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ȃľåϣĐ̦ë8gŐю ?ΑʒȃǖRű̖̏ű˕1ó˧ĳʑ(type 2 

diabetes mellitus, T2DM)ʘФЋü�3^юʕĴƀŨ͝˙ʐʑ(cardiovascular 

disease, CVD)ʘФЋü�w^�ƴß?ΑʒȃÀ@ťʁȰóŹ͏Ƅю|%
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Abstract 

����In recent years, due to better life quality, people tend to live a sedentary lifestyle 

and have high-sugar or high-fat diet, which lead to increasing population with 

metabolic disorder, including hyperglycemia, hyperlipidemia, and hypertension. 

According to the top ten causes of death in 2016 reporter by Taiwan food and drug 

administration, metabolic syndrome (MetS) related disease have accounted for 31.2% 

of death, more than the 27.7% caused by cancer, indicating MetS has been a threaten 

for people’s health. Indeed, MetS has been shown to increase 5-fold risk for diabetes 

and 2-fold risk for cardiovascular disease. To decrease MetS, diet control is of 

importance, and starchy foods with more SDS is a good choice to lower the postprandial 

glucose. SDS exhibits lower GI than RDS and can release glucose slowly, thus it can 

decrease hyperglycemia and hyperinsulinermia after meal to improve metabolic 

syndrome. In this study, we aimed to test the influence of different processing 

conditions on starch digestibility and the content of SDS and RDS using Taiwan 

dehulled adlay, expecting to find out a condition that can retain more SDS and then 

adopt this condition to develop products that are suitable for metabolic syndrome 

patients. As the results showed, the amount of water added for steaming didn’t affect 
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starch digestibility of adlay significantly, while SDS content decreased as the steaming 

time prolonged. In addition to that, refrigeration can reduce starch digestibility and 

increase SDS content. Using the content of SDS, RDS and the result of sensory 

evaluation as screening parameters, we selected an optimized process condition to 

obtain the final adlay product, which acquired significantly lower RDS content and 

higher SDS content than cooked rice, indicating the potential to control blood sugar 

after meal.  

 
�

Key words: adlay, slowly digestible starch (SDS), rapidly digestible starch (RDS), 

metabolic syndrome 
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�?ΑʒȃĜ̒ʘëЉ˷̈¤Ɣя"ʇ͠ʁ˷̈�World 

Health Organization, WHO� � ȁọ̇ķ˲ϾƎʭˎ¬ǖ

�European Group for the study of Insulin Resistance, EGIR��̐ë

̳êϟƺ̟͹ʋƀ8Ȥʓ˕�ɫ�National Cholesterol Education 
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Programme Adult Treatment Panel III, NCEP ATP III��̐ë̵ŉu�

Ȧėğ¬ǖ �American Association of Clinical Endocrinologists, 

AACE��ëЉ˧ĳʑ̛Æǖ�International Diabetes Federation, 

IDF)ю|�ĜǸɃčϿî 1ƃʺ� 

    Áɗ͠ʁʽ�ϓëȖgŐ̎ľǃ 2004 Ň˻ώЍĩğ¸ĩ

ǳïдю¶ϗƁëëųю͸ĜƁë(?Αʒȃ̵ŉ΀ǁɃ�ю

ǃ 2007 Ň 1 Ǘ 18 ǅyÑĤǄ�  °@� 5 К¯Ћéē%ю̓

¤Î 3 КƂ@�̖À�Ĝɚ?Αʒȃ : 

ь1э̮ϓ̡̝я (̬ì :ʆů	
 90cm�ċů	
 80cm)�   

ь 2 э е ͝ þ я Ƴ ̆ ͝ þ (SBP)	
 130mmHg/ ̽ Ś ͝ þ

(DBP)	
 85mmHg�   

ь3эе͝˧яˏ̮͝˧c (FG)	
 100mg/dl�   

ь 4эеġō̥͜ʖ̳êϟ (HDL-C)яʆů <40mg/dl�ċů

<50mg/dl�  

ь5эе�Ϟɿȣϛ (TG)	
 150mg/dl�  

1.3! —͞ɱ 

     Ͽî2ɚǪƮ�2005-2008ëȖɥЫgŐɯȥΕϊΌǧьNutrition 

and Health Survey in Taiwanэ�Ť�(ƽƮîю19ȇ@�ʆů—͞ɱ

ɚ 25.7ыюċůɚ 20.4ы�65ȇ@�ʆůɚ 44.5%�ċůǘ 57.3%̏

ű?Αʒȃ� Ύů�юǃ 45-65ȇŇцĵю?Αʒȃ(—͞ɱ

ò˭ 3ƀĻÂюÀʪ?Αʒȃ—͞ɱЊŇцü�̗�ª� 
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1.4    Ȥʓ 

     ?ΑʒȃǖRű̖̏ű˕1ó˧ĳʑ (type 2 diabetes 

mellitus, T2DM)ʘФЋü�3 ю̂ʕĴƀŨ͝˙ʐʑ(cardiovascular 

disease, CVD)ʘФЋü�w^(Alberti et al.,2009)�éȅ͎Ĥ˙ɺ¸

ȤʓSЀLŢ̊ʐʑʘФЋīǃ?Αʒȃű̖Ǌ�КϣͭʘΔР�

ǘƸʘМϽǂȧ¤ƔʁȰǂŗʘƴΕю&ͭǊȾίдϣ�ȫŶЧХ�

ς�@¸χʍRʃ͙�SЀLɮĜФЋé˲� 

     ЧХǂИюLGIХɭͥΒĤÀ@ƴß?Αʒȃű̖ʘе̥͝

¸е͝˧(Jenkins et al., 2002)ю̗еGIХɭ�Ọ̃ķ˲ϾƎ¸?Αʒ

ȃ—͞ɱȄ“ϼ(McKeown et al., 2004)��

˕1˛   ͕: 

       2.1    õǝ;˵ 

�����͕:ɚ͕͂ˇĤ̨ȎŢ(ʂɭю·ÈĹˊ�им�èèS�͊

Ƣē˖юėÈɚCoix lachryma-jobi L.юͅƾÈɚadlayƂǊJob’s tearsю

Ķǃʿǝˀ͕͂Ķ͇ǝǰɭ�āóÐϹǼíɯюϹ˭�Ȕˡюʡ�ë

uǫˇ×ˇǘÁ%1�2�3͛¸Á%ϋ̟4͛ю|%Á%ϋ̟4͛ 

(Taichung selective No.4, TCS4) ͕͂ˢĤťā�uȐ]ϓKʘϣϤ

ʗ�Ȓɚ͕͂Ȏ(35.8%)�͕͂ˇʚ(6.8%)�͕:нʚ(4.3%)¸˥ʖ͕

:�53.1%�ьпÕȜю1999эѐ�̾ŀÚʘˮ͕:°ɚÎ͕:нʚʘ

˨͕:� 
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�������2.2    õǝƀ�¸�Ƹ 

�����͕:̶½@SıńͥʃO%͙ǟƂǊХʓǟƿю|õǝƀ�&ͭ

ɚɐˣ(59.5%)�͜ ʖΡ(14.2%)�̥ ̞(11.0%)�Ț�(12.8%)�̋ ˽(1.2%)�

ə�(1.3%)ю|%͜ʖΡ¸̥̞ÎϤέ|>ˊСеюčϿî 3ƃʺ� 

�����p�ʭˎƖ�ю͕:}ǘЀ̥͝�Yu et al., 2005��Ѐ͝˧�Yeh et 

al., 2006; Yokoi et al., 2009��Ѐ̳êϟ�Wang et al., 2012�˖ȰůюǊ�

}ǘɍ�ʘХʓǟƿ�VƮп(2002)ʭˎƖ�юð“Ç�Ϥ(40%º?Ш

ƿ)�юTCS4ЀL͝%�Ϟɿȣϛ¸̳͝êϟʘ�ƸУ͏lǃȬëʘ×

ю̌Уʺ Çʂñ¸×˫ʘ͕:|�ƸȰů8ǘƃļʌ�ȅāюɳ(2002)

ʘʭˎǘ@�ʕɸ���

�.TCS4͕:̺π¼͕:Ȓέ΢SǘέĂΗêϟß-sitosterolʘÎϤ;  

2.͕͂˲(coixol)ð͕͂ˢĤÅ] ÇϓKʍ%юòǊ@͕͂ȎÎϤǕ

Ăю|ǿVŊǊнʚ�˨͕:Õ˥ʖ͕:�  

3.TCS4͕:Ȏ¸ˇʚʘ ferulic acidÎϤòĂǃ|>ϓKǟƿ,}ǘƎȗ

¥(ʁɺǻ̤ů� 

ʄ@�˸ǣʕɸ:TCS4 ͕:̺π¼͕:Ȓέ΢S}ǘέĂ(ʁɺȰů

ɭΡю}ǘϺʕƀƎȗ¥�Ǝϡ¥¸āʃZgʂ×ʘɍ���

2.3����͕:ɐˣ˸Ƕ�

����͕:ɐˣПˤʄƘơŗВēУŦϷͳĢÐɸĂϑŝíɹɯюͣИ

ǘĔȮ�Jю̗ɐˣПˤąĭ&͎ͭðw]˜ìю��ɚ 0.2~3 μm¸

3-30 µmюņòąĭ˭ɚ 12 µmĻÂ�ʄ XRDîΓÀŤʪ͕:ɐˣĶ
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ǃ A óɐˣюɚˊСńͯʘɐˣСó�̗|Ʋ϶ɐˣ϶Ϲ�JąϓC

͎ð DP 13~24(ϻю̺ĭм�ąм¸|> AóɐˣСHю͕:ɐˣņ

ò϶Ϲ˭ɚ DP 21ю�έĭм (DP 23.3)¸ąм (DP 25.7)ʫ

(Chaisiricharoenkul et al., 2011; Liu et al., 2016; Kim et al., 2016; Jane et al., 

1999; Ao and Jane, 2007)� 

       �

˕�˛   źůȴ¥ɐˣ 

       3.1    Ĝ̒ 

�����ɐˣǊƢU8СʁϹ?Α&ͭʘ̤ϤSɂ(��̗Vɐˣͥ�͵

ȴ¥ʘνɱÀ@�ɚ�ąˇяūνȴ¥ɐˣ�RDS��źůȴ¥ɐˣ

�SDS�¸Ǝůɐˣ�resistant starch, RS��Englyst et al., 1992; Englyst and 

Englyst, 2005�юūνȴ¥ɐˣÀ@ð20�ϸuͥȴ¥�͵юźůȴ¥ɐ

ˣ�Ǌð20̷120�ϸ(ϻͥ�͵̖ю120�ϸ(ŢįǛͥ�͵ʘɚƎ

ůɐˣюčϿî4 ƃʺ� 

       3.2    �Ƹ 

     “īS΋юSDSʘ GIcέ RDSSŤLюÀ@ȾĮ͝˧Λ͈(Ells 

et al., 2005; Englyst et al., 2003)ю̗L GIЧХľ̵ͥŉʭˎΒĤīϹǚ

͝˧Ɵ˙ǘχōƴßʘƸǣ(Brand et al., 1991; Wolever et al., 1992)�˕

1ó˧ĳʑű̖ʘ“ϼʭˎУʺюL GIЧХ̤У͏ЀLLġō̥͜ʖ

̳êϟ(LDL cholesterol)�ɀЏ̥̞Ϟ�ή̥͜ʖ B (apolipoprotein B)�

˕�ó̢Ɍ˲³Ȱ¥ƌ�� (plasminogen activator inhibitor 1, PAI-
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1)(Wolever et al., 1992; Rizkalla et al., 2004)�Хt RDSŢǖξƀ̣ķ˲

�Ȧ¸͝˧ūν�ªюĬ̸�˫�ʘgŐÞРюTčя˧ĳʑ¸Ũ͝˙

ʐʑ�̗ SDSͥ�͵ƀ͍͐˧ʘνɱέźюξƀʘЦŢ͝˧¹ž¸̣

ķ˲�ȦέL έƕ'(Ͽî 5)ю ̤ЀL̳êϟ�Ells et al., 2005�юȅ

Сóʘɐˣ̤Ņ�Ɵ�¸МϽ˧ĳʑ¸?Αʒȃ“ϼʐʑ��

����ȅāюХtSDSŢʘ�̷3]ĭǋюдuʘ̭τu�ȦΟɩ͑GLP-

1(glucagon-like peptide-1) ¸ GIP(glucose-dependent insulinotropic 

polypeptide)ǖü�юGLP-1¸GIP��ʄζ̭ʘL˴̢(L-cell)¸©1Ɩ

̭ʘK˴̢(K-cell)ḙ́u͍͐˧ϤʘƢеƅϺĎ�Ȧю#�ɑβ˴̢�

Ạ̇ķ ю˲}ǘΌ˛̣ķ˲ʘ� ю̤|%GLP-1Àƌ�ª˧˲�glucagon�

�Ȧ�ЀL̠ƛˏƸž Àƌ�ХŽюȅɸΙÀ̤ͣʺSDS}ǘΌ˛Ţ

ǚЇȌЬŢ͝˧ņ͢Õ̤ϤmĖʘ̤��Wachters-Hagedoorn et al., 

2006���

�����̇˸S΋юSDS̤ЀLЦŢе͝˧@¸̣ķ˲�ȦϤю̗έLʘ

͝˧¸̣ķ˲̤ƴß?ΑʒȃФЋéēю¤ƔYπ̣ķ˲ƹŸů�β

˴̢�̤�еġō̥͜ʖ̳êϟ˖�Bjorck et al., 2000; Aston, 2006�юπ

̗Ņ�Ɵ˙ƂМϽ?Αʒȃ“ϼʐʑ��

�

�

�

�

�
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� � � � � � � 3.3    ŞЙȴ¥ɮů(éē 

