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UV1Vl 1. 'lI'eUJ~Vl1 ~uLnmm.m'U.."l 

OJ 

Vld'. ~d'lf(;nr ~(;]~tJfl~ 

Vlr. ~lf;'l'l~ lJr~vhJ~Lf;'l1.l 

~lrh "LLiJ-il" ~1tl "~~(;]nruiLLiJ-il" m.ntJml~.m~t1-ilLLiJ-il~~l':l (flour) LL~:::LLU-ilf;'l(;]lf'll (starch) LLU'I~ 

~l':l ~~ltJt1-il t:.J~(?1nruiLLU"r,;nm~~Vl1X':l ~1tlci':l1.l~1.l~1ifu1tnf11(/('lItl'lYl'!l L'll1.l irl'lL~l irl'lL~i"lm irl'l'i'll-il irl'l 

f;'ll~ irl'lt~Vl tJ1.l~hJ~~~-il tJWVlV'l dJ1.l~1.l ti?1mhr(;]r1~um~ hJ lJi?1 ~1!l~ LL~':l1!lwu1.lt:.J'I~:::L~tJVI ~'I~1.lci':l1.l, 

Ur~ntlU'lItl"LLU-il~m':l~"ii~11m~lrvil'11~iitl~11.lr'J(;]~~'J~'I~~Vl ~tl f11fLulmVlr(;] tur~1.l1'lltJ1.l L~1.l1mL~:::LL1 
fjl~vil-il1 dJ1.l~1.l ci':l1.lLLU-ilf;'l(;]lf'll ~~ltJt1-il t:.J~(?1nruiLLU'I~t:.J~I?1"llnci':l1.lv1l-il1"Jj!l'lYl'll L'll1.lL~mrlu~li1l1.lmd't:.J~1?1 

LLiJ"~~l':l LLvil1.l,T1.l1?1 !l1.lmd't:.J~ 1?1 Iii::: LLtJ m m L'U~1:::ci':l1.l~ LU1.lf;'l1r!l1~lrrn flu1;:] LVI rl?1 LVI tJ iif;'llr~1.lu :::U1.l~lirtl tJ~ 

~VI ~'I~1.lLLU'If;'l(;nf'!l~-ilur:::n!lU(/(':ltJ~lr!l1~lr~LU1.lFnfLu1mVlrI?1LU1.lci':l1.l1~nJ (- 99%) 

t:.J~l?1nruiLLu'I~LU1.l'1l1?1f;'l1~mr~~~h·1ru'll!l'lUr:::LVlV'l1VltJ 1(/(LLri LLU-ilirl'lL~l LLU'Iirl'lmi"lm LLU-iltJ1.l, ~ 

~lU:::~~'I Ltl1.l~1.l mrlJl ~~l?1nruiLLl']'I~lLLUrt;U LU1.lt:.J~l?1nruey]m~lr"llUrn vil-il1~1.ltl~rlU flruf;'l~u'1i'll!l-il LLU'I LLvi 

fl~'llUVl LL~~t:.J~l?1nruiLLUrrU"llnt:.J~l?1nruiLLU'I"l:::r1n L~tJntVlm'l~~l "t:.J~l?1nrui"lln LLU-il" 
~ ~ 

LLU'ILU1.lf;'l11Ur:::ntlUUr:::LI1VlrnfLul;:]LV1r(?1~1(/("llnnlr~'ILf1rl:::,xLLf;'l-il'lltl-ilYl'll ci'l1.l'll!l'lYl'!l~LU1.lLL~~-il"Jj!l'l 

LLU-il~lJl~11i1l1.lmrt:.J~I?1t:.J~(;]nruiLLU-il ii~-il~ 

• LLU"~t:.J~(;]"llm~~VlfirI.JYl"llLL~~~'l1(/(LLri ojfl':lL~l iil'lL~i"lmirl':lt~VI irl'lf;'ll~ iil':lv1l'1 ~':lL~m LU1.l~1.l 

• LLU'I~t:.J~(;]"llnci'l1.l1X'l1(/(LLri tJ1.l~*'I 

• LLiJ-il~t:.J~I?1"llnci':l1.l'lJtl'lrlnYl"ll1(/(LLfi tJ1.l~lU:::~~-il tJ1.lLVlV'l L";hmmJtl~ (arrowroot) 

• LLU-il~CJ~(;]"llnci(l1.l~h(/(1.lYl"lll(/(LLri ~l~ (sago palm) 

1.2. f;'l~ill\Vll"Lf1iiLL~~mtJm~'iJtl'lLLU-il 

!l-ilr1Ur:::n!lU'lJ!l-ilLLU'I"l:::LLl?1nvil'1rl1.l1U ~'I~~1.l!ltirlUU"lr.rtJ~~ltJmh'l L'll1.l Ur~LI1Vlf;'lltJ~wf !l1tJ ~ '( , 

"lln LLU'I~ CJ~ (;]'"l1 m~~VlfirI.JYl'll LL~::: ~':l tltil-ilhn(;]1~ ill~l ruLLU'Il1.lYl"lll,xLLU'I Lritlr)l1.l':l ru(;]1~~l~,rn LL,x'l"l::: 

Ur~n!lU(/(':lmLU-ilUr:::a.J1 ru~!ltJ~::: 70-85 Lri!lvll mri) Lf1rl:::,xVl1-il Lf1ii ~U~l LLU-il'"lln LLv1~:::Lm~-il"l:::ii!l-il r1ur:::n!lU 

LL(;]nv11'1rl1.l ((;]lrl-ilVl1 .1 ) 

http:Ur~n!lU(/(':lmLU-ilUr:::a.J1
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CJ~VlCJ~Lm1Vlj' 
.li 

fl ') '1:1-.1 'D kl hh~kl 1'l1~kl L~tl1U .. a 
~1?l1j''D 

.. b 
~(;lIj''D 

iil')h'1~ (corn) 16 9 4 2 60 71 

~kl~f..:! (potato) 78 2 0.1 0.7 18 82 

iil,)~I~ (wheat) 14 13 2 3 64 74 

~kl~IU:;VI~..:! (cassava) 66 1 0.3 1 26 77 

iil'lLl'i~ (LVlu'U'l) (waxy maize) 20 11 5 2 57 71 

iil'lvh..:! (sorghum) 16 9 3 2 63 75 

iil,)L~1 (rice) 12 8 0.5 - 78 89 

~klLVI'" (yam) 68 1.5 0.3 - 23 72 

Vll')mmJm.J (arrowroot) 70 - - - 25 83 

Amylose 

a b 
% wet basis % dry basis 

d 
VllJl : Van Beynum and Roels, 1985 

~(;llf'D~ Lii~L~mm~'ll1 ~ LL~'l"l:;tl~1kl~U'll'fN LiJ ~ (granule) LiJ~ LL1'J":!~uj':;ntlUv)')tll'ifl~L~f1f'/JfI..:!n~lfl~ 
~f1..:!'Dil~ Atl !dJ'l~~ (Amylose) LL~:;tl:;m~Ll'in~kl (Amylopectin) (ml'i~ 1.1 ) 

~ 
O~~oHi 

J:O>L ~, ~:OH~ 
OH OHO~O 

01-1 01-1 01-1 

Amylopectin 

ml'i~ 1.1 LflN~~I..:!'lItl..:!tl:;m~~LL~:;f1:;mml'in~kl 

(~~1: ~~LLU~..:!"lln Vissers, 1996) 

l'itl~L~tlf'lJfI..:!n~Lfl~~1.h:;nfliJv)'lU anhydroglucose unit L~tl~vi'tlfi"'JV)'ltl~kl1):; glucosidic linkage tl:; 

m~~Ltlkll'itl~L~tlf'/JfI..:!n'1'1Lfl~~iJ~klD:;viflL;tl~nkl~"l ~ U-1,4- ~..:! Ltlkll'i'fl~L~'flf~It1VlN ~'lkl'fl:;m'1'1Ll'in~klLtlkl" , 

l'i'fl~L~'flf'lltl..:!n~lfl~~kl'fln"lln"l:;L~'fl~vitlnkl~'1~ U -1,4- LL~'ltT..:!iJn1j'I?i!lL~tl~nkl~'~ U-1 ,6- V)'lU ~..:!Yh1~Wfl~ 
L~'flfi1~m:tru:;Ltlkl~..:!rhkl (branch) tl:;m'1'1 Ll'in ~klLtlklL~ L~fl'1'1'/J'fl..:!l'i'fl~L~'flf~iJ'lJklI1fl1VI oJ LL~:;iJJIV1'Wnl~ L'1'1fl'1'1 

mnn~ltl:;mMl~..:! 1000 Lvii (Swinkels, 1985) tl:;m'1'1~LL'1'1:;tl:;m'1'1Ll'in~kl1klLiJlfl LLU..:!Iiij:;Lj-U..:!i,hlkl1'WLL'W'l7",iJ 

tltJ'l..:! LtI'Wj':; Luuuyh1~Liilfl~'l'WCJ~ nLL~:;f1~ru~lkl~..:!Yh1~Lij Ifl LLU..:!Vll~ Dn~'ll1 ~ i1~n'l1ru:; Birefringence ~'W... 
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(mY/~ 12) ~,)'W&J~mLh..l~TW~td1t~LY/n~'WL~EJ'I~')ri\ltl~h~n~:::LlhJU Y/tl~L~tlf'ntl'l'fJ:::m~LY/n~'W~'lJ'W1'Writ.!"l:; 
L~tl~ ~tl rlWihEJ~t.!fi:::lelLi?1 n ''It.! LL~:::~')t.!tl~ru...'i1t.!Ln 1'1"l1 nU1L'lru~ LUt.!"l,1'1 L~'f) ~ ~tl~'1 n nt~91'1 C~EJ'I ~')tl£i1'1hlLlJ'W 

~:::LiJEJULL~:::nnt~Lnt:::L~mrlwihEJ~'Wfi:::le:1Ll'1n"l'Wtl£i1'1'\.-1~'l~1 ~,)W:J~n1t.!LijI'1LLi'J'ILUt.!~'lt.!~vl1'\.-1'lJl~1mflN 
f'l~1'1~ LL~'1 LL~'1 LL~:::~ I'1Lfl Nf'l~1'11t)ti),)EJ rlt.! L~ L~~~'lJtl'ltl:::m~f'llJ1'1~'lt.!"l::: Ln 1'1 Lilt.!f'lln.h:::ntlUL ii'l-if'f)'WrlumI'11'l1 

~t.!~'1'll'lEJvl11~Lijl'1 LLU'Infl,)l~ LL-ll'l LLN~'WLL~:::'ll'lEJ~ht.!nt~Y/tl'l~,)'lJtl'lLij(?1 LLU ·, (Leach LL~:::flru:::, 1959; French, 

1975; Oates, 1997) 

y___ 

B 

~ 
-----.A chains 

~6~~ 
B chain. m~ 

Crystalline 
regions 

Reducing 
en~ 

mY/~ 1.2 A : LflNf'l~l'1'lJtl'ltl:::m~LY/n~t.! B : n1~9(?1L~El'I~'l'lJ'fl'ltl:::m~f'lLL~:::tl:::mflL~m~t.!~ri'fl1~Ln(?1~'lW:J~n 


(crystalline) LL~:::'fl~ruJ1t.! (amorphous) f'l~Url'Wltlvl11~Lill'1 "growth rings~f'llm~Cl~tl'lL~t.!1~"lln light 


microscope C : nt~9I'1L~tJ'I~'l·ntl'ltl:::m~LY/n~t.!1t.lIlly/~(?1'lJ'l1'1'l1tl'lLij(?1LLU'I 


(~lJl: ~~UUCl'l'illfl Parker UCl~ Ring, 2001) 


LLU'I~ ~1"l1n LL'\.-Iri'l~ (;]1'1 rlt.!"l:::n~1'1 ~'lt.!'lJtl'l'f):::m~f'll'itl'f):::m~Ly/ n~t.!l'il'1rlt.!ltl vll1~LLU'In f) ruf'l~U~ 

LUnnvh'lrlt.! f'l~illl~~lAClJ'lltl'ltl:::m~f'lLL~:::tl:::mmY/n~t.!n(i]'1LLf'l(?1'11t.!(?l1~1'1~ 1.2 
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U-1 A-linkage U-1,4- LL~:; U-1 ,6-linkage 

'lJ'Wlf?1 

nl'i'~'W~'l (retrogradation) 

"" Vll-J1: Van Beynum \\~:; Roels, 1985 

LLU'l"llnfit1J~'ll L'll'W LLU'liil'lL91 UU'liil'lLVif?1 LLU'liil'lYll'l iJuhnru 'fdj'[~~ ~'lth:;l-nru 28% LLU'l 

"llnnnu~:;'IX'l L'll'W LLU'lar'W~IU:;'\.I~'l LLU'lar'W~f'l "l:;iJtIhnru'fdn~~~IU),:;l-.l1ru 20% LLU'lU)':;L1lVl waxy "l:;hJ 

iJ 'fdn~~ L~tJ 1'W'lJru:;~LLU'l amylomaize "l:;iJ'il:;m~~~'l()'l 80% ~'l'il:;m~~1'WLLU'lLLj;j~:;'llilf?1"l:;iJJlw.rn 

Ll-JL~rJ~LLl1Inj;jl'ln'W ((;lln'l~ 1.3) UU'l~ihdn~~~Ll-JL~rJ~t.n'l~'W"l:;iJU'W'lL~l-J1'Wmnnf?1 retrogradation ~f?1~'l 

Lti'fl'l"llnLl-J L~rJ~~iJ~ltJm'liJl'l'lll-J~Il-Jl)'t11'Wm'i'n~Ul-J 'Hn f?1~'Wfi:;),:;'\.I~I'l n'W1~~ln~1Ll-J L~rJ~~iJ~ltJ~'W 

LLU'l 
ml-Jlru 

'il:;m~~(%) 

~-Amylolysis 
a 

limit (%) 

Degree of 

Polymerization 

(DP) 

~1'W'l'W~ltJ 
.. 

Vil~tJ 

1'l'l1l-Jt.n'l 

.. 
~lm'U~tJ 

Ll-JL~rJ~Yi 

LtI'Wn'l 

(%) 

LLU'l~I~ 28 88 1,300 4.8 270 27 

LLU 'liii '1 LVif?1 28 82 930 2.7 340 44 

LLU'liil'l L 91 

Indica 17 73 1,000 4.0 250 49 

Japonica 17 81 1,100 3.4 320 31 

LLU'lar'W~IU:;'\.I~'l 17 75 2,600 7.6 340 42 

LLU'lar'W~f'l 21 80 4,900 9.5 240 -

a !3-Amylolysis = % m)'U'iltJLLU'lLf?1tJ1if ~-amylase 

~1V1fU'il:;m~LVin~'W'lI'fl'lLLU'liil'lL91 iii') LVliltJ'l ar'W~IU:;VI~'l LL~:;ar'W~f'l ~lwh'W1'\.1t1!u),:;l-Jlru 80

90% U),:;n'flU ~'ltJn~l-J L~tJ'l1 LL~:;~ltJ~LVI~'fl~n 1 0-20% "l:;LtI'W~'l'WL~'ill-Jj;j'il'lJ'il'l uj;j~:;n~l-J 1'WLLj;j~:;n~l-J 

u)':;n'ilU1,J~'ltJ~ltJth:;l-Jlru 22-25 ~ltJ v'h1,xLn(;)Lij'W~'lW.J~n (Crystalline) 'lI'fl'lLl1f?1LLU'l '(;)L~'fll-J~'l'lJ'il'l'fdlL~ 

http:l'il:;m~~1'WLLU'lLLj;j~:;'llilf?1"l:;iJJlw.rn
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L~n~'W'1l~1'W~':l'W'1l~ru~1'W (Amorphous) (French , 1984) '1l~m~L~n~'W~unn!J1'WLLU'l'"llmLVIri'Il'h'l1 '"l~iJ 
~m~ru~'Vll'ln1tJm~~~l'ln'W ~'lLL~~N1'W1;jl'n'l~ 1A 

LLU'l 

tIhnru 

'1l:;m~L~n~'W 

(%) 

