pH5>pH6>pH4>pH3>pH7。

關鍵詞 : 玉米軸芯、木聚醣?、木寡醣

目錄

封面內頁 簽名頁 中文摘要 iii 英文摘要 iv 誌謝 v 目錄 vii 圖目錄 x 表目錄 xii 1.前言 1 2.文獻回顧 2 2.1玉米 2 2.2木聚醣之特

性 3 2.3木聚醣水解 4 2.4木聚醣?之特性 6 2.5木寡醣的特性 11 2.6木糖之特性 12 2.7 雲芝特性 15 2.8雲芝菌的液態培養 15

2.8.1接菌量 16 2.8.2初始pH 17 2.8.3碳源 18 2.8.4氮源 18 2.8.5靜置培養 19 2.9雲芝粗胞外多醣 20 3.材料與方法 22 3.1實驗材

料 22 3.1.1實驗菌種 22 3.1.2菌種凍存與更新 22 3.1.3母株培養 22 3.1.4液態培養 22 3.1.5培養基組成 23 3.2實驗藥品 23 3.3儀

器設備 24 3.4樣品製備與收集 25 3.4.1樣品處理流程圖 25 3.4.2樣品分析流程圖 26 3.5樣品分析方法 27 3.5.1還原醣量分析方

法 27 3.5.2木聚醣?酵素活性分析 27 3.5.3胞外粗多醣分析方法 29 3.5.4木寡醣含量檢測 30 4.結果與討論 31 4.1 玉米軸芯培

養Trametes versicolor LH1形態之差異 31 4.2靜置培養與震盪培養對Trametes versicolor LH1生物質量與胞 34 4.3不同接菌量

對Trametes versicolor LH1生物活性物質的影響 40 4.3.1不同接菌量對生物質量及胞外多醣的影響 40 4.3.2不同接菌量對木聚

醣?活性的影響 41 4.4不同初始pH值對Trametes versicolor LH1生長的影響 48 4.4.1不同初始pH值對Trametes versicolor LH1

生物質量的探討 48 4.4.2不同初始pH值對胞外粗多醣的探討 51 4.4.3不同初始pH值對木聚醣?活性及木寡醣產量的探討 53

4.5不同氮源對Trametes versicolor LH1生長的影響 58 4.6添加花生粉萃取液在不同初始pH值對Trametes versicolor LH1生物

質量及胞外多醣的影響 67 4.7添加花生粉萃取液在不同初始pH值對Trametes versicolor LH1木聚醣?活性及木寡醣產量的影

響 71 5.結論 77 參考文獻 79 圖2.1木聚醣?對木聚醣的作用點 10 圖2.2木二糖和木三糖結構式 14 圖2.3木糖結構式 14 圖4.1

Trametes versicolor LH1於震盪與靜置培養下的生長 情形 32 圖4.2震盪培養對生物質量、Final pH、胞外粗多醣和木聚 糖?

生成之變化 36 圖4.3靜置培養對生物質量、Final pH、胞外粗多醣、木聚 糖?生成之變化 37 圖4.4 10%接菌量對生物質量

、Final pH、還原醣量、胞外粗 多醣的影響 43 圖4.5 20%接菌量對生物質量、Final pH、還原醣量、胞外粗 多醣的影響 44 

圖4.6 30%接菌量對生物質量、Final pH、還原醣量、胞外粗 多醣的影響 45 圖4.7 不同接菌量對木聚醣?活性的影響 46 

圖4.8不同初始pH對生物質量的影響 50 圖4.9不同初始pH對胞外粗多醣的影響 52 圖4.10不同初始pH對木聚醣?活性的影響

55 圖4.11不同初始pH對木寡醣產量的影響 56 圖4.12蛋白?對Trametes versicolor LH1的影響 62 圖4.13花生粉對Trametes

versicolor LH1的影響 63 圖4.14比較第2天不同氮源對木聚醣?活性及木寡醣產量 的影響 64 圖4.15不同氮源對木聚醣?及木寡

醣產量的影響 65 圖4.16添加花生粉在不同初始pH對Trametes versicolor LH1 生物質量的影響 69 圖4.17添加花生粉在不同初

始pH對Trametes versicolor LH1 胞外多醣的影響 70 圖4.18添加花生粉在不同初始pH對Trametes versicolor LH1 木聚醣?的影