          3.3.1 ɐˣ˸Ƕ��

     SDS̃źϢƵ͍͐˧ʘ³éÀ@ťɐˣʘ˸ǶSͻΎю@ʁɐˣ

̗ͷюŞЙéē¤Ɣɐˣˤuϓʘ˸ǎóŹ�ʢ϶ɐˣ̺Ʋ϶ɐˣʘȒ

T�Ʋ϶ɐˣʘ˸Ƕ¸ɐˣˤͣИɮů�Oates, 1997��ĆɟˊСɐˣǊ

έɺŴʘ SDSSɂюʄǃ|˸ǶʘϼXR|ͥȴ¥�͵ʘνɱ̃źю

ˊСɐˣĶǃ A óɐˣ˸Ƕюɐˣˤʄ˸ǎ¨¸З˸ǎ¨@ÇŨíǂ

ŗĵĵöʎ˷Æ̗ƀю ǘμτοƞɐˣˤ%Ũ̷ͣИĔȮюȴ¥Ϝ˲

ǖťĔȮπtμτюÇǋʄĔȮͣИ¸μτͣИπ͞˸ǎ¨¸З˸ǎ

¨ʘȴ¥Oʃ�Tester et al., 2002�юAóʁɐˣÎǘ˭ 50%ʘ SDSюɟ

̗̓ǊĨĆɟˊɭÕаϪ͖ɐˣðπ͞΅в�p̍tȢȚ 20�ϸю�

Ćɟˊɭɐˣ SDSʘÎϤĨǖť³ǝ˭ 50%ʘÎϤȾĮ̷ 10%ю“¹

ñюRDSÎϤǖť 25%ü�̷ 85%�̗ BóаϪ͖ɐˣ SDSʘÎϤ³

ǝ¿ǘ 15%юÎϤ,ǖȾĮ̷˭ 10%юRDS ÎϤ�ǖť 10%ü�̷

84%�ťλ]˸ǣÀ@ʥ��ɣŢ AóˊɭɐˣÕ BóаϪ͖ɐˣ(

ϻȴ¥ųŝʘļʌǖȴĈю̗“Çʘ΅в˸ǣ,À@ðˡ�ĭмÕɲˡ

ɐˣ%ʕɸ�Hamaker (2006)Ήɚéɚɝɡʘσ˄%ǖĚvƨȏĆɟˊ

ɭɐˣˤʘ«˸ǎ˸Ƕюƃ@ť SDSȴĈÕ RDSü�ʘųŝÀ@ʵΉ

Ćɟˊɭ%Aóʘ˸ǎ˸ǶƅǊĘ_̃źȴ¥ʘϣͭé˲�Zhang et al., 

2006���
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����������3.3.2 ˦¥�ɣ�Ț� 

����ʁɐˣʘȴ¥νɱέ˦¥ɐˣ̃ź�ɐˣПˤð˦¥σ˄%ǖÏ

Ț̱Ɏю�Ʉō�ª̷˦¥Ʉō@�ǋɐˣˤʘ˸ǎǶξǖκɋͥʮÿю

ɐˣПˤΕжƻюRŤϜ˲ĠǇπtɐˣˤπ͞ȴ¥Oʃю̃źȴ¥ʘ

ɮůıǖЀLƂǊáĈюéȅ˦¥˄ōǖŞЙɐˣȴ¥νɱ��

˦¥˄ō&ͭȟĜǃȚϤ�ɝɡǋϻ¸Ʉōюλň]é˲ǖπ�ȆŞЙ

SDSʘʁƀϤ¸͝˧¹ž�Wolever et al., 1986a, 1986b; Holm et al., 1992; 

Granfeldt et al., 1994; Garsetti et al., 2005�юÀ@͗ʄЀL�ɣɄō�Ⱦ

ĮȚϤ�̆ʫ�ɣǋϻSЀLɐˣʘ˦¥˄ōю͗ȅZʈέĂʘSDS 

(Miao et al., 2015)���

����������3.3.3 è�(retrogradation) 

����ƴΕɐˣ˸ǶʘǂŗǕńͯʘıǊ@LɄƂ�͘Rɐˣʂʁè�

Oʃ�retrogradation�юRɐˣ˸Ƕϣ˷юʢ϶ɐˣƂƲ϶ɐˣϹ϶ϓK

72Oʃŝƀ Ě̐˸ǎюЀLɐˣͥϜ˲Ț͵ȴ¥ʘνɱ��

˕ç˛���Ǝůɐˣ(resistant starch, RS)�

����RSɞȧ̭̠ͥτϜ˲ȴ¥�͵ƀ͍͐˧юͥĜ̒ɚɞȧð 120

�ϸuͥ�͵ʘɐˣюIÀOɚʜʁΡðą̭%ͥŦʁɭʕϜю}ǘ

СH̲Х̋˽ʘ�̤�RSÀͥ�ɚ3]ˇСю��ɚ RS1~RS5ю

RS1éɭɺǶξʘϼXͥ¤ͮðɞȧͥ�͵ʘ˾ɯ˸Ƕ%юRɐˣϜ

˲ɞȧ�͵ RS1;RS2ɚǛ˦¥ʘ BóɐˣюčЯ͔¸ʁаϪ͖;RS3
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ɚ˦¥Ţ˻σè�Oʃ(ɐˣ;RS4ɚ˻σ¥ė[ЪR|}ǘ ͥɐˣ

Ϝ˲�͵(ɮůʘɐˣ;RS5ɚʢ϶ɐˣ̺̥Ρŝƀ(ͪÆɭ�ƾɰƖ

�Ǝůɐˣ}ǘͿĂī8дǘʜʘ�̤ю¤ƔМϽ˧ĳʑ�Ũ͝˙ʐ

ʑ�̡̝˖ю ÀЀL͝˧(Grabitske and Slavin, 2009; Sharma et al., 

2008; Scholz-Ahren et al., 2007; Bronus et al., 2002; Nugent, 2005)� 

˕3˛���ɐˣдāȴ¥ǂȧė�

5.1    8дɐˣȴ¥σ˄�

����ʍÎǘɐˣʘХɭͥХtŢюЮpǖð¼̪%ͥɬх¸̼НÖʱ

#ȻÆюÇǋюÜȷ%ʘɐˣϝ�α-amylase�ǖπ͞�Ȇɐˣ�͵�ƞ�

SХïͥÌtю˻σХτƏυ̠ϓю̠ǖ�Ȧ̠͜ʖϝ¸̠ϞюRɽû

Ϟкc�Ѐ̷˭ 2.6юǊ͜ʖΡ&ͭͥ�͵ʘñǂ�Хï˻σ̠ʘȴ¥

Ţμσ©1Ɩ̭πtĭ̭юʄǃĭ̭Ọ̴̃ǘ˙̀“οюéȅХïǖð

ĭ̭%ƞͶ�̴̣ƃ�Ȧʘɐˣϝ�̥̞ϝ�͜ʖϝ˖ю̗ɐˣǕ&ͭ

ʘ�͵ȴ¥Oʃǖðȅ͚π͞юɐˣϝǖĨɐˣʘϴ˸�ǁϢ�͍͐

˧ю͍͐˧~˻ʄ̭ýÏƳπt͝ȷ%юξƀЬŢ͝˧�ªюȅ�˫�

ʘOʃλıǊ8дȴ¥ɐˣʘą̸σ˄��
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5.2    ɐˣдāȴ¥ǂȧ;˵̺ɊΕ�

����ʄǃ˧ĳʑ¸͝˧“ϼʐʑ—͞ɱŵΦåϣюRŤ8_ΤSΤϣ

ͱ͝˧ʘƟ˙ю,éȅ�У�ХɭξƀЬŢ͝˧¹žʭˎʘϣͭůюͭ

īƃÄʘХɭǘƃʩ͵ƅ̤īʒ�͙юϋƫÆχʘХɭSπ͞͝˧Ɵ

˙юéȅδŇSΤSΤĂʭˎ̸̖�ǃϺʕL GIХ×�GIʘȿϤГͭ

8дХtǺ×ХɭŢǾȿ|wĭǋ(ϻʘ͝˧Ε¥юǊ]ГͭчąΠ

ɂ�́Νʘǋϻ¸ϥϰĂʘǾȿǂȧю# χÆʃðǀʂ×Ϻʕʘσ˄ю

éȅκɋʕĴ�έūνǂWʘдāɐˣȴ¥ĤвǂȧS?ǔ8дĤвю

@�˟â;˵ǂȧʘɊΕ��

����Southgate (1969a; 1969b)Ƣ�/ȿĜХɭ%Àͥȴ¥¸ Àͥȴ¥

ʘʴȚ¥ÆɭȿĜǂȧю͗ʄ�t͍͐˧͆ϝ�amyloglucosidase ¸

pullulanase�S�͵ɐˣюIʄǃ=ǘɐˣɞȧͥĚv�͵̗Řʕ�4

ɨΔ�éȅ Englyst (1982)ðǂȧ�Иe/�4ΌƼю�ʃ α-amylase¸

pullulanaseȚ͵Àͥȴ¥ʘɐˣю~ʃ amyloglucosidase@ǒɑɛʘǂ

ŗȚ͵ Àȴ¥(ɐˣ�̗ť 1990Ň?ϺĎ�ɸðюˀėğ_Ƣ�ʘ

дāɐˣȴ¥ǂȧ͏ϣðǹƯ8дuʘȴ¥ǮAюłṲ̈̌ǒ�ϣɸʦ

Ĥʘȴ¥ɯȥ�Granfeldt and Bjorck (1991)Rʃ/�ǀʘȴ¥ǂȧюĨ

Хɭȴ¥ʘ�]ЇȌ˯tдāȴ¥ǂȧ%ю¤Ɣ¼̪ЇȌ�̠ЇȌ¸ĭ

̭ЇȌюðϒ(ŢІ̊ǘ|>ˀėğƸDλˇĤвǂȧюI(ϻǖǘ4

Ŧʘƴ̿ƂƜʃǮA Çюμńλ4ǂȧǖÇǋ̺дuȴ¥ƽƮπ͞

Ȓέ� 

    ðͬn 1992ŇǋюEnglyst˖8ĨɐˣVɠ|ȴ¥νɱe/ĸǀʘ

Ĝ̒юĨɐˣ��ƀ�ˇŝŗю��Ǌ 20�ϸuÀͥȴ¥ʘūνȴ¥



doi:10.6342/NTU201703097

! 13!

ɐˣ(RDS)�20� 120�ϸϻͥȴ¥ʘźůȴ¥ɐˣ(SDS)@¸ 120�

ϸŢ=ɞȧͥȴ¥ʘƎůɐˣ(RS)юIǊ Englyst˖8ðɐˣȴ¥Ĥв

%jðw]ǋϻтºǺю20 �ϸ¸ 120 �ϸюâ͗ʄλwтȿŤʘ͐

͍˧ɒōµƣ˘ɐˣʗ�Ȓю#ȠǘĨɐˣȚ͵ʘ¹žσ˄˯t̕Ϥ�

ͬn 1997 Ň Goni ˖8ü�ɐˣȴ¥σ˄ʘºǺǋϻтюť 0 �ϸϺ

ĎȐЈ 30�ϸºǺ�ǿʢ� 180�ϸю~Ĩλ4ºǺтʘ͍͐˧ɒō

ƣ˘ɚɐˣȚ͵ɱ#@З̀ůèȈ͹˘�Ǒ̀юÀʥ�Ƽ]ȴ¥σ˄

ʘΕ¥ю̗èȈŤ�ʘyŗ C=C∞(1-e-kt)ÀŤʪȚ͵Ǒ̀ʘņ͢Ț͵ɱ

(C∞)¸¹žνɱńƽ(k)ю¿ͭĊtǥǋϻт°À͹˘�|ɐˣȚ͵ɱ�

ʡ�ǕͥŔȨRʃʘǂȧɚ Englyst˖8�1992�ƃƢ�ʘĤвǂȧ��

5.3    ɐˣдāȴ¥�ЇȌ�

����ɚ/ǹƯ8д%ȴ¥ųŝюĨ¼̪�̠ϓ¸ĭ̭ʘǮA˯tĤв%ю

I ÇˀėğƜʃʘǮAǖǘ4Ϳļʌю,ξƀðǂȧ�ИʘĂǺ¥ю

ƞ�Sıϧī Çȴ¥ЇȌe]ƼɺÕͻΎ��

5.3.1�¼̪�

����¼̪ЇȌǕ&ͭʘ�ʃıǊĨХɭÖʱю̗̓ͭυ�ǕʦĤʘɯ

ȥıǊʢƞ΍Ĥв¶̺̖ĨХɭǺ×ÔæŢÉ�~π͞Ţ̊дāȴ¥

Ĥв�Akerberg et al. 1998; Muir et al. 1995; Woolnough et al. 2010)юIǊ

 Ç]дÔæʘ̓ŻÕǂŗǘƃ ÇюŠĠǇξƀĤвΊļюéȅдā

ȴ¥ĤвĂƜʃä}ĨǺ×͚ɺƀέĭʘʱˤSǹƯÔæŢʘǺēю

έĠǇƟ˙Ǻ×ʘПˤąĭю̗έńͯʘʮʱǂȧǘ�ʱ(chop)��ʱ
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(mince)Õσ˞(sieve)�Woolnough˖8(2008)ϧīλ4ńͯʘʮʱȧπ

͞ʭˎюƝͻ ÇʮʱȧǊÍīɐˣдāȴ¥ʘȚ͵ƽƮǘƃŞЙюÇ

ǋÕÔæ(chew)ʘ˷�π͞Ȓέю˸ǣʕɸīǃ˸ǶέǃжƻʘǺ×

(Tčяʖо¤�йãΘ)S΋юʮʱȧ# ǖŞЙɐˣȚ͵Ǒ̀ю̗ĭ

мÕ̒ą�оīǃʮʱȧέǃƹŸ(Ͽî 6)юÀͯ ÇʮʱǂȧÀ̤é

ɚʂʁʘПˤąĭ Ç̗Ĭ̸ Çʘдāȴ¥˸ǣюéȅюϧī ÇǺ

×ϋƫÆχʘʮʱǂȧRŤȴ¥ĤвƽƮǒΞδдuȴ¥ƽƮǊŠϣ

ͭʘ� 

����Ѓ/Хɭʘʮʱǂȧ(āюð¼̪ЇȌГͻΎʘ¾�]ŞЙé˲

ǊÜȷ%Îǘɐˣϝ�α-amylase�ю̤ă�͵ɐˣюɚ/ǒ�ǹƯʦĤ

ȴ¥ɯȥюǘ4ƾɰǖĨÜȷʘŞЙ˯tĤв%�Brighenti et al., 1995; 

Lebet et al., 1998; Urooj and Puttraj, 1999; Mishra et al., 2008��ɚƝͻÜ

ȷƂ¼̪ЇȌȼ�ʘ α-amylase īǃдāȴ¥ĤвǊÍɚũͭю

Woolnough ˖8�2010�� ĨɐˣХɭ˻σ8дÔæŢЖ̍ Çǋϻ�0

�ϸ�5�ϸ�10�ϸ�15�ϸ�R|̺Üȷ%ʘɐˣϝ¹žю~ƞ̊

дāȴ¥Ĥвю#Ĩ@ä}�ʱ ɞȼ�Üȷ(˷�OɚȒέю˸ǣУ

ʺ˻σãĿÔæσʘ˷�|ͥ�͵�ʘ͍͐˧ǖȒ�ʱʘ˷�ĂюI

Њ͏̺ÜȷƞͶʘǋϻƒϹю�͵�ʘ͍͐˧# ǖǘУ͏Ƣªʘɸ

Ι�Ͽî 7)�Ѓȅ(āюðϺĎπ͞дāȴ¥Ĥв(ŢюBNУ͏ļʌ

òð©�ϸuȴĈю,ıǊ΋ ΎǘɞÜȷʘ�͚ɺюð�tŢ̊ʘɐ

ˣϜ˲π͞Ț͵¹žŢюȚ͵Ǒ̀ǖΦδ“Hюéȅ¼̪ЇȌʘÜȷ#

 ǖŞЙƼдȴ¥ʘνɱÕ˄ō(Ͽî 8)ю̗ðÜȷOʃЇȌƃ�͵�
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ʘ͍͐˧ÀͥȈСɚ”Ǵōūνȴ¥ɐˣ”юʍĭ̭ЇȌϺĎπ͞(Ţю