DP 
f1':ll~m':l 

."J 
~lm'U~tJ 

~l'W':l'W~ltJ 
."J 

L'U~tJ 

fI':ll~m':l 

~ltJmtJ'W'1ln 

."J 
L'U~U 

fI':ll~m':l 

~ltJmtJ1'W 
."J 

L'U~U 

LLU'l~l~ 72 4,800 19 250 13 5 

LLU '1 iii ':ll~(iI 72 8,200 22 370 15 6 

LLU'lifl':lL~l 

Indica(lR36) 4,700 21 220 14 6 

Japonica 12,800 19 670 13 5 

Waxy rice 18,500 18 1,000 12 5 

LLlJ'l~mJf'l 79 9,800 24 410 15 8 

Vl~l: ~(ilLLU~'l'"lln Hizukuri, 1988 

n'W (l111dl'l~ 1.5 LL~~ 1.6) ~(iI~'l'W'II'1l'ltl~m~~LL~::'1l::m~L~n~'W~LL!1ln~l'ln'Wn ~'l~~1,xLLiJ'liJ"'lru~~tJ1i~1'l1n'W 
li1lm'U~1~1'W~':l'W'II'1l'lfl':ll~Lu'W~~n (Crystallinity) Lugay LL~:: Juliano (1965) 1r;)viln1d'Vl(il~'1l'lL~mnfl':ll~ 

~~~'Wlfd::~~l'lmmru'1l:;m~~ fI':ll~ Lu'W~~n LL~::n1dLn i1I L'"l~'II'1l'lJl LL1J'l li1lu1ifLLU'liil':l~iJmmru'1l::m~~~'l 
LL~ 13.7-32.8% 'l!n14'tJ~'l~'1l'l~tJ~rl L~tlm~lru'1l::m~~L~~~'W rilf1':ll~LU'W~~n'lJtl'lLLU'l'"l::L~lJ~'WI;jl~ ~'l~'l~~ 
1,xLij(ilLLU'liJn1d~tl'l~':l1~iJ'1ltJ~'l vil1,x'1lru'\.Uln~L~lJ Ln(ilL'"l~ (Gelatinization temperature) ~'l~'W LL~::1,xfl':lllJ, ~ ~ 

'j,\il(il~'l~(iI (Peak viscosity) 1'Wd:;wjl'lLn(ilL'"l~~I~'l ii'1l~ Atl LLU'liJfI':lllJfI'l'Vl'W~tlfl':ll~~'1l'W1~~~'W ~'lLni1ln1d~Vl 
~'l'llrNfl':lllJ'j,\ili1l (Breakdown) hjmnLVhLL1J'l~iJmmru'1l::m~~~lL~'1liJn1d1,xfl':l1~~'1l'WLU'WL':l~1'W1'W 
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l.h:::lJ1V1 'lI'Wl~ (micron) 

3-26 (1 ) 

3-26 

5-15 

(1 ) 

(2) 

20-25 

2-35 

20-35 

(2) 

(1 ) 

(2) 

3-26 

35 

(1 ) 

(2) 

(1) 

(2) 

.... .... 
'11 l'W"l 1 3-8 

Amylomaize 3-24 

25 

(1 ) 

(2) 

U1'l 12-32 

n'h.:l 8-16 

U1'l 16-25 

n1'l-.l 10-15 

5-100 

15-100 

(1) 

(2) 

4-35 (1 ) 

aT'WbVlPl nn 5-25 (1 ) 

5-70 (1 ) 

5-70 

5-65 (1 ) 

Vl~1 : (1) Van Beynum ~L~::: Roels, 1985; (2) Lineback, 1984; (3) Naivikul LL~:; 

O'Appolonia, 1979; (4) International Starch Institute, 1999; (5) nln~'Yi-.l~ vi'l-.lfn~, 2529 
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1?l1n~~ 1.6 md-Jlrutl:;m~~ tl:::m~bY1n~'W bb~:::~d-Ju~vn~n1tJ1l1Y1bbiJ~'llijVlt;ll~1 

bbiJ~ % t;ltl starch 100 nfd-J ~ruVl1Jm'Wn1HnVl n11Y1 'eN r;T'l n11~:::~ltJ (%) I fI'lld-JLild-JiI'W~n~~ I b'em~11ill~~~ 
~--~~------~I 
tl:::m~~ I tl:::m~bY1n~'W b"'l~ (g. bbiJ~~Y1tl~r;T'l (Close-packing 

(OC) /g.bLiJ~bL,x~) concentration) 

(g/100 mL.) 

i1l'lLYiVl 28 72 (1 )LL~::: (2) 

62-72 24** 25** 4.4** (3) 

15.1 * 2.8* (4) 

,r'W~f~ 21 79 (1 ) 

23 77 (2) 

56-66 >1000** 82** <0.1 ** (3) 

115* 0.25* (4) 

" <OJ
'lJl'l~l~ 28 72 (1 ) 

23-27 77-73 (2) 

52-63 21 ** 41 ** 5.0** (3) 

3.8* (4) 

,r'W~liJ:::VI~~ 17 83 (1 ) 

58.5-70 71 ** 48** 1.4** (3) 

21.9* 1.7* (4) 

17-23 83-77 67-74 40-62 ~ 85°C 22-42 ~ 85°C (8) 
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11l1:i'1'l~ 1.6 lJhjlru'1l~m~~ '1l~m~b"tm~'W bb~~~;..JlJ'1iYn'lmtlmYmU'l'1lij(i1!?11'l1 (!?I'1l) 

LLU'l % !?I'1l starch 100 nf;..J ~ru~1Jm'Wmnn(;l 

b'"l~ 

(OC) 

m:i'Yi'1l'lt?l'J 

(g. LbU'l~Yi'1l'lt?l'J 

/g. LbU'lbL,x'l) 

m:i'~~mtJ (%) I ~'Jl;..Jb;];..J;]'W~n'l~ 

(Close-packing 

concentration) 

(g/100 mL.) 

I b'1ln~l:i'ill'l~'l 

'1l~m~~ I '1l~m~LYm~'W 

lJ''WbYl~ (Sweet potato) 46** 18** 2.2** (3) 

;]1'JbYi(i1 (b~tltJ'J) o 100 

99 

63-72 64** 23** 1.6** 

(1 ) 

(2) 

(3) 

;]1'J'i11'l 28 

23-28 

72 

77-72 

68.5-75 22** 22** 4.8*' 

(1 ) 

(2) 

(3) 

" " 'ill'Jb'"ll 17 83 

61-77.5 19** 18** 5.6** 

(1 ) 

(3) 

;]1'J Indica 21 79 (2) 

;]1'J Japonica 17-19 83-81 (2) 

~1~ 
~ 

27 73 

97** 39*' 1.0'* 

(1 ) 

(3) 

Vll'Jt11tllJ'1l;..J 20 80 

54*' 28** 1.9** 

(1 ) 

(3) 
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(?j'l~'l'l~ 1.6 iJhnru'fl:::mfl~ 'fI:::mmYm~U LLfl:::~lJu"iVl'l'lmtJll'l'v'mU'I'!ln~(,h'll (l'l'fl) 

LLU'I % l'l'fl starch 100 n1lJ t1ru~llmWn'l~Ln~, ~ 

L"lfl 

(OC) 

n'l~~'fI'I~':l 

(g.LLU'I~~'fI'I~':l 

/g.LLU'ILL~'1) 

n'l~fl:::fl'ltJ (%) fl':l'llJ LillJilu1n'l ~ 

(Close-packing 

concentration) 

(g/100 ml.) 

L'fIn~'l~il'l'lii'l I 

'fI:::mfl~ 'fI:::mflb~n~'W 

~ col

rm'lJm - 25.3 -74.7 75-76.5 1.97 VI 30°C 

13.9 ~ 95°C 

2.6 ~ 30°C 

16.1 ~ 95°C 

(5) 

amylomaize 50-80 20-50 - - - - (1) 

52 48 - - - - (2) 

- - - 6** 12** 20** (3) 

... 
nfl':ltJ - - 68-76 24.2 VI 70°C 2-3 ~ 70°C - (6), (7) 

37.3 ~ 80°C 5-6 ~ 80°C 

50.0 ~ 90°C 7-8 ~ 90°C 
- - - - - - - -

* ~'l~1ULLU'IVlbn(11 gelatinization LL~':l 


** VI'fInmlli1 95°C 
, " 

VllJ'l : (1) Van Beynum bbfl::: Roels, 1985; (2) Lineback, 1984; (3) Leach, 1965; (4) Evan and Haisman, 1979; (5) nlil~~'11J' vl':l'I1n1J', 2529; (6) Da Mota LLfl::: 

flru:::, 2000; (7) Bello-Perez LLfl:::flru:::, 2000; (8) n~'lruN~ ~"h'fllil, 2544 
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1.2.1.1 ';jjjVl')\lIllN (direct method) 

LLtl\l"!:QmLl:Jn~l n~'fltltJ (L'lltJ Ltld'~tJ hllTtJ LL~dll1l,)~) 'tl'tlnl-nL(?m1-if{;j(l'v'h~:::~ll:J~ 

L·\.nn:::~l-J LL~!:"'lru~l-JU'1iVll\l~htJ physical LL~::: physico-chemical Ltl~tJtJltliJ'flI:J~~(j) u1J\ll~ 3 ';jjj~'fl 

Gravimetric method 

';jjj md'L(j)l:Ji'J ltl,,:::L1l-J,,1 n md'L~LLtl\l1tJ{;j'J'fl th\ln 1:::'"tl l:J {;j'J1tJl?hvh~:::~ll:J~ Lvrl-Jl !:~l-J 

L'lltJ m(j)l!:lL(j)d'f1~'fl~rlL'ifl-JiitJ, caustic soda, trichloroacetic acid, salicylic acid LL~!: lactic acid LL~'JlIlnl1l:::n'tltJ 

LLtl\l~'JmLfI~n'fl!:l'fl~ nd'fI\lL'fllL'il'l"il!:~'ltJl1l:::n'fltJ -Wll1l!:n'tltJltl'tluLL~" LL~'J.ff'\lJlvr,rn ';jjj~djtJ'fjjj~~ll:J LL~f1'Jll-JQn 
rli'fl\liJ'tltJ ~\lhJri'tlUnl:Jl-J1-ifrltJmnLtJmd'';jLfld'') !:,xtJhnruLLtl\l 

Optical method based on starch-iodine reaction 

';jjj~djtJmd'';j LflJ'1:::,x~ln:n\lojffltJ~vh~ Ln (j)'"tlntlljn~md':::vr~l\l'fl!:m~~ LL~:::lf1L'fl ~tJ 
L(j)1:J1'flt'fl~tJ1tJ~1d'~:::~1I:JLtli?l~L~m,JltlL'fl1(j)l1l'"t!:L~ peak 'll'fl\lmd'~(j)n~tJLL~\l~f1'Jll-Jm'JfI~tJ 450 tJ1LWl-JI1ld' LL~ 

L~'fll'flL'fl ~tJr.rUrlUfI:::m~~LtJLLtl""!:L~~ld'L:n,,ojf'tltJ~Yh~il peak 'll'fl"m1~ (j) n~tJLL~\lLtl~uwltl~ fI'lll-Jm'l f1~tJ 

600 ~" 620 tJlhJLl-J 1111 '1(j)~ld'~Yh~ Ln(j)~tJLL~'J1.l1 ril~l~tl LYlI:JUrlUnnvJl-Jll11d'JltJ'll'fl" LL1']\l 'flrh\lhn1111l-J 

f1'lll-Jm'JfI~tJLL~!:ril~l-Jtld':::~Vltm)'~(j)n~tJLL~\l (absorbtion coefficient) ,,:::~tJ'fl~rlUril degree of 

polymerization (DP) 'llfl\l Ll-JL~~mLtl\l fI:::mm'l"inYitJLtJLLtl\l~1l-Jl1Clr.rlJrltlltlL'fl~tJ LL~":::1~~1d'tld'!:ntlu~l-l'J\l LL(j)\l 

~\lm"d'Un'JtJnl1';jLfld'l:::vr1~ 

';jjj m)'';j LflJ'1:::iillmruLLtl\lL(j)tI';jflmd''1(j) ril m)'~ (j) n~tJLL~\l ild'ltJ~!:L~I:J (j) ~\l LL~ (j)\lLtJ 

Jl1f1I:JtJ'Jn n . 

Polarimetric methods 

';jfi~djtJ';jjj m)'';jLfl d'1:::iLLtl\l~i:jI:J l-J rltJmn~~ (j) LL~::: LtltJ'fjfl~ ihvrtJ(j)L(j) I:J ~1,rn \lltJfI ru::: 

mJ'l-Jmd'ml11)'JltJ~111~lvrm:i'l-J1tJm),IIl),'J'"tmmruLLtl\l (Jl1f1I:JtJ'Jn 'll.) LLtl \l LtJi?l'J 'flUl\l":::Qny'h1~m:::"ltJ{;j'J1tJ 

i?l'Jvll~:::~It1~ Lvrl-Jl:::~l-J LL~'J'1l11ml-J1 ruLLtl\l'"t1 n~'JtJ'llfl\l LV!~'JL~ L(j)1:JLifril~l-J'lltl\l m n~l:J\l LUtJLL!'l\lL'I"i~1hi 

)':::tJ1U (angle of rotation of the plane polarized light) mmn<mtl\lvrl1~"lnrilfl'Jll-J LLl11n~I\lJ':::vr~l\lrh 

optical rotation 'll'fl\l i?l'J'flUl\l LL~:::!'lI)'~tJ~1l-l1'll LLtl\l~~Il-Jld'm~tI'I LUtJLL~\lL'I"i~1hi)':::tJ1U (blank) ~ ru~'lmL'I'l fI 

LlIlflf~Vld'IUri') [U]ED ~\lril~LLl1ln~l\lrltJltlI1l1l-J'lli:j(j)'llfl\lLLtl\l ~lvrfuLLtl\llTtJ~ltl:::vr~\l ril [ut
D 

LVi'lrllJ 184 ';jjj~ 

LtltJ'fjjj~1~I:J~md'~Lfld'l:::vr1n~L~I:J\lrltJ1tJmd''1(j)LL~~!:f1f\l (good reproducibility) ~lmL~:::1-ifmniJtltJ LL~md'tltJ 
L~t:ltJ'll'tl\lL!:lnL'll~~L~~LL~!:'l"itl~LL'llflr11hl1l~ll-lL'll LLtl\l "d'jI:J~m:::VlU ~tlmd''1(j) r11Vll\l polarimetric Lti'fl\l"ln!'lld'... 

bvr'1'h~~lmJ'Clm!:"II:Ji?l'l1tJm(j)1~ ril~l~":::~\ln~lfl'Jll-J djtJ'"t~"... 

1.2.1.2 ~jjVll\l~'fll-J (Indirect method) 

bLl']\lQmLl:Jn'fl'fln"ln~ln~'tltltJ L(j)I:J":::QnumJLutJ oligosaccharides wt.l'JI:J~l'~n~.:J 

"lntTtJ~"vrlmmruLLtl.:J~lnl:J~l1l.nru'V1~Qnutltl 

http:Ln(j)~tJLL~'J1.l1
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1fi~dj'WnlJ'1'V'le.J~l91Jlru'Vl~1~"lnnlnJ'EltJ m':l'l Ltl'WJ1l911~ LV'ltJnlnJ'EltJ m':l'lm"If'lfinlJ' 

tJ'EltJ~'JtJml?! (Direct hydrolysis) (111rle.J'W'Jn r1.) '-ITm'El'W1oinf (111 rle.J'W'Jn 'I.) LL~'J1'i?lrlru~~u'1i'lJ'fl'le.J~l91Jlru'VlJ1, 

1911~~Lni?l;'W L'Ii'W nln'dtJ'ILU'WLL~'ILVi~lh'lf rl'Jl~~1~1J'C11'WnlJ'1~'J'lf nlJ'H'L'fl'W1'D~1'WnlJ'1'I?!J1l911~ btl'W~'W 1'W 

mru~J1l911~~ bill?! Ltl'WJ1l911~n~Lrl~ ill~lruLLll'l~l'W'J ru"ln 

ill~lruLLll'l = m~lrun~Lrl~ x 0.9 
'" 

1.2.2.1 	 nlJ'1 LrlJ'1:::'I-I'El'lr11.h:::n'ElUYl1'1 Lrlil'lJ'El'l LLll'l 

l.h:::n'ElU~'JtJnlJ'1Lrln:::'I-I'-Ilr1'Jl~~'W m~lruhh~'W mmru1'll,r'W illmruL~'WltJ 
mmruLn1 LL~:::ill~lrurl1flu1e:JLI?!),l91 (AOAC, 1995) L"ltJil),ltJ~:::L~tJl?!~'I LLM'Il'WJl1rle.J'W'Jn". 'W'fln"ln~ tJ'I 

~1~1),C1'-11J'ltJ~:::L~tJi?l1finlJ'Yl(il~'ElU~~u'1iYl1'1Lrlil'lJ'fl'lLLll'l1~"ln website 'lItl'l International Starch Institute, 

Science Park Aarhus, Denmark (http://home3.ineUele.dkfstarch/isi/methods/) 

1.2.2.2 1fi1Lml:::'I-Il1.Hl'1 bL~:::nlJ'm:::"lt1'lJ'Wl(il'lJ'El'lL~i?I LLll'lL(iltlli1n~'fl'l"l~Ylmll'l1 

LLll'l~ViU1'WTIJ'J'~'D1 ~h:::'El~l'Wl1.J'lJ'El'l L~ (il LLll'l~ill1.J11'1 LL~:::'lJ'W1 (il Lbl91 n l?l1'1 rl'Whll911 ml'W(il 

'lI'El'l LLll'l ~n~ru:::'lI'El'l L~ (il LLll'l~lm J'C1l91 J',)"~'flU1~(iltlnlJ'~'fl'l~ ~')tln~'fl'l"l~Yln~'l1 ~'I dj'W1fi~),'J(il L1,) LL~:::41tJ~ 

~(il ~1~1),C1l91),'J"~~n~ru:::11i1'11'l1'fl'lL~(ilLLll'l1~LLfi ~1.J11'1 ~lLL'-I1l'l'll'El'l hilum (~lLm1l'l~Lb'lll..l'll'El'l maltese cross 

I?l(il rll..l111tJ1~LL~'ILVimhi) LL~::;m J'm::;"ltJ 1?l'J'lI'fl'l'lll..l1 (il'll'tl'l L~ (il LLll'l ),'J~i'll91 J'')''~'tlU m1~ L~tJ'-IltJ'lJ'El'l L~ (il LLll'l~ 

M1'J::;l1il'11LL~::;nlJ'1.J'WL~'fll..l'lJ'fl'lLLll'l~n'!lU(il'-lil'l1~ l..l'fln"ln~1'WnJ'ru~~'El'lnlJ'~LrlN~~1'1~l..l~'J'EltJ1'1~:::L~tJ(il 
'lI'fl'lL~(ilLLll'l ~1~1J'C11i1 scanning electron microscope (SEM) ~'1ilr'h~'I'lJtJ1tJmnn~ln~'fl'l"l~Yl)')'~'l1'-1mtJ 

~'Elmyi1 

m J'1'(il'lll..l1 (il'll'El'l L~ (il LLll'l~lmmv'h1~(iltJ191N"l nn~'El'l"l~YlJ'),~'l1 L(iltJl-if 

haemacytometer LL~'J!lll..lfh ~')tJ~ltJ 1911 rl,)l~ tJn ~'fl'l'll'El'lojJ'El~~'lJ'W1 (il L~(il LLll'l~1'V'l"ln n~'fl'l"l~Yln~~'W'fl~rlU 
'lIl..l1(ilLL~::;~1'W'Jl..l'fl'4fl1rl~1'(ill'WnI :6V'1m"1i1tl1.Jnnl1'~·lhtJl~mJ'1'(ilJ''J(ilL1'J~l..l1~LLti counters '-IT'ElhJmm~ 
image analysis ~'1"::;'!htJl~mJ'1'(il'll'W1(il1~rh~tJn~'El'l~ln~l..l 'W'fln"ln~mJ'1'(il'lJ'Wl(ilLL~:::m)'m:::"ltJl?l'J'lJ'fl'lLiJi?I 
LLll'l~lmJ'C11i1'-1~nmJ''lJ'tl'l x-ray diffraction 1~'ILtI'W1fi~~::;(il'JmL~::;J''J(ilL1'J LLl?l Lrli'El'liJ'ElilJ'lr11 LLVi'l 

1fi1 Lrln:::'I-I~1.J11'1 LL~::;mJ'm::;"ltJ'lIl..l1 (il'lJ'El'l L~ (il LLll'l L(iltJ1-ifn~'fl'l'rlYln~'l1 ilntl 

~::;L~tJ(il ~'1LL~(il'llwl1rle.Jl..l'Jn 'tl. 

1.2.2.3 	 mffi1mmru'tl::;m~~ (Amylose content) 

LLll'l,,::;1.J1::;n'flU~'JtJVi'tl~L~'tlf 2 'DoWl?! ~'El 'tl:::m~~ LL~::; 1)::;m~LVinVil..l ~'1m~lru'lJ'1l'lVi'El 

~ L~'fl fi'lMl'l"::; LLl91n lJ11'1 rll..ll911~'!liJ(il'lJ'El'l LLll'l LL~::;il e.J~ l?l'El rJ ru~~u'1i lJ11'11'lJ'El'l LLll'l 1fil'Wm J''5 Lfm::;'I-Imm ru'El::;i) 

L~~~~lr1CJd 1~LLti 


nI)''';h1~Ln(il~ (colorimetric method) 


'5fi~m ~tJ rJ ru~~u'1i'lJ'fl'l'fl::;m~~ll..lmJ'4'urlu1'flL'fl~l..lLL~'J1~~1)'1.J)':::n'flU~Jl L~l..l 1'Vl~~ 
LilV'1~l..l1~~'JtI spectrophotometer Ltll..l'5fi~oWtJ~H'rll..lmn~~(il LLl?l1fi~,,::;1iIb'Jrl1 LL~::;~'El'l Ll911tJ~nnW~1l91)'31l..l 

http:1LL~(il'llwl1rle.Jl
http://home3.ineUele.dkfstarch/isi/methods
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~'1 ~':l'W1Vlq!"::::'j..\IL~L'UYn::::'fl::::m~~"lJ'fl'l Ll'i':l'l~'WeJf'l LL~::::t.Ihn O.l'W'fltJ 'W'il n"l n~'fl::::m~L'W nVi'W~ilA'I LL"lJ'W'I LU'W 

~l'W':l'Wa.nn ,,:;r.runUL'flL'fl~'WL~ii'fltJ 1,x~1~LJ~::::n'ilu L:n'l-n'fl'W~il~a.h'l LLIM ~'1~la-Jl~mum'Wm~r)(;1 rllm~(;1(;1n~'W
~ 

m~1-n Differential Scanning Calorimeter 

:'jfi~"::::~1'W':lrurilma-Jlru'il::::m~~"ln'W~'1'11'W~1fl'Wnl~~::::~11'J~1~LJ~::::n'flUL:n'l-n'fl'W 
'lI'il'l'il::::m~~LL~::::L'lI~'W ~'1"::::Ln(;1~W~'ilJlmJ'I"n1,xmla-J~'fl'Wl'W~m'W~ilL"lJ~'WmnLn'W'W'flL~'fll,x'il::::m~~1'WLLlJ-l

~ 

~'lVla-J(;1r.runUL"lJ~'W 'W~'1'11'W~1fl'Wm~~::::~11'J"::::L~"ln~'W~hlnnW"lJ'fl'lY1f1~Lil(;1~'W :'jfi~"::::~::::(;1':lnLL~::::~':l(;1L~':l1,x 
e.J~m~Vl (;1~'fl'l~ ~n ~'il'l~lV1f1.1 W1':l'flth'l~mWl ru'fl::::m~~~'1 

m~1if High Performance Size Exclusion Chromatography (HPSEC) 

:'jfi~m~tJmla-J LL(;)n!111'1'l1'El'l L~'Wt.h ~'WtTn~l'1 LL~::::J1V1~nLa-Jb~~~ (molecular weight) 

'lI'fl'l W1':l 'flth 'I L(;11'J La-J L~~~~il"lJ'Wl (;1 bb(;) n l'h'l rl'W L~'fl bfl~'fl'W~tJl'WfI'fl~a-J,r~U~~'~':ltJr)(;) ~~ilZ'Wl'W (packing 

material) ,,::::ilmla-J~lm~"l'Wmm'W:r~l'WLL(;)n Iiil'1rl'W La-J L~~~~il'll'Wl(;1 L~n~lm~" LL'W:r~l'WLojhlLJ1'WZ'Wl'WLL~:::: 

"n n n Hvii1,x" n'll::::'fl'El nml~ih~~ (;1 ~':l'WLa-J L~ n~~il'll'Wl (;1~-l n~l'1 La.J1V1nimn~n":::: Lb'W:rtJl'WlJ\b'U'W1:;tJ1'1~':l'Wcu 'tt q 'I Go' 

'lI'El'll'Wl'WbL~::::"::::~ n rl'W"l n~~ L~na-Jln1l'W"lJ ru::::~La-J L~~~~il"lJ'Wl (;11V1 q!a-J 1 n,,::::hj~lm~" U'W:rLihlLJl'WZ'Wl'WlJ\ ~-l 
Qn'll:;'fl'Elna-Jl"lnfl'El~a-J,rLtI'Wti'W~tJLLm (mfle.J'W':ln 'll.) 

1.2.2.4 m~:'jLfln::::Vl1f1N~~1-l"lJ'fl'l'El::::m~L'WnVi'W 

1'Wm~:'jLfln::::Vl1f1N~~1'1'l1'fl'l'El::::m~b'WnVi'W "::::'Ell~tJm~vll'11'W"lJ'fl-.1b'fl'Wl'll~~ilmla-J 

~lL'Wl::::Iii'fl~'WD::::liil'111'Wta.JL~~~'lI'El-.1'fl::::m~L'WnVi'W ~~lr1ry~'fl debranching enzymes ~~la-Jl~"U'flI'J~'WD:::: u

1 ,6-glycosidic ~~lbLV!ti-.1A-.11J\ L(;1I'J'El1"1ifL'fl'Wl'll~ pullulanase Vl1-'El isoamylase Lb~::::L'fl'Wl'll~ ~-amylase ~ 

~la-Jl~"U'ElI'J~'WD:::: U-1,4-glycosidic "lnLJ~ll'J non-reducing 1,xJl(;)1~a-J'El~L(;\~ LLl'lla.J~la-Jl~"U'flI'J~'WD:; U

1 ,6-glycosidic lJ\ 1'Wm~:'j bfl~1:;Vl1f1N~~1-.1'l1'fl'l'fl:-;m~ L'WnVi'W ,,:-; bLI'J n~':l'W'lI'il'l!dn~ L'W nVi'W'il'iln"l n'fl::::m~~ rltl'W 

~-.1 bb~(;1-.1Wl'Wm'W~ 2 "lmr'W":-;~n1!nLflN~h-.1'il:-;m~L'WnVi'WL(;1I'J1if L'El'Wl'll~~-.1~'El-.1'll'W(;1 ~':l'WLJ~::::mlu~lJ\"lnm~ 
U'ElI'J"::::(;)~':l"~'ElUmmruJl(;)1~~'1V1a-J(;1LL~:-;mmru~1(;)1~1~':l~'l ~'1rll~1J\"::::Ula-Jl~1'W':lrurilliil'11 ~-.1~ ~'El 
~1'W':l'W~11'JL(;11'J b'U~I'J'lI'fl-l'fl::::m~ b'W nVi'W mla-JtJ1':lL(;11'J L'U~I'J'lI'El-.1~ll'J'El::::m~ L'WnVi'W bLJ'il fL.'jj'Wl'lLU (;)1'il::::la-J L~1~~~ 

1.3. mla-J~a-J~'Wfi~::;VI~l-.1LflN~~l-.1rlU~a-Jillhi~'ElVliil~"lJ'fl'l~mf'll 

Hegenbart (1996) ~11'J-.11'WL~l'J':lnU mla-J~a-J~'Wfi~::::VI~l-.1LflN~~l'1nU~a-Ju'1iVl1-tlVliil~'lI'il-.1~(;)lf'll ~~ 

~':l'W~1r1rul'l'flm~Ula-Jl1fl'W'fl(;)~lV1m~a-J'EllV11~~'1d
~ , 

(Granule size and shape) 

"lJ'W1 (;1'IJ'fl'l Lij(;1~(;\lfnla.J r1'Ell'Jil e.J~ 1ii'El~a-Jnm'W"lJ'fl-.1~ (;)If'll LLI'l IiLu'Wihr.rtJ I'l'fl f1':l1a-J L~':l1'Wm~b"~1 ~ 

1'W'll'll'El'l~ (;)If'll LL~::::'elruVl1Jn~ bil (;1 L':l~1 ~1'W'll W1':ltlUl'1b'D'W ~ l'n fn" 1 n-iil':l LL~:-;"l n~'W~lLJ:-;VI~'1 ilLJ~::;a-Jlru'fl:-;m~ 

~'El~1'W'lh'l L~1'J':l rl'W LLI'l Lij(;1~(;\lf'll"lJ'fl'l~'W~lLJ:;VI~'11V1 q! n~l vii1,xU':ll-JJ11J\L~':l n~l n~l':l ~'El"lJ'W1 (;1~1Vlq! n~l'IJ'El-.1 
bij (;1~l'nfn LtI'We.J~"ln~'WD::;~::::VI~l'1La-J L~n~ml'J1wij (;1~ (;)lfnii'Ell'Jn~l vlll,xlJ':la-JJl b~':l n~l ~-.1 dl (;1 b"~1 ~1'W']j1~L~':l, 

http:l'W':l'Wa.nn
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L~t)'Vl411j'rulLiJ!Yl/Mllf'll411n-if'Yl~I~~-.lUj'~n'elulu~'J~m'j!Yl~~lf'll'WlrnLL~n!1l1-.ln'W 2 'll'J-.llrntJ~~'el-.lrfud~n'elU'll'el'l 
'el~m~~LL~~'el~m~~L~n~'WL'll'WL~EJ'Jn'W ~'1LL~~ILijrn~l?nfn'll'WlrnL~n41~~'flruVl[)ij~-.l~!Yl'll'fl'lmj'Ln!YlL41~I~l'Wi~-.l

'i 'U 'lI q 'U 

n~I'l1'Wlrn 3°e LL!1I~ru'l!lJJijC~~~'W'lI'tl-.lmnn!YlL41~I~l'WiriL'vhln'W ~-.l,r'W1'WnnW'll'Wlrn'll'fl'lLijrn~~lfnrihn'llihr.rtJ 
~11'iC\!!1I'tl m n 4l~1 ~l'Wi'lJ'el'l'i.'1 ~lf'll 

(Amglose:amylopeatinratio) 

L~'elLVitJ1J'lI'Wl!YlLij!Yl'i.'1~lf'll~LYhn'W~U~I'i.'1~lf'll411n waxy corn ~-.l'tl'lrfuj'~nflUi-.lVl~!YlLtI'WfI~i1 

l~L~n~'W 'i.'11~ld(1U'J~~11~L~'Jn~I'i.'1l?llfn411n-ifl'Jl~!Yl~~Uj'~~lrutl~m~'i.'1~,:m~1 (mmru 'el~m~'i.'1 70%) i'l 

~Ltifl'l411ntl~m~'i.'1LtI'Wl~L~n~~II'J~NVh1,xLn!Yl~'WD~1e:llrnn"'l'Wj'~Vl~I'1'i.'111'Jl~~n~1 ~'1,r'W~'1~'tl'lm~~'1'1 1'W~~'1 
q ... 

n~1 L~tlvll~II'J~'WD~~j'~Vl~I'1 Ln!Yl L"'l~I~l'Wi l!Yll'JvT'Jlu'i.'1I?nf'l!~i1mmru 'fl~m~'i.'1~~'1 nrll L4lm ~l'Wi~~ ruVlJ;]i1 

~-.ln~1 'Wfln"'lln~!i~nilh'Wj'~Vl~I'l'el:;m~~i?l'el'el:;m~L~n~'W~'l~~~i?ltl~n~ru:;L~'el~~cr'i.'1'lI'el'l'i.'1l?nfnVl~'1L"'l~I~ 
l'Wi nfil'J~tltl:;m~~1,xrl'Jl~LL.'jj'lLLN'lI'el'lL"'l~ LLi?l'el:;m~L~n~'W1,xrl'Jl~-if'WVltl!Yl ~-.l,r'W!i[Jln~'J'W~~'l1,x'i.'1~u~1'W 

n1nn!YlL"'l~ LLl?ich!i~d1~'J'W~~1 L'll'W~'Jn waxy starch 4l~1,xml~-if'W'l!ltl!Yl~'l i'l,r'W'i.'11I'Jl~L~~~~~N'lI'el'l'tl:;m~~ 
vll1,xLii rn mn~I'J'I t?i'J n'WLL~:;r.rU n'Wj':;'l!l~I-.l~11'J ~'JI'J~'WD:;le:llrnn"'l'W Ln rn LtI'WL4l~1~~11'J 'lI ru:;~tl:;m~ L~ n ~'WmrlN 

~~1'1 l),J L~~~~ LtI'W~'lvll1,xnlj'r.r!Yl L~I'J'II'1'J n'W'lI'tl'l'i.'111'Jl),J L~ ~~ LtI'Wlul~l'J1n LtI'W~~vll1,x~~'Wfi:;111lrn:n"l'WU'tl1'J LLr1:; 

rl'Jl),JLL.'jj'lLLN'lI'el'lL41~(;'h 

~1'l!lfu~~~.riru'V1411nnlj''flrn~rn (extruded products) 'el:;m~'i.'1vll'l!lUl~1,xLn!YllrlN11'1 L"'l~ LL~:; 

YJ~),J ~'1'i.'1),Jmi1'Wmnn !YlYJ~),J~vll1,xLn!Yl rl'Jl),Jm'elU'll'fl'l~~I?l.riru'V11'W'lJ ru:;~'tl:;m~L~n ~'WLtI'W~'l'W~'ll'J1'J1,xLn i?l 

n1~'fl'l'lJ1'J11'J1'1'l'll'fl'llrlN'i.'1~I'l L'll~~'fl1 m1'l (~'l Ln rn L~'flJln~11'J LtI'Wltl) 'lJ'el'l ~~ ~.riru'V1 
d:;Vl~I'l LriU ~~I?l.riru'V1'el:;m~'i.'1 Ln!Yl L~I'J'I t?i'J n'W~nl~~11'J Ln !YllrlN'i.'1~I'1 ~~ n LL~~'lluJltltlnm L~I'J n 

~1 Ln!Yl retrograde ~'11,x~r1L~l'Jl?itlflrum~ ~n~ru:;L~'tl~~cr'i.'1'l1'fl'l~~[Jl.riru'V1 'lIru:;~~n~ru:;lrlN11'l LL'JU~'l'lltl'l 

tl:;m~L~n~'Wvll1,x~ steric hindrance aTn"'l:;hJLn!Yl retrograde. 

(Molecular structure of amylose and amylopectin) 

tl:;m~'i.'1~i1~ll'JtJl'Jn~I"'l:;1,x~n~ru:;L~'el~),Jcr'i.'1~LtI'W'i.'11tJLtI'WL~'W Lti'fl'l411nmj'r.run'Wd:;'l!l~I~ 

'i.'11tJl),JL~~~ 'lI'Wl!Yl'l!lj-tl~I'l!l,rnl),JL~~~'lI'fl'l'i.'11I'Jtl:;m~'i.'1~'1~~r1I?i'el elasticity 'lItl'lL"'lr1~'J1'J L~tl'll'Wlrn l),JLr1~r1I'J1'J~'W 
n1dr.run'Wj':;'l!l~I'l'i.'11I'Jnmn~'W LtI'W~~vll1m~L"'l~~ LL.'jj'l LL!1I Lun:; (brittle) mh'lhri ~1),J L~M'Jl),JI'J1'J L~I'J'lJ'Wlrn 

Vlti'l (;::;! MW ~'lLtI'W'lI'Wl!Yl'lltl*:;m~'i.'11'W;rl'JL~!Yl) 'i.'11I'Jtl:;m~'i.'1~I'J1'Jn~l~vlI1,xmj'~tJ'lI'1'JLL~:;r.run'Wj':;Vl~I'1 
'i.'111'J1'J1n vh1mrlNh~I?lI~II'J'lItl'lL"'l~1~uj':;~I'Wn'WvT'J LnrnLtI'Wfl'el'Wl (cohesive mass) LLYl'WL"'l~ L'll'W~Lnrn1'W'i.'1 

~1 f'll"'l1 mJwJf'l LLr1:;a:r'W~IU:;'l!l~'l 'W'el n"'ll n~~'1~U~I'el:;m~L~ n ~'W~~'i.'11tJ ~'lI'J1'Jl~ LL'W'J LU),J~vh1,xLn(il L"'l~ LL~~ 