響 74 圖4.19添加花生粉在不同初始pH對Trametes versicolor LH1 木寡醣產量的影響 75 表2.1玉米各部組成份含量比例 2 

表2.2木聚醣的單糖組成份 5 表3.1 DNS試劑組成 28 表4.1不同真菌在靜置培養下菌絲生長情形 33 表4.2不同培養方式

對Trametes versicolor LH1生成產物的影響 38 表4.3側耳菌GH196培養4~6天菌絲質量和木聚醣?活性分析. 39 表4.4不同接菌

量對生物質量、胞外多醣、木聚醣?酵素活性的 影響 47 表4.5不同初始pH對生物質量、最終 pH、胞外多醣、木聚醣 ?及木

寡醣產量的影響 57 表4.6花生粉營養成分表 61 表4.7不同氮源在第2天及第10天生物質量、最終 pH、胞外 多醣、木聚醣?及

木寡醣產量的影響 66 表4.8添加花生粉萃取液Trametes versicolor LH1不同初始pH 對生物質量、最終 pH、胞外多醣、木聚

醣?及木寡醣產 量的影響 76



參考文獻

1.于清偉、王明才、薛會麗、孔怡、許慶國。2009。雲芝菌絲體液體培養條件的研究。山東農業科學。11:80-82。 2.王文岭、黃雪松

。2006。DNS法測定木糖含量時最佳測定波長的選擇。食品科學分析檢驗。27(4):196-198。 3.王淑芳。2006。液體淺層靜置培養食用菌

菌種技術。湖北農業科學。45(2):203-204。 4.王培銘。2008，綜論功能性寡醣。食品工業。40(6):1-3。 5.尤蓉、余斌、李正。2001。食品

發酵工業。27(12):20-21。 6.石波、李里特。2001。玉米芯?法制取低聚木醣的研究。中國農業大學學報。6(2):92~95。 7.任海霞、宮志遠

、曲玲、李瑾、任鵬飛。2009。白靈菇液體培養工藝的初步研究。中國農學通報。25(4):183-186。 8.朱會霞、孫金旭。2008。靈芝真菌

搖瓶發酵條件優化研究。中國釀造。198:30-32。 9.朱孝霖、李環、韋萍。2008。耐熱木聚醣?水解法製備木寡醣的研究。39-42。 10.行

政院環境保護署。2010。99年度資源回收再利用年報。台北市。 11.李如光。1991。吉林省真菌志。東北師範大學出版社。193-194。

12.李彩霞。2002。木聚醣??活測定方法的探討。西北輕工業學院學報。6(20):95-96。 13.李秀婷。2008。微生物木聚醣?及在食品工業中

的應用。農業機械學報。39(2):175-179。 14.李秀婷、佘元莉、孫貰、呂躍鋼、馬家津、宋煥祿。2009。鏈霉菌F0107液體發酵產木聚醣?

條件的優化。農業機械學報。40(7):153-157。 15.李巍巍、劉曉蘭、時晰、關玲。2009。雞腿菇產溶栓?液體發酵條件優化。工業微生物

。39(2):49-54。 16.苑永弘。1999。大蒜中之含硫胺基在肉類香味研發上之應用研究。大葉大學食品工程研究所論文。彰化。 17.林芳儀

。2009。中草藥萃取液對雲芝胞外多醣?產量、化學特性及免疫活性之影響。大葉大學博士論文。彰化。 18.林永浩。2005。食藥用菇類

液態發酵培養菌絲體形態之探討。食品工業發展研究所。35-50。 19.周柏甫。2001。探討菌體形態對於裂摺菌多醣體生產之影響。國立

中央大學碩士論文。中壢。 20.周選圍。2000。雲芝細胞核研究。食用菌學報。7(2):55-57。 21.邱繼正。2004。影響納豆激?生產之液態

發酵及熱穩定性之條件探討。南台科技大學生物科技系碩士論文。台南。 22.胡沂淮、邵蔚藍。2002。木聚醣?。生命的化學。1000-133

。 23.胡琦桂。1994。真菌球狀菌絲體生長之探討。食品工業。26(9):37-45。 24.胡梅。2008。長根菇靜置培養液體菌種培養基的優化。

安徽農業科學。36(5):1926-1928。 25.高躍、袁萍、茅仁剛、陳浙江、田翠。2008。雲芝菌絲體原生質體製備與再生條件的研究。食用菌

學報。15(1)。 26.高遠。2009。樺褐孔菌腦類化合物的分析及深層液態發酵條件的優化。江南大學碩士論文。大陸江南。 27.徐槐。1995

。功能性生物製品。(1):11。 28.徐錦堂。1996。中國藥用真菌學。北京醫科大學、中國協和醫科大學聯合出版社。475-495。 29.張紅蓮

、姚斌、範雲六。2002。木聚醣?的分子生物學及其應用。生物技術通報。第3期。23-30。 30.馬慶一、劉鑫、陳春濤、周麗梅、王洪剛

。2006。?法從玉米芯中獲取木寡醣可行性的研究。食品科技。279-283。 31.陳瑞娟。1993。新型低聚糖的介紹。食品與發酵工業

。19(2):82-90。 32.陳婷玟。2001。以筊白筍殼半纖維素為碳源生產Trichoderma longibrachiatum 185聚木糖?及其在低聚木糖製備上之應

用。碩士論文。國立中興大學。台中市。 33.陳鳳蓮、方桂珍、許世玉。2007。木聚糖?合成菌株的篩選及其產?條件的研究。四川食品

與發酵。43(138):24-27。 34.陳南吟。2008。浸液培養條件對黃金銀耳菌(Tremella mesenterica)形態、多醣體生成及其生物活性之影響。