λ4Ǵōūνȴ¥ɐˣ°Àͥ�С̷ūνȴ¥ɐˣ(RDS)(%��

5.3.2�̠�

����̠ϓǊ͜ʖΡ&ͭͥȚ͵ʘñǂюǪƮ Holm and Bjorck (1988)ʘ

ʭˎюɐˣÕ͜ʖΡ(ϻʘ72OʃǖЁ�ɐˣϝƞͶɐˣюɚ/ʞϤ

ƸD8дuɯȥюϓ�ˀėğǖĨ̠ϓʘϞкcΕ¥¸�Ȧʘ̠͜ʖ

ϝ�pepesin�˖é˲˯tĤвǮA%�Brennan et al., 1996; Goni et al., 

1997; Lebet et al ., 1998; Weurding et al., 2001)ю̗|>ˀėğ�Í

(Brighenti et al., 1998; Urooj and Puttraj, 1999; Araya et al., 2002)�

Woolnough˖8(2008)Ɲͻ/дāȴ¥Ĥв%̠͜ʖϝ(pepsin)ʘŞЙю

ĨĤв�ɚ�]˷�ю��ɚ �̠͜ʖϝ��t̠͜ʖϝOʃ 30�

ϸ@¸�t̠͜ʖϝOʃ 60�ϸ� ю˷Å˷òǘĨϞкcΌƼ̷ 2.5ю

ʕɸīǃąϓ�ХɭS΋ю ćǖŞЙɐˣŢ̊ͥȴ¥Ț͵ʘνɱ¸

˄ōюéȅ̠͜ʖϝʘOʃȆг# Ǌũͭʘ�ɟ̗̓ȿ΅Ǻ×Ǌ͜ʖ

ΡÎϤέĂ ɐˣͥ͜ʖΡ¤ͮʘХɭюkǊǘеġō͜ʖΡ˾ɯ˸

Ƕʘ̒ą�ою�Л̕żȼ�̠͜ʖϝπ͞дāɐˣȴ¥�Ͽî 9��Ѓ

/̠͜ʖϝ(āю¾�КŞЙé˲ɚϞкcю̓ Dartois˖8�2010�Ĩ

дāȴ¥�ɚw]ЇȌπ͞ю˕�ЇȌ�tǹƯ̠ɽûʘȴ¥ȷ�pH 

1.2�ю˕1ЇȌ~�tǹƯĭ̭ɽûʘɐˣϝю˸ǣУʺð˕�ЇȌǋ

#Ƞǘɐˣͥ�͵ƀ͍͐˧ю̗Ǌð˕1ЇȌϺĎ(ŢɐˣȚ͵ɱƅ

Ů��ª�Ͽî 10���
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5.3.3�ĭ̭�

����ĭ̭ЇȌǊƼ]дāȴ¥ĤвǕ&ͭʘȆгюʄǃǘɐˣϝʘ�

tюRŤɐˣȚ͵¹žň(ϔðȅЇȌπ͞�λϓ�ʘŞЙéēέĂю

¤ƔяϋʃʘϜ˲ˇС�Ϟкc�ȴ¥ȷʘɒˆō˖˖юƞ�Sǖ��

ͻΎ��

����Юpюͭπ͞Ț͵¹žǕϣͭʘıǊͭǘϜ˲¶̺¹žю̗p�ƾ

ɰϋʃʘϜ˲&ͭǘwˇю̣ϝ�pancreatin)ƂǊɐˣϝ�α-amylase)ю

ƦϘ͍͐˧͆ϝ(amyloglucosidase)Rʃ�ɐˣϝ�α-amylase)Ķǃu�

ϝюǖЊǻ�ǁɐˣʘ α-1.4ϴ˸ʂʁ͍͐˧ƂǊ1̚дю̗͍͐˧͆

ϝ(amyloglucosidase)�Ķǃā�ϝюǖťɐˣʘЗϐ³˓ϺĎ�ǁ α-

1.4 ϴ˸Õ α-1.6 ϴ˸Ϣ�͍͐˧ю̣ϝ�pancreatin)�Îǘɐˣϝ(α-

amylase)¸̧̥̞(lipase)юЃ/ÀȚ͵ɐˣ(ā,ÀȚ͵̥Ρюp�ʭ

ˎт�̥Ρ¸ɐˣ(ϻʘ72OʃǖЀLɐˣðȴ¥σ˄%ʘȚ͵ɱ

(Guraya et al., 1997; Fardet et al., 1999)юéȅĨ̥Ρȴ¥ʘȆг˯tĤ

в%ǖǊέQʘǂŗюõǃȅ³éюϋƫ̣ϝOɚɐˣдāȴ¥Ĥвʘ

Ϝ˲ǊέɚɺŴʘ� 

    ~SюϞкcǊǖŞЙϜ˲Ȱůʘ�]ϣͭé˲ю̣ϝ¸ɐˣϝʘ

ǕχϞкc˜ì͎ð pH 6~7(ϻю̗͍͐˧͆ϝʘǕχϞкc�͎ð

pH 4~5(ϻюʄǃ̣ϝΩ͍͐˧͆ϝðĤв%ǖÇǋ�tюƃ@ɚ/

RwˇϜ˲òZǘέQʘȰůюŖΔƜʃ pH 5Oɚȴ¥ĤвʘϞкc

ǮA(Muir et al., 1995; Akerberg et al., 1998)�ɚ/ʵZϜ˲ ǖéɚR

ʃϱΊʘϞкc̗ξƀɐˣȚ͵ɱLFюWoolnough˖8(2008)ϧị̄
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ϝ@δŇÅȴ¥ĤвƃƜʃʘϞкc pH 4.0~6.9 π͞ˌĜů΅вюĤ

в�wЇȌ�tǺ×ɐˣюʕɸʍ pH͎ð 5~6.9ǋ˕1ЇȌʂʁʘȚ

͵Ǒ̀Õ˕�ЇȌ“HюIʍ pHɚ 4ǋю˕1ЇȌ�ɞȧʂʁСH˕

�ЇȌ·ǘʘȚ͵Ǒ̀ю΋ǆ/̣ϝð pH 4 ʘɽû%Ȱů ˌĜ(Ͽ

î 11)юéȅϋƫ̣ϝOɚдāȴ¥ĤвʘϜ˲ǋюϞкc͎ð 5~6.9

(ϻòÀ@Oʃ� 

    ƾɰͽήХ˩ʘрōǖŞЙдuɐˣȴ¥ʘνɱ¸ÏƳ(Lifschitz 

et al., 2002; Turnbull et al., 2005)юǖЀL̠ʘƛˏνɱю#ЀLϜ˲ƞ

Ͷ�Х˩ʘǻǖюéȅɠɺS΋ž·ͭǹƯХ˩ðдuʘрōɯȥюȿ

�SʘɐˣȚ͵ɱƅǖέʦĤюɟ̗ɸ:ͿĂдāȴ¥ǂȧ#ȠǘĨ

рō˯tĤв%юÛǘ Englyst ˖8(1999)ðдāȴ¥ǋȼ�/ϼ͋Θ

̰ü�рˆō�Dartois ˖8(2010)ʭˎϼ͋Θ̰ðɐˣдāȴ¥ʘŞ

Йюȼ�ϼ͋Θ̰(ŢɐˣʘȚ͵νɱ¸Ț͵˄ōУ͏�Ѐ(Ͽî 10)ю

̗λ]ɸΙǊéɚϼ͋Θ̰À@У͏ü�рˆōю#ŝƀ̰д˾ɯ˸

ǶюĨɐˣПˤЁ�ð̰д%юπ̗ŞЙϜ˲¸ɐˣʘiφюЀLϜ˲

ʘȚ͵Oʃ�ɚ/ʵΉрˆōü�ǊÛ�RɐˣȚ͵ɱ�Ѐʘ³éю

Dartois Ĩ³ǝʘдāȴ¥ǋϻwĭǋƒϹɚzĭǋюðƒϹʘλȌǚ

ϻu#Ƞǘʕɸǒπ�ȆʘɐˣȚ ю͵΋ǆϼ͋Θ̰ʘȼ� jŕωю

,ЀL/ɐˣȴ¥¹ž� 

5.4    дāȴ¥˫˺ 

�����Ѓ/�εʘ�]ЇȌð ÇĤвǂȧ%ʘ˴˛ Ç(āюɸǘĤ

вǂȧƜʃʘдāȴ¥˫˺,ǘ Ç(͚ю&ͭ�ɚwąСя»Ё˫˺
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�restricted system�¸З»Ё˫˺�non-restricted system��ȅw˫˺&ͭ

ʘļ�ðǃ»Ё˫˺ǊðιǢͤ%π͞Ĥвю̗З»Ё˫˺�Íю»Ё

˫˺RʃιǢͤʘʡʘǊɚ/ǹƯ̭τÏƳ͍͐˧ʘɯȥю#ðêĜ

ǋϻтÏºιǢȷπ͍͐͞˧ɒōȿĜ�З»Ё˫˺�Ǌð΅˙%π

͞ĤвюêĜǋϻтÏºȴ¥ȷ�Ǣ͍͐˧ɒō�З»Ё˫˺έͥŔȨ

Rʃ�Tč Goni et al., 1997; Englyst et al., 1992�ю»Ё˫˺�έĮͥR

ʃ�Tč Grandfeldt et al., 1992��Germaine˖8(2008)@ˊСХ×ɚǟ

ƿīȅw]˫˺π͞ȒέюÇǋĨǺ×ʮʱǂȧ�ÔæƂ�ʱ�¸ʮʱ

ǋǘɞȼ�ɐˣϝ˖é˲�΢�tȒέю˸ǣʕɸ@�ʱ  ȼ�ɐ

ˣϝʘǂŗʮʱǺ×ϘÆЗ»Ё˫˺RʃƃȿŤ(МFª˧ƖƽÕд

uȿŤ(ª˧ƖƽǕƞδ��

�

�

�

�

�

�

�

�

�

�

�

�
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˕1˒�ʭˎʡʘ̺ĤвǤǶ 

˕�˛�ʭˎʡʘ 

 

    Áɗδ©Ň?Αʒȃ—͞ɱʘΕ¥юʆůť 13.6%�ª̷ 25.5%�ċ

ůť 26.4%�ª� 31.5%ю Њ͏ŇцüϹю—͞ɱ8ǘΤеʘΦ¡�

ȅɸΙιЕ�?ΑʒȃГͥϣͱʘũͭůю̓?Αʒȃű̖ 

π͞gŐƟ˙ʘΆюʕĴƀ˧ĳʑƂǊŨ͝˙ʐʑʘФЋǖü��

̗ƴß?ΑʒȃÀ@ťʁȰóŹ͏Ƅю|%ЧХƟ˙MϣͭñKю

ɚ/ЀLЬŢе͝˧юɐˣСХɭϋƫL GI ̖έÆχю,ıǊź

ůȴ¥ɐˣ (slowly digestible starch, SDS)ÎϤέе�ūνȴ¥ɐˣ

(rapidly digestible starch, RDS)ÎϤέLʘɐˣСХɭ�  

    éȅǝĤвʡʘɚ�ʃÁɗ˨͕: (Á%ϋ̟ 4 ͛ )ɚǟƿюȿ

΅ Ç�ĺǮAī|źůȴ¥ɐˣÎϤ¸ūνȴ¥ɐˣÎϤʘŞ

Йю#Ɗ�̤Rźůȴ¥ɐˣÎϤ“īέеʘ�ĺǮAюĨȅǮA

žʃðʂ×ϺʕюͩO�χÆ˹?Αʒȃű̖Хʃʘ˨͕:ʂ×ю

̗ɸ:ʻǖ8_ȆΌūνюΐțǂWюéȅʂ×ʘŝŗϵĜð°Х

óХ×ю Гπ�ȆɝΌ°ÀХʃ�  

 

�

�
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	(,�
��2�

(TCS4) 

� �

Áɗ˨͕:(TCS4) 

ʢ϶/Ʋ϶ɐˣȒT ̇ɐˣ 
ɐˣдāȴ¥

ǂȧŖˑ 

�ĺǮA˞ϋ 

˨͕:ɐˣ˸Ƕ ɐˣдāȴ¥ 

͒ɡȚϤ ͒ɡǋϻ �͘Ćƽ 

50ōȧя 
ȳȩ!͒ɡ 

ȳ�ȧя 
ȳȩ!��!͒ɡ 

@ɐˣдāȴ¥Ĥв�Ÿě×΂˞ϋ 

Ǖχ�ĺǮA 

�- 

˶ʂ× 

ęvů΅вяʁ͉ƽ 
̺͕:�̾ɡȧ�

ʖЦ“Ȓ  Ç×ˇ͕:Ȓέ 
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�

˕�˒�Ĥвǟƿ̺ǂȧ�

˕�˛�Ĥвǟƿ�͙×̺äǟ 

1.1    ǟƿ 

ÁɗÁ%ϋ̟ 4͛˨͕: (Ȝƾ˒̔ŃƢU) 

ĦëсȎ˨͕: (Ȝƾ˒̔ŃƢU) 

ĦëʖȎ˨͕: (Ȝƾ˒̔ŃƢU) 

Τ­˨͕: (Ȝƾ˒̔ŃƢU) 

ɲˡɐˣ (S4126, Sigma) 

ʖˡ (�qˡ̜CǘЁyÃюʂñяÁɗ­ƍ̅Èϻϕ) 

1.2����͙×�

pancreatin (P7545, Sigma) 

amyloglucosidase (A7095, Sigma) 

acetic acid (Macron) 

GOPOD kit (Megazyme) 

Total starch kit (Megazyme) 

KOH 

î 1. ĤвǤǶ 

Figure 1. Flowchart of this study. 
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sodium acetate (1.06268.0250, Merck) 

pepsin (1.07185.0100, Merck) 

guar gum (G4129, Sigma) 

benzoic acid 

potato amylose (Sigma) 

Hydrochloric acid (1.00317.2500, Merck) 

Sodium hydroxide (ǉÕ¥ėǩŗǖʻ) 

Sodium chloride (SO D002.1, BioShop) 

Plate count agar (Becton Dickinson) 

1.3    äǟ 

ELISA reader (Epoch™ Microplate Spectrophotometer, BioTek 

Instruments) 