.c:. .c::J ~ J' 'U "';'.l', If" 'lot 4 IV0 q IV I 

ml),JI'J1'J'lItl'l'i.'111'J n'lYl L~),J'lI'WYll1Vl ml~ LL'lI'I LLN'lI'fl-.l L"'l~ L~~'lI'W LL[Jl ml),J~).J~'Wfid:;Vl'Jl'1 ml),J'lI'W'l!l'Wrnnu rl'Jl),J 

1'J1'l'lltl-.l~ll'Jtl:;m~~1.J-.l~II")'JI),JI'J1'J'lItl'l'i.'111'J'tl:;m~~'lI'W1 (il n~I'1 1,xml),J;r'W'l!ltl(il~'1~!Yl 'lI ru:;~'i.'111'J~'WLLr1:;'i.'111'J1'J1'J 
1,xml),JVltl(il~1 

http:n'WLL~:;r.rU
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~'UD::;1fjb(;l)'b"'UJ'::;1A~I..:1'i'lltJ!dn~'i'l b~~~'Ub~t:l fl'd1~tJ11'llt:l..:l'i'lltJt:l::;m~'i'l b~~~'U vh1'IX rl11~ bb~..:I 

bbN'llt:l..:l L"~ L~~~'U Lb~n,,::;v'h1'IXLn(;l retrograde b~1~lJbb~::;~ltJ~'U'llru::;bnu t:J~l'l.tiru~ L'll'UL~tJ1nU'i'lltJ A..:I'llt:l..:lt:l::;i] 

brlb~n~'U~tJ11~'Unv'h1'IXbb'U1 'lu~l'Um)'bn(;l retrograde b~~~'UI~htJ 

1.3.4. Phosphorus 

l'U~l'llf'ilij phosphorus LU'Ut:l..:lr11.h::;nt:lul'UlULbuul(;\lULbUU1A~'1 'i'll1l1f'il"lm~~(;\Yhr.il~1n 

oill1 (cereal starch) phosphorus t:l~llJlU'llt:l..:l Iysophospholipid ~..:I~Ut:l~nUt:l::;m~'i'l v'hl'IXrl11~'i'llmJ'Cll'Un1J' 
~U~ln'J phosphorus Ut:ltJ LL~::;v'hl'IXLL1J'IbntJn~'U ~1'U phosphorus l'U'i'll'llf'il"lnYl'il~1 b'lllJ l1''U~f..:ltl~l'UzU 
'lltl'l phosphorus monoesters bb~::;tl~l'Ub~L~~~'lltl..:l~l'llfnl'UlU'llt:l'ln~).J~ijuJ'::;'~U v'hlm).Jb~~~'llt:l'l~l'llfn 

~U n'Uut:ltJ~..:I Lbtl::;L~).J fl'dl).J~lmJ'Cll'UmJ'~u~l'llt:l..:l'i'll1l1f'il 

1.4. mJ'~(;IbbUmU..:I 

LL1J..:I~ub(;lmf11uij'i'l).JDl'lYl1..:iuJ'::;mJ'hjLm.n::;'i'l~numm~l'lllJ~(;l'i'l11AmJ').J b'll'U ijfl11).JfI..:IYl'U~'flLbN 

b'ilt:l'U1'Um::;U1'UmnJ~ l'l fl11).J fI..:IYl'U~t:l~m1::;~1'11 ~1 ~..:I~'U~..:Iij mJ'~(;I LLUJ'fJ ru'i'l~u'1iU1'1UJ'::;m J''ll'fl'l mJ'I ~U 
... ~... ,~ ... ..J 0 ~ " ... ~ J' x ~ ..i ... x "" ~ ~ ..J " 

L~t:l bm1A~I::;'i'l).JIIl'flmJ' b'il..:ll'U L-u'U Yll b1A~tlm~ru::;L'Utltl~t:J'i'lYlVl'll'U ~fl'dl~fl'll'l1 b'UmJ'tl::;tllt.1"lnmm-uLb'll..:l 

(freeze-thaw) b~).J~'U bll'UlX'U mJ'~(;ILLUJ'LL1J..:Im"v'h1~1AtlltJ~fi L'll'U mJ'~(;I LLUJ''i'l).JU'1iYll..:1Lflij LLtl::;Mr'flYlI..:1mt.l 

m~~1t.1rl11).J~'fl'U LL~::;/1A~t:lLt:l'U1'il~ bbtl::;/1A1t:l ~1)'bflij'llil(;l~l..:11 L~t:ll'IXL1A~1::;'i'l~numn.l11uliil'Ufl(;l~11AmJ').J 

t:l11A1J'j;)l..:11 ~..:IfJ ruftm~ru::;Ln ru'VIi1.J'I j;)l..:11 'llt:l'l LLU'I ~(;I bbU m~tl::;,JJ'::; IJ1Yl,,::;!Xt:l..:l bU'ULU [1n~oil'fl nl1A'Ui?l~lmll'U 
t:J~IIl.tiru~t:lIll'i'll1AmJ').J (2535) ~l~lJ'Clr.iILb'Un~fimJ'~i?lLLU)'bLU'IL~LU'U 3 ~fi1A~n ~tl mJ'~i?lLLUJ'Yll'1Lflij mJ'~VI, 

LLUJ'Yll'1mtJm~ LLrl::;mJ'~VlLLUJ'bVlt.lH'bYlrlb'Ubtl~~1m~ (n~lruNr1 V'1~J't:l1ll LL~::; L~t:lQtl Ut.l::;"'fl~'ll1'bl:!, 2543) 

~..:ILL~VI'Il'UlIllJ'l'1~ 1.7 
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Iill~l-l~ 1. 7 1.h~bIlVl'lJ'1l-lm~~(i1LLUnbiJ-l 

'j) ..
Ih ::;lflVl 'IJ eJ~n T:i iIflll,j 'j 11~~. illnl'j ilflll,j'j' 	 1~ [J,j'j::; ff ~rl'lJeJ~ nl'j ilflll,j'j wnffl'jeJUB.:j 

fl1'jvl~ul.hnHtflii (Chemical modification) 

• 
 .. ~ d' 


nl'j1n fl eJlryofU1i 

( derivatization) 

• 	nl'j~fl'IJ'UlflllJl~fJ~uil~ 

lmJmfll1~fJ1fltJ1"1f,J 

(acid or enzyme 

hydrolysis) 

• ~ d _~ • i 'j)d 1i'll~~ firh~C1J, 2534; Rutenberg ~flnl'j'VH)~m'IJeJ~llJflUm Vll l1lJ11V1'U~ffl'j"U llJ1rln~l~tJ1'IJeJ~l1il.:j (monostarch substitution) • 	 , 

mllJl1'Ufl~l~~ u~::;';hi'l1'11~~iJi'l11lJ I LL~~ Solarek, 1984; Hofreiter, lfltJ,jBn5tJlwfflVleJ{5Vhfl~'U (esterification) li'U Uil~UeJCJilV1~ 
,'j) ... 

mVl'U91 flmllJ':i fl'Ull~::;11'j '1m eJ'U 1986; Moser, 1986; Solarek, (starch acetate) 11~eJ,jBn5tJl~l1ieJ{5V1ti'li'U (etherification) 


(Improved viscosity stability) 
 1986;Tuschho~ 1986; Sandeffi, li'U Uil~le1fl'jeJf)CJiwVi~ (hydroxyethyl starch) 

1996; Tessler bb~~ Billmers,• 	 l1V1'U~llJ1rlfJ~~iJl1~~~ni'UlJlnnll 11~ Ii'\..! Uil~i'l'jflff~~n I· ~flnl'jlnfl retrogradation 

• 
 .:!I dd q., 
 1996; Kwon bb~~f1ru~, 1997;fllllJl1'Ufli'l~VlVI~Wl1fJlJm(cross-linked starch) 

Kavitha and BeMiller, 1998; 

Wurzburg, 1986; Hoseney and 

~~i'UJ1Uil~ lfltJlim'ji'l1'mllJfeJ'U~~Wl1fJil~lf)ll~Wl11Jil~lfifl1'i)C'Il~ I. m'jVflmlil.:jlfl(JHw'U'1"1f,J~l{j'l ~llJ ILineback, 1996; Aggarwal and 

~fl~'U1i::; glucosidic lfltJm'jt~lJmfl (HCll1~fl H2S04) l1~fl lfl'Ul"lf,J I. ~flmllJl1Ufl'IJfl~Jluil~ 

I 	 Y I , 

m::;1J1'Um'j~ll1lJl::;fflJffllJT:ij,) i~i'U IDollimore, 1998; Siominska U~::;1'U1"1fi'UmlJ~ l,j 'iJ'U m dl~ l~l11Uil~l1iJ fllllJl1UflmlJl1~fl~m'j
'" 

m'jVl~~Vl~91ilwct11~un Jll~fllJ i'lW::;, 1998 
~ , 

n~ li'lff l111~eJlJyj1n lViff l"lfli'l~ 
d' .. 

lfln"lfVl':i'U 

L Hoseney and Lineback, 1996 !tJ'Unl'j~fl'IJ'Ulfll1~fJ1,j~(J'Um'j~lJlm::; (depolymerization I I~fli'l11lJl1Ufl'IJfl~lhtil~ 'Vlli'l1'iJmllJ• 	 lfln'llVl5 l'Ul"1fi'U 

'1 	 i'j) 'j) ... 'j) ~ -~ "''1 'j) i 1 d.I(dextrinization) transglycosylation) I~W 'lfmllJ':ifl'U l1'jeJmllJ'jeJ'UnlJmfl umVilfl ffllJl1j,) 'Um'j l1~fl'U'U 

'i)::;iJ degree of polymerization 1111 (DP = 20-50) 
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(;l1n:J~ 1.71h::;L1lYl'll'1l,:ml'l'~~LLlhLL1J-1 ((;\'1)) 

" ateJ f1'i't1HIl,HH'l.h::: tllYl'IJeJ.:'Jf111 ~flUtJ 1U i1.:J * iilf111~fllltJ1* lmpJn:'i't ~rl'IJ eJ.:'J f111 ~flU th 

Smith, 1982; Gron and Eklund, VIl111'tnfl f111vJ eJ f1iYUC'1::: C'1 fl 'IJ'U 1fl 'lJtl.:J llJ1C'1 fJC'1 (bleaching and• mJf1cJitlli'U (oxidation) • C'111f111tnll retrogradation 

_~ ~I 	 ~I" d 1998; Zhu uC'1:::m;u:::, 1998depolymerization) 11lvtJ5n7v1eJtlfl'~tlli'U • 	 UlJ.:JllJVf1 ff11C'1:::C'11{J ttC'1:::1"1C'1lJlJ 

.1 
m1lJ1fflJlf1'U'U 

.dUj io/d. QI 

• H1C'1Y1 ~lIlJfll1lJfl~~1~.:J 

~ -~ " .., 0 9 "d -~ ~" • I~ I ... "'1" -~ d '1 "9 .tJ1'IJffm'Wllu.:J1I1VlleJC'1f1eJ~eJC'1t1C'1:::fl1'1 Y11 ~'I1tlJlIUU'l'Wtl'lm1LC'11u1'IJ • l'Wtl1'11 1I11U'1Y1ff1lJ11(]C'1:::C'11V fl ~'U IJane and Selb, 1991; Chen 11C'1::: 

" d " i ~ : d _'i ~d. QI J 
• Granular cold·water-

1miJ'Uf1C'11.:JlIl{Jmll ~11l1flC'1tl1f1 	 'U1W'U ~C'1'UeJ'IUlJ.:J'UlJC'1f1lJW:::t'UeJ IJane, 1994soluble starch 
QI QI d d .::!l I QI 

fflJJ:-l'i't11V'IJ lJfll1lJVlI'I1~'U fll1lJlJ'U 

d , _~ d 

t'll ttC'1:::m1lJ11'U'I111'1~'1m111U'I'W1 

t~C'1 

m'J~~11tJ·nl1.:Jmtlml1 (Physical modification) 

--,,-	 I ' "" 111/ ~ Q.I"o)lQ.ld."~ Powell , 1967; Gardiner, 19751'11fl11lJ1 eJ'Utti1.:J~'Um'U'IJ'U'f1tl'U 'lJeJ.:Jt ~C'11'f1 l'Ut'l1'Jj''U ttC'11Y1 111'1N'Vl'UYI 1'If t'WlJfll1lJff11J11(] 1'U f111 C'1:::C'11V ff1lJ11(]• t~C'11~'1'UI'I1i'U 
td I~jlQ.ld. 

C'1:::C'11{J 1'U'U 1W'U '1flYl'UYi ttC'1::: '1l!tf1111 ~C'1(gelatinization) 1'U f111 J:-l~'f1tt i1.:J'W~1~ C'11~'1 'Ul'l1i'U 

tJf'IJfflJ,j~Y11'1f111C'1:::C'11mlC'1:::f1mn1l1~C'1 {j~ 1~l!n'Jj'I'I'{J1'U'U'ti' , 2543; Tamaki• fmC'1fl'IJ'U1111~1I11i1.:JhI{) I'lJlI111'l~fllti1.m'f1f111lvYl1.:Jf1C'1 ~:::'$(1~fl11i1'1'IJ'U1111~flfl':htJfi~ 
o 9 " _~ '1 '1 ""1 """.1YI1 mttU.:J\jfiVeJV ~flVW'U 'I1l! lflfl'U'U UC'1:::flW:::, 1997; PiyachomkwanY11.:JfiC'1 

1lC'1:::mu:::, 1998 

http:Q.I"o)lQ.ld
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t7l1d'1'l~ 1.7 'Lh:::::UlVl'll'1Nmd'~(iI~~UmU'l (111'1)) 

tJ'i~t.f)'VI'IJeJ ·:lnn1i~HtJmil.:j· ilhm1i~H tJ'i* 	 i~tJtJ'i~ff .:jfi''lJeJ.:jfl1'i1i~tttJ'i Wnffl'i~l.:j~.:j 

• Annealing 1,rfl11lJ~e)'wlw'IJru~~L~~Llil.:jeJ~lu~ru'Vi1J~~lnll~ru'Vi1J~Ln~t'iHll~iu l111,rfl11lJ'ViU~~.:j'1!~'lJru~tn~tll""~~1".:j Jacobs and Delcour, 1998; 

t'1fi'u 	 It,,~~ru'Vi1Jmunmn~tllmtJ~tlU '1tJ Jacobs H"~flru~ , 1998; 

Muhrbeck and Wischmann , 

1998; Schmiedl tt"~flru~ , 1998 

• fl1'iHtJ'i~tJ~"Jtlfl"JllJ~eJU 1 " " , """1 '" '_'1 '" .J ~'Vifl11lJ'ieJU~.:jn"Jl~~HI"WI ut'1f'b'UUml1NlJfl"JllJ'b'U~l 0 " "" '" 1 " ,Vlllmn~fl1mJ"tlWttJ".:j U~lU Ifl'i.:j .San, 1964; Stute, 1992; Jacobs 
~ 
'b'U (heat moisture 

iJ d d _j{ _~ d 
ff'il.:j'IJeJ"H"n iUtlJ~HlJ.:j l~tlmVfl~UlJ.:jVl and Delcour, 1998 I 

treatment) '" ." - 1 '" '" , '" .1':'lJHMlJ'i~t.f)VI B (Vf'b''Vi''J l'b'U lJUHH) 1l~ I 

'" , oJ _I'" _ I "L 1 cjj ." 
lJff"JU'ViU.:jllJ"tlUltlJ"" IlJIlJUH1:1n 

_IlJ'i~I.f)VI A oJ 0 1" "''''''' '1f"ll~Vll 'VifJrufflJtJ~VlH~lU 

fl"JllJfeJUlt1:1:;;fI11lJ'ViU~ltJ~tlU itJ 

• Retrograding 1 " " _'1 ,~ ""lit '" "0 i" oj'Vifl"JllJ'ieJUHlJ"llUH1U'lJUI'WU'lJeJ"11l1:11~ IUL'1f'b'Ult1:1lVll 'ViWU".:jllU "" oJ lit ' HMI resistance starch '1f" IlJffllJ1Hi\jn .J!'f <V "" tneJQ" lJtI~lleJlJ'IJ"Jty lt1:1 ~ n1:11ruHfl 

.'1 "" '" '" ltlJ"ln~fl1'iflUm (Retrogradation) , lit ", lit "1 0"''' ojtleltlffmV I~ If1VWU l'1flJ U1:11 Iffl1:1n '"fI''i'iel~, 2544 

m':i~~HtJ·nl1.:JIYlfll'Ula[j~"J ItJ~VUlttJ""fJrufflJ1J~'UeJ"uil" l~tlHtVlflUflfmltJ~(JuutJ1:1"VI1"~U1j l~eJ ,,ri~Hil.:j~ihimJru~~LfI'lJ l'JiU waxy Zuber, 1965; Baba and Arai, 

1ll'Yi (Biotechnological n'i'ilJ starch ~el Hil"~el~m"ff~l'Vi~el ililitM 1984; Kortstee H1:1~f1ru~ , 1998. 

modification) 'Vi~el high-amylose starch ~el Hil,,~li 

el:;;mM~" 

• &i(il~~u~;wnn n~1ruNr1 Pi1d'tlt7l ~~~::::: ~ntln~ UtJ:::::,,'1))J'lI'lbU, 2543 
~ ~ 
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~'1mr~~ mJ r~'ltJ~fi'Vl1'I mtJIn'WC1~fuml~~'Uhflih'l~ln1'UU"'l"'lu'U lnfl'l"'ll ndj'U~fi~hnif~lnfl~ 
q 

LL~:::~l~lrn~~ LLUnLU'I1iH1~~u'1i!.h'l11~1?l1l-J1"l'l1~~'fl'lm r1'Ur:::~u~r1~ LYltJ~ n'U~'1"'l:::nfll'l ~'1rltJ~::: L~tJ ~1'U~'l 

ii'fln~lu 

(Physical Modification of Flours and Starches) 

"'llnmJ~~iJr-Jrl'lJ'fl'l~fimr'Vn'lmwn'W~1'11~1if1'Um:::u'l'Umm~I?l'fllV11r~'fltflN~rl'1LL~:::~~mi'lJ'fl 'l 

LLU'I LLrl:::~l'nf"ll 'WU~l~lmrmJl~fimnVlfllCm~~ LLUnLU'I LL~:::~l?llf'llL~'f)l-M~~~u'1iL:a'lVl~l~ (functional 

properties) L~flmrH''11'U~1'111~'flih'lVl~lnVl~ltJ ~'1U"'l'1U'U The National Starch and Chemical Company 

LL~'1 Bridgewater, N.J., USA 1~'l1'1l?lrll~r-J~I?1Jiruoyf~~~LLUr~'ltJm:::U'l'Umr'Vl1'1mtJIn'W~'l'U1hjiJmrH'~lr 

LfliJLL~:::/VI~tHii'U1'll~L~tJ m:::U'l'Umr'Vll'1mtJIn'WCv'hl-M native starch ~'1hj'Vl'U~flml~rfl'U LLNL~'f)'ULL~::: 
Ml'l:::~dj'Um~~'11if1'Ur:::VI~1'1m:::U'l'Umrr-J~IJILL~:::mrLiiur-J~I?lJiruoyf1-MiJ~l-Ju'1iL'!l'UL~mnu~l?nf'll~~l'Umr 

~~LLUr'Vll'1LfliJVI~'f)~'lmti'U1'll~t~m1tJnr-J~I?lJiruoyfO~1 Functional native starch (Vega Garca and Bontous, 

2002) 

~~U'1i'lJfl'l Functional native starch l'UlJI~l~U"'l"llj'U~'fl
q 

• 	 L~(im~'flnlnU~tJ'ULLU~,;)'tlruVl1J~ 'Vl'U~'f)mll-Jr'f)'U (temperature resistance) 

• 	 'Vl'U~'f)LLNL~fl'\..ILLrl::: pH (shear and pH tolerance) 

• 	 v'h1-Mr-J~IJIJiruoyfiJfl1~mnnUiJ1'l (storage stability) 


... .li x ~ ...

•	 ~L'Ufl~~r-J~L'UtJ'U (smooth texture) 

• 	 h)l~mU'ULLU'ILtJunl'UU1n (non-pasty mouthfeel) 

• 	 v'hl-Mr-J~IJIJiruoyf'fllV11r~iJr~~~'U'lmL~:::iJr~'WLV'I'ttL'il'Wl:::~t~~L!fi'U (provider of a flavor 

profile that allows delicate and distinct flavors in finished food products) 

'Ufln"llnCiifl ~'lJ 'fl 'I m r~~LLurt~tJ~fim r'Vl 1,;)mwn'W ~'f) LU'U~'l'Ur-J~lJ~~1~1 rmj'lU'U'Url1 n 'fllV11r1~~1 

LU'Ur-J~IJIJiruoyffiJrl-J"lll;i t~tJl";~tl'lLL~'1 "E-number" U'U'il~lnr-J~I?1Jiruoyf Ltifl';)"lln U"I'1u'U~u~'Glfl1'Uur:::L'VlV'l~iJ 

~l'U:::'Vll'1LV'lJ~~n"l~';) 'iltJ~u~'Glflr-J~IJIJiruoyf"llnfirr~'lll;i ~'1,r'U~'1 LLir~l E-number "'l:::U'l~l the European 

Unions 'f)'4C1JlIJ11mifr-J~ IJlJiruoyfVl~tl~'l'Ur-J~~C1w.J~ IJlJiruoyftl1V11r1~ niJ';) LU'WJl1'WrlU'lJ'f)';)r-J~I?lJiruoyf~'f)~u~'Gl fI 

v'h1-MC:i r-J~ l?1'WiJ1iJ1~MrVll~'l'Ur-J~lJ~~llJ1rClU'l1~~1 LU'Ur-J~I?1JiruoyffinW1l1;i LL~~l~lrClv'h1-Mr-J~ I?1Jiruoyf~l~~
~ 

~n'ttru:::m~~~u~'Glfl~fl'lmr ~,;)(itll~~lmr~~LLUr~lJIlf"ll'Vll'1mWll'WLU'U breakthrough 'Vl1';) ~1?11f"ll 

L'Vlflt'Ut~u LLrl:::v'h1-M~1~lJn'W~'Ulr-J~IJIJiruoyf ~1,;)11~VI~lnVl~ltJ Functional native starch C~1~lrnH1~'U 
I '" I!,.< I I 

r-J~I?1Jiruoyf'U~ 1U LfI~fl'lU~'1r~ tJl~~~ Lm~r1';)YliJ pH ~'1LLrl:::I?'h 'lltl~ fl1V11n~mltl'U LL~:::eJ~I?lJiruoyf"llneJrllir 

~fimr'Vll,;)mtJIn'W~1,;)1~iJmrPln~1~lV1fu~~LLUJLL1'j'lLL~:::~lJIlf'll~~lJl~~'1C 
• 	 Annealing 

• 	 Heat moisture treatment VI~tl Hydrothermal treatment 

• 	 Ultra high pressure 

• 	 Extrusion cooking 

• 	 Microwave 
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Annealing vh1~V!tJt:J~l-JLLU'IVl1'El~lJl1f'JlriU~1 LV!tJ1ojh.Rl-J1ru~1uitl bbU'I~'I (~1:LL1J'I = 1: 1 - 5: 1) bb~:; 

u11tI1'IXm1l-J~'El'W~~ruVl.IJiJ~~'In~1 glass transition temperature LLlJ1~1n~1 gelatinization temperature 'lI'El'l 

bbU'I,J'Wdj'Wb'l~1'W1'W (tlrh'l~1 6 -B''lL)'!'I LL~::::L~'El1'IXilm),~V!LLU),)'!1n~'El'l1ojfb'l~1 95 -B''lLl-J'I) annealing v'h1'IXbbU'I 

til V! mnu~tJ'WbLU ~'ILV!tJhhnV! L"l~1 ~1wnVl~'ElLnV! fI'l1l-J L~tJVl1tJl'ltl'!l'W1 V! ~ i1'1 LL~:;~n~ru:::: bi refringence 'lI'El'l 

L11 V! LLU'I LLl'lilt:J~v'h1,xLLU'I~1~L~~1 ~1'W'lf~~ ruVl.IJiJ~'I~'W LLl'l L'El'WVl1U'lItl'lm),L"l~1 ~1'W'lf~V!~'I L~'El'l"l1 nm:;u'l'W 

m)'.nLU~tJ'WLLU~~LLN'lI'El'l~'Wfi::::)':;wh'l~'l'Wt:J~nriu~'l'Wtl~ru~1'W!11tJ1'WL11V! LLU'I (Larsson and Eliasson, 1991) 

Heat moisture treatment (HMT) L-D'WL~mri'Wriufjfi annealing LLi:l'lLnV!mnU~tJ'WLLU~'lLV!tJhlLnV! L"l 

~1~1'W'lf Vlffifl'l1l-JL~tJVl1tJl'ltl'll'W1 V! ~Ui1'l LL~::::~n~ru:::: birefringence 'lI'El'l L11V!uu'I LLuim),VI~m~tJ-:Imnn V! L"l~1 

~1'W'lf'!ltl'l UU'I v'h LV! tJ m)'1oifm1l-J~'WVI~'El'fi'l'l)'1~'l'W'lItl'lJ1 ui'El LLU'I~1 'lI ru:; H'tJ ruVIJJiJ~'I ~'lfjfim)'.n~1l-J1),C1 ~V! LbU 'd 

LLi:l'l1~l-J1nn~1 LL~::::L~'l n~1 LLU'l~ ~V! LLU)'LV!tJfjfi.nYlU~1il~l-Ju"imnn V! L'"l~1 ~1'W'lfLL~:;~l-JilliVl1'1m)'1VI~hiLLl'ln 

ui1'1"l1n~~V!LLU),LV!tJ annealing LLuimnu~tJ'WLLU~~LflN~~1'1mtJ1'WL11V!LLi:l'lui1'lri'W~tl heat moisture treatment 

v'h1'IXt:J~mLuu B ~V!L1tJ'ILil'WLLUU A (Stute, 1992) m:;u'l'Wm)'.nu)':;n'Elu~'li.Jm'du1u1'IXLLi:l'lilfl'l1l-J~'W~~'El'lm)' 

(~20%) LV! m.hM)'::::tJ::::L'l~1V1~'I L~'El1'IX~1 LLYlim::::"l1tJi'l'"l'WLLU'lil m1l-J~'W~~1 L~l-Jtl LL~'l~'IU11u1'IXm1l-J~'El'W 

~'ltJltl~1 (L-D'Wm'd autoclave ~ ~120°C 'W1'W 240 'W1Vl) LLl'lfjfim)'.n'El'Eln'W'Elnv'h1~t:J~nmtJ1'WL11V!LLi:l'lLU~tJ'W 

LLU~'llu LV!tJilm)'~V! L1tJ'Ir;i'l1V1l.iVl~'ElLn V!m)'~uriU'lltl'l~1tJLl-J L~fJ~ (association of the starch chain) LL~'l ~'1 

't111'IXLLi:l'lL'"l~1~1'W'lfU1'l~'l'W~'ltJ (14-20%) LV!m'ilYl1::::l'lN~'l'W~ LLU'I~l-Jer~riul'ElJ1 ~'I.nL~tl'l'"l1nilm'dmu ml'W 

'1Itl'll'ElJ1),::::VI~1~m:;u'l'Wm)' (Lerenz and Kulp, 1983, Stute, 1992 LL~:; Abraham, 1993) L~'ElUtl~ri'Wm)' 
muml'W'lI'El'l l'ElJ1~'Iil t:J~v'h1~LLi:l~ l'lN,J'Wil m1l-J~'W~'1Y1tl LL~:;L'"l~1 ~1'W'li1~ ~'1~1l-J1 )'mLn1'll1~V!tJm)'~ V! 

m1l-J~'W1'WLfI~'11~ilfl'l1l-J~'W 30 Torr ritl'W1~m1l-J~'fl'W~'ltJ1tlJ1 (Maruta UfI::flru::, 1994) fjfi.nLLi:l'lL'"l~1~1'W'lf 
LYltJ~ 2.6% L1tJnfjfi.n~1 reduced pressurized heat-moisture treatment (RP-HMT) LLi:l'l~~V!LLlh~'ltJfjfi HMT 

VI~tl RP-HMT il~n~ru::::LLl'lnl'l1'1'"l1n native starch (Abramham, 1993; Kawabata UfI::fI ru::, 1994 LL~:; 
" 

Maruta UfI::flru::, 1994) ~'Iil 

• '1l ruVl.IJiJ'lItl'l L "~1 ~1'W'1f~'I~'W LLui Ltl'WVl1~t1'l1'fl'lm),L'"lm ~1'W'lfLL~:;rh fI'l1l-JVlilV!~'I~V!),:;VI~1'1m'dL'"l~1 
~1'W'1f~V!~'I '"l1nm'd~m~1 Brabender diagram pattern LL~:::: DSC pattern 

• mllJffllJTHl'l.'Wf11'ilJdlJt11 (swelling property) MHH 

I J I ~ ;/.;. ~ ~ d 
• m U-amylase digestibility U(l::; absorbability ~'l'U'W Lw::;m'Vl'lfftN'WIYllJ'U'W~llJ"Qrul11JlJU(l::;n(ll'Vl 

Hi'Wm::;lJd'Wfm~~m.h 'l.khuil'l~Hl'1.Jnl'i~~mh~~tJtli.~~ltl~'W (u~uil'l~~~U'\.h~..;ltIili RP-HMT ii~::;f1tJ'W~ 

\'1f1l1 "1i'l~1f1f1l'i ~tJ tI~lt11~'W '19flJ'1L ~ltvilJ ~'W ~1t1 cJ'l'l1·:r,hiiril'W 'U~ .mil.:j~fi'l'W 'Vll'W f11'i ~~tI~lt11~'W 1'1flJ'tvilJ~'W~l(1) 
9J .. .:J'

• fl11lJffllJl'itl '1.'W f11'.i'Vl'Wfl11lJHI'WU(l::;U'i 'lm tJ'WtYllJ'U'W 

• mllJ~'Wl1'W~(l~M 

• ~iif1 type B t'l.J~tI'Wf11'.i~~I~tI'lI1J'W type A u~~iif1 type A '1liiif11';jt'l.J~tI'Wf11';j~~t~tI'l 
1'Wm'dH ultra high pressure ~V!LLlh,J'W LLU'I~m'"l~1~1'W'lf~'ltJfI'l1l-J~'W 600-900 MPa ~ 30°C (Stolt 

and Autio, 2002) LV!tJt:J~l-JLLU'IVl1'El~l'l1f'll~~tl'lm'd~v! LLU),~'I1'W~1m'll'l'W~'EltJ~l?l1fn~ilfl'l1l-JLirl-Jir'W 2% LL~:; 



22 


t:Jl'Wm),L"~I~lw-KLL~,) ,r'WI?l'El'W~Utl'1I1'Wm),l?lnl?l:;n'fl'WlItl'l~lillfnl'W),:;~~I,ml),!lM,)I~~'W ~Iillf'll (~t:Jl'Wm),~i?l 
LLlh~f1')I~~'Wt;il'11 LU'Wb,)~I'Wl'Wt;il'11n'W) Qn'wl1,J~m~I~(')tJ 

.n~'fl'l,~vmPl,rmtJl~ polarized light 

.mn'i'El~~bb~')~m~lci(')tJn~'fl'l,~vmPl,r[mJl~bb~'1im~i?l1 

.~m~ru:;Vl1'1m)'l~~ 

ViU~1 

.~"nf'll"ln waxy corn (8.2%) bni?lbU'Wb"~'1l'fl'W1~~'1"lnQnTii?l~ 600 MPa 'Wl'W 10 'W1Yl b"~~~~1 
storage modulus ~'1n~lb,,~~lcii"lnmn"~I~l'W-K~(')tJf1')I~~'fl'W1J)':;mru 10 Lvii "lnn~tl'l"~vmPl,rU'l~lb"~

~ . 
~Lni?l"lnm),U')~'lJtl'lbiii?l ~l?llfn ~'1~'1 birefringence bb~:;LrlN~~I'1biji?l~lillfnmtJl1J bni?lbU'WLrmil'1lill'lhtJ 

bbUU colloid 

• biji?l~l?llf'llll'fl'l amlomaize (8.2%) ~m),U,)l.JbY1tJ'Ib~nUtltJ~~'1m)'!l(?)~ 900 Mpa 'WTW 50 'W1Yl bL~:; 

birefringence 5'1rl'ltl~ 'Wtln"ln~~lrl,)I~~;:j(?)nhiL1J~tJ'Wbb1J~'1 

.~lillf'll"ln~'W~#'1 (8.2%) Ln(?)b~~~bb~'1,.nn~lnm)'Tii?l~ 750 MPa 'Wl'W 30 'W1Yl b'll'Wb~mnU waxy 

corn b"~~~~1 storage modulus ~'1n~lb~~~lcii"lnmn~~n~lw-KcihtJrl,)I~~tl'W1J),:;~lru 1 0 bvil btitl'l"ln 

),:;~~I'1m),!l(?)~f1')I~~'W~'1 bii(?)~l?llf'll~'W~#'1~(lJb~tJ~n~ru:; birefringence 'J,)~bb~:::bbl?ln 'W'fln"ln~5'1ViU~I'fl ::: 
m~~bb~:;'fl:;m~bVin~'W'fl'fln~I'fl~l'W continuous phase cii')tJ 

~l?llfn"ln barley (10%) hiLn(?)L~~"'llnmffi(?)~ 600 MPa 'Wl'W 50 'W1Yl LLt;irl,)l~if'W~;:jVlL~~~'Wd~n 

UtltJ btitl'l"lmii(?)~l?llfnU')~ bU'WU1'1~,)'WLLt;i~n~ru:; birefringence ~C1! L~tJ~l.Ji?l 

'W'tln"ln~5'1ViU~Ie.J~n type B VlW'I,)Il.J~'Wlcii~n~1 type A LL~:; e (Stute LL~::fH1J:: , 1996) 

m),~(?)LL1J)'cii')tJ extrusion cooking (Perez-Sira and Gonzalez-Parada, 1997) Li?ltJ1Jfurl,)Il-J~'W'lJ'tl'l 

bbU'ILU'W 25% LL~')TiVl~Vl~ 150
0e ~~'fl1Jfurl,)Il.J~'W'lJtl'lLLU'ILU'W 10.21 % Lb~')Ti(?)~Vl~ 1oooe r1,)Il.JL1')~nl90 )''tlU 

t;itl'W1Yl ViU~1n)':;u')'Wm)'~'I111,x~!1l1f'll~'W~h1J:;~~'1~f1')Il.J~lm),C11'Wm)'~ VloUU ~:;~ltJ bb~:;U,)l-J~I~ Vl~'1 
m),'flU~lillfn"'llnYl'll~,)b'Il'W~'W~#'1bb~:;~'W~I1J :;VI~'1~r1,)Il.J~'W gO% cii')tJll-JLrln')~hJ~e.J~t;itl~n~ru:; 

LrlN~~I'1e.J~n ~l-Ju'1iVll'1m)'l~~ bb~:;r1,)Il-J~Il-Jl),C11'Wm),~:;~ltJ bbt;i~Vlml.Jlru resistant starch l(RS) ~')'W~ 

r1,)Il.J~'W 20-35% m)'tlucii')ull.J Lrln,)~~e.J~'I111,x~(;nfn~lciiijfl ru~1Jn~~l?llf'llb"~Iil1'W-K~'1~'W bb~:::~n~ru:;'lJ'fl'l 
gelatinization curve nb1J~u'Wl1J Li?ltJ~~n~ru:;b~~'fl'Wnumn~~I~l'W-K'lJtl'l~l?llf'll~lml.J~i?lYl'll~IVi')nifl'l 

(cereal) ~n~ru:;LrlN~~I'1e.J~m1J~u'WLVlue.J~n type B b1J~tJ'WbU'W type A l'W~!1l1f'll~'W~#'1 f1,)Il.J~lm),C11'Wm)' 

~:;~ltJbb~:;ml.Jlru RS ~Vl~'1 ~t1Jlcii(:h~lm),C11frlfim)''tlucii')tJll.JLflm~b~t)e.J~I?l~l?llf'll~il'1mtJ~ll-Jl),C1tJtltJ 
~~~ .1Vli?l'lJ'W (yna Lewandowlcz LL~::f)ru::, 1997) 