大葉大學博士論文。彰化。 35.郝常明、羅禕。2002。木寡醣的研究及其進展。中國食品添加劑。(2)62-65。 36.許正宏、熊筱晶、陶文

沂。2001。低聚木糖的生產及應用研究進展。食品與發酵工業。28(1):56-59。 37.梁志弘。2009。桑黃之液態培養及其生理活性。中興大

學博士論文。台中。 38.陸震鳴。2009。樟芝深層液態發酵及其三?類化合物的研究。江南大學博士論文。大陸。 39.萬書波。2004。花

生營養成分綜合評價與產業化發展戰略研究。花生學報。33(2)。 40.黃家驥、許正宏、陶文沂。2004。以Bacillus pumlis.木聚醣?水解玉米

芯製備木寡醣。30(5):5-9。 41.黃崇凱。2007。探討pH值對Agaricus blazei液態發酵生產一次及二次代謝產物之影響。中央大學碩士論文

。桃園。 42.黃思齊。2011。發酵產程擴大化及不同培養基對雲芝胞外醣?化學特性之影響。大葉大學碩士論文。彰化。 43.曾瑩、鍾曉

凌、夏服寶。2003。木聚醣?活力測定條件研究。生物技術。13(5):21-22。 44.閔江馬、付時雨。2005。側耳菌GH196木質纖維素降解?系

的研究。林產化學與工業。 45.楊士賢。2006。影響雲芝菌絲體與多醣體批次饋料發酵產程式控制?數因數之探討。大葉大學碩士論文。

彰化。 46.雷萍、孫悅迎、張文巂、姚樹萍。2008。樺褐孔菌深層發酵培養條件的優化。西北大學學報(自然科學版)，38(6):967-970。 47.

寧慧青。2006。酚硫酸法測定雲芝多糖的研究。太原師範學院學報。5(1):105-107。 48.鄭建仙、耿立萍。1996。食品與發酵工業

。22(1):49-54。 49.鄭建仙、耿立萍。1997。功能性低聚糖析論。食品與發酵工業。23(1):39-46。 50.鄭建仙。1997。功能性食品甜味劑。

中國輕工業出版社。174-183。北京。 51.Adsul, M.G., Ghule, J.E., Shaikh, H., Singh, R., Bastawde, K.B., Gokhale, D.V. and Varma, A.J.

2005. Enzymatic hydrolysis of delignified bagasse polysaccharides.Carbohydrate Polymers. 62:6-10. 52.Aslim, B., Beyatli, Y. and Yuksekdag, Z. N.

2006. Productions and monomer compositions of exopolysacchsrides by Lactobacillus delbtueckii subsp. bulgaricus and Streptococcus

thermophilus strains isolated from traditional home-made yoghurts and raw milk. International Journal of Food Science & Technology.

41:973-979. 53.Bajpai, Pratima. 1997. Microbial xylanolytic enzyme system: properties and applications. Advances in Applied Microbiology. 43,

141-194. 54.Baldrian, P. and Gabriel, J. 2003. Lignocellulose degradation by Pleurotus ostreatus in the presence of cadmium. FEMS Microbiology

Letters. 220: 235-40. 55.Ball, A.S. and McCarthy, A.J. 1989. Production and properties of xylanases from actinomycetes. Journal of Applied

Bacteriology. 66(5): 439-44. 56.Bastwade, K.B. 1992. Xylan structure microbial xylanases and their mode of action. World Journal of Microbiol

Biotechnol.8: 353-368. 57.Beg, Q.K., Bhushan, B., Kapoor, M. and Hoondal, G.S. 2000. Effect of amino acids on production of xylanase and

pectinase from Streptomyces sp. QG-11-3. World Journal of Microbiology Biotechnology. 16(2): 211-3. 58.Bedford, C., Bedford, M.R. and

Classen, H.L. 1992. Reduction of intestinal viscosity through manipulation of dietary rye and pentosanase concentration is effected through

changes in the carbohydrate composition of the intestinal aqueous phase and results in improved growth rate and food conversion efficiency of

broiler chicks. Journal of Nitrition. 122: 560–569. 59.Biely, Peter. 1985. Microbial xylanolytic systems. Trends in Biotechnology. 3(11): 286-290.

60.Biely, Peter. 1993. Biochemical aspects of the production of microbial hemicellulases, In: Coughlan M.P.; Hazlewood, G.P. (eds.). Hemicellulose

and Hemicellulase. Protland Press, Landon.127-143. 61.Burns, P. J., Yeo, P., Keshavarz, T., Roller, S. and Evans, C. S. 1994. Physiologicalstudies

of exopolysaccharideproduction from the basidiomycete Pleurotus sp. florida. Enzyme Microbial Technology. 16(7): 566-572. 62.Buswell, J.A. and



Chang, S.T. 1994. Biomass and extracellular hydrolytic enzyme production by six mushroom species grown on soybean waste. Biotechnology

Letters. 16 (12): 1317-1322. 63.Cara, C., Ruiz, E., Ballesteros, M., Manzanares, P., Negro, M.J. and Castr, E. 2008. Production of fuelethanol from

steam-explosion pretreated olive tree pruning. Fuel. 87(6): 692–700. 64.Carlos, Roseiro, J., Girio, F. M., Kara, A. and Amaral, Collaco, M. T.