100 mlĜϤɾ�(KIMAX)�

ŰɄȚȲǷ(SB301, TKS) 

Ƒɕǻ�(2511B-01, WELCH)�

ʷʬƱƓǻ�(SP131325, Thermo scientific) 

Ɇ͉Ϧ�

͒ˠ�

ϫǠ�

ЏŨǻ�(3500, KUBOTA)�
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�

˕1˛� ��ǟƿm͘�

    ³ƿʁ˨͕:ςθ̷ĤвĞŢǖm͘ð-20°C ��ŎюĤв�Ĩϓ

�˨͕:º�ю@ȽȚȡȭ#ƗƚʮƤ͕:ŢǃĞɄЄ-˭�̷wĭǋю

ş˨͕:-ɦŢ~˂̷ 4°C�˚mƵhʃ� 

˕�˛� ��ɐˣдāȴ¥Ĥв��

3.1    ɐˣдāȴ¥�

����¶̕Englyst˖8�1992�¸Goni˖8�1997�ʘǂȧπ͞дāɐˣȴ

¥ɮů΅вю@̣ϝ�pancreatin�¸͍͐˧͆ϝ�amyloglucosidase�ȻÆO

ɚϜ˲ȷюȿĜ Çǋϻтɐˣ(Ț͵ɱ��ǝĤвƜʃwˇǂȧю��

ɚAȧ¸Bȧю@�ɚĤвȆгя�

"! Aȧя 

1.! pº-ϣ100Ȕr@�(Ǻ×@Ɂ§pþʱ~�ʱǹƯ8д¼̪Ô

æюȻ£ŢºǺˁϣ� 

2.! ˥ˁ-ϣ˭100ȔrǺ×ǃ50ȔªíŋЏŨ˙%ю�t4 ml acetate 

acid buffer solution (0.1 M, pH 5.2)�ʢţ3Ȕˡ(ɵɼɹ˭20П¸�

]ƱƓēю̍ǃ37°CȚȲ%ƱƓ30�ϸ� 

3.! ȐǺ×@1�ϸϻЈ�t1 mlϜ˲ȷюð�tϜ˲ȷ(�@¸�t(

Ţ20�60�90�120�180�ϸºǺ29.5 µlǺ×Ʌȷ̷1.3 ml 95%ϙ˥

%#ȻÆò£RϜ˲fȃ¹ž� 

��! şƃǘǋϻтǺ×ƳЍĚƀŢЏŨ(1,500×g,10�ϸ)юº23.3 µL�Ƚ
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ȷ�t0.7 ml GOPOD΅�,Çǋ@0�0.0625�0.125�0.25�0.5�1 

mg/ml(͍͐˧ǸɃɅȷɚǸɃ×юǃ50°CȚȲǷ¹ž20�ϸŢю

ȐǺ×�ϣͪÏº�̷96Ĕʟ%ю@�qqō͹(ȪϹ510 nm)ȿĜ

|Ïqc��

"! Bȧя 

1.! pº-ϣ1000Ȕr@�(Ǻ×@Ɂ§pþʱ~�ʱǹƯ8д¼̪Ôæю

Ȼ£ŢºǺˁϣ��

2.! ˥ˁ-ϣ˭1000ȔrǺ×ǃ50ȔªíŋЏŨ˙%ю�t10 mlµЏēȚ�

5 ml acetate acid buffer solution (0.1 M, pH 5.2)�10 ml ϼ͋Θ̰(guar 

gum)Ʌȷ�ʢţ
Ȕˡ(ɵɼɹ˭20П¸�]ƱƓēю̍ǃ37°CȚȲ%

ƱƓ20�ϸ��

3.! ȐǺ×@1�ϸϻЈ�t10 mlϜ˲ȷюð�tϜ˲ȷ(�@¸�t(Ţ

20�60�90�120�180�ϸºǺ29.5 µlǺ×Ʌȷ̷1.3 ml 80%ϙ˥%#

ȻÆò£RϜ˲fȃ¹ž� 

4.! şƃǘǋϻтǺ×ƳЍĚƀŢЏŨ�1,500×g,10�ϸ�юº23.3 µL�Ƚȷ

�t0.7 ml�GOPOD΅�юÇǋ@0�0.0625�0.125�0.25�0.5�1 mg/ml

(͍͐˧ǸɃɅȷɚǸɃ×юǃ50°CȚȲǷ¹ž20�ϸŢюȐǺ×�ϣ

ͪÏº�̷96Ĕʟ%ю@�qqō͹�ȪϹ510 nm�ȿĜ|Ïqc��

5.! @ÅǋϻтȿŤ(͍͐˧ɒōƣ˘ɐˣȚ͵ɱюƣ˘yŗč�я�

Ț͵ɱ(%)=͍͐˧ɒō(mg/ml) ×1.3295×(35/0.0295) ×(162/180) ×(100/TS) 

 



doi:10.6342/NTU201703097

! 25!

"! ͍͐˧ɒō�mg/ml��ɚǺ×Ïqc?tǸɃǑ̀ƃŤ�(ɒō�

"! 1.3295 (ml)�ɚÅǋϻтºǺǺ×�tϙ˥Ţʘ̇дˋ�

"! 35/0.0295�ɚ˃Ϣ^ƽ�

"! 162/180�ɚ͍͐˧ÎϤƠ˘ƀɐˣϤ(αƣéē�̨ƚ�]Ț�

ē��

"! TS (mg)�ɚǺ×%ʘɐˣÎϤ�-ϣ��

6.! ɐˣȚ͵��Ǒ̀�kinetics of starch hydrolysis���

ĨÅǋϻтȿŤ(ɐˣȚ͵ɱ@З̀ůèȈ͹˘�Ț͵Ǒ̀ю°ÀŤ

�ņ͢Ț͵ɱ(C∞)�¹žνńƽ(k)¸��yŗя�

C=C∞(1-e-kt) 

C: ǃtǋϻт(ɐˣȚ͵ɱ(%) 

C∞: ɐˣ¹ž180�ϸ(ņ͢Ț͵ɱ 

k: ¹žνɱńƽ 

t: ǥǋϻт��ϸ� 

7.! RDS�SDS�RS͹˘я�

Ĩ Çǋϻтt@¸ņ͢Ț͵ɱÕ¹žνɱńƽ?t�ƾyŗ%ÀŤ�

tǋϻт(ɐˣȚ͵ɱю¶̕Englyst(1992)īRDS�SDS�RS(Ĝ̒ю͹

˘ǂŗɚ�я 

RDS (%)=C20 -C0 
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SDS (%)=C120 -C20 

RS (%)=100-RDS-SDS 

 

3.2    Ϝ˲ȷϘͩ�ГĤвʍĆϘͩ��

"! Aȧя 

    ˁº 1.2 g ̣ϝ(pancreatin from porcine pancreas)� 8 mlµЏēȚю

@ʷʬƱƓò£˭ 10�ϸю@ 1500 × gЏŨ 10�ϸюº�Ƚȷ 6 mlю

�t 0.6 ml ͍͐˧�͵ϝ(amyloglucosidase)(260 U/ml)Ȼ£°ɚϜ˲

ȷюȅϘǂÀe 6]Ǻ×юÀVɠǺ×ƽϤ˖ȒTΌƼÅϜ˲ˁºʘ

Ϥ� 

"! Bȧя!

����ˁº 9.9 g ̣ϝ(pancreatin from porcine pancreas�� 66 mlµЏēȚю

@ʷʬƱƓò£˭ 10�ϸю@ 1500 × gЏŨ 10�ϸюº�Ƚȷ 52.8 mlю

�t 5.07 ml�͍͐˧�͵ϝ(amyloglucosidase)(260 U/ml)¸ 3.18 mlµЏē

ȚȻ£°ɚϜ˲ȷюȅϘǂÀe 6 ]Ǻ×юÀVɠǺ×ƽϤ˖ȒTΌƼ

ÅϜ˲ˁºʘϤ��

3.3    ϼ͋Θ̰ɅȷϘͩ�

����ð 1 L 0.05 M HClɅȷ%ȼ� 5gϼ͋Θ̰(guar gum)ˣǜ¸ 0.05g̠

͜ʖϝ(pepsin)юƱƓò£°ĚƀюZĖǃ 4°C�˚��

3.4����Acetate acid buffer solution (0.1 M, pH 5.2)Ϙͩ�
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����ǃ 250 ml̈́ʅϞЩÕɅȷ%�t 13.6g sodium acetate trihydrateю�

µЏēȚ̷ƞδ 1000 mlю@ 0.1 M acetic acidΌƼϞкc̷ pH 5.2юΌ

ƼĚϞкc(Ʌȷ̇дˋɚ 1yªюǕŢȐyªɅȷ�t 4 ml 1 M�ș¥

ϩɅȷ°À��

3.5    80%ϙ˥Ϙͩ 

    º 421 ml 95%ϙ˥̺ 79 ml µЏēȚȻ£°Ť 500 ml 80%ϙ˥� 

3.6    ͍͐˧ǸɃɅȷϘͩ�

    1 mg/ml ͍͐˧ǸɃɅȷɚGOPODĊ˷(Megazyme Intl. Ltd., Ireland)

ƃϿюº 0.5 ml 1 mg/ml͍͐˧Ʌȷ� 0.5 mlµЏēȚȻ£Ť 0.5 mg/ml

͍͐˧ɅȷюÇɺπ͞Ŋ�˃ϢŤ� 0.25�0.125�0.0625 mg/ml(͍͐˧

Ʌȷ��

˕ç˛� ��̇ɐˣ�

4.1    ̇ɐˣ�

����@̇ɐˣȿĜĊ˷(Megazyme Intl. Ltd., Ireland)ȿĜ(�Ĩ͕:ʹˣ

Ţю@ 0.5 mm˞˾σ˞юƃƳЍʘ͕:ˣʃǃȿĜ̇ɐˣ�˥ˁ˭ 100 

mgǺ×ǃɵɼ΅˙%ю�t 0.2 ml( 80%ϙ˥Ʌȷ(v/v)ɓɎǺ×ю�t

2 mlʘ 2 M KOH¸�]ƱƓē(5×15 mm)#ǃ�/ȚȲ�ƱƓ 20�ϸ�

�t 8 ml 1.2 M( sodium acetate buffer (pH 3.8)ǃɵɼ΅˙%юƕ̊ƱƓю

γν�t 0.1 mlʘ thermostable α-amylase¸ 0.1 ml�amyloglucosidaseюƱ

Ɠò£Ţ̍ǃ 50°C ȚȲǷ 30 �ϸюǚϻȐ 2 �ϸº�Дʠ�ǿю~@

ĜϤɾ˃Ϣ̷ 100 mlюȻ£ŢЏŨ�1800×g,10�ϸ�юº�Ƚȷ 0.1 ml̷
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ǀʘɵɼ΅˙ю�t 3 ml GOPOD΅�ю#@ 1 mg/ml(͍͐˧ǸɃɅȷ

ɚǸɃ×юǃ 50°CȚȲǷ¹ž 20�ϸю@�qqō͹�ȪϹ 510 nm�ȿ

Ĝ|Ïqc��

4.2    KOH (2 M)ɅȷϘͩ�

����ǃ 500 ml͝Ƚɾ%�t 450 mlµЏēȚю~�t 56.1g KOHюƱƓ

ò£Ţ@µЏēȚͧΧ̷ 500 ml°Ěƀ��

4.3    Sodium acetate buffer �1.2 M��pH 3.8�Ϙͩ�

����º˭ 400 mlµЏēȚǃ 500 ml͝Ƚɾ%ю�t 34.8 ml�ϠϞю~

@ 4 N NaOHΌƼ pH̷ 3.8юͧΧµЏēȚ̷ 500 ml°À��

˕3˛� ��ȳȩÏȚɱ�

����Ĩ͕:ƵtǠ%ю�t 1.5^ȚϤȳȩ#@Zз̯ħ΢ύsȚ�͒ʕю

Ƶt 50°C¸ 30°CȚȲǷ%юȳȩǚϻĜǋº�ȳȩĠäю`tƑɕǻ%

ĨȚ̺͕:�Џю~º�͕:ˁϣюˁĚϣϤŢ~ĨƑɕ�ʘȚ¸͕:ϣ

ǀ`èǠ%#@Zз̯ħ΢̉̊ȳȩĤвʢ�ÏȚɱЩÕ��

ÏȚɱ�%)ё�ȳȩŢϣϤ�ȳȩ�ϣϤ�	ȳȩ�ϣϤ*100 

˕z˛� ��͒ɡМĤв�

����ĨȳȩĚƀƂȳȩ#��σ�V�ĺǂȧ Ç̗Ε�(͕:Ǻ×@͕

:ɓϣ(�^ȚϤ�w^ȚϤπ͒͞ɡ΅в�º͕:˭ 10 gǃϫǠ%ю�

t“ī^ƽ(ȚϤŢ@ϫ˗͓΢юƵtľĨȚɡȢ(͒ˠ%ю�Ɖ͒ɡ 

ÇǋϻŢº�ɖ-юȐǠº©П͕:�ϺͳĢǽ�ИǊÍǘʖ̀ˡŨ#͹

˘|ˡŨɱюϣͪ�Oʢ�ɞʖ̀ˡŨ(ǋϻтю°�ǁɚ͒ɡƃГǋϻ���
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˕�˛� ��ˡŨɱ�

����Oɚ�ǁ͕:ǊÍɢ/ʘVƮ�Ĩ͕:@ Çǋϻ͒ɡŢº�©ˤю

@�ɪ�ϺͳĢǽ�Ию̓ǘͳĢ�ʖʖʘϓ���ǁɚǛɢюȐ]ǋϻ

тºǺ˭3ϣͪ�ˡŨɱ͹˘(%)= Ǜɢʘ͕:Пƽ	10П×100 

˕x˛� ��Ǻ×ͩh�

7.1! ͒ɡǺ× 

����͕:Ǻ×ͩhVƮ�ĺǂȧʘ Ç�ɚwˇǂŗю��ɚ 50ōȧ¸ȳ

�ȧ�50ōȧɚĨ͕:@ 50°CȚȲȳȩ 4ĭǋŢɖ-ю~@͕:ɓϣʘ�

^Ƃw^ȚϤ͒ɡ 5�20¸ 45�ϸю͒ɡǋpĨȚϳ�ɣ̷Ȣб~Ĩ͕:

Ƶt͒ˠ%ю͒Ě@ɕ˾ɖƚȚюǺ×�²Ţ~π͞ĤвюVƮĤвГț 

ÇǖĨ͒Čʘ͕:@ĉϲͤ¤΢#ņϬǃ 4°C �˚%�͘ 1 ̷ 3 ĆŢ~π

͞ɐˣдāȴ¥Ĥв�̗ȳ�ȧ�Ǌð͕:@ 50°C ȳȩ 4 ĭǋŢ˂̷-30

ō�˚���Ćю~π͒͞ɡ� 

7.2! ˣɯǺ× 

    Ĩ˨͕:�ʖˡ˖ʁƿƵtʹˣǻ%ʹʱƀˣю@ 40 mesh (0.42 mm)