1 Resistant starch ~r11~lnVlfl,)Il.JVll'1 physiology ~tlbu'W~lillf'll~')'W~hjQntJtltJl'W~hl~b~mb~:;Qn~lbb'Wn'fltlmu'W 3 'llWi?l 

~'El physically inaccessible starch (RS1) . resistant starch granules (RS2) bb~:; retrograded starch (RS3) 
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1.6.1 . fl11lJ'I1lJlV'lJi).:J Retrogradation 

o J 	 iJ,q ~ r ell ~.c::.. J' 
Retrogradation lil'WfnVll'll ldtmmmJ~tJtJLltJ~'1"1l'tl'l 19~ LYi~1?l Vld'tl~ld~:;mtJ"1l'tl'l llU 'I VI Ln in"1l'W 

Ltl'tl'l91n mm~u l -ihlJld'JlJr;i'J n'W1VI lJ"1l 'tl'lLlJ l~fl~ lLU'I~iJ~m~N:;Lil'W~ltJ I?lN {11 mllJL-iflJ-if'W"1l'tl'l lLU,:),J'fltJ (2% 

Vl1'tl ~1n~l) ~ld~:;~ltJ"1l'fl':) LLU':)9:;iJ rl'JllJ~'WL~lJ~'W {11 rl'JllJ L-iflJ-if'W"1l'fl'l LlU'I~'1 Vl1'tll'WLbu'I~iJ~mtN:;Lil'WL9~ 
L~'tlvh1,xLU'Wl9~"1l'fl'l LLU'I9:;bilinmdLL-ll'l r;i'J LL~:;iJ mdtJ~~tJ~'tltJJ1'fl'fl nlJ1U1'1~'J'W 

mddl~ retrogradation 9:;vhl,xLninmdLtJ~tJ'WLLtJ~'1r;i'l~'flltJ~ ~'fl 
.... " .i'

• 	 LLu'l9:;V1'WI?l'tlmdtJ'tltJ"1l'fl'l amylase lJln"1l'W 

• 	 L9~Vl1'fl~ld~:;~lmdJ'IiJrl'JllJ~'WL~lJ~'W 

• 	 ~ld~:;~ltJ LLU'IiJrl'JllJVlU~~in~':) 

• 	 Lri'tl~ld~:;'l'mJVI1'tlL9~LLU'I~ Ln in retrogradation vhtJljmmnul'flL'tl ~'W9:;l,x~ldtJd:;n'flu 
L:n'lojf'fl'W~lJ'J'I Vl1'fllJ'J':) LL~'1LLVI'W~Jl L~'W 

1.6.2.1 	 mlJ1N'fl:;m~~LL~:;'tl:;m~LYin~'Wl'WLL'J'I 

LLU'I~iJmlJ1N'fl:;m~~mnn~lSJLb'W'JL,JlJ~9:;Lnin retrogradation l~lJlnn~l Ltl'tl'l 

91nt'dn~~SJ~m~N:;LlJL~n~Lil'W~ltJI?lNm'J ~llJldm'JlJr;i'Jn'Wl~~ltJ 'tl:;m~LYin~'W ~llJldmn~, 

1.6.2.2 	 J1V1unLlJL~fl~"1l'fl'l'fl:;m~~ 

'fdn~~ ~iJJ1V1unLlJL~fl~~llJln9:;Ln~ retrogradation l~,J'fltJ Ltl'tl':)91mn~md 
lrl~'tl'W~LLUU Brownian mnltJ vhlmlJl~f1~lJld'JlJr;i'Jn'Wln~';'Wfi:;l~mn l'WVI1'1n~un'W 'tldn~~ ~~"1l'Wl~ 

LlJl~f1~lV1rYlJln (J1V1UnLlJL~f1~~'1) 9:;Ln~ steric effect v'h1,xlnin';'Wfi:;llJ~:;~'Jn 'fl:;m~~ ~SJ"1l'Wl~LlJl~f1~Yi'tl 
LVllJ1:;l'Vh~'W~9:;Lnin retrogradation l~'Wtil?ldl~':)~~ 

1.6.2.3 	 TJNVllJil 

ti'l'tlruVlJ1il~'1lJl n LlJ l~n~9:;SJYi~'1'11'W"~,r~'1 SJmdLrl~'fl'W~lJln vh1,xmd~in l~tJ'I 
II 	 'U 'lJ q 'IJ 

1.6.2.4 	 rl'JllJ l-iflJ-if'W"1l'tl.:) llU'I 

ti'lmla.,JbiflJif'W"1l'tl'lllU'Il~lJ~'W tilJlj'lL~'Jmnn~ retrogradation 9:;l~lJ~'W Ltl'fl'l91n 

LlJ L~ fJ~SJL'tl m ~~9:;'fl ~ln~n'W ll~:; In in';'Wfi:;~'fln'W1~lJ1n~'W 
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1.6.2.5 	 pH 'll'El'l~::;UU 

Retrogradation "::;Ln~1~~n~11tJ~::;uu~i1 pH ~11 Ltitl'l"1nm':1'1U1'1~'ltJ"::;Qmj'fl1'J1,x 

i1LlJL'i'l~'i'lL~mN ';hl,xLn~n1~~'llJl?T'l1~~~tJ ltJ'llru::;~fh pH ~'1~tJ)-J1n1 (pH» 7) til?l~1n1nn~ 
retrogradation "::;'i'l~'i'l'l Lti'fl'l"1n LLU'Ii1n1~'i'l::;'i'l11'J1M~tJ 

1.6.2.6 	 ~1~~tJ11tJ~::;uu 

~1~~';h1,xLn~ retrogradation 1M~tJ 

lead acetate, barium acetate, calcium chloride, calcium sulfate , ferric sulfate 

LL'i'l::;Ln~'fl su Ifate ~tJ1 ~1J1.h::;LfIV1~,,::;vl11,xLn ~n1~~'llJl?T'l'lltl'lLlJ L'i'l~'i'l LLU'Il~~~tJ 
~1~~';hl,xLn~ retrogradation 'i'l~'i'l'lU'fl1'J 

Ammonium thiocyanate (NH4SCN), tannin, chloroform, ether, protein, amino 

" 
acid LL'i'l::; tJ11?l1'i'l 

~1~~vl11'IXLil~ retrogradation 'i'l~'i'l'llJ1n 

Anionic arylalkyl-sulfonate, nonionic surfactant LL'i'l::; polyethylene stearate LtltJ~tJ 

~1nJ ~::;LfIV1~"::;hJ Ln1::;LfI~'flu~Eh'll'fl'lLij~ LLU'I vl11,xLLNtj~L'VIiim~::;vd1'1LlJ L'i'l~'i'l'i'l~'i'l'l 

1.7. 	n1~H'LLU'ILL'i'l::;~1?l1f'llltJfll?l~1'V1nnlJ 

LLU'I LL'i'l::;~1?l1f'lli1~lJU~~~1lJ1~(ltJ1)'!11ih.h::;LI'J'll,rL~'1'fl1?l~1'V1m~).! ~'Ell,xfl'l1).!il'tJ'VIil~ 1mflN~~1'1 

~1m~(l~).!J11~~ml'J'VI~'1n1nn~ L"'i'l1 ~1tJi ~1)'!1~(ltJ:i'::;~1tJLL'i'l:::vl11,xt)I?l'l~~ritJ (IJl1n'l~ 1) "1n~lJilli~~'1iJ 

n11tJ1~1?l1fnhniiltJ'flI?l~1'V1m~)'!~'1TlI?l~1'V1n1~).!m'VI1m'i'l::;fll?l~1'V1n~~).!~tJ1 

• fl')1).!il'tJ'VIil~ (viscosity) 

• fI'l1lJ~1lJ1~(lltJn1nn~LflNi1'1(?]1"li11'J (gel formation) 

• fI'l1)'!~1)'!11(lltJn1~~lJ~1 (water binding capacity) 

• fl')1)'!~1)'!1j'(lltJn1~'I.h::;~1tJl,xLtltJLt1'ElL~mritJ (binder) 

• fI'l1)'!~1m~(lltJn1~~I?l~:::'VI~1'1~'l (adhesion and adhesive power) 

LUtJ~'ltJtJ ~::;n'flU'VI~n LL'i'l:::1,xfJrur-l1V1 1'1L.n'lltJ1 n1~n,xVl~'1'11tJ) 

lmflN~11'1LL'i'l:::Ld'fl~)'!cr~ 
~ 	 " "" LVI),! fI'l1)'!'lltJ'VItJl?l 

L~)'! fI'l1)'! L~C11'J ~LI?lI'J ~1tJVl1tJn1ml'Jn-B'tJ'll'fl'l ~~ I?lnru'l'l 

n111-iim':1'1LL'i'l:::~I?l1:i''ll1tJ~V11t1un~~;J/fJ~vIlJll.I.,r#h''h{mu1~ (non-food applications) J'WLti'fl'lm. 
"1n~).!u~1tJn1~tJ~:::~1'Wl,xLu'WL.n'ElL~mritJLL'i'l:::ltJn1~~I?l~:::'VI~1'1~'l(LtltJn1'l) n1~H'~1?l1fnltJ ~htJ (ROder, 

2002) ~1'V1fu 
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bthJIil'dU~:;~I'Ubb~:;n1'd 0.5 ~1'U1il'U!tJ 

-1(;)q~u1'Un1nnrmL~:;~~I?l~lnflij 1.0 ~1'UIil'Ufij 

n1~1if~l?lf'!lLlI'U-1l?ltl~u1'Wm:;u'd'Wn1nnrnLL~:;n1~~~I?l~lnflij,r'W ~l?llfn~f1'1cJl'Wn1nJfltJ~~lmi'f)'W 

1'Wn1~~~(;l~lnflij.,:;1 if n~tfl~ LL~:;'f)l1~'Wfi'll'f)'1 n~tfl~~1rJf"l nn1nJ'f)tJ~~ltJ 1'U~ (;l~I'\..mm.Jn~:;(pI1'I~LL~:;~'1'Vlfl 

1if~l?llf'l! L~'fln1nYl~f)u~'d rJf'dtJ tl",U'Wijn1~lll~l?llf'll1ut:.J~(;l LlI'W~~ I?lnru'Ylliil'11 L~f)1if'Vl (;l LL'Vl'W~lnYliJ 
~'1 Lfl~I:;~L'll'W~I~-nnyjf) n (detergent) ~~1~ ~n'Vl'Wfl'dl~¥'fl'W (thermo-plastic) 'fl'l r1u~:;nf)U1'W~~ (;)nru'YlUl~'I! ... .. 
m~~ LL~:;bfl~f)'1~Ifl1'1 fl 

m:;U'd'Wn1~~rl(;l m'1'1 LL~:;~l?llfn"ln-rl'll L~f)llI1u1-nL:n'l~1 ru'l!u~l~fufl (;l~I~nmJ Iiil'11~tU1rJf~'11'W 

m~~ 1.3 Ltif)'1"lmltJ~:;L~tJ(;l'llfl'lm:;U'd'Wn1~~~I~fu-rl'l!LV'1~~.slh~1~m'1'1liil'111rJf~'dm'd~1t)1'W~\!'1~f) 
L'VlYlt'Wt~um'1'1 (n~lruNr1 V'1~~'fl(;) LL~:; L~f)n~ UtJ:;"f)~'lJ-1ru , 2545) ~'1,r'U ~'1hhltJ'Il'W1'WLf)n~I~~ m:;u'd'W 

~ ~ 

n1 ~t:.J~(;) m'1'1 bb~:;~ (;)lfn bll'Wm:;u'd'Wn1~~1if~~'1'11'W~'1 bLliiij ~~vh1~Ln (;l~~m'd:; bll'UYl~~1 Ltif)'1"ln LlI'W~:;UU 

U(;l ~ni'lU'l~I~I~mbtJn~~~~f)t11rJf (by-products) i'l~~(;l"ln~'W(;)f)'Wliil'11n~um1ifb:n'l~IJl~I~nJd~1rJf~n b'll'W 

1mn~l~ (food fibers ~'1bll'W hemicellulose) ~1,r'W (L'll'W~I,r'U"ln~lifl'd ifl'dt~(;lbb~:;ifl'd~I~) tu~~'U1'U~1 
~rl(;ltU~~'U"lnm:;U'd'Un1~~rl(;ltU~~'U'fl'fln"lnm'1'1L~f)l,nrJf~(;)lf'l! ~1'f)tu~~'U1'Uifl'd~I~ (wheat gluten) t(;ltl 

llln~u~1 bll'Uf)'1r1U~:;n'f)u'll'f)'1 ~~lJlnru'Ylfl1~lnb~:;'El1~I~~rWJ ~1'f)llI1u LU'U-1I?l tl ~u1'Wn1~~arm~f)~~ (;) ~~ I?l 

http:l~I'\..mm
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~'WLl.l~tJ'Wlll.l~..:lll.l ~..:ltT..:l!lI"'lll.l ~tJ'W~l-JtI'11 n lr~::;~ltJ ll~::;~ ru'\.uJil~ In ~ l"'l~Uil'W'lf~')tJ mr1if..:ll'W1'W~I?l~I'V1nnl-J 
'lJ'el..:lMnf'll (Roper, 1996) ~l?llf'lltKenLLl.lnL~::;CJ~~~!ltJl~~~t1.l1~tK..:ll'Wl?l1n..:l~ 2 ll~::;l'WZl.l~ 1 ll~en..:l~lrl?il..:l1~ 
~1l-JlrC1CJ~!?l1~"'lln~!?llf'llll~::;lJlml.lr::;~n!?l1if1'W~!?l~I'V1mrl-Jl?il..:l11~ 

'W!l n"'lln'el!?l~I'V1mrl-Jm'VIlr Ll~')t:l!?l~I'V1mrl-Jm::;enl'1iiJmr1if~!?l1 f'll LL~::;~!?llf'll tKen lll.l rl-J1n~~~ LL~::;1if" 	 , 
l'W'VI~lmr'W!?l!l'Wl'Wm::;tI')'Wmre.J~l?ltK..:l~ 