1993. Kinetic and metabolic effects of nitrogen, magnesium and sulphur restriction in Xanthomonas campestris batch cultures. Journal of Applied

Microbiology. 75(4): 381-386. 65.Carlsen, M., Spohr, A.B., Nielsen, J. and Villadsen, J. 1996. Morphology and physiology of an alpha-amylase

producing strain of Aspergillus oryzae during batch cultivations. Biotechnol Bioeng. 49(3): 266-76. 66.Castanares, A., Hay, A.J., Gordon, H.,

McCrae, S.I. and Wood, T. 1995. Journal of Biotechnology. 43: 183. 67.Catley, B. J. 1980. The extracellular polysaccharide, pullulan, produced by

Aureobasidium Pullulans: a relationship between elaboration rate and morphology. Journal of Microbiology. 120(1): 265-268. 68.Chen, H.Z. and

Liu, L.Y. 2007. Unpolluted fractionation of wheat straw by steam explosion and ethanol extraction. Bioresource Technology. 98 (3): 666-676.

69.Christakopoulos, P., Nerinckx, W., Kekos, D., Macris, B. and Claeyssens, M. 1996. Purification and characterization of two low molecular mass

alkaline xylanases from Fusarium oxysporum F2. Journal of Biotechnology. 51: 181-189. 70.Collins, T., Meuwis, M.A., Stals, I., Claeyssens, M.,

Feller, G. and Gerday, C. 2002. A novel family 8 xylanase, functional and physicochemical characterization. Journal of Biological Chemistry.

277(38): 35133-9. 71.Cotta, MA. and Whitehead, TR. 1998. Xylooligosaccharide utilization by the ruminal anaerobic bacterium selenomonas

ruminantium. Current Microbiology. 36(4): 183-189. 72.Coughlan, M.P. and Hazlewood, G.P. 1993. β-1,4-D-xylan-degrading enzyme systems:

biochemistry, molecular biology and application. Biotechnology Applied Biochemical.17: 259-289. 73.Cui, J., Goh, K.K.T., Archer, R. and Singh,

H. 2007. Characterisation and bioactivity of protein-bound polysaccharides from submerged-culture fermentation of Coriolus versicolor Wr-74 and

ATCC-20545 strains. Journal of Industrial Microbiology & Biotechnology. 34(5): 393-402. 74.Cristiano, Ragagnin, de Menezes., I`sis, Serrano,

Silva., E`rika, Cristina, Pavarina., Elisangela, Franciscon, Gu`maro, Dias., F`abio, Gui`maro, Dias., Matthew, James, Grossman. and Lucia, Regina,

Durrant. 2009. Production of xylooligosaccharides from enzymatic hydrolysis of xylan by the white-rot fungi Pleurotus. International

Biodeterioration & Biodegradation. 63(6): 673–678. 75.De, Vries, R.P., Kester, H.C., Poulsen, C.H., Benen, J.A. and Visser, J. 2000. Synergy

between enzymes from Aspergillus involved in the degradation of plant cell wall polysaccharides. Carbohydrate Research. 327: 401-410.

76.Dekker, R.F.H. and Richarids, G.N. 1976. Hemecellulases: their occurrence, purification, properties and mode of action. Advances in

Carbohydeate Chemistry Biochemistry. 32: 277-352. 77.Den, Haan, R., Van, Zyl. and W.H. 2003. Enhanced xylan degradation and utilization by

Pichia stipitis overproducing fungal xylanolytic enzymes. Enzyme and MicrobialTechnology. 33: 620-628. 78.Dubois, M., Gilles, K.A., Hamilton,

J.K., Rebers, P.A. and Smith, F. 1956. Colorimetric method for determination of sugars and related substances. Analytical Chemistry. 28: 350-356.

79.El-Nasser, N.H.A., Helmy, S.M. and El-Gammal, A.A. 1997. Formation of enzymes by biodegradation of agricultural wastes with white rot

fungi. Polymer Degradation and Stability. 55: 249-255. 80.Fabio, Rogerio, Rosado., Sandro, Germano, Elaine, R., Carbonero, Sandra, Maria,

Gomes, da Costa., Marcello, Iacomini. and Carlos, Kemmelmeier. 2003. Biomass and exopolysaccharide productionin submerged cultures of

Pleurotus ostreatoroseus SING. and Pleurotus ostreatus “florida” (JACK.: FR.) Kummer. Journal of Basic Microbiology. 43(3): 230-237.