˞˾σ˞ŢƳЍ̷ĉ϶ͤ%ю̍ǃϽɏ˚ZĖhʃ� 

7.3! ʖЦǺ× 

    ºʁʖˡ˭ 20 g�t 1.5^ȚюƵtąÇВϳ%юāϳ��ǠȚ͒ɡ� 
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7.4! ˨͕:�̾ɡȧǺ×�

����º˭ 25 g˨͕:� 1.5^ȚϤȳȩ 50°CȚȲ 4ĭǋюɖ-ŢĨ͕:Ƶ

tľɡȢʘȚϳ%ю@ɈȚɯŹɡ˭ 40�ϸ̷͕:ÐɸΫɧɯŢƩ΢°À��

˕,˛� ����-ɦ�

����Ĩ͒ɢʘ͕:pƵt-80°C��Ŏюş˸�Ţ˂̷��-ɦǻπ͞-ɦю

˭-ɦwĆŢº�Ǻ×#Ƶ̍Ͻɏ˚uhʃ��

˕©˛� ��-ϣ�

����ĨǺ×ˬϭ³ĎɓϣŢƵt 100°Cɜ˚%юȐЈ�Ȍǋϻº�Ǻ×#

@ŦϤĆņˁϣюϣͪ�Oʢ�ϣϤ ~Ε¥ǋ°ɚ-ϣюȐǺ×wϣ �ͪ�

˕©�˛� ʢ϶ɐˣÎϤ�

    ¶̕ AACC 61-3 (2000) (ǂȧ�ˁº 100 mgǺ× (0p@˳ȕ͌º

̨̥ͨ̍) ǃ 100 mLϮŝɾю�t 1 mL 95%ϙ˥�ƻŢю~�t 9 mL 

1N NaOHюЖ̍ 10�ϸŢƵtȢȚȲ�ɣ 10�ϸюş�²ŢĨǺ×`t

100 mLĜϤɾ%ю#@µЏēȚĜϤ̷ 100 mLюσ˄%ò£ƱƓ�ƞ͏

ťĜϤɾ%º� 5 mLǺ×ю˂̷0p�t 50 mL µЏēȚ( 100 mLĜ

Ϥɾю�t 1 mL 1N acetic acid̺ 2 mL Î 0.2% I2̺ 2 %KI(ȚɅȷю~

@µЏēȚĜϤ̷ 100 mLюƥǌȻÕò£юύqЖ̍ 20�ϸю�ʃ�q

qō͹ȿϤȪϹ 620 nm (Ïqc�̗ʢ϶ɐˣÎϤǸɃǑ̀ʄ ÇȒT

(аϪ͖ʢ϶ɐˣ (Sigma-Aldrich) @¸˪ˡˊˣŖˑ̗Ť� 

˕©1˛� Ÿě×΂�

����Ɯʃ,��àČō	ƞ»ō×΂΅вюϋĜ 32KǛ˻×΂ĩǳͼ̄(

»΅̖юīǺ×π͞àČů΂�ю��ͣʺЗń àȂю,�ͣʺЗńà
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Ȃ��-Ǻ×{z˷ю��ɚ 50 ōȧ�^Ț 10 �ϸ�50 ōȧ�^Ț 15

�ϸ�50 ōȧ�^Ț 20 �ϸ�ȳ�ȧ�^Ț 10 �ϸ�ȳ�ȧ�^Ț 15

�ϸ¸ȳ�ȧ�^Ț 20 �ϸюĨÅ˷Ǻ×@�Kƽ.ʶ̂͛юΖ»΅̖

΅Ä#΂��×΂Þ±č�ƃʺя�

˨͕:�-ʂ×àČō	ƞ»ōŸě×΂Þ±�

�

ů�я��ʆ�����ċ�

Ňця���21-25�����26-30�����31-35�����36-40�����> 41��

ŸΑŲ¬�×΂΅вюǝʂ×ɚgŐºÊю}ǘΌ˛͝˧ʘɍ���

΍pʥσǘØ4КʡŢю~V]8àČ˄ōútīžʘ�ƽюΑΑŲ��

�îɚ΂�ϤĲя�

�

�

�

� ���

�

�

�

×΂Кʡ� àČō΂��

Ǻ×̂͛я� � � � � � �

āͳ� � � � � � �

ЯÓ� � � � � � �

¼Ÿ� � � � � � �

ʯō� � � � � � �

Ƽдƞ»ō� � � � � � �

1      2     3     4      5      6      7      8      9 

З
ń
 
à
Ȃ�

Š
 
à
Ȃ�

 
à
Ȃ�

ǘ
т
 
à
Ȃ�

Ǎ
μ�

ǘ
т
à
Ȃ�

à
Ȃ�

Š
à
Ȃ�

З
ń
à
Ȃ�
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˕©ç˛�ʁ͉ƽ�

����¶̕Áɗ͠ʁʽ�ϓХ×͙ɭ˙ɺ̎yJ(�Х×Ŧʁɭ(Ǿвǂȧ

�ʁ͉ƽ(Ǿв�ǂȧ�ºș¥Ϩ 8.5 g Ʌǃ 1000 ml µЏēȚ%Oɚ˃Ϣ

ȷю˻ 121°CɆ͉ 15�ϸŢhʃю¾Ϙͩņǡ͹ƽôЫõ�Plate count agar, 

PCA�ю˻Ɇ͉Ţ˅ŦƵȸ̷ƄÀʳͶ(Ʉōю~`tχʍϤ(ôЫõ̷ô

Ыʛ%юşôЫõ�êŢ¤΢#Ƶt 4°C�˚ZĖhʃ�º 10 gǺ×̺ 90 

g˃Ϣȷ�ÇòΡƆʱOɚ 10^˃ϢǾȷю#Ïº 1 ml( 10^˃ϢǾȷ

�t 9 ml˃ϢȷOɚ 100^˃ϢǾȷюÇɺюVŊOƀ 1000^�10000^

˖˃ϢǾȷ�Ĩ˃ϢǾȷo�Ȼ£ŢÏº 0.1 ml ǃôЫʛ%ю@ɘɤɆ͉

σ(ɵɼùƐǯò£ùƻ˃ϢǾȷǃɻЫõ�юÅǾȷ̷Įwϣͪю¾Ïº

˃Ϣȷ 0.1 mlOɚˏʖīɠ˷�ùƐĚƀŢĨôЫʛ`̍Ƶt 35°CŰɄô

Ы˚%ôЫ 48 ĭǋ�˻ôЫŢϋº 25~250 ]͉͎(w]ņǡS͹ƽю|

ʁ͉ƽͣʺǂŗɚ CFU/gƂ CFU/ml�Å˃Ϣ^ƽ(͉͎ƽ̓òĭǃ 25]

ǋю�@ǕL˃Ϣ^ƽ(ņǡ͉͎ƽņòc*|˃Ϣ^ƽю#΁ǆ|ɚF͹

c�̓Å˃Ϣ^ƽòɞ͉͎ʁϹ̖ю�ʁ͉ƽžĭǃ 1*@ǕL˃Ϣ^ƽю

Г΁ǆɚF͹c��

�

�

�

�
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˕©3˛�˺͹ǂȧ�

����ĤвƽƮ@˺͹Ϋд GraphPad Prism 6 (USA)π͞˺͹�ǢюɐˣȚ͵Ǒ̀

@З̀ůèȈ(non-linear regression, One phase exponential association)Ŗˑ̗Ťю

ʄΫд͹˘ÀŤʪņ͢Ț͵ɱ¸¹žνɱńƽ�RDS�SDS�SDS/RDS¸Ÿě×

΂�ƽ@âéēΕʌƽ�Ǣ(one-way ANOVA)¸ Tukey's multiple comparisons test

SȒέņòcǊÍǘУ͏ļʌ(p<0.05)� 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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˕ç˒�˸ǣ̺ͻΎ�

˕�ϓ��͕:ɐˣõǝǶξ�

˕�˛� ʢ϶ɐˣÎϤ�

����Áɗ˨͕:�TCS4�ȿŤ(ʢ϶ɐˣÎϤjM/ɐˣʘ 0.77%ю|Э 99.23%ɚ

Ʋ϶ɐˣ(î 2)ю ť˪ˡʘ�˱Sʥюʢ϶ɐˣÎϤ͎ð 1~12%Àͥ�Сɚ˪ů

×ˇю ÎϤΤL˪ůΤś(ею1986)юʄȅÀʪ TCS4 ͕:Ķǃd˪ůʘ×ˇю

|ʢ϶ɐˣÎϤ,ƞδ|>×ˇčяÁ% 1 ͛(1.05%)�Á%ϋ̟ 1 ͛(1.3%)�Á

%ϋ̟ 5͛(0.7%)�Á%̟ 17͛(0.85%)˖(ею1986;Ǔю1995�Ǔю2009���

�

î 2.�Áɗ˨͕:ʢ϶ɐˣ¸Ʋ϶ɐˣȒT�

Figure 2. The percentage of amylose (black part) and amylopectin (grey part) of 
Taiwan dehulled adlay. 
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˕1ϓ��ɐˣдāȴ¥ǂȧė�

˕�˛� дāȴ¥ǂȧϋƫ�

����ǝĤвƜʃʡ�ʘ&ȱǂȧю,ıǊ Englyst˖8�1992�ƃƢ�(ɐˣдāĤ

вǂȧю#˅O[ƴƀwˇǂȧю��ɚ Aȧ¸ BȧюȒέȅwǂȧN̖έÆχю

̗ȅwȧǕąʘļʌðǃǘɞȼ�ϼ͋Θ̰ю|ЭέĭʘļʌðǃϜ˲ȷʘϘͩ

¸¹ž̇дˋąĭ�Юp@Ǜ˦¥ʘɲˡɐˣȿ΅ȅwȧю˸ǣčî 3 ¸ͣ 1 ƃ

ʺюBȧʘņ͢Ț͵ɱ(C∞)¸¹žνɱńƽ(k)έƞδƾɰʘc(Chung et al., 2008)ю

İ|Ǌ C∞�Iȅ˝ʘ SDS ͹˘ǊĨ 20 �ϸ̷ 180 �ϸ(ϻȴ¥ʘɐˣĜ̒ɚ

SDSю180�ϸ@�ȴ¥ʘɐˣĜ̒ɚ RSю̺ A�BȧʘĜ̒ Çƃ@ ̤ʢƞȒ

έю̗̺̓ SDS¸ RSǋϻĜ̒“Ç(ƾɰ(Chung et al., 2009)“ȒʘΆÀюŤʪ

BȧȿŤ( RDS�SDS�RSέ˔ÆƾɰƽcюƷȟĜƜʃ Bȧπ͞Ţ̊Ĥв� 

    ȅāюɚŤʪϼ͋Θ̰ǊÍǊ A�Bȧ(ϻǕϼϴʘŞЙé˲ю@Ǜ˦¥ʘ˨

͕:ˣπ͞ȿ΅юĨ Aȧ�t ÇϤʘϼ͋Θ̰Ʌȷю˸ǣčî 4ƃʺюAȧʘ

Ț͵Ǒ̀Њ͏ϼ͋Θ̰ɅȷϤʘü�κɋdÊ B ȧюÀͯϼ͋Θ̰ʵĤǊϣͭŞ

Йé˲� 

    ˼Æ@�ͻΎюǝĤвƜʃʘɐˣдāȴ¥ǂȧɚ B ȧюĤвǮAϋƫ³é

Έεč�я 

    ʄǃ8ʘ¼̪ðÖʱХɭǋǊ˸Æ�ʱ(cutting)¸þʱ(crushing)юƃ@ð͚ɺ

Ǻ×ǋǖĨǺ×p@Ɂ§þʱŢ~�̷χʍąĭю k chopping ¿ȵ¸�ʱ

�cutting��·é¼ȚðƼ]ɐˣȴ¥ʘσ˄%#ȠǘƇɊŠϣͭʘʹ̀юɚ/ǂW

ĤвƬOюéȅ”ʊ�ɚ/ǹƯ̭̠рȷξƀʘХ˩рˆōюȼ�ϼ͋Θ̰Sü�
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ȴ¥ȷʘрōю ϼ͋Θ̰Ʌȷ%ǘȼ�̠͜ʖϝŅ�͜ʖΡ�͵ю̠͜ʖϝЎ 

Ǌũͭȼ�ʘϜ˲юI̕ż�͕:ǊˊС%͜ʖΡÎϤέе̖юɚύs͜ʖΡξƀ

ĤвΊļюĨ͜ʖΡ�͵˯t̠¸ĭ̭ЇȌ%π͞�·�ƾƢ�̠ЇȌʘLϞů 

ǖξƀɐˣȚ͵юéȅÀ@”ʊȅЇȌʘϞкΕ¥юʢƞπtĭ̭ȴ¥ЇȌюĭ̭

ЇȌǊƼ]дāȴ¥Ĥвʘ&άюǝĤвƃϋƫʘдāȴ¥˫˺ɚЗ»Ё˫˺юϜ

˲�ɚ̣ϝ¸͍͐˧͆ϝю̣ϝǊĂˇϜ˲ʘȻÆюÎǘɐˣϝ(āϐÎǘ̥̞ϝ

¸͜ʖϝюÀ@�͵̥̞¸͜ʖΡюύs̥ΡƂ͜ʖΡ̺ɐˣʘ72OʃRɐˣʘ

Ț͵ɱͥLFю̗̣ϝ%ƃÎʘɐˣϝɚu�ϝюƦϘĶǃā�ϝʘ͍͐˧͆ϝ̤

RÀͥȴ¥ʘɐˣň(ͥ�͵ɚ͍͐˧�ƜʃʘϞкcɚ pH 5.2юðλ]Ϟкɽû

Ϝ˲À@Zǘ̿ČʘˌĜůю ťϿîz˕1ЇȌʘǑ̀Àʥ�ʍ pHɚ 5.2ǋю

|Ț͵Ǒ̀Õ˕�ЇȌʘǑ̀Ǖ“Hюéȅ pH 5.2ǊέɚɺŴʘϞкǮAюɟ̗

ǝĤвʘǂȧǊĨϞůʘϼ͋Θ̰Ʌȷ̺ϠϞ̃͡Ʌȷ(pH 5.2)Çǋ�tюƷ̃͡

ɅȷǖŞЙϼ͋Θ̰ɅȷʘϞкcю̗̠͜ʖϝǕQOʃϞкc˭ɚ pH 2 (Piper 

et al., 1965)юéȅÀ̤ǖЀL̠͜ʖϝʘȰůюIŢ̊ĭ̭ЇȌʘ̣ϝ=À@�͵

͜ʖΡюƛЃ͜ʖΡīɐˣȚ͵ξƀʘŞЙюȅāюĤв¹žɄō;Ĝɚƞδ8д

uʘɄō 37°C�ɐˣȴ¥ƽƮʘ͹˘Ɯʃ Goni˖8�1997�ʘǂȧю@Ă]ºǺǋ

ϻтŖˑȚ͵Ǒ̀ю˸Æ Englyst ˖8�1992�īɐˣʘĜ̒S͹˘ RDS�SDS ¸

RSюĨǋϻт?t C=C∞(1-e-kt)�RDSɚ C20-C0�SDSɚ C120-C2
юRS�ɚ 100Ⱦ

µ RDS¸ SDS��

���
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î�3.�@ɲˡɐˣȿ΅ɐˣдāĤвǂȧ A¸ B(Ț͵Ǒ̀�

Figure 3. The starch hydrolysis curves of corn starch using method A and method B. 