• 	 1if~!?llf'lltK~ LLl.lr~iJl.lr::;'tI')m~t:l4'1Jflt1L~t:lm::;~I~..:lLU'WL6Jl~\,!t~~~iJl.lr::;'~tI vi!l,xiJmr4'tln'W 

'lJt:l..:lL~'elm::;~I'1ilU'Wflt:l'W (flocculation) ~LL-li..:lllN lU'Wf;.mv'i!l,x-ntl~I'el'fln"'llnn'fl'WL~'elm::;~I'1il~~ 
Lb~::; L~l-J f1,)Il-J LL.;i..:lllN'lJ'fl..:l LLcJ'Wn r::;~I'1iLL,x..:l 

• 	 Yi'W~I~!?llf'lltl'WLLcJ'Wm::;~I'1iltJtJnrH1 e.J~v111,xf1,)Il-J LL-li..:l LLN'lJ'el..:l LLcJ'Wn r::;~l'1iL~l-J 'W'fl n"'ll n~~ !?llf'll 

~QnyJ'WtT..:liJ~l-JUI?l Lu'Wm,)'VI~..:l"'l1 n~ Ln en L"'l~1~1wfl'Wr::;wlI..:lmrt:ltl LL,x..:l ~..:lv111,x~Il.Jldm.h::;ntl 

LbcJ'Wnr::;~I'IiLu'Wi'W11~'Wmre.J~l?lnr::;~I'1ill~..:l 

• 	 1if~l?llf'lll~mJftl~')m::;enl'1i (surface Sizing)b~tJ~~~I~l?llf'llLL~')cJl'WLf1it:l..:lt1en\,!nn~..:l lLNt1Vl 

r::;'VI')I..:l\,!nn~..:lv111,x~l?llf'll~ L"'l~1UilWDLL'lln L ih1'WL~!lm::;enl'1i LU'We.J~v111,x LLcJ'Wm::;~I~ll-li..:l LL~::; 
LL-li..:l LlN~'W 'W'eln"'lln~tT..:lv111,x'VIi1n~l-J'lfUi ~~~1 L~l-J'el 

'Wtln"'ll n l'Wm::;1J,)'Wn1m~1?l nr::;~l'1iLb~,) 1'WmrCJ~I?l'VI~n~l.J'lffi1if~!?llf'll L~'elv111,x~n'liru::;mr1'VI~'lJ'el..:l 
4 I ""'lIt. ri.< 

'VIl-Jm'VIl-JI::;~l-JI?l'elmd~l-J~~')tJ 

l?T,)lh::;~I'W~e.J~I?ll-Jl"'lln~l?l1fn (starch-based binder) fi~lmdC1lJl1tllif1'W'tlI?l~I'V1nnl-J'VI~ln'VI~ltJ 

(Koch et.a!., 1993 '11) L'll'W 

• 	 lh::;~I'WI:J..:ltJ11'Wmrl?lt:lndlentJ1 

• 	 1if~ I?l1f'll~iJtl r::;,tI') n L~'elv111,xLn ~md4'tI n'WLu'Wn'el'W'lJt:l..:lt)~"l L'Drl il n 1 'WmrCJ~!?l L'llniln~I'V1ftl 

LI?l11~~1 n nn~~ I?lI f'llv11'V1iJl~ LU'W~..:lI?T')th::;~l'W LL~::; bu'WI'i,)'1htJ1'Wm~tI n'Wlu'Wnt:l'WLL~::;'ll')tJ1'W 
~ 	 ~, , 

~ 0 1/ Qcv.., IV 1/ 4 QQ I • 

mr~..:l'Wl'el!ln"'llnn!l'WVl"'ltl!?l')n'W~')tJ 'll..:lm::;lJ')'Wmr'WLrtJml green bonding 

• 	 tlr::;~I'WCN'el\,!ilLi1tJl-J ril'W~'W t~'VI::; 1'Wm),CJ~l?ltlJril'W~'Wnt:l'W (briquette) 1'Wmru~ch~l?llf'll~1if 

bU'W carbamate starch ~..:l carbonise ~ 300 °c ~..:lL~l.Jbf1Nm::;~nf11f1J'el'W~..:lv111,xtlJril'W~'W~ 
L~C1mr::;'VI~1..:lmdLe.J11'V1~ 

• 	 tlr::;~I'WCJ..:lril'W~'WL~t:lCJ~l?lml~l~Vl~..:lLf1rl::;t.I~l'V1ftli')l~~1 (electrode) L'll'WL~tJ')ntlm),e.J~l?ltlJ 
ril'W~'Wn'el'W m),e.J~l?lnn~l~Vl~..:lLf1n::;t.I~'fl..:lmdmdLn~ carbonise '1I'el..:l~l?l1fn~tf1Nm::;~n 

fnf1Jt:l'W~ 300 °c Lb~::;~t:l..:liJm),Le.Jll?i'el~ ;::::3000 °c 
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Raw Materials Processes Products and 

Byproducts 

Applications Industries 

CerealsfTubers Milling 
Extraction 
Deproteinization 

Product: Starch Thickener 
Binder 
Adhesive 
Cobuilder 
Thermo-plastic 
Complexing agent 
Floculating agent 
Coating/Sizi ng 
Extender 
Filler 
Stabilizer 
Texture modifier 
Processing aid 

Food/Feed 
Paper & 

Corrugating 
Textile 
Packaging 
Cosmetics & 

toiletries 
Pharmaceuticals 

Byproducts: 

· Fibers . Food ingredient Food/Feed 
hemicellulose. bran 

-- - -  - ------ - - .--- - ---- --- - -- ---------- - - - -  - - ---- - - - ------------

• Germ oil Food ingredient Food/Feed 
- - -- - -.--- -  - -----. ---- ----. - - -------. --  - - - - - - - -- - ---------- ---

• Gluten 
- -._-- -  - ----- - - - --- - -

Food ingredient 
- - - ---- - - - - ------_.-

Food/Feed 
- - - - ----- - - - - - - - --- - -

· Steepwater Fermentation feed 
stock 

Food 

Starch Modification • Modified starches 
• Hydrolysed 
.Oxidised 
.Esters 
.Ethers 
.Crossbonded 

• Dextrins 

Thickener 
Binder 
Adhesive 
Cobuilder 
Thermo-plastic 
Complexing agent 
Floculating agent 
Coating/Sizing 
Extender 
Filler 
Stabilizer 
Texture modifier 
Processing aid 

Food/Feed 
Paper & 

Corrugating 
Textile 
Packaging 
Cosmetics & 

toiletries 
Pharmaceuticals 

Starch Hydrolysation Maltodextrins 

-- - -  ---._- - -  ----- - - -
Starch Hydrolysates 

Fat replacer 

_~?!E:!!<_ S;_~I?~Jy_~~r_~ ___ 
Fermentation feed 
stock 

Food 
Chemicals 

---- --- - -- ------ -. -

Food 

Starch Chemical reactions __~ __ _~~IX~~~ _______ ______ Sweetener 
------- ---- - -------- Food -  --_.------- - - - ---. --

Hydrolysates • Surfactants 

_. - -- - - ------ - - ---- - - --

• Pharma & 
cosmetic aids 

Surface active 
agent 

----------------------

Cosmetics & 
toiletries 
Household 

_p_r~g~_~~~ _____________ 
Pharmaceutical 
Cosmetics & 
toiletries 

vhn: ROder. 2002 
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~4---~~------------~==~~~~l--------------------;~~OO~A-R-C~1s 
Hydrolysed 
Oxidise<! 
Estet's 
Ethers (cationic) 

m~~ 1.4 CJ~ l?l.nru'V1'1,.ij\tl~l~bfllj (?h'l1~~I~I~Cl CJ~1?l1cX"ln~{?nf'lltl1ltJm::::U,)'Un1~Vll'1bfllj bb~::::",1tl~') Lfllj 

.:. APG: alkylpolyglucoside 

.:. 2-KGA: 2-keto-L-gulonic acid 

.:. DAS: dianhydrosorbitol 

.:. HFCS: high-fructose corn syrup 

.:. HMF: hexamethylfurfural 

.:. SAP: superabsorbent polymer 

d " 
'VIlJl: ROder, 2002 

~l?llf'll~lm~rI'WlmCJ~I?l~I~~dj'Utl'lrhh::::ntlu'1Jtl'lCJ'Isnn~tln (Koch et.al. , 1993) bbVl'U~~I~~l1IbLN~'1 

e:l') (surfactant) builder/cobuilder bb~::::I?T')m::::~'Un1niI1l"1I1,) (bleach activator) ~CJ~I?l"ln petrochemical1cXD'I 

50-60% ~1:i'm~I~1cXmi 

• Alky poly glucoside (APG) bb~:::: N-methylglucamide ~CJ~I?l'11nn'1jtfl~ bb~::::bbtl~ntl!:!tl~/ml1l1'1l 

~'U [fatty alcohols(acids)] ~'1-Wl~ILU'U~,)'U'lltlU~1 (hydrophilic end group) '1Jtl'l~I~~I1ILLN~'1e:l') 
, , 

1" "" .. Q ""~ '''''11'llLbVl'UVl ~1:i'~(;)LLNI1I'ICJ,)Vl b~l-l J::::'1, (non-ionic surfactant) 

• 	 Oxidised (carboxylated) starch ",1tl citric acid blj'U builder/cobuilder -Wl~ICJ~~nu zeolite 1-0 
, ... .. ,, 0 

bbVl'U sodium polyphosphate '1!'1~(;)fl')Il-lm::::(;)I'1'1Jtl'l'W1 



29 

• 	 Acetylated polyols (L'lhJ'lJ'fl'i~~:Wd::::"dl'i peracetylated sorbitol LLfl:::: mannitol ~L1tJn~1 

Sorman) ~l:WldC1vll~iJl~'lJtl'i petrochemical tetraacetylethylenediamide (TAED) ~LU'W~'l 
m::::~'Wmdn(1)'lJl'l~tlru~Jln~11~, ,~ 

Surfactants 


A lkyl I!oly glucosides Glucamides 

CH,-COOH
Builder/Cobuilder HO----C-COOH 

CH,-COOH 

Citric Acid 
Oxidised Starch 

H~... CH~-OAC ACO'j1"CH,-OAc 
AcO .." H .,.H 

H ".. Ac • . Ac 
A 0 ,DAc H",.Bleach activators c .' H AcO "OAc 

H, 	 H 
'OAc H,

"Sorman" 'OAc 

V1:Wl : ROder, 2002 

mdH~~nfnl'W~fll~~nVl'WrYll:W~'fl'W~U'fltJ~fllt.Ml (biodegradable thermoplastic) l~:wt(1)tJmd~~:W 

6-20% ~lJnf'llfl'il'W~'fl~L:wtlf~'iL~d1::::~L'll'W polyethylene LLfl::: polypropylene ~'i11",u'WhHltJ:wvhn'WLL~'J LCm 

"1 n~l?llf'll Lvh,r'W~U'fltJ~flltJ1~ 11""iIu'Wt)~(?)ilvh"l nt)~~nh:::~:w (composited material) ~t.J~I?l~'JtJ mdt)l,i~(1);, , 

(extrusion) ~50% ~l?llf'llnu~'fl~L:wtlf~'iL~dl::::~~'ll'flU~l (hydrophilic polymer) L'll'W polyvinyl alcohol ~'it)~"l 

Ud::::~:wC~I:WldC1U'fltJ~flltJ1~~r:i'i~:w1n 'W'fln"lnilt)~"l~1~"lnmd.fl(?)1(?)Mnf'll (~~ native starch LLfl:::: high 

a mylose starch) n~l:Wldmll~I'WH~I~fut.J~{;l.nruoyf~lifLL~'J~'i LLfl::::t)~ ''In'Wm:::: LLVln1'WmdUdd,~uvitl1~ 
(Roper and Koch, 1990) ~'l'W~ld polyols (L'll'W sorbitol, mannitol, xylitol, erythritol LLfl:::: maltitol) ~~~{;l"ln 

n~t~~~'i1~~lnmdU'fltJ~{;llf'll nl-ihu'W plasticizer LLfl::: flow improver ~1~fumm~l?l~fll~~nVl'W~'Jl).J~'fl'W~ 

UtltJ~flltJ1~ 11ru~I'lJtl'i~fll ~ ~ nVl'WrYll:W ~tl'W~U'fl tJ ~fll tJ 1~~ ~~WI" 1 n ~ I?lI f'll ~'fl:n ~ 'l1).J ~I'WVll'WrYll :W~'WLLfl:::~1 

~1 LLi?lnLLril'll1~~'JtJmn~).J~ln~'flU'W (additive) LLfl::::mn~~tlu (coating) 

mdL~:W:Wflril'lJ'fl'i~l?llf'll~~'1~~(?)~tlmm~I?l~ld~l~fu1-i!l'Wt.J~{;l.nruoyfbJl~'llndd).JLLfl:::L~itl'l~Itl1'ir1
~ ~ , 

'W'fln~lnLU'W~'WUd:::~I'Wl'Wmd~~l?lmL~(1)Lb~'J ~'ilif~W11f'llL~'flL~~'fl1Jm LLfl::::HLU'W~'i~ldvi'fl~:WLLfl:::vhl~Ln(?) 
mdU~(1)Ufl'fltJ~'lml'W~~I?l.nruoyf~~tl'lmd~'JurJ:wmdUfltltJl?i'Jm (controlled release) ~~I?l.nruoyf"ln~l?nf'll~ 

http:mdH~~nfnl'W~fll~~nVl'WrYll:W~'fl'W~U'fltJ~fllt.Ml
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Hl-J1'W1'W1'WlwLll~'llm'J')J~'tl dextrose. maltodextri. cyclodextrin . glucose syrup. citric acid/citrates LLtl::;~'Jn 

polyol c.Jftl?lnru·Yh::;VI~I~nfll..:J (intermediate products) ~1V1funrJ'~..:JLriJ'I::;~~'JmL:n..:J~I?l~IV1nm,JVlflltJ~'Jn 

c.Jftl?ll-n~ln~!?nf'll L'll'W dextrose LLtl::; sorbitol LtI'WrJ!?l~~U~IV1funrn,Jft!?l 2-keto-L-gulonic acid (2-KGA) ~'J 

~..:Jtif'W~J'tl..:J~!?lIi1'W~ 1.4.3.6-dianhydrosorbitol (DAS) Ltl'WrJ!?l~~U~IV1fu 2.5-dinitro-DAS ~..:JLtl'W~'Jmtifl'Wvn'W 
nrJ'VI'tlu1'Wc.Jft!?lnru-wB'tl vasodilator (Roper. 2002) 

~!?llf'll'lllll?l hydrophobic ~1l-J1J'[l1l1)JIHL~'Elc.J~!?lLri1'El..:J~I'ElI..:Jr)~Ltl'W emulsion Ll?ltlH emulsifier ~ 

dJ'Wc.J~!?l.tiru-vl"'lln~!?llf'Jl~'E) alkyl poly glucoside Lbfl::; alkylglucoside-6-estrer ~nrJ'1-if sorbitol LtI'W 

humectant 1'Wm~Yl"'W LLtl::; sorbitan ester ~..:Je.Jftl?l~ln sorbitol n~~)Ju1htl'W emulsifier (Roper. 2002) 

'fl !?l~IV1m'J'J..J LVlri L'WLtl~~'Jm~Hc.Jft!?lnru-vl"'llnnrJ'tJ'E)tJ~flltJ~l?llf'll (starch hydrolysate) Ltl'WrJl?l ~~u 

1'WnrJ'VI,rm~!le.Jft!?lm'l?Iti'WVl1U(L'll'Wm'1?I citric . lactic. gluconoc LLfl::; 2-keto-L -gulonic) m'1?I'E)::;i1t'W ~!l~hJ..J'E)fl1'J 

m~(L'll'W xanthan LLtl::; polyhydroxybutanoic acid) polyerythritol Lbtl::; Lt)'Wl'lllf (Roper. 2002) 
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n~h;UNr1 V'l1d!ll7l. 2544. m':l-:Jl'Vlu~!ltll-:Jld? 'lil'l~ld~'lllntdlt.1'Nntdlbtl-:J 1(1) : 1-2. 


n~lruNr1 V'l1d!ll7l Wcl::; b~'iln~ uu::;"mJ'lI1'ru. 2543. b'Vlrltt.lt~~'lI'il-:Jutl-:J . ~l-!'l'frlh~ 2. ~l,rn~l-!'l'fl-!Vn~'Vlm~U

~ ~ 

bn'rtl7ldV'll~l7lf. n~-:Jb'Vl~'1. 292 Vliil 

nl7l~~-:J'; '\A'l-:Jrn';. 2529. i?l'lbblhlt.1m::;u'lt.lntdf.J~l7lbb~::;ntd'VlC;)bb'Vlt.lbbtl-:J~'lb~m~f'lubbtl-:J~'l'llilC;)~t.llt.lntdf.J~l7l 

1t.1b~t.I. ~'Vlmil~t.lm'VlmV'll~l7ldl-!VI1Urw-Yi l7l. rnrl~'lll b'Vlrl tt.lt~~'Vll-:J'illVild. ,'Y11~-:JnnlIl-!Vll~'Vlm~U . 

.If:;''1 ~ " .. "" , 'i' ~.'1 ,,~ 0'1 
bn'ilQ~ uU::;"!ll-!'lI'lt1J Lb~::; n~lruNrl r'ldd'ill7l. 2544. 'Vl'il-:J b~nnUl'lrubbU-:J l7l'ilt.l ... "l-!lx"mbu-:J~'lIrn~ (Resistance 

Starch) rlt.lLC1!l::;". 'lil'l~ld~'lllntdlt.1'l-lntmtl-l 1(1) : 4-5. 

il~ L~l-!L'l'llV'lmt.lt.lvl. 2543. ntd~I'HLlhLbiJ-l~t.I~l1.J ::;VI~-:J~'lU~~ Ball-mill Lb~::;ntd~m~l~l-!U~'lI'il-:Jbbtl-:J~c;)m.h. 

~'Vlmil~t.lm'Vlm r'll~l7ldl-!VllUru-Yi l7l . rnrl~'Dl L'Vlrl tt.lt~~~'lrn~. l-!Vll~'Vlm~mm~l7ldr'll~l7lf. 

'4'D~~ flrd'4t1J . 2534. ntd~C;)LLlh~l7l1f'll;rl'lL~lbLUUrld!l~~-ln-:J. ~'Vlmil~t.lm'Vlmr'll~l7ldl-!VI1Uru-Yil7l. rnrl~'lll 
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AOAC. 1995. Official Method of Analysis. The Association of Official Analytical Chemists. 16
th 

ed., 

Washington D.C. , USA. 

Abraham, T.E. 1993. Stabilization of paste viscosity of cassava starch by heat moisture treatment. 

Starch/Starke 45 131 . 

Aggarwal , P. and Dollimore , D. 1998. A thermal analysis investigation of partially hydrolyzed starch . 

Thermochimica Acta 319(1-2) : 17-25. 

Baba, T. and Arai, Y. 1984. Structural characterization of amylopectin and intermediate material in 

amylomaize starch granules. Agric . Biol.chem. 48(7) : 1763-1775. 

Bello-Perez, LA, Romero-Manilla , R and Paredes-Lopez, O. 2000. Preparation and properties of 

physically modified banana starch prepared by alcoholic-alkaline treatment. Starch/Starke 

52(5): 154-159. 

Chen,J. , and Jane, J.-L. 1994. Preparation of granular cold-water-soluble starches by alcoholic-alkaline 

treatment. Cereal Chem. 71 (6) : 618-622. 

Da Mota, RV, Lajolo, F.M., Ciacco, C. and Cordenunsi, B.R 2000. Composition and functional 

properties of banana flour from different varieties. Starch/Starke 52(2-3): 63-68. 

Evan , I.D. and Haisman, D.R 1979. Rheology of gelatinized starch suspensions. J. Texture Stud.1 0: 

347-370. 

French, D. 1975. " Chemistry and biochemistry of starch" . In w.J. Whelan(ed) , Biochemistry of 

Carbohydrates. London:Butterworths. 

French, D. 1984. Organization of starch granules. pp.184-242. In RL. Whistler, J.N. BeMiller, and E.F. 

Paschall (eds.) Starch: Chemistry and Technology. 2
nd 

ed. Academic Press Inc., Florida. 

Gardiner,D.S. 1975. Dessert Composition. British-Patent. 1 417996. 



32 

Gron, J. and Eklund, D. 1998. Influence of starch modification on coating colour and coated layer 

properties. Wochenblatt Fur Papierfabrikation. 126(18): 879-884. 

Hegenbart, S. 1996. Understanding Starch Functionality. www.foodproductdesign.com.archive/ 

1996/0196cs.html 

Hizukuri, S. 1988. Recent advances in molecular structure of starch. J. Jpn. Soc. Starch Sci. 31 :185. 

Hofreiter,B.T. 1986. Miscellaneous modifications. In O.B.wurzburg (ed.)Modified Starches: Properties 

and Uses, CRC Press, Inc., Florida. pp. 179-191. 

Hoseney, RC. and Lineback, D.R 1996. Methods of synthesis and characterization. In RC.Hoseney 

(Ed.), MCC Short course on "starch:Structure, Properties, and Food Uses 

International Starch Institute. 1999. Banana. Available online: 

http://home3 . inet. tele. d k/sta rch/isi/sta rch/bana na. htm 

Jacobs, H. and Delcour, JA 1998. Hydrothermal modifications of granular starch, with retention of 

granular structure: A review. J Agri. Food Chem. 46(8): 2895-2905. 

Jacobs, H., Mischenko, N., Koch, M.H.J., Eerlingen, RC., Delcour, JA and Reynaers, H. 1998. 

Evaluation of the impact of annealing on gelatinization at intermediate water content of wheat 

and potato starches: A differential scanning calorimetry and small angle X-ray scattering study. 

Carbohydrate Res. 306(1-2): 1-10. 

Jane,J. and Seib., PA1991. Preparation of Granular Cold Water Swelling/Soluble Starches by Alcoholic

Alkali Treatment. U.S. patent 5,057,157. 

Kavitha, R and BeMiller, ,I.N. 1998. Characterization of hydroxypropylated potato starch. Carbohydr. 

Polym. 37(2): 115-121. 

Kkawabata, A., Takase, N., Miyoshi, E., Sawayama, S., Kimura, T. and Kudo, K. 1994. Starch/ Starke 

46(12) 463-469. 

Koch, H., Beck, R and Roper, H. 1993. Starch derive prodvels for detergents. Starch/Starke 45 2-7. 

Koch, H., Roper, H. and Hopcke, R 1993. New Industrial Uses of Starch, Plant Polymeric Carbohydrates 

(Eds. F. Menser, D.J. Mamers and W. Seibel) Special Publication No 134. The Royal Chemical 

Society, Cambridge 157-179. 

Kortstee, A.J., Suurs, L.C.J.M., Vermeesch, A.M.G., Keetels, C.JAM., Jacobsen, E. and Visser, RG.F. 

1998. Carbohydr. Polym. 37(2): 173-184. 

Kwon, K.S., Auh, J.H., Kim, J.w., Park, J.H., Park, C.H. and Ko, C.J. 1997. Physicochemical properties 

and functionality of highly carboxymethylated starch. Starch/Starke 49( 12): 499-505. 

Larsson, I. And Eliasson, A.C., 1991. Annealing of starch at an intermediate water content. Starch/ 

Starke 43(6) 227-231. 

Leach, H.w. 1965. Gelatinization of starch. Ch. 71n RL. Whistler and E.F. Paschall (eds.), Starch: 

Chemistry and Technology. Academic Press, New York, USA. 

Leach, H.w., Mcbowen,L.D., and Schoch, T.J. 1959. Structure of the starch granule I . Swelling and 

solubility patterns of various starches. Cereal Chem. 36:534 - 544. 

http://home3
www.foodproductdesign.com.archive


33 

Lerenz, K. and Kulp, K. 1983. Starch/ Starke 35 123. 

Lineback, D.R 1984. The starch granule organization and properties. Bakers Digest. 58(2): 16-21. 

Lugay, J.C. and Juliano, B.O. 1965. Crystallinity of rice starch and its fractions in relation to 

gelatinization and pasting characteristics. J. App. Polymer Sci. 9: 3775-3790. 

Maruta, I., Kurahashi , Y., Takano, R , Hayashi, K. , Yoshino, Z., Komaki , T. and Hara, S. 1994. Starch/ 

Starke 46(5) 177-181. 

Moser, K.B. 1986. Hydroxyethylated Starches. In O.B. Wurzburg (Ed.). Modified Starches: Properties 

and Uses, CRC Press Inc., Florida. pp. 79-88. 

Muhrbeck, P. and Wischmann, B. 1998. Influence of phosphate esters on the annealing properties of 

starch. Starch/Starke 50( 1 0): 423-426. 

Naivikul, O. and D'Appolonia, B.L. 1979. Carbohydrates of legume flours compared with wheat flour. II. 

Starch. Cereal Chem. 56(1): 24-28. 

Parker, R and Ring, S. G. 2001 . Aspects of the physical chemistry of starch. J. Cereal Sci. 34: 1-17. 

Perez-Sira, E. and Gonzalez-Parada, Z. 1997. Functional properties of cassava (Manihot escu/enta 

Crantz) starch modified by physical methods. Starch/ Starke 49(2) 49-53. 

Piyachomkwan, K., Choliadup,R, Chotimeeranat, S., Termvejsayanon, I'J. and Sriroth, K. 1998. Thermal 

properties of physically treated cassava (Manihot exculenta Crantz.) starch. In The 10
th 

Annual 

Meeting of the National Center for Genetic Engineering and Biotechnology 1998 on 

"Biotechnology for a self-sufficient economy". Nevember 25-27, 1998. Sol Twin Tower Hotel, 

Bangkok. 

Powell, E.L. 1967. Production and use of pregelatinized starch. In RL. Whistler, and E.F. Paschall (Eds.). 