81.Fang, Q.H., Tang, Y.J. and Zhong, J.J. 2002. Significance of inoculation density control in production of polysaccharide and ganoderic acid by

submerged culture of Ganoderma lucidum. Process Biochemistry. 37(2): 1375-1379. 82.Foley, K.M. and vander, Hooven. 1981. Properties an

industrial uses of corncob. Cereals, a Renewable Resource: Theory and Practice/Y. Pomeranz, Lars Munck. 523-543. 83.Fratzke, A. R. and Reilly,

P.J. 1977. Uses and metabolic effect of xylito, I. Process Biochemistry. 12: 27-29. 84.Gawande, P.V. and Kamat, M.Y. 1999. Production of

Aspergillus xylanase by lignocellulosic waste fermentation and its application. Journal of Applied Microbiology. 87(4):511-9. 85.Ghosh, M.,

Mukherjee, R. and Nandi, B. 1998. Production of extracellular enzymes by two Pleurotus species using banana pseudostem biomass. Acta

Biotechnologica. 18(3): 243-254. 86.Gilbert, H.J. and Hazlewood, G.P. 1993. Bacterial cellulases and xylanases. Journal of General Microbiology.

139: 187-94. 87.Glazebrook, M.A., Vining, L.C. and White, R.L. 1992. Growth morphology of Streptomyces akiyoshiensis in submerged culture:

influence of pH, inoculum, and nutrients. Canadian journal of microbiology. 38(2): 98-103. 88.Hatakka, A. Lignin-modifying enzymes from

selected white-rot fungi: production and role from in lignin degeadation. 1994. Journal of FEMS Microbiology Reviews. 13(2-3): 125-135.

89.Hawsworth, PMK., Sutton, B.C. and Pegler, D.N. 1996. Dictionary of the Fungi. Fungal Genetics and Biology. 20(173). 90.Hazra, P.P.,

Sengupta, T, Mukhopadhyay, A., Ghosh, A.K., Mukherjee, M. and Sengupta, S. 1997. Regulation of protein secretion by mycelial culture of the

mushroom Termitomyces clypeatus. FEMS Microbiology Letters. 154(2): 239-43. 91.He, L., Bickerstaff, G.F., Paterson, A. and Buswell, J.A. 1994.

Evaluation of catalytic activity and synergism between xylanase isoenzymes in enzymic hydrolysis of two separate xylans in different states of

solubility. Enzyme and Microbial Technology. 16(8): 696-702. 92.Hiscox, J., Baldrian P., Rogers, H.J. and Boddy L. 2010. Changes in oxidative

enzyme activity during interspecific mycelial interactions involving the white-rot fungus Trametes versicolor. Fungal Genetics and Biology. 47(6):

562-571. 93.Hsieh, Chienyan., Tseng, Mei-Hua and Liu, Chia-Jang. 2006. Production of polysaccharides from Ganoderma lucidum (CCRC

36041) under limitations of nutrients. Enzyme and Microbial Technology. 38(1-2): 109–117. 94.Hsu, T.H., Shiao, L.H., Hsieh, C. and Chang, D.

M. 2002. Acomparison of the chemical Composition and bioactive ingredient of the Chinese medicinal mushroom Dong Chong Xia CAO, its

counterfeit and mimic, and fermented mycelium of Cordyceps sinensis. Food Chemistry. 78(4): 463-469. 95.Hwang, Hye-Jin., Sang-Woo, Kima.,

Jang-Won, Choi. and Jong-Won, Yun. 2003. Production and characterization of exopolysaccharides from submerged culture of Phellinus linteus

KCTC 6190. Enzyme and Microbial Technology. 33(2-3): 309-319. 96.J.A, Buswell. and S.T, Chang. Genetics and breeding of edible mushrooms.

1992. Philadelphia: Gordon and Breach. 297-324. 97.Jeffries, T.W. and Sreenath, H.K. 1988. Fermentation of hemicellulosic sugar and sugar

mixtures by Candia Shehate. Biotechnol Bioengineering. 27: 302-307. 98.Jong, Pil, Park., Sang-Woo, Kim., Hye-Jin, Hwang., Youn, Jeung, Cho.



and Jong-Won, Yun. 2002. Stimulatory effect of plant oils and fatty acids the exo-biopolymer production in Cordyceps militaris. Enzyme and

Microbial Technology. 31: 250-255. 99.Jong, S.C. and Donovick, R., 1989. Antitumoral and antiviral substances from fungi. Advances in Applied

Microbiology. 34, 183-262. 100.Jun, Tab, Bae., Jong, Pil, Park., Chi, Hyun, Song., Choon, Bal, Yu., Moon, Ki, Park. and Jong, Won, Yun. 2001.