Samples were taken at different time points to calculate starch hydrolysis value (%) 

(mean ± standard deviation). 
�
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ͣ 1.�Aȧ¸ Bȧ(ʁɲˡɐˣȚ͵Ǒ̀¶ƽ¸ RDS�SDS�RS 

Table 1. The parameter of starch hydrolysis curve of corn starch using method A and 

method B.  

��Starch hydrolysis between 20 min and 180 min was used to calculate SDS (%).�

� Same as method A and method B, starch hydrolysis between 20 min and 120 min was 

used to calculate SDS (%). 

 

�

�

�

�

 Method A Method B Chung et al., 2008* Chung et al., 2009# 

C∞ 144.6 83.6 88.3 - 

k 0.013 0.021 0.017  - 

RDS(%) 33.8 29.1 25.6 23.4 

SDS(%) 81.5 48.1 62.8 56.9 

RS(%) -15.3 22.8 11.7 19.7 
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î�4.��̰̺Íī˨͕:ɐˣȚ͵Ǒ̀ʘŞЙ�

Figure 4. The effect of guar gum on starch hydrolysis curve of dehulled adlay. 

Samples were taken at different time points to calculate starch hydrolysis value (%) 
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˕1˛� ̇ɐˣ�

����é̇ɐˣÎϤȿĜƜʃŀÚĊ˷π͞�Ǣ(Megazyme Intl. Ltd., Ireland)ю³ɺ

ɚ�ʃ KOH¸ɐˣϝĨɐˣ�ƀ͍͐˧ю~@ GOPOD΅�Ĩ͍͐˧αƣɚˮ̀

ʂɭю˻ʄȿĜÏqc#Ȓī͍͐˧ǸɃǑ̀ŤʪɐˣÎϤюéȅ KOH¸ɐˣϝ

Oʃʘλ]ȆгÀͱɚϼϴюɚʵZĊ˷Ǹʺʘ΅�OʃǋϻoΧюƷπ͞Oʃǋ

ϻʘŞЙ΅вюȿ΅ȾʫƂŕϹOʃǋϻǊÍǖŞЙ̇ɐˣÎϤʘȿĜ˸ǣ�Ċ˷

Ǹʺ(Oʃǋϻ(kit time)ɚ KOHOʃ 20�ϸŢ~@ɐˣϝOʃ 30�ϸюî 5У

ʺð�«Oʃǋϻ(�(1/2 kit timeюKOH 10�ϸ¸ɐˣϝ 15�ϸ)ȿ�(̇ɐˣ

ÎϤέĊ˷ͰĜOʃǋϻ(kit time)Įю̗ŕϹOʃǋϻ̷ 2^�3^�4^Ϲ# 

ǖṘɐˣÎϤЊǋϻ�ªюÀʪȅĊ˷Ǹʺ(Oʃǋϻ°Ào�ĨɐˣȚ͵ƀ

͍͐˧юéȅŢ̊Ĥв¸ƜʃĊ˷Ǹʺ(ǋϻπ͞Ĥв� 

    î 6 �ɚ@Ċ˷ȿĜ�( Ç×ˇ˨͕:¸ɲˡɐˣ̇ɐˣÎϤюɲˡɐˣ

ɚ 94.62%юɐˣÎϤУ͏έ͕:ею̗ Ç×ˇ͕:(ϻ#ɞУ͏ļʌю̇ɐˣ

ÎϤʄе̗L��ɚĦëсȎ�63.97%��ĦëʖȎ�63.00%��Áɗ�62.38%)�Τ

­�61.05%)ю|%ɲˡɐˣ¸Áɗ˨͕:ǘθ̷%͋ˊСХ×ĺǳƋ͟ʭˎƃ�

Ǣ̇ɐˣÎϤю ȿĜ�(ƽc̺ǝĤвƽƮ“δюɲˡɐˣ¸Áɗ˨͕:ȿŤ(

̇ɐˣ��ɚ 95.5%¸ 62.7%юƷŢ̊ǖ@ǝĤвƽƮ?tɐˣдāȴ¥ĤвS͹

˘ɐˣȚ͵ɱ��

�
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�

�

�

�

� 5. ΅�OʃǋϻīÁɗ˨͕:̇ɐˣ˸ǣ(ŞЙ�

Figure 5. The effect of reaction time on total starch of adlay (%) (mean 

± standard deviation) 
1/2 kit time: KOH 10�ϸ¸ɐˣϝ 15�ϸ 

kit time: KOH 20�ϸ¸ɐˣϝ 30�ϸ 

2^ kit time: KOH 40�ϸ¸ɐˣϝ 60�ϸ 

3^ kit time: KOH 60�ϸ¸ɐˣϝ 90�ϸ 

4^ kit time: KOH 80�ϸ¸ɐˣϝ 120�ϸ 
�
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�

�

�

�

�

�

�

�

�

� 6.  Ç×ˇ͕:¸ɲˡɐˣ(̇ɐˣÎϤ�

Figure 6. Total starch of corn starch and different species of adlay (%) 

(mean ± standard deviation). 
�
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˕�ϓ��ʂ×�ĺǮA˞ϋ�

˕�˛� ȳȩÏȚɱМĤв�

����ð͒ɡ͕:(�μńǖpȳȩюǘ�ǃ͕:ð͒ɡǋÏƳȚCǒɚò£#̆

ʫɝɡǋϻ�ɐˣð˦¥ʘσ˄%ǖéāʇʘɣ̤̗ƆϺɐˣПˤuϓʘȘϴюЕ

�ͲȚõï�-OH�#̺Ț�ēͲÕюÏȚ̱ɎюéȅȚ�ðɐˣʘ˦¥σ˄%ƇɊ

ϣͭʹ̀ю̗ˊɭ%ʘȚ�ÎϤΤąΤ�ǃ͒ɡ˦¥ю ɡɢǋϻǖȾʫюǘƾɰ

Ɩ�͕:éɚеɐˣ˸ǎō¸е�Ď˦¥Ʉō˖é˲RŤ|“īǃ˪ˡS΋Ǌέ

А˦¥ʘ��ю2012�юλ jīХ×ĺǳƂǊğŏS΋ʙέ ǂWюǖéɚƃГɝ

ɡǋϻέϹ̗ЀLƸɱƂü�̤ɂ̙Ƥюéȅɝɡ�0pȳȩī͕:S΋ǒɚГ

ͭ�Ǔǘƾɰ@ 60°CȚɄSȳȩ˨͕:юIʕɸðϹǋϻȳȩ(�ǖξƀ͕:é

ɚÏȚ̱Ɏ̗ϓ�˦¥̺ΡñΫ¥ʘųŝ�Nю2014�ю·͕:ʘ�Ď˦¥Ʉō˭ɚ

65.22°C��ю2012�юƷǝĤвƜʃLǃ͕:˦¥Ʉōʘ 50°C ¸ƞδĞɄʘ 30°C

Sπ͞ȳȩĤв�ťî 7 Àʥ� ΎǊØ]Ʉōюðȳȩ�ǚʘÏȚɱòŮν�

ªюŢǚ�κɋņ̃�υЩÕю ȳȩǃ 50°C ʘÏȚνɱέ 30°C еюȳȩσ˄

%ȚCπt˨͕:%ʘνɱ̺ɄōÐȄ“ϼюðȳȩ˭çĭǋǋю50°C ȚɄʘ˷

�ÏȚɱň(υЩÕюÏȚɱυ 42.10%ю̗ 30°Cʘ˷��ͭȳȩ̷˭ 9ĭǋƅυ

ЩÕюÏȚɱ 45.26%�ɚ/˛”ǋϻ¸ƢеĤвƸɱюȟĜƜʃȳȩ 50°Cçĭǋ

OɚŢ̊ĤвʘȳȩǮA��
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�

�

�

�

�

�

�

�

�

�

�

�

�

�

î 7. Áɗ˨͕:ȳȩÏȚɱǑ̀�

Figure 7. Moisture content of dehulled adlay during soaking in 30 °C 

or 50 °C water bath. Moisture content (%) results were mean ± 

standard deviation.  �
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˕1˛� ͒ɡМĤв�

����ǝĤвʘ͒ɡƜʃwˇǂȧю��ɚ 50°C ȧ(50°C method)@¸ȳ�ȧ

(soaking-freezing method)�wˇǂȧ&ͭʘļ�ðǃȳ�ȧðȳȩ(ŢĂ/��ʘ

ȆгюŴƝͻ��ǊÍǖŞЙ͒ɡǋϻ@¸Ţ̊ʘɐˣȴ¥ɮůюʄǃȚð˸�(

ŢдˋǖüąюéȅМŴ͕:ðȳȩÏЩȚC(Ţ̓˻σ��юÀ̤ǖéɚ�ǎ̗

ƪʮuϓ˸ǶюRŤŢ̊ð͒ɡǋȚ�έĠǇɇιπµRɐˣ˦¥юπ̗̆ʫ͒ɡ

ǋϻюî 8ɚwˇ͒ɡǂȧʘ�ĺȱ˄� 

    ʄǃʡ�#Ƞǘī“ɡɢ”λ]΃ǘŠǆʵʘĜ ю̒μńǊ“ʍ&ͳʘ�ˇǵŬю

À̤é8̗ʌю̗ɚ/ǂWĤвπ͞ю¶̕ He˖8(1987)�ǁˡЦɢ¥˄ōʘǂ

ȧюĨɝɡŢʘˡˤ̍ǃwɪɵɼ(ϻǄþюͳĢˡˤ%ŨǊÍǘʖтюʍʖт 

Ėðǋ��ǁɚĚvɢ¥юɟ̗ǝĤвʘǟƿ˨͕:ǘ�ĵͫ̀нʚю̓@Ǆþʘ

ǂŗͳĢ ć̤Ƚǲʥ�ˊˤ%Ũюéȅƴʃ�ИʘǂŗͳĢˡŨʖтю#ĨĚv

ɞʖтʘ͒ɡǋϻĜ̒ɚƃГ͒ɡǋϻюî 9 ɚwˇ͒ɡǂȧð͕:ϣϤ(�^

ȚϤ¸w^ȚϤʘųȥ�|ˡŨɱΕ¥Ǒ̀îю ΎǊ 50ōȧϐǊȳ�ȧюϺĎ

͒ɡŢ3�ϸòǖRˡŨɱŮ��ЀюɟŢκɋ̃Õυ�БˡŨɱюð͒ɡǚϻw

^ȚϤʘ˷�ˡŨɱέ�^ȚϤLюIǊȚϤīǕ˶�υБˡŨɱʘǋϻŞЙ 

ąю50ōȧ�^ȚϤ¸w^ȚϤƃГ͒ɡǋϻò͎ð 43�ϸĻÂю̗ȳ�ȧ�^

ȚϤ¸w^ȚϤƃГ͒ɡǋϻ���ɚ 37 �ϸ¸ 36 �ϸю˻σ��ʘǂȧ|ƃ

Г͒ɡǋϻʵĤȒέʫ�ɚ/Ţ̊Ĥвʘπ͞юϋƫÅ˷ò͒ɢʘǋϻ 45�ϸ@

¸ 20�ϸÕ 5�ϸʘ͒ɡǋϻ͚ɺ͕:Ǻ×�î 10̷î 13ɚ 50ōȧ¸ȳ�ȧ

�^ȚϤƂw^ȚϤ͒ɡ Çǋϻ(˨͕:ǽ�Иɠɪ��
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�

�

50°C method 

steaming 

50°C soaking, 4 hr 

Soaking-freezing method 

freezing, 1 day 

50°C soaking, 4 hr 

steaming 

î 8. wˇ͒ɡǂȧ(�ĺȱ˄�

Figure 8. Flowchart of two processing methods.  
�
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�

(A) 

(B) 

î 9. wˇ͒ɡǂȧ(͒ɡǋϻīˡŨɱ(ŞЙ�

�A)50ōȧˡŨɱΕ¥ (B)ȳ�ȧˡŨɱΕ¥�

Figure 9. Steaming time of dehulled adlay using 50 °C method or soaking-

freezing method with different amount of water. 
�
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�

(A) (B) 

(E) (F) 

(C) (D) 

î 10. 50ōȧ�^ȚϤ Ç͒ɡǋϻ(˨͕:�И�

�A)0�ϸ (B)10�ϸ (C)21�ϸ (D)30�ϸ (E)43�ϸ (F)45�ϸ�

Figure 10. Cross section photos of dehulled adlays steaming with 50 °C method using the same 

amount of water as adlay weight at different time points. The arrow heads indicated the raw 
parts of the adlay, which were still white. 

1^Ț�
30 min 

1^Ț�
45 min 

1^Ț�
43 min 

1^Ț�
21 min 

1^Ț�
10 min 

0 min 
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�

(A) (B) 

(E) (F) 

(C) (D) 

î 11. 50ōȧw^ȚϤ Ç͒ɡǋϻ(˨͕:�И�

�A)0�ϸ (B)10�ϸ (C)21�ϸ (D)30�ϸ (E)42�ϸ (F)45�ϸ�

Figure 11.�Cross section photos of dehulled adlays steaming with 50 °C method using double 

water amount at different time points. The arrow heads indicated the raw parts of the adlay, which 
were still white.�

2^Ț�
30 min 

2^Ț�
45 min 

2^Ț�
42 min 

2^Ț�
21 min 

2^Ț�
10 min 

0 min 
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�

(A) (B) 

(E) (F) 

(C) (D) 

î 12. ȳ�ȧ�^ȚϤ Ç͒ɡǋϻ(˨͕:�И�

�A)0�ϸ (B)10�ϸ (C)20�ϸ (D)30�ϸ (E)37�ϸ (F)45�ϸ�

Figure 12.�Cross section photos of dehulled adlays steaming with soaking-freezing method using 

the same amount of water as adlay weight at different time points. The arrow heads indicated the 
raw parts of the adlay, which were still white.�

1^Ț�
30 min 

1^Ț�
45 min 

1^Ț�
37 min 

1^Ț�
20 min 

1^Ț�
10 min 

0 min 



doi:10.6342/NTU201703097

! 51!