Starch: Chemistry and Technology Vol. II , Academic Press Inc. , New York pp. 253-536. 

Roper, H. 1996. Starch present use and future utilisation, Carbohydrates as Organic Raw Materials III 

(Eds. H. vanBekkum, H. Roper and F. Voragen),VCH Verlagsgesells shaft Weinheim, 17-35. 

Roper, H. 2002. Renewable raw Materials in Europe Industrial Utilization of starch and sugar. 

Starch/Starke 54 89-99. 

Roper, H. and Koch , H. 1995. The role of starch in biodegradable thermoplastic materials. StarchllStarke 

(42)123-1 30. 

Rutenberg , M.W., and D. Solarek, 1984. Starch derivatives: technology and uses. In RL. Whistler, J.N. 

BeMiller, and E.F. Paschall (Eds.). Starch: Chemistry and Technology. 2
nd 

Ed. Academic Press 

Inc., Florida . pp. 311-388. 

Sanders, J.P.M. 1996. Chemical modification of starch. In Advanced Post-Academic Course on Tapioca 

starch Technology (I). January 22-26 & February 19-23, 1996. Asian Institute of Technology, 

Bangkok, Thailand . 

Sari, L. 1964. Heat-moisture treatment of starches. In RLWhistler, RJ. Smith, and J.N. BeMiller (Eds.), 

Methods in Carbohydrate Chemistry Vol. IV : Starch . Academic Press Inc, New York. pp. 283

283. 



34 

Schmiedl, D., Konig, B. and Jacobasch, G. 1998. Hydrothermal treatment of starch in presence of 

maltose syrup. Part 1. Effect on DSC parameters and consistency of potato starch gels. 

Starch/Starke 50(7): 297-305. 

Siominska, L., Grajek, w., Grzeskowiak, A. and Gocalek, M. 1998. Enzymatic starch saccharification in 

an ultrafiltration membrane reactor. Starch/Starke 50(9): 390-396. 

Smith, P.S. 1982. Starch derivatives and their uses in foods. In D.R Lineback, and G.E. Inglett (Eds.). 

Food Carbohydrates, AVI Publishing Co., Inc., Connecticut. pp. 237-269. 

Solarek, D.B. 1986. Cationic starches. In O.B. Wurzburg (Ed.) Modified Starches: Properties and Uses, 

CRC Press Inc., Florida. pp. 113-124. 

Stolt, M. and Autio, K. 2002. Microsocpic and rheological characterization of high pressure treated 

starch dispersions. Available online: www.vtt.fi/bel/ 

Stute, R 1992. Hydrothermal modification of starches: the difference between anaealing and 

heat/moisture treatment. Starch/ Starke 44(6) 205-214. 

Stute, R, Klingler, RW., Boguslawski, S., Eshtiaghi, M.N. and Knorr, D. 1996. Starch/ Starke 48(11/12) 

399-408. 

Tamaki, S., Hisamatsu, M., Teranishi, K. and Yamada, T. 1997. Structural change of potato starch 

granules by ball-mill treatment. Starch/Starke 49( 11): 431-438. 

Tessler, M.M., and RL. Billmers. 1996. Preparation of starch esters. J. Env. Ploym. Degra. 4(2) : 85-89. 

Tuschhoff, J.V. 1986. Hydroxypropylated starches. In. O.B. Wurzburg (Ed.) Modified Starches: 

Properites and Uses, CRC Press Inc., Florida. pp. 89-96. 

Van Beynum, G.M.A. and Roels, JA 1985. Starch Conversion Technology. Marcel Dekker, Inc. New 

York. 326p. 

Vega Grarca, M. and Bontoux, L. 2002. Food applications of the new polysaccharides technology. 

Available online: www.jrc.es/mptsreportlvoI20/english/F001E206.htm. 

Vussers, RG.F. 1996. Comparison of starches from different botanical sources. In Advanced Post 

Academic Course on Tapioca Starch Technology. Jan. 22-26 & Feb. 19-23, 1996. AIT Center, 

Bangkok, Thailand. 

Wurzburg, O.B. 1986. Modified Starches: Properties and Uses. CRC Press Inc., Florida. 277p. 

Yna Lewandowicz, G, zef Forml, J., Soral-mietana, M. and Walkowski, A. 1997. Microwave modified 

starch-structure, properties and resistant starch formation. Available online: 

www.man.poznan.pl/~ lewallwied97/reo-prohtm. 

Zhu, Q., Sjoholm, R, Nurmi, K. and Bertoft, E. 1998. Structural characterization of oxidized potato 

starch. Carbohydrate Res. 309(2): 213-218. 

Zuber, M.S. 1965. Genic control of starch development. In RL. Whistler, and E.F. Paschall (Eds.) Starch: 

Chemistry and Technology Vol. I, Academic Press, New York. Pp. 43-62. 

http:www.man.poznan.pl
www.jrc.es/mptsreportlvoI20/english/F001E206.htm
www.vtt.fi/bel


35 

~ ~ ~ 
2.1. 'lI'fl)J~VlI·mlnm~i?1nl~:::m)'·(i'ltltln'lltl'l'll1'l 

ifi') 191~ e.J~i?11~~'l'W1'I-IqJ lu'Wiil,)'WIt1 t~tJr.d1n1 nvn:::u~n1'W'll'l'l ~ ~ ~'Wll~::: lfhJ l~tJ')1'W~ ~'I-I'WI,) ~,)'W 
iil'l'WIU f'l~:::~m,m(1lvn:::u\'jn ll~:::ln1J l~tJ')1~i?1~'fl~tI ~lniitl)J~VlI'lm)'t.J~ 11l~:::l~'W1~~1 LL'W'lt'i1l.Jn1m~i?1J'W 

L~l.J~'WYJnu t~mEl.Jlrue.J~e.J~I1lL'il~tJ~'fl11'l1tNiil'lUIUf'lJ'W~'ln~liil'l'Wln lll9liil'l'WIt1~:::i1nrn~ln~liil,)'W1 
uf'l t~mlrn~LLl1ln19l1'ln'Wd~:::l.J1n'l-l1'fl'i1'fltJ~'W'fl~n1Jtllvn:::u~ml~:::~ruJll~'lI'fl'liil':l1'WtI ~.V'I. 2544 iil':l'W11h::: 

i1),lrn~'ln~liil,)'WIUf'lt~m'il~tJ 400-600 1J1Vll9ltlLn~tJ'W (11l'W) (lV'l),1:J'~n~mnm~I1l)" 2545) 

~ . V'I . e.J~e.J~i?1 e.J~e.J~i?1l'il~tJ ld'flyhJ~n 

19l'fll1 

1,00011 1,000 11 1,000 11l'W nn . 1,00011 1,00011 1,000 11l'W nn. 

4,567 57,177 18,4772533 5,244 2,124 465 59,195 323 

2534 3,705 3,646 2,291 58,205 51,303 14,902 290628 

2535 4,494 4,379 55,177 52,202 17,5182,882 658 336 

4,049 56,295 53,199 17,302 3252536 4,158 2,615 646 

56,153 50,002 16,4832537 3,098 3,013 1,964 652 330 

2538 4,304 4,251 2,950 694 56,373 51,844 18,161 350 

4,287 57,407 51,048 17,729 3472539 5,946 5,908 726 

57,291 51,577 17,782 3452540 6,437 6,343 4,550 717 

677 56,958 54,874 18,789 3422541 7,231 7,081 4,791 

56,240 53,080 19,272 3632542 6,458 6,367 4,336 681 

54,748 20 ,983 57,052 3832543 7,861 7,591 5,233 689 

57,070 19,042 334*(F)2544 7,405 669*4,953 
.~ 

lTlJ1V()'l ~mfjli~~vrWt)'yhJtlfl 
~ )J 1i' ... 1 0 ~ Q.I

(F) lTlJ1Vtl.:j ~VlJl:1'V'W1fl'HU lJ'J:::'il11,",V'Wli'W11fllJ 2543 

d 0 Q.J.o:::oo 0' 
VllJ 1: 1:1'1'U fl.:l1'Wlfl''J1I5l' fl'il fll'J lflll~'J m :::'Vl'J1.:jlflll~'J1ll:1:::1:1'lTm ru 

(http://INWW.nso.go.th/eng/statisubjectltoc2.xls) 

http://INWW.nso.go.th/eng/statisubjectltoc2.xls
http:t~tJr.d1
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1?11n'l~ 2.2 nf'11ll~::;l;J~rll'l1'fl'lt:J~t:J~[wiil'dj'rnJ ('t,ntJLL~::;'W1Uf'l) I?lI:wnf'11~Ln'!~l?lmj''lI1E.11~ tJml::;U~n 

2534/35 - 2543/44 

l'V'n::;u~n
'" 

nf'11~m1!l"I?lmj''lI1E.11~ l;J~rll'l1t1'1t:J~t:J~I?lI?lI~mrn~Ln1!l"I?lmrIlIE.11~ 

U1VlIln~EJ'W (tJl'W) " f'n'WUIVl 

2534/35 3,808 77,683 

2535/36 3,286 65,447 

2536/37 3,727 68,752 

2537/38 3,857 81,425 

2538/39 4,764 104,884 

2539/40 5,522 123,317 

2540/41 6,962 164,164 

2541 /42 5,756 132,382 

2542/43 4,679 113,101 

2543/44 4,621 118,335 

-iil'dL'VI-Wm L~'W'VI~ L~'Wrhm~m LLU'ILLcJ'W 'lJ'W:WU'lm''flU L~n'lf1n1'W LL~::;L:w~1YM~mf'il~'W1 nrj'~'1'fl!lnt:J~lnrlru'Vl 

-iil'd LLU mJ'lJ'fl'l1VlEJ ~ LL'W'dLil:w L~ :W~'WL~E.lIn~!l ~ vT'InL~tJ~'d'W1'V1 nJ t:J~ InJlru'Vlih'lLLUnU Lii!lu'Vlnt:J~lnrlru'Vl~ LL'W'd 
'I.J .... \l.. 

Lil:wnrj'~'1!l!lm~:w~'W,ru~'1LLl1iu YU'\.2542 ~'W~'1U 'Y'l.P! .2543 L~E.lt:J~lnrlru'VlL~'W'VI~ L~wi'lm~m 'lI'W:WU'Im'!lU 

L~n'1f1n1'WLL~::;'l:w~1yjl?1~mf"lli:J:W~rllmj'~"'f)'f)nL~:W~'W'f)UI"I1i!lLti!l",rU~"LLI1iU 'Y'l.P! .2539 L,jWX'W:Wl LL~::;i:JLL'W'l
'" 

'lil:wrJl~::;L~:W~'WL1!lE.l1 (mn"~ 2 .5) 1'WLL~'lJ'il'l~~~'l'Wl;J~ rll,!'W 'Y'lUrJl L~n'1f1n1'WLL~::; 'l:w ~1yj 1?1~ I?llf'ili:J~~~'l'W'lItI'I 

l;J~ rllnrj'~"t1'f)nLii'WnrJl 50% 'lI!l"l;J~rll nrj'~"!l!ln t:J~lnrlru'V1-iil'l LLU ~tUvT"'VI:W ~ LL~::;t:J~InJlru'Vl'll'W:Wu" m't1ui:J~~ 
~'l'Wl;J~rllnrj'~"tltlm''f)''~'':W1 (16.3% 1'WU 2544) 1?l1:W~'lmLu,,-iil'lL'VI-Wm LL~::;L~'W'VI~ L~'Wrhm~m (10.3% 1'W 

U 2544) m:wihvi'u (1nIn"~ 2.4) 

http:il:wrJl~::;L~:W~'WL1!lE.l1
http:I?lI:wnf'11~Ln'!~l?lmj''lI1E.11


37 

'j'ltJn1'j'~'hlffl 25442543 

uhnru (I?l'hl) uhnru (I?l'hl)l;l~fh (~'hl1JTI'1) l;l~fh (~'hl1J1'1'1) 

'i'HJ'Ih:l~.:I'il'im 

iil,)~~1'l11,) 

iil,)L~I'l11,) 100% 

iil,)L~I'l11,) 5% 

iil,)~~1'l11,) 10% 

iil,)~~1'l11,) 15% 

iil,)L~I'l11,) 20% 

iil,)L~I'l11,) 25% 

iil,)~~1'l11,) 35% 

..
>- >
'lI1,)~"l1'l11,)!l'W 1 

ufntJiil,)L~I'l11,) L!l 1 L~PI 

u~ltJiil,)L~1 

iil,)"'!l).J).J :;~1vltJ 
>- "" 'lI1,)L'I-I'hlm 

>- "" 'lI1,)L'I-I'hlm 10% 


iil')milm 25% 


iil,)L'I-lilm 35% 
.. .." 'lI1,)L'I-I'hlm!l'hl1 

u~ltJiil,)L'I-lilm 

rifl')n~!l'l 

iil')n~!l'l 100% 

iil')n~!l'l 5% 

iil')n~!l'l 10% ..
>- >
'lI1')n~!l'l'hl'l 

>- ... .. 
'lI1')n~!l'l!l'W 1 

rifl')ll'l 

~fntJiil')ll'l 

iil,)~'hl1 

iil,)LU~!ln 

6,141,341 

4,160,277 

2,340,614 

647,070 

245,619 

160,726 

3,463 

81,014 

535 

46 

590,696 

90,494 

197,311 

142,095 

679 

10,039 

44,498 

127,221 

79,237 

8,087 

39,081 

334 

482 

1,647,907 

6,282 

2,328 

15 

65,516,281 

47,387,273 

33,954,559 

4,980,409 

2,082,899 

1,133,914 

25,898 

562 ,085 

3,311 

293 

3,683,565 

960,340 

2,066,068 

1,676,094 

6,046 

92 ,054 

291,874 

1,541,421 

1,167,43~ 

59,37E 

306,997 

2,737 

4,876 

14,457,005 

41,312 

23,086 

115 

7,685,050 70,122,977 

5,026,706 47 ,831 ,845 

2,402,458 28,356,153 

523,313 3,982,294 

98 ,191 722,578 

365,211 2,601,633 

3,000 19,864 

382,791 2,423,042 

2,741 16,411 

1,341 15,246 

1,037,73r 6,662,394 

88,474 870,086 

121,449 2,162,144 

209,944 2,079,420 

154,601 1,614,445 

7,050 68,955 

259 2,424 

2,478 21,102 

45,556 372,494 

118,042 1,312 ,544 

82,317 1,042,780 

12,094 78,956 

22,432 167,862 

269 2,171 

930 20,775 

2,323,448 18,827,009 

3,587 23,439 

3,323 48,720 

-
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2539 2540 2541 2542 2543 2544 

... 
"11 50,734.8 65,093.4 86,803.1 73,812.1 65,556.6 70,095.2 

, q, v .! 

\jafll'j111"tl'lflaVlilI.Wn 

oU11111.h l UtU9 
6,888.3 7,805.2 9,408.4 9,887.4 11,109.5 12,607.0 

• 320.2 386.4 395.6 371.4 431.0 429.7 

• _'I" q
UlJ'l'IJ11rY1'\.HJ1 1,134.8 1,280.6 1,285.7 1,181.2 1,331.7 1299.7 

, . 
• ~ d + d 

Iff'W'\11J, fl1m~W1 690.8 821.0 940.0 1,015.1 1,143.5 1295.0 

• 89.5 70.3 66.2 79.3 80.9 85.8 

• 1,068.8 1,161 .5 1,446.5 1,633.4 1,865.1 2056.4 

.. 
~1'j')j' 

3,584.2 4,085.4 5,274.4 5,607.0 
6,257.3 

7,440.4 

2539 2540 2541 2542 2543 2544 

6 .92... 
"11 

28.3 33.4 -15.0 -11 .2 

13.3 20.5 5.1 12.4 13.5 

20.7 -6.12.4• _'I" " UlJ~'lJ111'ill 
16.0 -0.29 

12.8• _'I" q

UlJ'l'IJ11rY1'WV1 
-8.1 12.7 -2.400.4 

• 18.8 14.5 8.0 12.6 13.24 

• -21.5 -5.8 19.8 2.0 6.11 

• 8.7 24.5 12.9 14.2 10.25 

• 14.0 29.1 6.3 11.6 18.91 

I 
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fll'iri 'HHJn lJf1 , - Ut!. 2544 

... 
(C11'UlJ1'Y1) 

... 
'\111 3,203 ,896 29,796 3,381,074 30,164 5,53 1.23 

1'U~'l'U'lItl,:ml'j'~~I1lL~tl1ifh.nh:;L'YIPI,r'U "llniJtll;l~tI 2543 YnJ~l hNl'U~t:J~I1lt:J~I1lii'ru'Y'l"llnojh'l LLU'l 

LL~:;fiC1JYl'll~~'l~'U 52,227 LN'Il'U 1'U~1'U'l'U~dj'ULN~iJl'lih:;a.nru 47,983 Ld'l'll'U ~~I1lii'ru~~t:J~I1lL~tln1'j'~'1 

tl'tln~:.nnn~l'j..\~'lLL~'Ur;l'U[;]'tltl ~~LU'Ul-J~rhih:;:.nru 2,600 ~l'UU1Vl 1'U~1'U'l'U~LU'ULLU'liJl'lL~1~'l 400 ~1'U 
~ 

U1Vl (- 22,000 r;l'U) LL~:;LU'UL~'U'j..\rlLL~:;L~'U1i'lm~t.J'l~'1 1 ,000 ~l'UU1Vl (-35,000 r;l'U) 

, 
(111 1'i'1'1Vl 2,7) 

1'Utl ~,PI, 2544 n1'j'~'ltltln:r'U~1tJ:;'j..\~'1LL~:;i:-J~I1lii'ru'Y'l~3J~r11'j''ll-J~'ln~1 24 ,000 ~l'UU1Vl (11l1'i'1'l~ 

2,8) L~t1n1'j'~'l'tltln'll'tl'l:r'U~1tJ:;'j..\~'l!i~LJ1~LL~:;:r'UL~'U"r~LU'U~'U~h~'1'tl'tlmh~u~ 6 ~yhntlHi'l~LLritJ'j':;LVlPl 

LU'U~1'U'l'Ul-Jln (~m,j'U'tl1"'1'j' , ~.PI.2545) tTu LL[;]tl~I1l"l'U~'lU"l'1,j'U tJ'j':;LVl Pl1Vltli:-J~I1l:r'U~ltJ:;"'~'ltltln~I1l~1~ 

Lrlmu'U!i'U~ulii''U1 'lI'tl'lL~n t~t1tJ'j':;LVlPl1Vltl~~I1l:r'U~1tJ:;"'~'1'tltln1tJEl'll1lrll~ 'i:~n~'lLntlU~'tltl~:; 50 'lI'tl'l~~~~11l 

:r'U~1tJ:;"'~'1'j''ll-Ji'lL~n (Ostertag , 1996) i:-J~I1lii'ru'Y'l"lln:r'U~1tJ:;"'~'l~~l;lrlr11n1'j'~'1'tl'tln~'1~~~ ~'tl :r'U 

~1tJ:;"'~'l!i~ Li1 ~ LLrl:;:r'UL~'U L~tI ~~n ~h~~1 r)ru ~tltJ'j':; LVl PI L'ULfitlfLL~'U~LLrl:;tJ 'j':;LVl PI~'U t:J~ 11lii'ru~~~l-Jrl r11n1 'j'
~ ~ ~ 

~'l'tl'tlm'tl'lrl'lm ~tl LLiJ'I:r'U~1tJ:;".~'l L~tI~~n fh".~n ~tl tJ'j':;LVlPl1Iii'wr'ULLrl:;tJ'j':;LVlPlcll~'U (~m,j'U'tl1"'l'j' , 

~ , PI.2545) 
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l,ie~LJ\ln 
1,000 1~ 1,00011 

~ 

vHlvHWl 

1,000 ~'U nf). 

2535 

2536 

2537 

2538 

2539 

2540 

2541 

2542 

(P)2543 

(F) 2544 

9,323 

9,100 

8,817 

8,093 

7,885 

7,907 

6,694 

7,200 

9,066 

8,988 

8,642 

7,782 

7,676 

7,690 

6,527 

6,659 

7,096 

6,902 

20,356 

20,203 

19,091 

16,217 

17,388 

18,084 

15,591 

16,507 

18,752 

18,283 

2,245 

2,248 

2,209 

2,084 

2,265 

2,352 

2,388 

2,479 

2,643 

2,649 

.::::: 0 ~ .c::!, d'
'YllJl: ffl'U n~l'Ull'I'';illll n'ilm';i lnll~';i m~'Yl';il~lnfj~';i U(l~ffl1mru 

(htlp:II\/'NN'J. nso.go.th/eng/statisubjectltoc2.xIS) 

2542 2543 2544 2545 

('lJf1.-fff1.) 

2.7 1.9 4.3 3.2 

4,819.0 6,171 .5 6,304.8 4,029.4 

4,121.8 5,342.1 5,4 75.9 3,616.9 

~ " 'lJ'Ulff'U 

164.5 

12,405.9 

150.1 

7,699.4 

183.9 

11,639.3 

136.1 

6,297.1 

168.1 152.0 190.0 139.3 

21 ,682 19,517 23,798.2 14,222 
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2542 2543 2544 2545 

(lJfl .-n'f'l .) 

-28.32 125.47 16.34 

28.07 2.16 -0.42 

29.61 2.50 3.50 

-8.74 

-37.94 

22.56 

51 .17 

14.95 

-28.44 

-11.48 -9.59 24.98 14.98 

'El£h"1:i'11~ LLm'VltJlO:j::~"c.J~I'I.nruSY]JJ\J~lU::~~"!l!l n~ I'Irn ~Lrm1~'Wtfh.nru)..nn LLI1i c.J~ l'1.nrusy]~"!l'El n 

~'l'W1~niLij'W'r(;]Il~Um~1~~(;]~"~J-J~ril~1 vY"ET"L~'W1!llrJltIh.nrun1~~"!l!ln~'W~~~"!l81"mn1'WiJ~ ~lm(;]
Q,I q 'lI q 

" do ""1"-'1-2.3. 'lJ'Ell;l~'Vll"n1dLm:!(;]~LL~::n1~'C/"m:ln'1J'El""fl'!l mLU"'El'W1 

ii'ElJ-J ~ L~£l'l nu n1dc.J~(;]~'!ll,xLLil"~'W1 '!!UrJl~~!ltJJ-Jln L~'El LVitJU nUii!lJ-J~'Vll"n1dc.J~(;]'1J!l"iil'l LL~::,r'W
~ ~ 

~lU::~~" IO:jlnii'ElJ,!~~~UA'W "flUrJln1~c.J~(;]~'!l1,xLLil"~'W1 ihBJ-Jlru~!lm~(mVitJunummrun1m~(;]iil'lLL~::,r'W 

~lU::~~" (~'lL~£l'lU~::J-Jlru 200,000 ~'W iil'l'l41"U~::mru 150,000 ~'W l'WUn1dL"fll:::U~n 2543/2544 LL~:::~n 

L~'EltJU~:::J-Jlru 17 ,000 ~'W1'WiJn1dL"fll::U~n 2542/2543 ~"LL~~"l'W(;]l~l"~ 2.1 0-2.12) LLI1iL~!l~lO:jl~ruln" 

mJ-JlruLL~::l;l~ ..hn1~~"'fl'Eln'lJ'El"~'!ll~LLil"~'W 1LL~::c.J~l'1.nrusy] ((;]1dl"~ 2.13) "flUrJl J,!~riln1~~"!l!ln~'W~"n" 
nrJl10,000 ~1'WU1'Vl1'WU "fl .P!. 2545 fi~LU'W 1 1'W 2 '1J!l"J-J~riln1~~"!l!ln,r'W~lU::~~"LL~::c.J~(;].nrusy] LL~:: 11'W 

~ 

1 0 'lJ'fl"l;l~riln1d~"'fl'flniil'l LL~:::c.J~(;].nrusy] LVlEJc.J~(;].nrusy]~~~Vl~'l'W~" ~!l c.J~(;].nrusy]!ll~ldlO:jlmLil" LL~::iil'lL"flVl 

(;]lJ-J~l~U L~EJc.J~(;].nrusy]~jjl;l~riln1~~"'fltlm~J-J ~tl1'WL~'W c.J~(;].nrusy]m~ldlO:jlmLil" LJ-J~~fiC1!~'!l~'W 1 LL~::~'1 
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LYil:::U\'jn 2534/35 - 2543/44 

~ J a 
L'W'El'VlLnlJ 

1,000 H 1,000 H 1,000 r;l'W nn . lJl 'Vl lnn. ~1'WlJ1'Vl 

2534/35 2,754 2,610 304 116 10.90 3,314 

2535/36 2,404 2,189 261 119 9.23 2,409 

2536/37 2,147 1,966 231 117 9.44 2,181 

2537/38 2,267 2,094 256 122 9.72 2.488 

2538/39 2,197 2,080 234 113 11.88 2,780 

2539/40 1,978 1,896 215 113 11 .62 2.498 

2540/41 1,804 1,709 200 117 11.26 2,252 

2541/42 1,892 1,805 226 125 12.70 2,870 

2542/43 2,012 1,925 249 129 11.10 2,764 

2543/44 1,899 1,801 233 129 12.58 2,931 

I 
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(1l1),1'1~ 2.11 -ifl')V1i'l : lnll~ ~~~~[;J ~~~~[;J~~~tJ!?illH ),lm~~~::;~~fh'1lll'l~~~~(1l (1l1mlr11~m~[;J'j'm'1l1tJ1~ 

UL'\"n::;tl~n 2534/35 - 2543/44
~ 

J" Q a 
~'W'ElVHnU 

~nm 

1,000 H 1,000 H 1 ,000 ~'W nn. U1Yllnn. 