Effect of Carbon Source on the Mycelial Growth and Exo-Biopolymer Production by Submerged Culture of Paecilomyces japonica. Journal of

Bioscience and Bioengineering. 91(5): 522-524. 101.Kacurakova, M., Belton, P.S., Wilson, R.H., Hirsch, J. and Ebringerova, A. 1998. Hydration

properties of xylan-type structures: an FTIR of xylooligosaccharides. Journal of Science of Food Agriculture. 77(1): 38-44. 102.Kang, X., Wang, Y.,

Harvey, L. M. and McNeil, B. 2000.Effect of air flow rate on scleroglucan synthesis by sclerotium glucanicum in an airlift bioreactor with an

internal loop. Bioprocess and Biosystems Engineering. 23(1): 69-74. 103.Karlsson, E.N., Dahlberg, L., Torto, N., Gorton, L. and Holst, O. 1998.

Enzymatic specificity hydrolysis patten of the catalytic domain of the xylanase Xynl from Rhodothermus marinus. Journal of Biotechnology.

60(1-2): 23-35. 104.Kontula, P., Wright, A. and Mattila-Sandholm, T. 1998. Oat bran β-gluco- and xylooligosaccharides as fermentatuve

substrates for lactic acid bacteria. International Journal of Food Microbiology. 45: 163-169. 105.Kubata, B.K., Takamizawa, K., Kawai, K.,

Suzuki. T. and Horitsu, H. 1995. Xylanase IV, an exoxylanase of Aeromonas caviae ME-1 which produces xylotetraose as the only

low-molecular-weight oligosaccharide from xylan. Applied and Environmental Microbiology. 61(4):1666-1668. 106.Kulkarni, N., Shendye, A. and

Rao, M. 1999. Molecular and biotechnological aspects of xylanases. FEMS Microbiology Reviews. 23:411-456. 107.L, Wenlu. and M, Yanling.

1999.Guirong induction and glucose repression of endo-β-xylanase in the yeast Trichosporon cutaneum SL409. Process Biochemical. 34(1): 67

–72. 108.Lee, K. M., Lee, S. Y. and Lee, H. Y. 1999. Bistage control of pH for improving expolysaccharide production from mycelia of

Ganoderma lucidum in an air-lift fermentor. Journal of Bioscience and Bioengineering. 88(6): 646-650. 109.Lee, B. C., Bae, J. T., Pyo, H. B.,

Choe, T. B., Kim, S. W., Hwang, H. J. and Yun, J. W. 2004. Submerged culture conditions for the production of mycelia biomass and

exopolysaccharides by the edible basidiomycete Grifola frondosa. Enzyme and Microbial Technology. 35(5): 369-376. 110.Li, K., Azadi, P.,

Collins, R., Tolan, J., Kim, J.S. and Eriksson, K.E.L. 2000. Relationships between activites of xylanases ans xylan structures. Eneyme and

Microbial Technology. 27:89-94. 111.Li, Lite., Hongmei, Tian., Yongqiang, Cheng., Zhengqiang, Jiang. and Shaoqing, Yang. 2006. Purification

and characterization of a thermostable cellulose-free xylanase from the newly isolated Paecilomyces themophila. Enzyme and Microbial

Technology. 38:780-787. 112.Liu, Ming-Qi. and Guang-Fu, Liu. 2008. Expression of recombinant Bacillus licheniformis xylanase A in Pichia

pastoris and xyloligosaccharides released from xylans by it. Protein Expression and Purification. 57:101-107. 113.Liu, W., Lu, Y. and Ma, Y. 1999.

Induction and glucose repression of endobeta-xylanase in the yeast Trichosporon cutaneum SL409. Process Biochemical. 34(1): 67–72. 114.Linko,

M. L., Viikari, L. and Suihko, M.L. 1984. Hydrolysis of xylan and fermentation of xylose to ethanol. Biotechnology Advances. 2(2):233-252.

115.Maria, do, Rosario, Freixo., Amin, Karmali., Carlos, Frazao. and Jose, Maria, Arteiro. 2008. Production of laccase and xylanase from Coriolus

versicolor grown on tomato pomace and their chromatographic behaviour on immobilized metal chelates. Process Biochemistry. 43(11):

1265-1274. 116.Mains, E. 1958. North american entomogeneous species of cordyceps. Mycologia. 50: 169-222. 117.Maziero, R. 1996. Producao

de exopolissacarideos por basidiomicetos em cultura submersa: screening, caracterizacao quimica preliminar e estudo de producao utilizando Irpex

lacteus (Fr.:Fr.) Fr. (Ph.D. Thesis). Instituto de Biociencias. University of Sao Paulo. 181. 118.Metz, B. and Kossen, N.W.F. 1997. The growth of

molds in the form of pellets: Literature review. Biotechnology Bioengineering. 19(6): 781-799. 119.Mitsuoka, T. 1982. Recnet trends in research on

intestinal flora. Bifidobacteria Microflora. 1: 3-24. 120.Moure, A., Gullon, P., Dominguez, H. and Parajo, J. C. 2006. Advances in the

manufacture, purification and applications of xylooligosaccharides as food additives and nutraceuticals. Process Biochemical. 41: 1913-1923.