�

(A) (B) 

(E) (F) 

(C) (D) 

î 13. ȳ�ȧw^ȚϤ Ç͒ɡǋϻ(˨͕:�И�

�A)0�ϸ (B)10�ϸ (C)20�ϸ (D)30�ϸ (E)37�ϸ (F)45�ϸ�

Figure 13. Cross section photos of dehulled adlays with soaking-freezing method using double 

amount of water at different time points.�The arrow heads indicated the raw parts of the adlay, 

which were still white.�

2^Ț�
30 min 

2^Ț�
45 min 

2^Ț�
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0 min 
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˕�˛� �ĺī͕:ɐˣȴ¥(ŞЙ�

����ʁɐˣǊ SDS ʘɺŴSɂюİ|ǊˊСɐˣ�A-type�юéɚ|˸ǶʘϼXR

|ɐˣȴ¥νɱέ̃źюɟ̗λ̃źȴ¥ʘɮůð˦¥(ŢͥƴΕ�Zhang ˖8

(2006a; 2006b�Ȓέɲˡɐˣɝɡ�Ţʘȴ¥ɮůюʕɸɝɡ˦¥(Ţɲˡɐˣʘ

RDS ÎϤУ͏ƢªюSDS ÎϤ�У͏�ЀюƷ˦¥ǊŞЙɐˣȴ¥ʘϣͭé˲�

̗˦¥ʘ˄ōºȟǃ�ĺǋʘȚϤ�Ʉō�ǋϻ˖(Miao et al., 2015)юЀL˦¥˄

ōÀ@͗ʄЀLɄō�ȾĮȚϤ�̆ʫ�ĺǋϻSυ�юéȅǝĤвϧī�ĺǋʘ

ȚϤĂģ¸ǋϻϹʫʭˎ|īɐˣȴ¥νɱʘŞЙ�ȅāюè�OʃǊńͥʃSƴ

Εɐˣ˸Ƕʘǂȧ(�юƷ,Ɲͻè�ʘŞЙю@�ıÅéē��ͻΎ��

�

3.1 ȚϤ 

����ð“Çǋϻ¸“Ç�͘Ćƽʘɯȥ�юÀȒέȚϤīɐˣȴ¥ʘŞЙю

î 14¸î 15��ɚ 50ōȧ¸ȳ�ȧð ÇǮA(�ʘɐˣȴ¥ƽƮюʄ

îУ ю̋ ΎǊ 50ōȧϐǊȳ�ȧю�^ȚϤ¸w^ȚϤȿŤ( RDS�SDS

¸ SDS/RDSò“Hю#ɞǆУļʌюéȅ͒ɡȚϤī˨͕:ɐˣȴ¥ŞЙ

# ą�ЎƾɰƖ�À͗ʄЀLȚϤSZƕέĂ SDSюIðǝĤвƽƮ%

#ɞȅɸΙюƠȿÀ̤ǊéɚǝĤвƜʃʘȚϤļΨćĭ@̷ǃŞЙέ 

ǆУюƂǊéɚ˨͕:ͣĵǘнʚюǖЁ�ɐˣÏȚ���
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î 14. 50ōȧ�^ȚϤ¸w^ȚϤȒέ�

Figure 14. The effect of water amount on adlay starch digestibility 

steaming with 50 °C method. 
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î�15.�ȳ�ȧ�^ȚϤ¸w^ȚϤȒέ�

Figure 15.�The effect of water amount on the starch 
digestibility of adlay with soaking-freezimg method.�
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3.2 ǋϻ 

����čî 16 ̷î 19 ƃʺю ΎǊNˇ͒ɡǂȧƦϘĂĮ͒ɡȚϤ¸ĂϹ

ʘ�͘Ćƽюð“ÇʘǮA(�Ȓέ Ç͒ɡǋϻ(ƽƮюÀʕɸƃǘ˷�

ʘ RDSòЊ͏͒ɡǋϻƒϹ̗ǘ�ªʘΦ¡юʍ͒ɡǋϻΤ'ǋю˨͕:

ɐˣ˦¥ʘ˄ōǖΤе�Chung˖8(2006)ʘĤвʕɸϓ�˦¥ʘɐˣ|Ț

͵ɱǖ;ǃʁɐˣÕ˦¥ɐˣ(ϻюͣʺɐˣȚ͵ɱǖЊ͏ɐˣ˦¥˄ō

�ª̗Ƣеюéȅ˦¥ǊŞЙɐˣȴ¥νɱʘϣͭéēю˦¥˄ōΤеͣʺ

ɐˣПˤʘĚƼōΤLю,ıͣʺɐˣϝ̤ǒĠǇπµƞͶ�ɐˣπ͞Ț

͵¹žюRŤȿŤ( RDSÎϤΤе��

����ƃǘ˷�ð�͘ 0 ĆʘǮA�юSDS ǖЊ͏͒ɡǋϻƒϹ̗ǘ�Ѐʘ

Φ¡ю³é,̺˦¥“ϼю˦¥˄ōΤеǖRɐˣȴ¥ŤŵūюƃȿŤ(

SDS ̶ɟıǖέL�ɟ̗Ĩ˨͕:�͘(Ţю˦¥ɐˣǖϺĎʕʁè�O

ʃюϣǀƛ�ƴΕɐˣʘȴ¥ɮůюξƀ SDS(ƽƮΦ¡̺�͘ 0Ć(ƽ

ƮΦ¡˅Ŧ Ç�˻σ�͘ 1Ć̷ 3ĆŢю50ōȧ�^�w^Ț¸ȳ�ȧ

�^Țʘ˷�| SDSą̸Ðɸð͒ɡ 5�ϸǋÎϤέLю20�ϸ�ªю45

�ϸ·˅Ŧ�ЀʘΦ¡юƠȿ³éɚ͒ɡ 5 �ϸʘǋϻέʫюȅǋʘɐˣ

ąϓ�įǛ˦¥юéȅ RDSέĮ�SDSέĂю̗˻σ�͘ʘè�OʃĬ̸

RDSαΕɚ˸Ƕέ˿ġ( SDSюSDS�αΕɚ RSюRŤ³ǝʘ SDSÎϤ

�Ѐюξƀ SDSʘΦ¡ЊǋϻʘƒϹÐɸp�ª~�Ѐʘɯȥ��

����ʄ SDS/RDSÀʥ� SDSÕ RDS(ϻʘ“īϼXюȒâʥ SDSƂ RDS

ǒ̤ʥ�ƼдʘΦ¡�ʄî 16 ̷î 19 ƃʺƃǘ˷� ΎǊðNˇ͒ɡǂ

ȧ�ȚϤ��͘ĆƽʘǮA�ю| SDS/RDSʘcòЊ͏͒ɡǋϻƒϹ̗�
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ЀюУʺ�Ўɟ SDSð Ç˷�ǘ4ͿļʌюIÀ̤ξƀʘŞЙ ąюR

Ť RDS˯t͹˘(ŢǖȾř SDSʘŞЙ�юξƀ͒ɡǋϻ̺ SDS/RDSÐ
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�

î 16. 50ōȧ�^ȚϤ͒ɡǋϻ(ŞЙ 

Figure 16. The effect of steaming time on adlay starch digestibility 

steaming using 50 °C method with the same amount of water as adlay 

weight. 
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�

î 17. 50ōȧw^ȚϤ͒ɡǋϻ(ŞЙ 

Figure 17. The effect of steaming time on adlay starch digestibility 

steaming using 50 °C method with double amount of water. 
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�

î 18. ȳ�ȧ�^ȚϤ͒ɡǋϻ(ŞЙ�

Figure 18. The effect of steaming time on adlay starch digestibility steaming using 

soaking-freezing method with the same amount of water as adlay weight. 
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�

î�19. ȳ�ȧw^ȚϤ͒ɡǋϻ(ŞЙ 

Figure 19. The effect of steaming time on adlay starch digestibility 

steaming using soaking-freezing method with double amount of water. 
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3.3��͘�

����Ĩ˦¥ɐˣ̍ǃLɄɽûm͘ǖYRɐˣπ͞è�OʃюƲ϶ɐˣ¸

ʢ϶ɐˣ(ϻʘȘϴκɋŝƀюϣǀƛ�ƀ˸Ƕέ˿ġʘ˸ǎǶξюπ̗Ⱦ

řϜ˲īɐˣʘȚ͵¹ž�Eerlingen et al., 1994; Cui and Oates 1997; Chung 

et al., 2006; Zhou and Lim 2012; Farhat et al., 2001; Okuda et al.,  2006��m͘

Ʉō¸ǋϻϹōǊŞЙè�ʘϣͭé ю˲ǕńͥʃSʭˎè�ʘɄōɚ 4°C

¸ 25°C Ƃ 30°Cю̗ 4°C ̤Ȓ 25°C Ƃ 30°C ŘʕǒūʘƲ϶ɐˣ˸ǎ¥

(Wang et al., 2015)юƷǝĤвƜʃ 4°Cɚm͘ǮA�î 20̷î 23Уʺюƃ

ǘ˷�ʘ RDSð�͘σŢòǖ�Ѐю �͘ 1Ć°ÀR RDSǆУñȾĮю

Ѓ/͒ɡ 5 �ϸʘ˷�|�Ѐ˄ō č 20 �ϸ¸ 45 �ϸʘ˷�юƠȿǊ

éɚ 5 �ϸʘ͒ɡǋϻέʫюɐˣ˦¥˄ō,έLюRDS ǝSı Ăюé

ȅ̤ȾĮʘ˄ōǘЁ�è�Oʃ�ǚπ͞ʘνɱέūюŢǚǖ̃ź�S

�Wang et al., 2015�юȅɸΙ,ÀðǝĤв%ͳĢ�юRDSÎϤð�͘�Ć

ǋǆУ�Ѐю̗ð�͘ 2̷ 3ĆŢ�ЀʘνɱȾ̃��

����SDS ʘÎϤ,ǖ»�è�Oʃ̗Ε¥юéɚ SDS Õ RDS Ǌ�дwИ

ʘɭΡюμńͭƢе SDSʘÎϤpͭ̕ϤʘƄȧıǊЀL RDSʘϤюéɚ

SDS ¸ RDS ðÎϤƂůΡ�ǊΛ“ϼʘϼXю̗˻σè�(Ţ SDS ʘǶ

ξǖέƞδ RSюƃ@μń SDSÕ RSǖ{Ėð�ĺσʘɐˣХɭ%�Zhang 

et al., 2008�юȅāюRDS�SDS¸ RSǊ�ˇ@ǋϻɚ¨�ʘο̊ǵŬюƃ

@ǊÀ@“2αƣʘ�ʄî 20̷î 23Àʥ� RDSÕ SDS�͘ŢʘΦ¡Ǌ

“¹ʘю˔ÆƾɰƃƢ¸ʘǵŬю̗ 50ōȧ͒ɡ 5�ϸ Ύ�^Țϐw^

Țю| SDSòð�͘�Ćǋ�ЀŢ~�ªюȳ�ȧ 5�ϸ ΎȚϤ| SDS
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Φ¡�ɚp�ª~�ЀюȅļʌƠȿǊéɚ 50ōȧÕȳ�ȧ“ȒюðÇ�

͒ɡǋϻ(�ȳ�ȧʘ˦¥˄ōǖ˅Ŧе�4ьʄî 9 ˡŨɱŤʪ(͒ɡ

ƃГǋϻƠȿэюéȅ 50 ōȧ 5 �ϸʘ˷�ʄǃέʁю�͘ 0 Ćľǘʘ

SDS˻σ�͘ 1ĆŢαΕɚ˸Ƕǒ˿ġʘ RSюξƀ SDSÎϤȾĮю̗�͘

2ĆϺĎŢǚʘè�OʃYR RDSκɋαΕɚ SDSюĬ̸ SDSèª�ȳ�

ȧ 5�ϸʘ SDSΕ¥Φ¡ƠȿéɚȒ 50ōȧ˦¥˄ōǒеюƃ@�͘ 1Ć

ǖR�͘�ʘ RDS αΕɚ SDSюЊ͏�͘ǋϻƒϹюSDS κɋαΕɚ RS

Ĭ̸ SDSÎϤ˅Ŧ�Ѐюȅųȥð 50ōȧ¸ȳ�ȧ 20�ϸ,À@ͳĢ��

ƃǘ˷�͒ɡ 45�ϸǋю| SDSΕ¥Φ¡òЊ͏�͘ǋϻü�̗ü�юé

ɚȅ͒ɡǋϻ˦¥έĚvюɐˣǘ˭ 80%ɚ RDSюéȅ˻σ�͘(Ţǖκ

ɋαΕɚ SDSюξƀ SDSÎϤЊǋϻ�ªюSDS/RDSʘΕ¥Φ¡�ą̸Õ

SDS“˔��

����˦¥ɐˣʘè�Oʃ̺ɐˣʘ˴ŦǶξ“ϼю�ǚūνʘ~˸ǎ&ͭ

Ǌʄʢ϶ɐˣ&ĬюƲ϶ɐˣʘ~˸ǎГͭέϹʘǋϻюéȅŢǚʘè�O

ʃ&ͭʄƲ϶ɐˣ&Ĭю·î 2 УʺǝĤвRʃʘÁɗ͕:|ɐˣ&ͭʄ

Ʋ϶ɐˣƃǶƀюM/ 99.23%юéȅƲ϶ɐˣʘŞЙ�έą�̗Ʋ϶ɐˣ

ʘè�̺|˸Ƕ“ϼ(Zhang et al., 2008)� Zhang˖8@ľ˦¥ʘɲˡɐˣ

ɚǟƿʭˎƲ϶ɐˣ˸Ƕīè�ʘŞЙю@Ʋ϶ɐˣʘʫ϶/Ϲ϶ȒcɚǸ

Ƀ�ɚw˷юɐˣ϶ϹϹʫÀʃ̚ÆōąĭS¨�ю̚Æō(degree of 

polymerization, DP)ɚ͢Ϥ̚Æɭ�ēąĭʘƖǸюĤв�ɚʫ϶(DP<13)Ă

ÕϹ϶(DP≥13)Ăw˷юmĖǃ 4°C�ǈǚͳĢɐˣ RDS�SDS¸ RSʘΕ

¥юʕɸʫ϶Ăʘ˷�| RDS�SDS ¸ RS òɞУ͏Ε¥юIϹ϶Ăʘ˷

��Њm͘ǋϻ̗ǘǆУʘΕ¥юSDSpūν�ª̷ǕеcŢ~�ЀюRDS
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Φ¡Õ SDS “¹юÐɸϸóʘǑ̀(Ͽî 12)юȅɸΙðǝĤв%,À@ͳ