2534/35 1,231 1,203 250 208 2.40 600 

2535/36 1,168 1,082 250 231 2.23 558 

2536/37 1,097 913 208 228 2.30 478 

2537/38 1,104 1,045 228 218 2.73 622 

2538/39 887 806 194 241 3.67 712 

2539/40 930 839 225 268 2.75 619 

2540/41 677 652 156 239 3.94 615 

2541/42 615 609 146 240 2.56 374 

2542/43 549 544 142 261 3.65 518 

2543/44 575 534 148 277 3.06 453 

~~rll'11ll'l~~~~[;JlIllJ..J 

'j'lm~m~lIl)'m'1l1tJ1~ 

nn. U1Yllnn. 

2539/40 75,021 73 ,220 21,546 294 6.72 145 

2540/41 84,384 48,480 32,465 670 11 .89 386 

2541 /42 54,993 52,741 15,560 295 9.38 146 

2542/43 55,842 54,952 17,442 317 8.78 153 

I , 




44 

2543 2544 

Y4"11'i11V11'i 

iJl'lL~(11 

iJ1'lL~(11U(11 

LLi1'1iJl'l L~(11LL~:::~l1nf'll 

" ..'lJ1'l~I~U(11 

LLi1'1iJl'l~I~V1j-'1l LLi1'1 L~~~'W 

LLi1'1r;nm~~(11fiC)JYl'll~'W 1 

LLi1'1r;nn~'lvll'1 1 

iJl'lUlLmJ 

i/ .q oQ, IV 

'lI1'l~1~'ll'W(11~~~ 

LLi1'1"llnYl"!l~'W 1 


~'WLK'W
, 

L~'WU:::V1ri 


arnn:::hilLL~:::~tJldil?l~ 


c.Jf9li1nru<rlf11UINlnLLu-J 

a...-dcv ot.;c!I 

L~~(11fiC)J~"!lVlnU~:::J1'lJl'lil'W 1 

tl'l'llI'l 

tl'l LLIfl'l 

tl'l~1 

~ 
, 

" "'"
, 

WJliIlnLLU.Jf1lJ 7 

tl'l~~'1tJ~'1 LLvl'l 

Yl'll~'W 1 ~1if-X'l 

205,982 

24,429 

573 

3,472 

61 

15,184 

668 

947 

22 

1 

1,162 

1,856 

1,164 

286 

84,652 

19,888 

81 

429 

333 

13 

351 

1,874 

22 ,340 

10,175 

6,986 

6,846 

1,039 

1,150 

7,497,175 

337 ,907 

6,086 

34,424 

2,038 

176,208 

18,846 

36,156 

710 

42 

122,199 

203,211 

83 ,238 

16,116 

5,251,524 

246,606 

1,602 

22,154 

4,134 

401 

8,29: 

33,818 

318,376 

167,846 

121 ,382 

162,470 

94,909 

26,477 

663,969 

501,624 

76 

2,006 

68 

11,215 

1,467 

506 

n.a. 

10 

3,813 

2,268 

1,319 

254 

75,321 

11,275 

293 

15,714 

285 

23 

385 

1,503 

13,065 

5,017 

7,963 

6,233 

1,063 

1,197 

10,631,686 

2,463,890 

837 

35,517 

2,290 

149 ,36e 

111,56::< 

36,366 

2: 

273 

98,161:; 

268,844 

84,332 

15,033 

6,244,46L. 

238,687 

2,434 

94,521 

4,493 

698 

8,527 

35,439 

242,153 

107,369 

88,133 

179,222 

90,897 

28,148 
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3.1 . iil,)~l,) 

Jl'1i~ 1'l.n19,U'Wiil')~d:i'w~Z4'ntlth~n11'1'lJ,)l'1)jU5':::)..Jlrw 20 species 1'1.1 genus Oryza LLl'iiil,)V])jm5'Lrn::: 

u~n 'Elth'lLL'Vd"'~ltJ ~'il O. Sativa L. 
" 

Lti'El'l91 nu5':::~ Pll~ [i] rm5'L'Vn:::u~ n~tJ1,)'Wl'WLL~:::m5'~mll1u LYn:::u~n1'W~m,):::~"'~l n"'~ltJ V111~ 
O. Sativa L )jfl')1)..J~1)..J15'Cl1'Wm5'ufuvi')l'i'El~m,):::LL,)~~tl)..Jl~~ LL~:::~l)..J15'Cl~'Wl~'W~'W~~)jfl')l)..JLL[i]nl'il'1n'W 

1'W~l'W~m"liVl1'11JnPll~[i]rmh'l)..J1n -WU~'ILLl'i~'W~~)jJlvl'))..J~'I9'W~~~'W~LL~'IU'W1JL'lJ1 (Lu and Chang, 1980) 

(m"li~ 2.1) ~l"'ful'W1JnmflL!lL~tJmflL'WtJ iil,)~"Iiurjl)jm5'L"Iil:::u~nn'W)..Jln ~'El sinica (Vi1!l japonica), 

indica LL~:; javanica (",1'El~L~tJnrjl bulu 1'Wu5':::LVlPl;S'W1~lMtJ) 

~'EltJ~::: 90 'lI'El'l~'W~ L"Iil:::'J~niil,)5''))..J'lI!l'l1~n~'Wtl~1'Wu5':::LVlPl1'WLLClu Ltl L:ntJ t~tJU5':::LVl PllVltJ ~n4'~rjl 
LtI'WU5':::LVlPl~~~[i]iil,)~'Itl!ln~[i]~lVltftmtl'Wti'WviU"'~'I9'Wm:;"*'I~'Itl "Ii. Pl. 2531 ~U5':;LVlPlL~tJ~'Wl)..J L1)..J LLM1'1 UVl 

U1Vl~lriru1'Wm5'C-J~[i]iil,)Liil~[i]~1~t~n (FAO, 1990A) 1'Wij "Ii.PI. 2544 U5':;LVlPllVltJC-J~[i]iil')l~)..J1nnrjl 25 
~ " 

SHALLOW DEEP
UPLAND REGIONS OF INTERMEOIA TE 

WATER WATERWATER DEPTHREGIONS REGIONS !'lEGIONS 

I 
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3.1.1.1 LflN~h.:l'll!l'lLl-J~~iil,) 

Ll-J~~iil')U~:::n!lU~')mU~!ln'W!ln~vhwwl~uni:l!l'lbl-J~~iil,)'"lln[mJ'W!ln (hull) bb~::: 

bl-J~~iil,) (l11~Vl 3.1.2) iil')~~m!llbU~!ln!l!lmbl'lhJ1~oJT~'lI1,) (brown rice) '"l:::u~:::n!lu~')mU~tln~l-Jc.J~ 

(pericarp) LU~f.ln~l-JLl-J~~ (seed-coat) ri~fl:::(germ 'Vi~tl embryo) LL~::: endosperm ~'lu~:::n!lu~')tJ aleurone 

layer subaleurone layer starchy 'Vj~!l inner endosperm (Juliano and Bechtel , 1985) 

Awn ------.,.-.. 

Lemma -----,,..:, 

Palea 

Hull 

Slerila 
lemmae 

Radlilia ---~. 

Pericarp 
Seed ooat 
Nuc:ellus 

IaYef 
~~--SubaJeuronel 

layer 
"-----i___- Starchy JEndosperm 

endospenn 

ScutelUr11} Embryo 

i-?7i...+---- Radide 
;:;,:r'T----- EpiblaSt 

L~tJun ~ Ll-J~~iil,) L91'"l:::iJfI,)1l-JLU1'l Lb~'ll'W'lIru:::~ bl-J~~iil,) L"vIilm'"l:::ViuLL~'l vT'ln Lti!l'l 

'"lln'"l:::iJt~N~:::Wjl'lLl-JL~fl~'lI!l'lLLi:l'llt.lLl-J~~LLi:l'liil,)L"vIilm ~'l,r'W Ll-J~~LLi:l'liil')milm~'liJtJ1WWm~tJ'l 95 - 98 

% 'lI!l'lLl-J~~iil,)L91 

3.1.1.2 m~~l LL'WnU~:::bflYl'll!l'liil,)L91 

Lnru'Vl~ International Rice Research Institute (IRRI ; httpJ/www.irri.org) U~:::bYlP1YJ 

~utI'W~li11'Wm~~lLL'Wn'llil~ 'lI'fl'liil,)L91 iJ~'ln 

http:httpJ/www.irri.org
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<ll.. '" '" "lI'Ur;t'll1'JL~1 fl'J13.1m'J'll'El..:JL3.I~r;t (3.13.1.) 

extra long mnn~1 7.50 mm 

long 6.61 - 7.50 mm 

medium 5.51 - 6.60 mm 

short -W'fltJn~1 5.50 mm 

.... I I '" a'" '" 'll 'U1 r;t'll'El..:J'll1'J L~1 ~ r;t~'J'Ufl'J13.1t11'J r;t'El fl'J13.1 n'J1..:J'll'El..:J L3.I~ r;t 

slender mnn~l 3.0 

medium 2.1 - 3.0 

bold 1.1 - 2.0 

round -W'fltJn~1 1.0 

l'W'lIru:::~ Rice Research Unit, United States Department of Agriculture 

(http://usda-ars-beaumont.tamu . edu/quaI5.html)11frh~V1~,)'WFl'"l1lJiJ1,)~'fl1'l,)1lJntJ1-.l'll'fl'l LlJ~V1-ii1') LtI'WLnru~ 

1'WmnLU-.l'll'W1V1'l1'fl'lLlJ~V1-ii1,)~1'j'~i:J1'Wm'j'~LL~,) "''In 

CV I I '" C'" '" 'll'Ul r;t'll'El'l'll11 L~1 ~6\~'J'Ufl'J13.1m'J6\'Elfl113.1ml..:J'll'El..:JL3.I~6\ 

long grain ll1flW:h 3.0 

medium grain 2.1 - 2.9 

" .short grain 'WW fl11 2.0 

-ii1')~iJ~n1'W1.h::: LVI fill1VltJiJ'lI'W1 V1rorV1'[)~1'Wn~lJiil,) LlJ~V1m') (long grain) ii1,)U1'1~'WfiJ 

'lI'W1V1"''1LL~V1'11'Wl?11n'l~ 3.1.1 

http://usda-ars-beaumont.tamu.edu/quaI5.html)11frh~V1~,)'WFl'"l1lJiJ1,)~'fl1'l,)1lJntJ1-.l'll'fl'l
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Rough rice Brown rice 

(L; mm) 0/1/; mm) 

Hull 

(% wet basis) 1 00 LlJ~i?l (g) 

Nahng Mon 8-4 10.6 2.9 3.6 23.2 2.78 7.20 

Leuang Yai 34 9.7 2.9 3.3 20.8 2.41 7.27 

... .... 0 

'1111 L",hlmi?ll 9.0 3.0 3.0 22 .8 1.96 11.95 

'1I11i?l'flnlJ::::~ 105 10.0 2.3 4.3 22.6 2.03 8.46 

Gam Pai 41 10.0 3.1 3.2 24.1 2.68 7.42 

9.8 2.9 3.4 23.8 2.10 8.16 

hll'l'WC1.Jl 132 9.8 2.4 4.0 22.9 2.05 9.09 

10.1 2.5 4.1 19.5 2.26 8.50 

9.3 2.4 3.8 22.4 1.94 9.64 

, .... 
rllLll'l'lEJ 9.8 2.7 3.6 22.5 2.25 8.63 

VllJl : Juliano LL'I'l::::rIru:::: , 1964 

3.1.1 .3 'fl'lrftlr::::n'flUVl1'lLrliJ'1I'fl'liil1L~1 

'fl'lrftlr::::n'flU~1hl1",nJ1hlLlJ~i?liil1L~1 ~'fl mJ'l (I1l1rl'l~ 3.1.2 LL'I'l:::: 3.1.3) LL1':1'ltl~::::n'flU 

~1EJ'W!)~LlJ!)fn!)'ln~LrI~ ~'fl'l'!!ili?l ~'fl 'fl::::m'l'l~ LL'I'l::::!)::::m'l'lL'Wn~hl~'l~i?lL1EJ'l~1nhlLi'lhlLili?lLLi:l'l (starch granule) 

Lili?lLLi:l'liil1L~1"l::::iJ'1Ihl1i?l~L~ntl~::::lJlru 3-51lJrI~'flhl iJ~tlil'lLLUhl LL'I'l::::iJ"''I'llm'''~EJlJ Lili?lLLi:l'liil1L~1 iJrl11lJ 
~ 

Li'lmJ~n (crystalinity) 38% LL'I'l::::iJflru"'lJiJn1~Lni?lL"l'l'll~lhlL'!!-nhltl~::::~nru 70
0 

e (Oates, 1996) i'ln flru"'lJi'J 

mJLni?lL"l'l'l1~lhlL'!!-nhl~hlnU~i?l~1hl'1l'fl'l'fl::::m'l'l~LL'I'l::::'fl::::m'l'lL'Wn~hl~'l~hlnu~hl{iil1 ((;l1~1'l~ 3.1.4) hl'fln"llnn 

iil1L~lU'ltl~::::n'flU~1EJ~1~'fl1"'1~~~1~C1.J"''I'lIEJ'!!ili?l ~'lLL~i?l'l1hll1l1~1'l~ 3.1.5 

'il'l rftl ~::::n'ilU % 

m':1'l 79.2 

rl11lJ~hl 12.0 

Ltl~~hl 7.0 

1'lIJJhl 0.4 

... 
LCll 0.5 

..; 
'flhl1 0.9 
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Rice 

fraction 

Crude 

protein 

(g N x 5. 

95) 

Crude fat 

(g) 

Crude 

fiber (g) 

Crude 

ash (g) 

Neutral 

detergen 

t fiber (g) 

Energy 

content 

(hcal) 

Density 

(g/ml) 

Bulk 

density 

(g/ml) 

Available 

carbohy

drates (g) 

Rough rice 5.8-7.7 1.5-2.3 7.2-10.4 2.9-5.2 16.4-19.2 378 1.17-1.23 0.56-0.64 64-73 

Brown rice 7.1-8.3 1.6-2.8 0.6-1 .0 1.0-1.5 2.9-3.9 363-385 1.31 0.68 73-87 

Milled rice 6.3-7.1 0.3-0.5 0.2-0.5 0.3-0.8 0.7-2.3 349-373 1.44-1.46 0.78-0.85 77-89 

Rice bran 11.3-14.9 15.0-19.7 7.0-11.4 6.6-9.9 24-29 399-476 1.16-1 .29 0.20-0.40 34-62 

Rice hull 2.0-2.8 0.3-0 .8 34.5-45.9 13.2-21.0 66-74 265-332 0.67-0.74 0.10-0.16 22-34 

Amylose 

(%) 

Gelatinization 

Temperature (OC) 

Amylograph viscosity 

Peak (BU) Breakdown (BU) Setback (BU) 

Nahng Mon S-4 26.2 58.5 660 210 +240 

Leuang Yai 34 31.2 58 850 40 +620 

5.7 57.5 550 225 -125 

17.3 57.5 1085 625 -405 

Gam Pai 41 5.2 56.5 730 350 -210 

2.8 57 700 340 -230 

1..l"N~C1Jl 132 29.4 67 870 200 +335 

30.4 61.5 795 195 +275 

29.4 

19.7 

62.5 

59.5 

510 

750 

105 

255 

+320 

+90 

iihn :Juliano Ui;'l::;flW::;, 1964 
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lW1J1-:J~ 3.1.5 Vitamin and mineral content 'lI'fl-:J;JI'ln~'fl-:JLL~:;~~(;I.riruoyfr.nn;J1'l ( 14 % moisture) 

Rice Thiamin Riboflavin Niacin u- Calcium Phosphorus Phytin P Iron (mg) Zinc (mg) 

fraction (mg) (mg) (mg) Tocopher (mg) (g) (g) 

01 (mg) 

Rough rice 0.26-0.33 0.06-0.11 2.9-5.6 0 .90-2.00 10-80 0.17-0.39 0.18-0.21 1.4-6.0 1.7-3.1 

Brown rice 0.29-0.61 0.04-0.14 3.5-5.3 0.90-2.50 10-50 0 .17-0.43 0 .13-0.27 0.2-5.2 0 .6-2.8 

Milled rice 0.02-0 .11 0.02-0.06 1.3-2.4 0.75-0.30 10-30 0.08-0.15 0.02-0.07 0.2-2.8 0.6-2 .3 

Rice bran 1.20-2.40 0.18-0.43 26.7-49.9 2.60-13.3 30-120 1.1-2.5 0.9-2 .2 8.6-43.0 4.3-25.8 

Rice hull 0.09-0.21 0.05-0.07 1.6-4.2 0 60-130 0.03-0.07 0 3.9-9.5 0.9-4.0 

vhn: Juliano, 1985; Pedersen ml~ Eggum, 1983. 

(;I 1n-:J~ 3.1.6 Amino acid content 'lJ'fl-:J;JI'ln~'fl-:J (rough rice) LL~:;~~(;I.riruoyfr.nn;J1'l ( 14 % moisture) 

Rice fraction Histidine Isoleucine Leucine Lysine + Methionine Phenyl- Threo- Trypto- Valine Amino 

(mg) (mg) (mg) cysteine + tyrosine alanine nine phan (mg) acid 

(mg) (mg) (mg) (mg) (mg) score 
a 

Rough rice 1.5-2.8 3.0-4.8 6.9-8.8 3.2-4.7 4.5-6.2 9.3-10.8 3.0-4.5 1.2-2.0 4.6-7.0 55-81 

Brown rice 2.3-2 .5 3.4-4 .4 7.9-8 .5 3.7-4.1 4.4-4 .6 8.6-9.3 3.7-3.8 1.2-1.4 4.8-6.3 64-71 

Milled rice 2.2-2.6 3.5-4 .6 8.0-8.2 3.2-4 .0 4.3-5.0 9.3-10.4 3.5-3.7 1.2-1 .7 4.7-6.5 55-69 

Rice bran 2.7-3.3 2.7 -4.1 6.9-7 .6 4.8-5.4 4.2-4 .8 7.7-8.0 3.8-4 .2 0.6-1 .2 4.9-6.0 83-93 

Rice hull 1.6-2.0 3.2-4 .0 8.0-8.2 3.8-5.4 3.5-3.7 6.6-7.3 4.2-5.0 0.6 5.5-7.5 66-93 

a Based on 5.8 9 lysine per 16 9 N as 100% 


Sources: Juliano, 1985; Eggum UCl~flru::;, 1982; Pedersen UCl~ Eggum, 1983. 


3.1.1.4 	 tl,,{tl~~~~nd:;VlU~'flr)rumYi'lJ!l-:JL)..JftVl;J1'lV~1 

'fl-:J rhJ j':;n'1lU'lI'fl-:J L)..Jft Vl;J1'lL~1 Lth..!vi'!lil"'~-l~tJ-l fl rumYi'1J'fl-l iil'lL~1 ~-:J Lth..!~~ri'W~rj1, ~ 

tl"{tlVl1-:JrJrl'W ~-l LL'lVl~'El)..Jil~~nd:;VlU r;ltl'fl-:JrllJj':;ntllJ'lI'El-l L)..JftVliil'l L ~'l (Juliano , 1985) c;l'lmh-:J L'lI'W L~'Eliln'lj' 
cJ 	 _ .o:aI 1I~..,J ~..J .q a d..::,j 

LU ~tl'WLLU~-l'll'f)-l~mYi Vl'Wvhfl1n'lPl L'lI'W )..Jill)..J1 ru~'W'W'f)tl lWYi'WVl LYiI:;U\jn Yi'WVl L Yi'l:;u\jn)..J fl'l'l)..J Lfl)..J m n "'j'!l)..J 

fl'l1)..J LiJ'W~'l-l)..J'l n LL~:;j''l)..J ~-:J n'lj'1ifUtl~m'WL(;In"'W)..J1 n ill)..J'l ru LUj'~'W1'WL)..JftVlii'l'l":;~-:J~'W ~-l n'ln~)..J~'W'lJtl-l, ~ 

Vl'l-lrJr'l'W~'W(;J'l'l~ ~tldj'Wtl,,{tI~~hrlC1.J)..Jlntl"{tl"'~-:J n'lj'uD~mn~~-:Jn'lnnUL~m~~n~'f)-:JL~!l~Vlmj'~C1.J 
L~m~'-:JVlI-ln~ Vl1-:JLfl~ LL~:;Vl1-l'~~'l:'jVlmLtI'W~ntl"{tl"'~-:J~":;fm~lr)rumYi'll'fl-liil'lL~1 (;I1j'1-:J~ 3.1.71rJr~~u 
tl9{tl~~~~r;l'flflrumYiLL~:; ~)..JU'1i'll!l-:Jiil'lL~1, 
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Post-harvest process and 

associated grain property 

~ll1'l~IL'l(?l~tll-J ~fimmudnJ 
~ 

~lu~'Wfi 
q 

Harvesting +8 + + (Growth duration, photoperiod , 

degree of ripening, dormancy) 

Threshing + + + (Threshability, shattering) 

Drying + + + (Crack resistance) 

Storage/ageing + + + (Waxy rice ages less than non-

waxy) 

Parboiling + + + (Gelatinization temperature) 

Dehulling 0 + + (Hull tightness and content) 

Size and shape + 0 + (Genetically determined) 

Degree of milling (whiteness) + + + (Depth of grooves) 

Head rice + + + (Crack resistance) 

Translucency + + + 

Aroma + + + 

Foreign matter + + 0 

Shelf life + + 0 

Amylose content + 0 + (Volume expansion and texture) 

Gelatinization temperature + 0 + (Cooking time) 

Gel consistency + 0 + 

Texture of cooked rice + + + 

Grain elongation + + + 

~'fl ~'Dil~t.J'IrJrum~'lJ!I'I-iil'lL~1 iJ!ln"'lln~ tl'hnru 'fl:;m~~ 'lJ'fl'lLLi:J'I-iil1rlLUiJ~'DilV1~n~~t.J'IrJrum~'lJ'fl'l-iiI'l 
L~1 ml-Jlru tl:;m~~ ~~LUiJUD~l-J~iJfi1(?ltJI?lNnUmd~tl'l~'l (volume expansion) LL~:;rl')Il-J~Il-JldC11iJmdl{l(?l 

Jl (water absorption) d:;V1~I'1mdvh1,x~n LL~:;iJ'ILUiJUD~l-J~iJfinurl')Il-JLL-li'l (hardness) rl')1l-J'lIl'l 

(whiteness) LL~:; rl'lIl-J'liiJViu (dullness) 'lJ'fl'l-iil'lM (Juliano , 1985) 1'W1l1~d'll-J~IV1fu-iil'lL~1 (hh'll-J-iil'l
q q 

LVlilu'l) tTiJ -iil'l~~ml-Jlrutdn~~~'1"'l:;~rlrum~~n~l-iil'l~~ml-J1rutl:;m~~UliJn~ I '1 LLfl~ -iil'l~~ml-J1rutl~ 
~ q 

m~~UliJmrN"'l~~l'Jrunl~~nrjl-iiI'l~iiml-J1rutdnm~~1 (Kumar and Khush , 1987). 
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'qruVl1J~~(ilVfltJ'IJ!FI mj'L"rn ~h'!'li~lJ.J1n11ifdj'Wv1'llihj~ ~ rull1~'ll'fl~.jh'J1cJlL~'WT1'W ~1~1 n (il 

rl'J1J.J'IJ'fl~'qruVl1J~~(ilVfltJ'll'fl~L"~1~1'WL'1l.ff''W (final temperature of gelatinization) ~'fl 'QruVl1J~~v'h1~dj(ilLLU~ 
'flthn'1'fltJ 90% L"'I'Il~1'W'lf Vl1mn(ilmj'~Cl.JL~tJ~m~ru::: birefringence Vl1'fl maltese cross 'QruVl1J~~(ilVfltJ'IJ'fl'l 

mn"~1~1'W'n'll'fl'l~!?llf'll"ln-iil'J~(il~1~lrh'fl~1'W'lh~ 55-69.5 °c t11'Wn~1~r.ll'fl~1'W~'l'l 70-74 °c LL~:::~~Lri'fl 

'fl~1'W~'l~ 74 .5-S0 °c 1U-iil'l~~tfhJ1ru 'fl:::m~~ ~~'QruVl1J~'ll'fl'lmnn(ilL"~1~1'W'lflTn":::~1 
1'Wmj'~(ilml).jm:::cJll'1 (hardness) 'll'fl'l-iil'l~~ 'fl:::m~~ ~~VI~Mt!'WlTn'"l:::1ojjrjfi~(il~nliru:::Ln'fl

~ . . 
~J.Jrr~'ll'fl~L'"l~llU'l (gel consistency) ~lmnmtJ~'llil(il'll'fl'l-iil'llcJl!?llJ.JmlJ.JtJ1'l'll'fl'lL"~ (gel length) nfh'l~'fl 

-iil'lt!'W":::~'fl~ltiJ..dh~rh gel length LVl1nU 61-100).jJ.J t11'Wn~1~chii gel length LVl1nU 41-60 J.JJ.J LL~::: 
m:::cJll~r.ll~ gel length LVl1nlJ 21-40 J.JJ.J -iil'l~1~L"~~~ gel consistency 1'W~'l'lti).jLL~:::t11'Wn'l'l1'1 (soft to 

medium gel) ":::~(il~lii~rull1~~~~1'W waxy LL'I'I::: non-waxy varieties -iil'l~~mJ.Jlrultlj'~'Wmnn~llTn,,:::1~ 

L"~~~mlJ.Jm:::cJll'1J.Jlnn~l ~'1~mJ.Jlru 'fl:::m~L~n~'W 1'W-iil'l":::LU'W~'ltJ'I~~t1'1~nliru:::Ln'fl~J.Jrr~'ll'fl~LLU'I-iil'l 
-iil'l~iimJ.Jlru 'fl:::m~L~n~'W ~'1lTn'"l:::ii~nliru:::Ln'fl~J.Jrr~tiJ.J 

ll1~~ 3.1.3 LL~(il'lLLC-J'W1J~mn~n-iil'lL~lLL~:::C-J~!?lC-J~-iil'lL~1'llil(il~'W1 L~'W -iil'l~n (t1'1'11tJ-iil'J) 