121.Nabarlatz, D., Torras, C., Garcia-Valls, R. and Montane, D. 2006. Purification ooof xylo-oligosaccharides from almond shells by

ultrafiltration. Separation and Purification Technology. 122.Nkatadri, R. and Irvine, R. 1999. Effect of agitation on lignin activity and ligninase

production by Phanerochaete chrysporium. Journal of Applied Environment and Microbiology. 56(9):2684-2691. 123.Nordby, D.E. and Hartzler,

R.G. 2004. Influence of corn on common waterhemp (Amaranthusrudis ) growth and fecundity. Weed Science. 52: 255-259. 124.Palaniswamy, M.,

Paradeep, B.V., Sathya, R. and Angayarkanni, J. 2008. Isolation, identification and screening of potential xylanolytic enzyme from litter degrading

fungi. African Journal of Biotechnology. 7(11):1978-1982. 125.Paraj`o, J.C., Garrote, G., Cruz, J.M. and Dominguez, H. 2004. Production of

xylooligosaccharides by autohydrolysis of lignocellulosic materials. Trends in Food Science and Technology. 15 (3): 115–120. 126.Park, E.Y.,

Koike,Y., Higashiyama, k., Fujikawa, S. and Okabe, M. 1999. Effect of nitrogen source on mycelia morphology and arachidonic acid production in

culture of Mortierella alpine. Journal of Bioscience and Bioengineering. 88:61-67. 127.Preziosi-Belloy, L., Nolleau, V. and Naacarro, J. M. 1997.

Fermentation of hemuicellulosic sugars and mixtures to xylitol by Candida Parapsilosis. Enzyme and Microbial Technology. 21: 124-129.

128.Qinnghe, Cai., Yue, Xiaoyu., Niu, Tiangui., Ji, Cheng. and Ma, Qiugang. 2004. The screening of culture condition and properties of xylanase

by white-rot fungus Pleurotus ostreatus. Process Biochemistry. 39: 1561-1566. 129.Reddy, G.V., Babu, R., Komaraiah, P., Roy, K.R.R.M. and

Kothari, I.L. 2003. Utilization of banana waste for the production of lignolytic and cellulolytic enzymes by solid substrate fermentation using two

Pleurotus species (P. ostreatus and P. sajorcaju). Process Biochemistry. 38: 1457-1462. 130.Roberto, J. C., Peito, M. A., Girio, F. M. and

Amarar-collaco, M.T. 1991. The effect of the oxygen transfer coefficient and substrate concentration on the xylose fermentation by Debaryomyces

hansenii. Archives of Microbiology. 156: 484-490. 131.Rosado, F. R., Kemmelmeier, C. and Costa, S. M. G. 2002. Alternative method of

inoculums and spawn production for the cultivation of eduble Brazilian mushroom Pleurotis ostratoroseus Sing. Journal of Basic Microbiology.

42(1): 37-44. 132.Saraswat, V. and Bisaria, V.S. 1997. Biosynthesis of xylanolytic and xylandebranching enzymes in Melanocarpus albomyces

IIS68. Journal of Fermentation Bioengineering. 83(4):352.357. 133.Sethuraman, A., Akin, D.E. and Eriksson, K.E.L. 1998.



Plant-cell-wall-degrading enzymes produced by the white-rot fungus Ceriporiopsis subvermispora. Biotechnology and Applied Biochemistry. 27:

37-47. 134.Song, C. H., Cho, K. Y. and Nair, N. G. 1987. A synthetic medium for the production of submerged cultures of Lentinus edodes.

Mycologia. 79: 866-876. 135.Souza-Cruz, P.B., Freer, J., Siika-Aho, M. and Ferraz, A. 2004. Extraction and determination of enzymes produced

by Ceriporiopsis subvermispora during biopulping of Pinus taeda wood chips. Enzyme and Microbial Technology. 34: 228–234. 136.Sun, R.C.,

Tomkinson, J. and Liang, S.F. 2000. Comparative study of hemicelluloses from rice straw by alkali and hydrogen peroxide treatments.

Carbohydrate Polymers. Carbohydrate Polymers. 42: 111-122. 137.Tan, S. S., Li, D. Y., Jiang, Z. Q., Zhu, Y. P., Shi, B. and Li, L.T. 2008.

Production of cylobiose from the autohydrolysis explosion liquor of corncob using Thermotoga maritime xylanase B (XynB) immobilized on

nickel-chelated Eupergit C. Bioresource Technology. 99: 200-204. 138.Techapun, C., Poosaran, N., Watanabe, M. and Sasaki, K. 2002,

Optimization of aeration and agitation rates to improve cellulase-free xylanase production by thermotolerant Streptomyces sp. Ab106 and repeated

fed-batch cultivation using agricultural waste. Journal of Bioscience and Engineering. 95(3): 298-301. 139.Teng, Chao., Yan, Qiaojuan., Jiang,

Zhengqiang., Fan, Guangsen. and Shi, Bo. 2010. Production of xylooligosaccharides from the steam explosion liquor of corncobs coupled with

enzymatic hydrolysis using a thermostable xylanase. Bioresource Technology. 101: 7679-7682. 140.Timonthy, L.D. and Bruce, D.S. 2000. Xylito

production from corn fibre hydrolysates by a two stage fermentation process. Process Biochemistry. 35: 765-769. 141.Van, Paridon, P. A., J.C.P.