Ģ�юƷƠȿÁɗ͕:(TCS4)ĶǃϹ϶έĂʘ×ˇюʄƾɰƽƮ,ÀŤʪ͕

:ɐˣʘƲ϶ɐˣ϶Ϲ�JąĂ͎ð DP13-24 (ϻ (Kim et al., 2016; 

Chaisiricharoenkul et al., 2011)юčϿî 13¸ 14ƃʺ�IʄǃǝĤвʘm͘

ǋϻ¿ǘ�Ćюƃ@Ƞǘʥ�ĚƼʘϸóǑ̀� 

�����

˼Æ@�юťǑ̀Ε¥ÀŤʪ͕:ʘ RDS¸ SDSÎϤǊÀ@Ε¥ʘюºȟ

ǃ�͘ǋϻʘϹʫю@ SDS/RDSOɚϋƫǮAʘƖǸюÀŤʪ͒ɡǋϻΤ

ʫΤČюī SDSʘZʈέǘ�ю �͘À@Ƣе SDS/RDSʘƽcюɟ̗Ў

ɟ SDS/RDSǖЊ͏�͘ǋϻƒϹ̗ƢеюI�͘ǋϻąǃ�Ć@�ƃƢª

ʘ˄ōÕ�͘�Ć“Ȓ#ɞǆУļʌюǘ4˷�ʀ̷ǖ�Ѐю̕ż�Ǻ×ͩ

OƸɱ¸̤ɂ̙ϤʘÞРюĨǺ×�͘�Ć͚ɺ°À�¾āю�^Ț¸w^

ȚξƀʘŞЙļ� ąюéȅϋƫέĮȚϤʘ�^Ț°Àюčȅǘ�ǃœÝ

ǃέĮʘ˻ɔƀǝ�ʁʂǝʂ×��

�

�
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�

î 20. 50ōȧ�^ȚϤ Ç͒ɡǋϻ(�͘Ε¥ 

Figure 20. The changes of starch digestibility of adlay that steamed 

with 50 °C method during refrigeration.  
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�

î 21. 50ōȧw^ȚϤ Ç͒ɡǋϻ(�͘Ε¥ 

Figure 21.�The changes of starch digestibility of adlay that steamed with 

50 °C method during refrigeration.�
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�

î 22. ȳ�ȧ�^ȚϤ Ç͒ɡǋϻ(�͘Ε¥ 

Figure 22. The changes of starch digestibility of adlay that steamed with 

soaking-freezing method during refrigeration. 
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î 23. ȳ�ȧw^ȚϤ Ç͒ɡǋϻ̈�͘Ε¥ 

Figure 23. The changes of starch digestibility of adlay that steamed with 
soaking-freezing method during refrigeration. 
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˕ç˛� Ÿě×΂ 

����ʄǃǝĤвʘǕ˶ʡǸłṲ̈̌Ĩ˨͕:Ǻ×ʂ×¥ю̗ ̓ͭϺʕʂ×ю

ȴΝ̖ʘƞ»ōıǊ]Г̕Ϥʘϣͭé˲юéȅĤвðȅ;tŸě×΂΅

вюSʥȴΝ̖īȅĤвǺ×ʘƞ»ō¸àČō�ʄ͒ɡȚϤ�ǋϻ¸�͘

ǋϻīɐˣȴ¥νɱŞЙʘƽƮľ˞ϋ��^ȚϤ��͘�Ćʘ�ĺǮAю

͒ɡǋϻ�ǊΤʫΤQюɟ̗͒ɡǋϻʘϋƫįǛʵĜюéȅŴ�ʃȴΝ̖

ƞ»ō(Ÿě×΂Ĩɞȧͥƞ»(͒ɡǋϻȺȞю΅î˞ϋ�ȴΝ̖̤ƞ

»(Ǖʫ͒ɡǋϻ��

����Ÿě×΂ʘaϋǺ×ƜʃǕ˶ʂ×ŝŗU»΅̖×΂юéɚǝʂ×М

͹Ϻʕƀ°ХХ×юƃ@@��-ɦŢʘŝŗƢUю��-ɦ�ʘ�ĺǮA

Ɯʃ�^ȚϤ͒ɡ ÇǋϻŢю˂̷ 4°C �͘�Ćю~π͞��-ɦŤ�

×΂Ǻ×�ðȟĜ͒ɡǋϻ˜ì(�юǘπ͞МĤвȺȞ/͒ɡ 5 �ϸʘ

Ǻ×юéɚΡñćʯɞȧƞ»ю̗͒ɡ 20 �ϸ¸ 45 �ϸ�Àͥƞ»юƷ

Ĩ×΂Ǻ×͒ɡǋϻ˜ì͸ð 10~20�ϸюǺ×¤Ɣ��я50ōȧ�^Ț

10�ϸ�50ōȧ�^Ț 15�ϸ�50ōȧ�^Ț 20�ϸ�ȳ�ȧ�^Ț 10

�ϸ�ȳ�ȧ�^Ț 15�ϸ�ȳ�ȧ�^Ț 20�ϸ� 

    Ÿě×΂Ɯʃ,��àČō/ƞ»ō΅вю@���,�ɚǺ×Ɔ�ƽю

��ͣʺЗń àȂю,�ͣʺЗńàȂю%ϻc3��?ͣǍμюǝĤв

Ĩąǃ 5�Ĝ̒ɚÀͥƞ»�»΅̖ů�¸Ňц�Jčͣ 2ƃʺю{ 32K

Ǜ»Ÿě×΂ͼ̄(¶̺̖�×΂Кʡ¤ƔǺ×āͳ�ʯō�¼Ÿ�ЯÓ@

¸Ƽдƞ»ōю˸ǣčî 24 ̷î 28 ƃʺюz]Ǻ×ʘāͳ�ƽ#ɞУ͏

ļʌю50 ōȧʘ�]Ǻ×|ʯō�¼Ÿ�ЯÓ�ƽЊ͏͒ɡǋϻƒϹ̗ǘ

�ªʘΦ¡юȳ�ȧʘ�]Ǻ×(ʯō�¼Ÿ�ЯÓ�ƽ�ɞУ͏ļʌ�ť
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Ƽдƞ»ōSʥю50 ōȧ�^Ț 10 �ϸ(Ǻ×�ƽУ͏Lǃ|Э3]Ǻ

×ю �ƽLǃ%ϻc 5 �юƷĨȅǺ×ȺȞю|Э3]Ǻ×éɞУ͏ļ

ʌю �ƽòеǃ 5�юéȅʈ�̉̊Ţ̊Ĥв� 

 

 

 

ͣ�2.�Ÿě×΂»΅̖(8ƽ�ů��Ňц�

Table 2. Number, sex, age of participants that took part in the sensory evaluation test of 

adlay products.  

 Sex  Age 

 Male Female  21-25 26-30 31-35 36-40 >41 

Number 9 23  24 3 1 1 3 
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ͣ 3.  Ç�ĺǮA�-ƀ×(Ÿě×΂˸ǣ 

Table 3.�Sensory evaluation score of adlay products.Results were mean ± 

standard deviation. 

 258 175 894 606 134 941 

Appearance 5.677 ±1.326 5.581 ±1.285 5.419 ±1.336 5.839 ±1.128 5.355±1.170 5.774±1.283 

Flavor 5.000 ±1.291a 5.581 ±0.886ab 5.871 ±1.118b 5.677 ±1.249ab 5.710 ±1.071ab 5.742±1.264ab 

Texture 4.806 ±1.352a 5.484 ±1.503ab 5.935 ± 1.413b 5.710 ±1.395ab 5.839 ±1.241b 6 ±1.317b 

Hardness 4.935 ±1.548a 5.806 ±1.327ab 6.161 ±1.267b 5.871 ±1.5436ab 6.290 ±1.039b 6.194±1.223b 

Overall 

acceptability 
4.625 ±1.338a 5.625 ±1.289b 5.8125 ±1.223b 5.875 ±1.408b 5.875 ±1.129b 6.031 ±1.282b 

Sample codes of 6 products stands for: 

258: 50 °C method, steamed for 10 min, refrigerated for 1 day and then freeze-dry. 

175: 50 °C method, steamed for 15 min, refrigerated for 1 day and then freeze-dry. 

894: 50 °C method, steamed for 20 min, refrigerated for 1 day and then freeze-dry. 

606: soaking-freezing method, steamed for 10 min, refrigerated for 1 day and then 

freeze-dry. 

134: soaking-freezing method, steamed for 15 min, refrigerated for 1 day and then 

freeze-dry 

941: soaking-freezing method, steamed for 20 min, refrigerated for 1 day and then 

freeze-dry 

�

�

�

�
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˕3˛� ��-ɦ͕:(ɐˣȴ¥�

�

����ʄǃŸě×΂˞ϋ�(3]�-Ǻ×(ƞ»ō�ƽɞУ͏ļʌюƷπ

͞ɐˣдāȴ¥Ĥвπ�Ȇ@ȴ¥νɱOɚǸɃS˞ϋǕ˶ʂ×�î 29У

ʺÅǺ×ʘ RDS�SDS¸ SDS/RDSю|% 50ōȧ 15�ϸ̺ȳ�ȧ 15�

ϸʘ RDSǘУ͏ļʌюλw˷Ѓ/͒ɡǂȧ Ç|ЭǮAò“ÇюéȅÀ

ʥ� 50ōȧǊlǃȳ�ȧʘ�̗ÅǺ×(ϻʘ SDS¸ SDS/RDSòɞУ͏

ļʌюI 50ōȧ 15�ϸ( SDS/RDScǊ3]Ǻ×%Ǖеʘю | RDSέ

LюSDS έеюéȅϋƫ 50 ōȧ�^Ț 15 �ϸ�͘�ĆŢ�-OɚǕ˶

ʂ×ʘ�ĺǮAюî 30ɚÁɗʁ˨͕:@¸Ǖ˶�-ʂ×ɠɪюÀͯ˶ʂ

×Zƕ/³ƿʘāóю͕:ð�ĺσ˄#ɞ»�åϣɭɺůʮÿю̗˷̈Ě

ƼōÀOɚ|ɐˣȴ¥νɱέL(͵Ϣ(���

�

�

�

�

�

�

�

�
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î 24.  Ç�ĺǮA�-ƀ×(ȴ¥ɮů 

Figure 24. Starch digestibility of adlay products. Results were mean ± standard deviation. 
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(A) 

(B) 

 

 

î 25. Áɗ˨͕:³ƿ(A)¸Ǖ˶�-ƀ×ɠɪ(B) 

Figure 25. Photos of raw Taiwan dehulled adlay (A) and its final product (B). 

The scale bar indicates 1 cm. 
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˕z˛�  Ç×ˇ˨͕:�-ƀ×(ɐˣȴ¥Ȓέ�

�

����ʵˑʂ×�ĺǮAŢюĨȅǮAĊt|>×ˇʘ˨͕:Sʥ×ˇ(ϻ

ǊÍǘļʌюȒέʘ×ˇ¤ƔĦëсȎˇ�ĦëʖȎˇÕΤ­ˇ��

����î 31УʺÁɗˇ˨͕:ʘ RDSǊç]×ˇ%ǕLʘю ̺ĦëсȎ

ˇǘУ͏ļʌюIçˇ×ˇʘ˨͕:( SDS òɞУ͏ļʌюSDS/RDS ,

òɞУ͏ļʌю σâıņòcSʥюÁɗˇ( SDS/RDSǊ˕1еʘюj

ǿǃΤ­ˇ�ʄȅÀŤʪð“Çʘ�ĺǮA(�юÁɗˇ˨͕:#Ƞǘǆ

Уː�ю̗λç]×ˇ˨͕:(ϻʘ4ŦļʌÀ̤Ǌ|ɐˣǶξƃξƀю

¤Ɣʢ϶ɐˣ¸Ʋ϶ɐˣʘȒT�Ʋ϶ɐˣ϶Ϲ�J˖é˲ю̓ͭʩ͵˴

˛�Гπ�ȆĤвΒĤ��

�

�

�

�

�

�

�

�

�

�

�

�



doi:10.6342/NTU201703097

! 75!�

 

 

î 26.  Ç×ˇ˨͕:�-ƀ×(ȴ¥ɮů 

Figure 26. Starch digestibility of different species of dehulled adlay 
final products. Results were mean ± standard deviation. 
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����ɚ/�У�ǝʂ×ʘl¡юĨ�-˨͕:ʂ×̺ʁ͕:�͕:�̾ɡȧ¸

ʖЦ“Ȓ| RDS�SDS ¸ SDS/RDS�ʄî 32 Àʪʁ͕:˻σ�̾ğŏʘɝ

ɡǂȧɡɢ(ŢǖУ͏Ƣе| RDSÎϤюʄǃμńǖĨ͕:ɡ�ΫɧʘɯŹ

Хʃю|˦¥˄ōеюʁ͕:ɐˣПˤʘĚƼō,ͥʮÿȊʞюéȅέĠǇͥ

Ϝ˲ȴ¥юRDS ʘϤ°ǆУü��ɟ̗͕:˻σǝĤв˞ϋ�ʘ�ĺǮA͚

ɺ(Ţю�-ʂ×( RDSÎϤ̺�̾ɡȧ(˷�“ȒУ͏�Ѐю ̺ʁ͕:

ɞУ͏ļʌю,ıǊ΋ǝĤв(�ĺǮAÀ@Zʈʁ͕:ɐˣ̃źȴ¥ʘɮ

ůюR8дХt(Ţ͝˧ ǖŮ��ª�ʖЦǊ5ȯ8ʘɐˣ&Хю̗| RDS

Ǌƃǘ˷�%Ǖеʘюʀ̷Ȓ͕:ʘ�̾ɡȧϐею̺ʖЦ“Ȓю�-ʂ×(

RDSУ͏έL� 

    Ѓ/ RDS(āюSDS,Àʥ��-ʂ×ʘl¡юʁˊСɐˣǊ SDSʘ̿
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Figure 27. Differences of starch digestibility among dehulled adlay final product, raw dehulled 

adlay, dehulled adlay cooking with regular method and cooked rice. Results were mean ± 

standard deviation 
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ͣ 4.�Áɗ˨͕:˶ʂ×ʁ͉ƽǾȿ˸ǣ�

Table 3. The results of total plate count of dehulled adlay final product 

 
ǘǸͽ�ɚF͹c�

* Estimated value, calculated as 1 multiply the minimum dilution factor.�

# Blank group without diluent, only operating movements.   
�

�

�

�

�

Ǻ×� ˃Ϣ^ƽ� ͉͎ƽ� CFU/g 

Áɗ˨͕: 50

ōȧ�^Ț 15

�ϸ�͘�Ć

(�-×�

10 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

100 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

1000 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

0 <10* 

ˏʖ˷�˃Ϣȷ��
0 <10* 

0 <10* 
ˏʖ˷��O��� 0 <10* 
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