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摘要 9 

利用包埋技術將酵素及活性化合物固定在褐藻酸鈣微珠中，並使用擠壓法來產生10 

外部凝膠(external gelation，EG)或內部凝膠(internal gelation， IG)。 IG 微珠尺寸11 

(4.17~4.42mm)均大於 EG微珠(3.46~4.03mm)。而微珠的大小主要取決於凝膠的類型，12 

其次為鈣濃度。較高的鈣濃度使得微珠的硬度增加和直徑減少。活性化合物和聚合物13 

之間的相互作用可藉由掃描式電子顯微鏡（Scanning Electron Microscopy，SEM）、熱14 

分析(Thermo Gravimetric Assays，TGA和 Differential Scanning Calorimetry，DSC)和傅15 

立葉轉換紅外線光譜法(Fourier Transform Infrared Spectrometry，FTIR)進行測試。結果16 

顯示褐藻酸鈉鈣基質和幾丁聚醣外層在 1560 cm
-1觀察到這兩者之間的相互作用。含有17 

天然萃取物膠囊之 DSC溫度 132˚C以及 FTIR光譜 1540 和 1570 cm
-1之間所觀察到的18 

肩峰，表示聚合物和多酚之間的相互作用。利用褐藻酸鈉固定酵素方法可增加麥芽糖19 

酶的熱穩定性，當游離麥芽糖酶在 55 ˚C，90 分鐘後完全失去活性。然而，固定麥芽20 

糖酶在相同條件下，即使經過 180 分鐘仍保有其活性。另外，所有膠囊之玻璃轉化溫21 

度(glass transition temperature，Tg)皆高於室溫，這表示有較佳的產品儲存穩定性。22 

使用幾丁聚醣所包覆之膠囊可保護多酚物質，減少在胃液中被破壞，使他們有較高的23 

量在模擬腸液中可釋放，這是因為有這兩種保護：幾丁聚醣屏障和瑪黛茶萃取物-幾丁24 

聚醣之間強力相互作用。綜合以上結論，我們可使用內凝膠方式製備微珠，作為機能25 

性食品時可增加產品穩定性及延長保存期限，於商業酵素應用上則可增加回收率。另26 

外，在塗覆一層幾丁聚醣的膠囊其多酚物質在腸液中釋放的量較高，可做為具有特定27 

目的輸送系統。 28 



參考文獻 1 

Anbinder Pablo S., Deladino Lorena, Navarro Alba S., Amalvy Javier I., Martino 2 

Miriam N.. (2011). Yerba Mate Extract Encapsulation with Alginate and Chitosan 3 

Systems: Interactions between Active Compound Encapsulation Polymers. Journal of 4 

Encapsulation and Adsorption Sciences, 1, 80-87. 5 

Arshady, R. (1993). Microcapsules for food. Journal of Microencapsulation, 10, 413-435. 6 
Bautista F.M., Bravo M.C., Campelo J.M., Garcia A., Luna D., Marinas J.M., A., Romero J. 7 

(1998). Covalent immobilization of porcine pancreatic lipase on amorphous AlPO4 and 8 
other inorganic supports. Journal of Chemical Technology and Biotechnology. 9 
72, 3, 249–254. 10 

Chan, E. S., Wong, S. L., Lee, P. P., Lee, J. S., Ti, T. B., Zhang, Z., Poncelet, D., Ravindra, P., 11 
Phan, S. H., & Yim, Z. H. (2011). Effects of starch filler on the physical properties of 12 
lyophilized calcium–alginate beads and the viability of encapsulated cells. Carbohydrate 13 
Polymers, 83, 225-232. 14 

Chan, L. W., Lee, H. Y., & Heng, P. W. (2006). Mechanisms of external and internal gelation 15 
and their impact on the functions of alginate as a coat and delivery system. Carbohydrate 16 
Polymers, 63, 176-187. 17 

Córdoba, A. L., Deladino, L., & Martino, M. (2013). Effect of starch filler on 18 
calcium-alginate hydrogels loaded with yerba mate antioxidants. Carbohydrate 19 
Polymers, 95, 315-323. 20 

Dey G., Singh B., Banerjee R. (2003). Immobilization of α-amylase produced by Bacillus 21 
circulans GRS 313. Brazilian Archives of Biology and Technology, 46, 167-176. 22 

Draget, K. I., Skjåk-Bræ k, G., & Smidsrød, O. (1997). Alginate based new 23 
materials. International Journal of Biological Macromolecules, 21, 47-55. 24 

Funami, T., Fang, Y., Noda, S., Ishihara, S., Nakauma, M., Draget, K. I., Nishinari, K., & 25 
Phillips, G. O. (2009). Rheological properties of sodium alginate in an aqueous system 26 
during gelation in relation to supermolecular structures and Ca

2+
 binding. Food 27 

Hydrocolloids, 23, 1746-1755. 28 
Hambleton, A., Debeaufort, F., Bonnotte, A., & Voilley, A. (2009). Influence of alginate 29 

emulsion-based films structure on its barrier properties and on the protection of 30 
microencapsulated aroma compound. Food Hydrocolloids, 23, 2116-2124. 31 

Jadhav S.B., Singhal R.S. (2014). Pullulan-complexed -amylase and glucosidase in alginate 32 
beads: Enhanced entrapment and stability. Carbohydr.Polym,105, 49–56. 33 

Klibanov A.M. (1983). Stabilization of Enzymes against Thermal Inactivation. Advances in 34 

