培育澱粉利用性酵母菌開發酒類新產品
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【摘要】
　　原生質融合技術，可因選擇親株的性質，來賦予子代菌種新的特性，達到菌種改良的目的，尚且沒有基因改造生物(genetically modified organisms, GMOs) 之疑慮，因此本研究的目的，乃利用原生質體融合的方法，選擇所需要功能的菌種，進行原生質體融合，培育出所期待功能的菌株，用於酒類釀造，期待能用以改善製程，增進發酵效率、提高酒類品質及風味，以滿足消費者的需求。

第一部分試驗，以實驗室既有澱粉利用性融合株為基礎，針對利用單醣、多醣類進行發酵作用的可行性，菌株用於酒類製造時有關的α-澱粉酶(α-amylase)、葡萄糖澱粉酶(glucoamylase)生產情形及菌株酒精耐性，篩選出符合釀酒條件的菌種。結果以由粟酒裂殖酵母(Schizosaccharomyces pombe) 及紅麴菌(Monascus anka)融合而成的菌株，較符合釀酒需求，其直接利用葡萄糖及澱粉的發酵的發酵效率分別可達91.2%及51.8%；以製作米麴探討融合株，對於釀酒有關酵素的生產，6日後，其α-澱粉酶、葡萄糖澱粉酶活性，分別可達8.91 units/ml及30.10 units/ml，較其親株 (Schizo. pombe) 及其他融合株產生量較多，直接於含酒精的培養基，其酒精耐性在含酒精濃度為7%的培養基中進行發酵，其發酵力仍可達27.6%，不遜於其他融合株；而以白米為原料進行釀酒試驗，分別在添加或不加糖化酵素進行釀酒試驗，其酒精濃度分別可達7.8%及6.03%，亦不遜於其他融合株。

第二部份試驗，以篩選的融合株，其融合條件進行再探討，並將融合株直接用於釀酒試驗。實驗結果顯示，Schizo. pombe 與M. anka在細胞生長初期，對由Trichoderma. viride於木屑與麩皮以1:1比例所組成之培養基培養8日，其所產生的細胞壁分解酵素最敏感，最容易生成原生質體；以高濃度（1×107 cells/ml以上）原生質體，在於30℃下進行融合反應10~20分鐘，以三明治包埋法於厭氣環境下進行融合株之融合，並以澱粉為唯一碳源的再生培養基，進行澱粉利用性融合株的篩選及繼代，培育出澱粉利用性酵母菌。

融合株在細胞形態上較親株小，且成圓球狀；對碳源的利用，較親株更為廣泛，且較適合於有機氮源的環境下生長；在三種碳源培養基其發酵率分別是，葡萄糖，93.68%及94.09%；馬鈴薯澱粉，56.03%及0%；麥芽抽出液，82.64%及74.86%。製作米麴探討與製酒有關係的酵素α-amylase、glucoamylase 及 acid protease生產，融合株產生的酵素活性分別為2.66 units/g、29.7 units/g、682.75 units/g，皆較親株幾無α-澱粉酶、葡萄糖澱粉酶及微量酸性蛋白質分解酵素者為優，用於製酒試驗上可節省50%的葡萄糖澱粉酶使用量。

   第三部份探討將融合株用於機能性酒精性飲料開發的可行性，並與傳統啤酒酵母菌進行比較。由實驗結果發現，融合株在碳源利用的廣泛性及發酵性，及釀酒有關的三種酵素皆優於糖化酵母(Saccharomyces. Diastaticus)；利用融合株，以具抗氧化性的麥汁為原料，在低溫下，進行酒類釀造試驗，發現發酵完成酒液，其總殘糖分含量較以S. diastaticus發酵者低；以DPPH清除效率評估發酵完成的酒液，亦較傳統酵母菌生產的酒液，更具有抗氧化能力，因此以融合株為菌株，應可運用於低熱量保健性酒精性飲料的開發。
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【Abstract】