Boomanm, G.C.M. Selten, C. Geerse, D. Barug, P.H.M. Debot and G. Hemke. 1992. Application of Fungal Endoxylanase in Poultry Diets. In:

Visser, J., G. Beldman, M. A. K. Someren, A.G. J. Voragen, (Eds.), Xylans and xylanases. Elsevier Amsterdam. 371-378. 142.Valaskova, V. and

Baldrian, P. 2006. Estimation of bound and free fractions of lignocellulose-degrading enzymes of wood-rotting fungi Pleurotus ostreatus, Trametes

versicolor and Pictoporus betulinus. Research in Microbiology. 157(2): 119-124. 143.Viet, D.N., Kamio, Y., Abe, N., Kaneko, J. and Lzaki, K.

1991. Purification and properties of β-1,4-xylanase from Aeromnas caviae W-61. Journal of Applied and Environmental Microbiology. 57(2):

445-449. 144.Voragen, A. G. J. 1998. Technological aspects of functional food-related carbohydrates. Trends Food Science Technology. 9:

328-335. 145.Wagschal, K., Heng, C., Lee, C.C., Robertson, G.H., Orts, W.J. and Wong, D.W.S. 2008. Purification and characterization of a

glycoside hydrolase family 43 b-xylosidase from Geobacillus thermoleovorans IT-08. Applied Microbiology Biotechnology.

doi:10.1007/s12010-008-8362-5. 146.Wang, K., Jiang, J.X., Xu, F. and Sun, R.C. 2009. Influence of steaming explosion time on the

physic-chemical properties of cellulose from Lespedeza stalks (Lespedeza crytobotrya). Bioresource Technology. 100(21): 5288–5294. 147.Wang,

Y. and McNeil, B. 1995. Dissolved oxygen and scleroglucan fermentation process. Biotechnology Letters. 17:257-262. 148.Wasser, S. P., Elisashvili,

V. I., and Tan, K. K. 2003. Effects of carbon and nitrogen sources in the medium on Tremella mesenterica Retz. : Fr. (Heterobasidiomycetes)

growth and polysaccharide production. International Journal for Medicineal Mushrooms. 5(1): 49-56. 149.Wenlu, L. and Yanling, M. 1999.

Guirong induction and glucose repression of endo-β-xylanase in the yeast Trichosporon cutaneum SL409. Process Biochem. 34(1): 67-72.

150.Wong, K.K.Y. and Saddler, J.N. 1992. Trichoderma xylanases, their properties and application. Critical Review in Biotechnology. 12:

413-435. 151.Wong, K.K., Tan, L.U. and Saddler, J.N. Multiplicity of β-1, 4-xylanase in microorganism: functions and application. 1988.

Microbiological Review 52(3): 305-317. 152.Wu, C.Y., Liang, Z.C., Lu, C.P. and Wu, S.H. 2008. Effect of Carbon and Nitrogen Sources on the

Production and Carbohrdrate Composition of Exopolysaccharide by Submerged Culture of Pleurotus citrinopileatus. Journal of Food and Drug

Analysis. 16(2): 61-67. 153.Yamagaki, T., Maeda, M., Kanazawa, K., Ishizuka, Y. and Nakanishi, H. 1996. Structures of Caulerpa cell wall

microfibril xylan detection of β-1,3-xylooligosaccharides as revealed by matrix-assisted laser desorption ionization/time of flight/mass

spectrometry. Bioscience, Biotechnology and Biochemistry. 60(8): 1222-1228. 154.Yang, Q.Y. and Jong, S.C. 1989. Medicinal mushroom in

China. Mushroom Science, 12:631-641. 155.Yang, R., Xu, S., Wang, Z. and Yang, W. 2005. Aqueous extraction of corncob xylan and production

of xylooligosaccharides. LWT-Food Science Tenchnology. 38. 677-628. 156.Yang, S.Q., Yan, Q.J., Jiang, Z.Q., Li, L.T., Tian, H.M. and Wang,

Y.Z. 2006. High-level of xylanase production by the thermophilic Paecilomyces thermophila J18 on wheat straw in solid-state fermentation.

Bioresource Technology. 97: 1794-1800. 157.Yasushi, Mitsuishi., Takashi, Yamanobe. and Mitso, Yagisawa. 1988. The modes of action of three

xylanase from Mesophilic Fungus strain Y-94 on xylooligosaccharides. Journal of Agricultural Biological Chemical. 52(4): 921-927.98 158.Yuan,

Q.P., Zhang, H., Qian, Z.M. and Yang, X.J. 2004. Pilot-plant production of xylo-oligosaccharides from corncob by steaming, enzymatic hydrolysis

and nanofiltration. Journal of Chemical Technology Biotechnology. 79: 1073-1079.