Applied Microbiology , 29, 1–28. 35 

Kosaraju, S. L., D'ath, L., & Lawrence, A. (2006). Preparation and characterisation of 36 
chitosan microspheres for antioxidant delivery. Carbohydrate Polymers, 64, 163-167. 37 

Liu, X., Qian, L., Shu, T., & Tong, Z. (2003). Rheology characterization of sol–gel transition 38 
in aqueous alginate solutions induced by calcium cations through in situ 39 
release. Polymer, 4, 407-412. 40 

Lupo, B., Maestro, A., Gutiérrez, J. M., & González, C. (2015). Characterization of 41 
alginate beads with encapsulated cocoa extract to prepare functional food: Comparison 42 
of two gelation mechanisms. Food Hydrocolloids, 49, 25-34. 43 

Miura, K., Kimura, N., Suzuki, H., Miyashita, Y., & Nishio, Y. (1999). Thermal and 44 
viscoelastic properties of alginate/poly (vinyl alcohol) blends cross-linked with calcium 45 
tetraborate. Carbohydrate Polymers, 39, 139-144. 46 

Naidu, B. V. K., Sairam, M., Raju, K. V., & Aminabhavi, T. M. (2005). Thermal, viscoelastic, 47 
solution and membrane properties of sodium alginate/hydroxyethylcellulose 48 

http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-4660(199807)72:3%3C%3E1.0.CO;2-2/issuetoc
http://www.sciencedirect.com/science/article/pii/S0144861710005874
http://www.sciencedirect.com/science/article/pii/S0144861710005874
http://www.sciencedirect.com/science/article/pii/S0144861710005874
http://www.sciencedirect.com/science/article/pii/S0268005X09000484
http://www.sciencedirect.com/science/bookseries/00652164
http://www.sciencedirect.com/science/bookseries/00652164


blends. Carbohydrate Polymers, 61, 52-60. 1 
Nawaz, M. A., Rehman, H. U., Bibi, Z., Aman, A., & Qader, S. A. U. (2015). Continuous 2 

degradation of maltose by enzyme entrapment technology using calcium alginate beads 3 
as a matrix. Biochemistry and Biophysics Reports, 4, 250-256. 4 

Pablo S, A., Lorena, D., Alba S, N., Javier I, A., & Miriam N, M. (2011). Yerba mate extract 5 
encapsulation with alginate and chitosan systems: interactions between active compound 6 
encapsulation polymers. Journal of Encapsulation and Adsorption Sciences, 1, 80-87. 7 

Patel, A. R., & Velikov, K. P. (2011). Colloidal delivery systems in foods: A general 8 
comparison with oral drug delivery. LWT-Food Science and Technology, 44, 1958-1964. 9 

Poncelet, D. (2001). Production of alginate beads by emulsification/internal gelation. Annals 10 
of the New York Academy of Sciences, 944, 74-82. 11 

Rehman, H. U., Aman, A., Silipo, A., Qader, S. A. U., Molinaro, A., & Ansari, A. (2013). 12 
Degradation of complex carbohydrate: immobilization of pectinase from Bacillus 13 
licheniformis KIBGE-IB21 using calcium alginate as a support. Food Chemistry, 139, 14 
1081-1086. 15 

Riaz A., Qader S.A.U., Anwar A., Iqbal S. (2009). Immobilization of a thermostable 16 
A-amylase on calcium alginate beads from Bacillus subtilis KIBGE-HAR. Australian 17 
Journal of Basic and Applied Sciences, 3, 2883-2887. 18 

Ribeiro, A. J., Silva, C., Ferreira, D., & Veiga, F. (2005). Chitosan-reinforced alginate 19 
microspheres obtained through the emulsification/internal gelation technique. European 20 
Journal of Pharmaceutical Sciences, 25, 31-40. 21 

Sarmento, B., Ferreira, D., Veiga, F., & Ribeiro, A. (2006). Characterization of insulin-loaded 22 
alginate nanoparticles produced by ionotropic pre-gelation through DSC and FTIR 23 
studies. Carbohydrate Polymers, 66, 1-7. 24 

Shahidi, F., & Han, X. Q. (1993). Encapsulation of food ingredients. Critical Reviews in 25 
Food Science and Nutrition, 33, 501-547. 26 

de Vos, P., Faas, M. M., Spasojevic, M., & Sikkema, J. (2010). Encapsulation for preservation 27 
of functionality and targeted delivery of bioactive food components. International Dairy 28 
Journal, 20, 292-302. 29 

Yahsi A., Sahin F., Demirel G., Tumturk H. (2005). Binary immobilization of tyrosinase by 30 

using alginate gel beads and poly (acrylamide-co-acrylic acid) hydrogels.International 31 

journal of biological macromolecules. 36, 253-258. 32 

Zhang, L., & Kosaraju, S. L. (2007). Biopolymeric delivery system for controlled release of 33 
polyphenolic antioxidants. European Polymer Journal, 43, 2956-2966. 34 

Zhao, Y., Carvajal, M. T., Won, Y. Y., & Harris, M. T. (2007). Preparation of calcium alginate 35 

microgel beads in an electrodispersion reactor using an internal source of calcium 36 

carbonate nanoparticles. Langmuir, 23, 12489-12496. 37 

 38 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=t6NcuaYAAAAJ&citation_for_view=t6NcuaYAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=t6NcuaYAAAAJ&citation_for_view=t6NcuaYAAAAJ:5nxA0vEk-isC