 The technology of protoplast fusion grants the ability to produce unique progeny yeast strains, based on the features of parent strains, that have improved or new characteristics of their own. Traditional techniques, such as screening, mutation, and hybridization for strain improvement, are not yet regulated under current laws governing genetically modified organisms (GMOs) Therefore, the main objective of the current study is to select parental yeast strains with the desired functions and use the protoplast fusion technique to create new strains that have inherited these functions. It is expected that the current study will produce progeny strains suitable for alcoholic brewery, improve the manufacturing processes, increase the efficiency of fermentation, improve the quality and flavor of alcoholic beverage, and ultimately satisfy the demands of consumers.

The first part of the study dealt with the selection of suitable alcoholic brewery yeast strains from the available starch-utilizing yeast stocked in the laboratory. These strains are selected based on their ability to ferment mono-or polysaccharides, the expressions of enzymes α-amylase and glucoamylase that are crucial in winemaking using cereal grains, and the alcohol tolerance of yeast strains. The process resulted in the selection of a fusion strain created from the somatic hybridization of Schizosaccharomyces pombe and Monascus anka, which was proven to be suitable for brewery processes. Its fermentation rate of glucose and starch can reach 91.2% and 51.8%, respectively, and its production of α-amylase and glucoamylase was 8.91 units/ml and 30.10 units/ml, respectively. The new strain produces a greater amount than the parent stocks and other fusion strains. Its fermentation rate reaches 27.6%, compared with other fusion strains, even when cultured directly under 7% alcohol concentration in the medium. Using polished rice as the material, brewing tests were conducted with or without the addition of glucoamylase. The new strain produced 6.03% and 7.8% alcoholic contents, respectively, which is comparable to other fusion strains.

The second part of the study dealt with the modification of the fusion conditions to screen suitable strains and use them in winemaking. Our results showed that, during the initial log phase of cell growth curve, Schizo. pombe and M. anka. are more sensitive to cell wall lytic enzymes produced from T.viride, and cultured for 8 days in a medium containing 1:1 ratio of saw dust and wheat bran, and was likely to produce protoplast fusions. Briefly, high concentrations (1x107 cells/ml or above) of protoplasts are placed in 30℃and allow 10 to 20 minutes of fusion reactions, then sandwich-embedded in anaerobic environments to proceed with the production of fusion strains. The selection and subculture of starch-utilizing progeny yeast strains are conducted in a regeneration medium with starch as sole carbon source.

Morphologically, the shapes of the fusion strains are ovoid-shaped and smaller than the parent strains. They are more intensively in using carbon sources than the parent strains and are more suitable to grow in environments rich with organic nitrogen. The fermentation efficiency of the three carbon sources are: glucose, 93.68% and 94.09%; potato starch, 56.03% and 0%; malt extract, 82.64% and 74.86%. The expressions of the brewery-related enzymes - α-amylase, glucoamylase and acid protease – in the fusion strains were 2.66 units/g, 29.7 units/g and 682.75 units/g, respectively. The fusion strains performed better when compared with parent strains without the above-mentioned enzymes, and when used in winemaking, it was found to reduce approximately 50% consumption of added glucoamylase than when its parental strain was used.


The final part of the study dealt with the investigation of the feasibility of using fusion strains in development of functional alcoholic beverages, compared with using traditional brewery yeasts. Our results showed that when compared with S. diastaticus, the fusion strain excelled in carbon source versatility, fermentation and production of the three winemaking-related enzymes. Using the fusant and wort which are rich with anti-oxidant property as ingredients, it was found that when conducting brewing tests under low temperature, the residual sugar contents in the mash were lower than those fermented with S. diastaticus. When evaluating the DPPH scavenging activity of the mash, it was found that the mash fermented with the fusant was better at anti-oxidation than those fermented with the traditional yeast- S. diastaticus. Thus the fusant can be used as a new strain for development of low-carbohydrate, functional alcoholic beverages is feasible.
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