LLU'I-iil'lL~l h.nif1'Wn1mtlj'ltlLU'WI:J~!?lJlru'Yl'fllV11j''llil(ili?l1'11 LL~:::!?l1n'l~ 3.1.S LL~(il'ln'l'l1il(il'll'fl'l-iil'lL~lLL'I'I::: 

mJ.Jlru 'fl:::m'l'l~ 1u-iil'lL~1~iimlJ.JLVlJ.Jl:::~J.J1'Wn1j'iJl1t1LLtlj'ltlLij'WC-J~!?lJlru'Yli?l1'11 

-ii'fl ~'IJ'fl'ln1j'iJl-iil'l L~lJ.Jl LLtlj'lti LU'WC-J~!?lJlru'Yli?l1~11'Wtlj':::LV1"'lV1tJ ~'fl -iil'lL~lLijU~!?l~~U~~ 

mn LL~:::iinrl1Qn -ii'flL~tJ'IJ'fl'ln1j'1if-iil'lL~11'Wn1j'C-J~!?lC-J~!?lJlru'YlLLtlj'ltlt!'W ~'fl rl'l1J.J~~lL~J.J'fl'll'fl'l~rull1~'ll'fl'l 

~!?l~~1J Lti'fl'l'"lln-iil'l~t1~n'"lln~'W~i?l1'11 LL~:::-iil'l~'Wfi?l1'11ii~ru~J.JU~V11~Lrlii-n1wn~~i?l1'1n'Wmn LL~:::1'W 
n1j'fU~'fl-iil'lL~'flmj'C-J~!?lt!'W h~'11'WlTn":::~'fl'"llmnli!?lmj'VI~lmltJ vll1~mj'murlJ.Jrlrull1~'ll'fl'l ~!?lCl~1J-iil'J~, , q 

rl'l1).jtJ1n~1U1nLL~:::v'h1~~mlJ.JLLtlj't1j''l'W1'W~'l~I11~~UJ.Jln 

http:m:::cJll~r.ll
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Pawed rice Ouick-cooking Enriched ri(e AngIIak 
Sierra rice 'ice Precooked and Cakes (mochi) 

quick-cool<ing rioe Canned rice 
Pulled rice Coogee 

Mlrin and' miso 
V1negar 
Wines (sake) 

Parboited rice __B_R>k_8_ns_..... ,~.;;...~r-i D~~I~ ~ur ~ .......;~;.;;x;;;t~;,;,;!;.;;iO_ar;;
Breads AntidiarrhealBeer adjunct 

Beaten/flaked rice Calles pleparalion 
Fermented cakes(idli,dosa.) Cradlers (sell'iJe/,arare) Baby foods 
Pu1led rice Mullins Breakfast cereal 

f'lJddings Snac~ 100ds (akoshl) 

I ~I
Wet milled rice Rice starch 

Cakes Food stabilizer 
VariOOs noodle$, Noodles 
flat and axtruded Tablets 
Rice paper/wrapper 

!l1~~ 3.1 ,3 LLc.J1..!1JnLL~I1I~n~n1ILLtll!tliil,)L~I\tld~h.lc.J~£>lJlCU-v1~1~1 

(FAO,1990a) 

http:LLc.J1..!1JnLL~I1I~n~n1ILLtll!tliil,)L~I\tld~h.lc
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Waxy Low Intermediate High 

" ..'1Jl';l'W'I + + 

+ + + + 

+ + + + 

+ + + + (Amylose content not a major factor) 

Rice cereals and snacks + + + Low fat; texture affected by amylose 

content 

Extrusion-cooked rice foods + + + Low fat 

Rice-based infant formulations + + Low fat 

+ + + + Wet milling process, freshly milled 

Rice puddings and breads + + + LowGT 

Rice cakes + + + Low GT, aged (for fermented cakes) , 

freshly milled 

Flat rice noodles and rice paper (+) EEl 

Extruded rice noodles + Hard gel consistency 

Rice wines + + Low protein and fat, higher ethanol 

yield for waxy and low amylose 

Beer adjunct + Low GT and low fat 

Rice frozen sauces, 

desserts,sweets 

+ + Slow retrogradation (syneresis) 

btl'lrl Vlrl'l bbrl:::,r'WhJu1'l11 fI'1l1~lT'"l1'WL~m T';l6-J-0''1'fl1~l T'"ll'W~';l'WLbUU ~1'1'l11 ~6-Jl n~'W 
nl Tufu r;l';ll'Wbb'W';l'Vll'lfi~ri'"l b~tlfn'W)T:::~tl bbrl:::b~!l'1JtmJ nlTu1'l11 fliil';l~lT~ 3 bb'W';l 
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.I~ .1 ... ~ ... "" .l' "" a";, " 
uj'Uu~'U11'l!'W:;UTJ''lI1'l~1j' L'vUJI"l'l1l-J~'lU'l1l-JJ.nn'll'WLL~:;l-J'lI'W1~L~n~'I L~tl L'I-IL1.Un:; 

~J-Jliu~~ ~n:m.J'lItl'l ~U~Lnrtl'Wif""J'W 

~~InLL~:;r.h'l-li,hUii1'l~1j'~'I~1LT"lthL~:;ii1'l~1j'~'ILT'l (quick cook rice) L~tlij-vT'I 

ii'l'l~'lj'~'1 LT'lflnJ-J ~'l LL~:;~~lnnru'Vl~U1'1 j'~ LL~'l dJ'WL~n ~'I~'l LT"lU 

~~Vltl'l'l-l'lj''''l'WL~tI'l'''l nii'l'l LL'll L~tl n LLii'l ~'I'Wtl n,,'l n,,:;L ilJ-Jil'l'll" ~u~Lnrtrn til'W 

lJj':;LVlV'lLL~'l ~'ILu'W~~lnnru'Vl~lMurt'l'lJ-JiluJ-JJ-J'lnl'Wr;l'l'luj':;LVlV'I L'Il'W ~~'W ~'I-If~tluJ~n'l LL~:; ~'I-Irn~~Lj'u 

tl tI'l'lhri ~ ~~ Innru'Vln,,:;ijj''l rt'l ritl'Wii'l'l~'I LL~:;ijiitl~'l ri~'lItl'l ~~Vlnru'Vl Atl ~tl'l LL'll LU'Wtltl L~J-Jtl 
~ 	 ~ 

3.1.4.2 	 LLU'Iii'l'l 

l'Wif""u'W~ 'Wtln"1n,,:;ijn'lj'~~Vl LLU'lih'lL~'l LL~'l ~'Iijn'lm~[;mu'Iii'l'l L~'lv1~ LLUj' 'v"'~tl, 

LJ-J~lyjlfl~InTf'll ~'I LLU'Iii'l'l L~'l LL~:;LJ-J~lyjlfl~Vl 'l f'l!~ 'Wtln"'ln":;~~InL~tl1iiLtl'll'Wuj':;LVlV'lLL~'l ~'Iijn'lj'~'Itltlnlu 

~'Ir;l'l'lUj':;LVlV'I~'ltl L~tlLJ-J~lyjlfl~In'lf'!lij~[;1~'l'W'lItl'lJ-J~ri'ln'lj'~'Itltlmn'Wn~'l 50% 'lItl'lJ-J~ri'ln'lj'~'Itltln~~1n
~ 	 ~ 

3.1.4.3 	 L~'W'I-I~ L~'Wrhm~tI'l LL~:;LLU'ILLtJ'W 

L'll'WL~tI'lriU LLU'Iii'l'lL~'l LLfdJ-J~lyjlfl~In'lf n'lm~InL~'W'I-I~ L~'Wrhm~tI'l LL~:;LLU'ILLtJ'W 
(IT'Wln'l LtlJ-J:::I"lU!1l, 2539) ~ 'W'Eln"'ln":;~~InL~tln'lj'u~Lnrtrntll'Wuj':;LVlV'lLL~'l ~'Iijn'lj'~~InL~tln'l~~'ItltlmrULU'W 
~'W~h~ vl'lj''ltll~L'lJ'W'fl'Wv1U ~'Wl 'lItl'lUj':;LVlV'I LL~::;LL'W'l LilJ-Jn'lj'~'ltltln~'IL~J-J:;;'WVJntl 

~'lLn LL~:; ~'l~J-J~'ltl'D l'W~'l'W'lItl'l~~lnnru'Vl"'lmLu'Iii'l'lL~'l 3 '!lil~J'W 'lIru::;~ijLYltl'l'll'WJ-J9'W (~~'W'l ~'Iuj'::;~Vlfi 
~j', 2532) Lvi1J'W~ijn'lj'~~lnl'WLil'l'tl1n~1'1-1nnJ-J ~'l'Wii'l'l'vlJ..J'lnJ'Wijn'lj'~~lnl'WLil'ln'lj'f\'lLLr;l~'Ihj~'Iriudj'WLN 

'I'l'WtJln~'l'l-lnTJJ-J 

n'lj'1iiUj':;LtJ'l!-W"lnii'l'll'Wm::;u'l'Wn'lj''I-IlTn~nVl'l'l'l-l~'I A'fl n'lj',.jlLiil1uliil'Wn'lj''I-IlTn 

Lutlf LLr;lrJ'Iijifru'l-l'lAtl uj'::;~Vlfirn~l'Wn'lj'~~In~'lIn'l~"'lnii'l'lL~'lJ'Wtltll'W'eilnn~~'lL~tlLVitluriuii'l'lU1fL~6 v1'1 
~ 	 ~ 

3.1.4.5 ~~lnnru'Vlm'l-l'lnih ~~lnnru'Vltl'l'l-l'lj'VI'l'WL~'W LL~::;~~lnnru'Vltl'l'l-l'ln~1J-J 

1'W~~ Innru'Vltl'l'l-l'lj'Lif'lJ'W~'I ij n'lj'1iiii'l'l~'l~ ii'l'lL~~ IT'WeJf'l LU'Wt)1n Cl~Utl~J-J'l n LL~:; 
1 ifii'l'l L ~'l LU'W~'l'Wiltltl LLI?l,,::;ij n'lj'1 ifii'l'l L ~'ll'W~[;1~'l'W~ J-J'ln n~'ll'W~~ Innru'Vl'fl1m j'VI'l'WL~'WLL~::;'tl'lm n~~J-J L[;1t1 

1'W~~ Innru'Vltl1'v1'lj'VI1'WL~'WJ'W"::;~~1nL[;1Um::;U'l'Wn'lj' extrusion -vT'l~ tJ'l'WLL~::;hi tJ'l'WLrti'fl'l'fl[;1 rt'l'lJ-J v1'W ~'l'vlfu 
~~lnnru'Vltl'l"''lj'VI'l'WL~'W~llJtJ'l'Wm::;u'l'Wn'lj' extrusion riijL'll'W ii'l'lLn1t1uu~'Ij'~r;l'l'l1 ~'Iijn'lj''lImU~'l'tltl'l'll?ltl 
Ltitl'lVinti LL~:;ijn'lj'~'Itl'tlnluti'lln~'l ~r;l'l'lUj':;LVI V'I ~'ltJ, 

1'W~'l'W'lI'tl'l~~lnnru'Vltl'l'vl'ln~1J-J-vT'I~'l'vlfuL~nLLfl::;0m1JJ'W l~ijl"l'l'lJ-J~mmJ-Jtltl'l'l 
r;ltlLti'fl'l ~"::;LLUj'j'uii'l 'lL~'fl,.j'lJ-J'l1iidJ'W'tl'l"''ln~~J-J~'l'vlfuVl'lm L~tlij-vT'Itl'l"''lj'L~~J-J~J-Jmru "'J..J'ltl~'I ij~'lj'

~ 	 ~ 

tl'l"''lj' ~ ~'l'ln'ltJ ~tl'l n'lj'l~fumut'h'W riutl'l'vl'ln~1J-J LLUU hJ~l-Juj'ru L~tI'fltll'Wj'U~~ In nru'Vl'fl'l"''l m,x'l L~'tll"l'l'l J-J" ,,~ 

~::;~'ln l'Wn'lnriuLL~::;n'lj''lI'W~'I 'Q~J-J n'lClJ,,'Wumru-nu (2519) l~~(iJ.J'W'l~Inj'tl'l'vl'lj'L~ntl'tl'W"'lnii'l'lL~'lL~tJ1ii 

http:L'I-IL1.Un
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LLil.:J~'JL~~!l'lLtlULL~~'l~l~m~l~hh~u c.J~I?lJiru-vlm~ln~1l-J~lnih'JL4'ldarnhJ1M'UFl'J1UnEJl-J LIfIEJQnl-J!l'l~l~ 

~rum~~ln~1c.J~I?lJiru'Vi~1-if11J1~~'J~U1 Loriu Ul-J~1!liJ1'JL~1JI LtlU~U 

!l1~1~~~mJ!l'llh:;'lllm1u,j~:;L'VlV'l'Vl1'l~ntrlnl?l:;1UlJInarn~:;.yhr.nniJ1'J~1~ aru~f'l ~1!liJ1'J 

t ~ IfI Ltlu~'Ju1~qj nt~U1LnfliJ1'JL4'1'IJ!l'l,j~:;'1l1 m 1UL'lJl?ld!l~1U~:;r;)'U ~ll-Jln 1 U!l ~ 1JI LLl'l1uori'J'l'Vl V'I'J m~~~lum 
mmruntm1LnfliJ1'JL4'1'IJ!l'l,j~:;'ll1'llu1u~~fii!lLl-J1nt1~L~l-J~udju~!l'lLVh ~1!lL{'juml-Jlrul-Jlnn~1 21 ,j!lUr;l.... 

(,j~:;l-Jlru 10 ntrlnf~) l'l!lUl'l!lflU ~'l~'ln!l~1!l~1ULnru'Vi~lL~!l LV1EJ'Un'Ummrunt~'U1LnfliJl'J L4'l'IJ!l'l,j~:;'lllm 

1U'Vl~,jL!lL~EJ (300 ,j!lUr;I ~1tl 136 TlLrlnfl-J l'l!lUl'ltlflU) !lril'lhn~ the California Rice Commission fl11f1mnlI 

~lmmrunt~'U1tnfliJl'J'IJ!l'l,j~:;'ll1'llU'll1'J!lLl-J1nu~:;L~l-J~uhlEJrl:; 4 l'l!ltl tIflEJml-Jlrunt~'U1tnfliJl'J'IJ~N,j~:;'ll1 

m1uf~LLfI~Yl!l'fLilEJL!l'l~:;~til?l~lntn~~~'ln~1~Ul-Jln Lti!l'lm~ln~ntn~~~U'IJ!l'l,j~:;'lllm~~L~!l~lEJL!lL~U 
LLrl:;!lL~1nt1~ (Pszczola , 2001; Mukprasirt LLrl:;flru:;, 2000) 

~'U Lti!l'll-J1~1n Fl'J1l-J'WUl-J1Unt~U1tnfliJ1'J L 4'1~L~l-J~ud ntnL,j~~,j-n1'JL4'11,j L{'jUc.J~I?lJiru'Vi
" 

~U1 r'h~'l1~f'UfI'J1~'WEJ~!lri1'l~'l c.J~I?lJiru'ViLL,j~t,j~ln-n1'JL4'1~L~'lQmJ1L~U!l~l?lrl11f1~~rl1EJ,j~:;LI1'Vl r;)'l~::1~ 

n~1'J~'ll'l!l1,jd 

tr '" i,..3.1.5.1 ~m~'ll'IJ1'JL~1 

-n!l ~'IJ!l'liJ1'J L4'1 A!l~'lJU11f1LiiVl LLU'l~ L~n ~mf'll~~ nVl1~~1niJ1'J L 4'1~ fI'J1~ fI'l'VlUl'l!l 

M1'J:;ntm~1JI1~~ L~m~11,jc.J~l-J1uc.J~I?lJiru'Vl~:;1~c.J~I?lJiru'Vi~~L~!l~l-Jer~LLrl:;1,xn~u~~ ~'Jl-Jvr'lijFl'J1l-JL~nm 

l'l!lfl'J1l-J~'flULLrl:;LLNnlfl~(;'I 1uiJ~r.ruu 'U11i'vl A&B Ingredients 1uf~'W'JL~'ElfoD6,j~:;L'VlV'l~~f~ml-J1nt1~c.J~1?l rice 

starch !l!lnl-J1~1~"j1mL~'J1u~!l'Vl1'lnt~~1 Remyline XS 

.l' '" ~ ~ ~ . . 
~lnnt~'Vllflrl'fl'lL'U'El'lI?lU'IJ'El'lUm~EJ~ln USDA Agricultural Research SeNlce's 

Southern Regional Research Center 1ULij'El'l'W'Jtl'Elf~u~ f~~"lm~EJ"j1 ~'U~ltVl'l!'Vl (doughnut) ~.yh~lntlfl~~ 

LLU'liJ1'J L4'lr;)(;'1 LL,j~ LLU'l-n1'J L4'l LLrl:;~'JUc.J~l-J~U L{'jU~'JUc.J~l-J~:;~nt~V1 (;'I-n'U~larui('flEJn~lL(;'I'l!'Vlfi~~~(;'I1~
" 

c.Jrl~lL~~ 100% Lti!l'l~ln ~'l~iJn.J~lL~mnu~ru~l-Jum'IJ'fl'lLLU'l'Vl'fl(;'lm'fl'U~1~ r{)4'EJ~'Utj1nt~r;)(;'ILL,jnLil'liJ1'JL~1 
'" 1 f" ""IIoc:"j..., J 0 tt1 11 J.o::::aI .o:::oIJ' ""II 11 Q IV

(;'I'Jm'ElU 'll~ LLrl:;Llfimfint~1fI (;'I LL,j~!lU1~:;'Vl11~ ,1fI LLU'l1'U'Vl'fl (;'I'Vll-J ~rum~ lfI'IJULLrl:;~ f) rum~1nrlLflEJ'ln'U LLU'l1'U 

'Vl'flIfl~Y11~lmLU'l~1~ 

100%tIflUI?l~'l LLrl:;Y11~lmLil'l-n1'JL~1LIfIEJ~lum:;'U'Junt~ extrusion cooking 1,x'El~1uX,j-n1'J~'fl'l -n1'J~'El'ld 
~1~1~mJ1~11ifLtlu~'Ju,j~::n!l'U'IJ!l'l~n~ Url:: confectionery product 'll'WIfI~U1 L~!lrllfl,j~l-J1ruLLflrl'El1 L(;'IEJ!ll~ 

~mn~1l-J~1~!l1~1~~U1 LoDU L,j~~U 1milu LLrl:;Ldfi1(;) 
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dI 	 4 ~ 0 '11 

3.1.5.4 ~rll!hlV1~~'W'il~'lIm'Wlinnn'lll'J 

hiil'Jlh::n'il'IJ ~'Jt.J~ 11l1i1'WLLfl::'fl'l "hJI::n'tl'IJ I?i 1'l1~ ~tJl::It.J'lIl1'l?i'ilil'lmt.J L'll'W ltJ LL{;1~ L~ 

im inositol choline vitamin E vitamin B tocotrienolltJl~'WLLfl::~l~'Whiil'J Lrli'tl'l~~"'lln:h-iil'Jlh::n'fl'IJ~'Jt.J 
'il'l ri'tJ l::n'il'IJ LVlrhdL'll'W1l'W 

3.1.5.5 Rice syrups 

Rice syrups t;J~{;11~V1t.Jml~V1LLtJmu'liil'JL~11V1t.J1ifL'fl'Wl'l1l-f rice syrup ~t;J~{;11~V1t.J 

'lJ1';Vl California Natural Products 1'Wfii California tJl::LVlI'I~~fii'flL~1m1'Wu"'l"'lD''W~rh Dextrose 
~ 	 ~, 

equivalence (D.E.) 'tlU1wrl'J..:J 26 Ci..:J 70 
~ 

• 	 Rice dextrin syrup (D .E. 26) LlJ'W syrup ~~ml~~-WV1~..:J ~1~~'Jl'WL~n~'flt.J ~fJru~~'lJl1dj'W~ln~m-J LLfl:: 

L~~'1 V1 L~'fl n LL~..:J ~1 ~11C1"Jl1tJ1-ilt~'Wm~11~'J1'WtJl::Lf)Vl LL'II LL~..:J LL~::'tl1~11~ t;J~{;11i1lt.J m::u'J'Wml 

extrusion cooking 

• 	 High maltose rice syrup (D.E. 42-50) 'II')m~~ill~lru maltose 1'W'tl1~111-ilt~'W~n'il~ (hard candy) 

LL~:: confectionery product ~'W1 

• 	 High glucose rice syrup (D.E. 70) ~ml~~'Jl'W~ln~~i1l1'Wn~~~~rl'Jl~~-WV1~1 LL~::~lmnl'll'Jt.J~i1l'1i1l 
L~'ilmL~..:J'lI'il..:Jm~111~ li1lt.JtJn~"'l::1ii'l'W'tl1~1ItJl:;IJ)Vl~~cf,)L~~'tl..:JLU'W'tl..:Jri'tJl:;n'tl'J (soy-based product) 

3.1.6. 	 LL'W'J 1~~rl'Jl~~'fl..:JmI1'Wml~1Y1'l11~LLU..:J'lI-WV1~'W1mVlV1 LLVl'Wiil'J L~l L~'il mI1..Jf'IJtJ~..:JfJrum'W 

t;J~{;1Ji'ru'YlLL~:;/~1'tlnll~i1l~'W'VJ'W1'Wmlt;J~{;1 

LL'W'J 1~~ml~1Y1'l11~LLU..:J'lI-WV1~'WmVl V1 LLVl'Wii1,) L~11'WU"'l'1D''Wdu..:JhitJI1nil 1'WVll..:J{;1N nwih~ 

~..:Jmrlfii LL~::L'tl n'll'W~ rl'Jl a-J'W tntna-J~"'l:;"Jliil'J L~1 U~:: LLU..:J"'ll niil'J L~ld1tJVl V1 UVl'W1'Wt;J~{;1Ji'ru'Yl ~~mI1ifLLU..:J~... 
tii'tl..:J~ml"J1Liil"'llnI?i1..:Jlh:;LVlI'I L'll'W LL1J..:J~1~ LLU..:JlT'W~4'..:J LU'Wtii'W 'W'tln"'llnd iJ..:J~nt.J..:Jl'Wrl'Jla-J'Y'ltntna-J"Jliil'J 
L~11tJ1ifLU'W')rf1(1,~u1'Wmlt;J~1Jl LUt.Jf ti1lt.J'lIru:;d1~~mIVl i1l~'il..:J1iliil'J L~li'mnu iil'J1J1fL~t.J1'Wmlt;J~IJlLut.Jf ii'tl 
~'tlt.J'lI'tl..:JmlH'ii1,)L~lLU'Wci,)'W~~a-J1'Wmlt;J~{;1LUtif ~'tl iil,)L~l~illa-JlruttJl~'W~l 'W'fln"'llnd iil'J L~lu..:J1~n~'WI~ 
Vl'tl'il'WLjj'ilLVlt.J'lJn'IJiil'J'lJlfLmrLL~:;iil'J~l~ ("'lln http://www.beer-brewing .com/ch06-beer-adjuncts.htm) 

http://www.beer-brewing.com/ch06-beer-adjuncts.htm
http:iil'J1J1fL~t.J1'Wmlt;J~IJlLut.Jf
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lh:::LIl'Vl'll !l'l'l1'W19'iJ b!ln~'l'j'~1'1~'1 

Microstructure 

characterization 

Lugay and Juliano, 1965; Takeda and Hizukuri, 1986; Hizukuri bb~:::f1ru:::, 

1989; Takeda bb~:::f1ru:::, 1989; Takeda bL~:::f1ru:::, 1993; Delwiche bb~::: 

f1ru:::, 1995 

Influence of composition and 

processing conditions on 

physical properties 

Juliano bb~:::f1ru:::, 1964; Juliano bb~:::f1ru:::, 1965; Bhattacharya bb~:::f1ru:::, 

1972; Villareal bb~:::f1ru:::, 1976; Hibi, 1994; Archer and Siebenmorgen, 

1995; Petrofsky and Hoseney, 1995; Dintzis b~~:::f1ru:::, 1996; Guraya ~b~::: 

f1ru:::, 1997; Lii bb~:::f1ru:::, 1997; Perdon bb~:::f1ru:::, 1997; Tsai bb~:::f1ru:::, 

1997; Champagne bb~:::f1ru:::, 1998; Fan and Marks, 1998; Bhattacharya 

bb~:::f1ru:::, 1999; Lyon Lb~:::f1ru:::, 1999; Lisle bb~:::f1ru:::, 2000; Lyon bb~::: 

f1ru:::, 2000; Meullenet ~b~:::f1ru:::, 2000; Teo bb~:::f1ru:::, 2000; Tsai and Lii, 

2000; 

Rice protein separation and 

usage 

Cagampang bb~:::f1ru:::, 1966; Shih, 1996; Shiih and Daigle, 1997; Shiih 

and Daigle, 2000 

Rice starch retrogradation Jacobson Lb~:::f1ru:::, 1997; Villareal ~L~:::f1ru:::, 1997; Riva bb~:::f1ru:::, 2000 

Modified rice starch and its 

properties 

Lu LL~:::f1ru::, 1996; Nurul Islam and Mohd. Azemi, 1997; Chatakanonda 

bb~::f1ru::, 2000; Koch and Jane, 2000 
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~nll1 b~!!-l fI~1tJ. 2539. n1j'~~'W1 e.J~ vl1iru'V1!11\-11H if1'!lWl1l bbcJ'W"i1 nLbU-lih'J. ~VlmWYl'WfirlVltJ1 Pl1~11lj':J..J\-I1 

uru~l1l. ll1f1~'!l1~~'W1e.J~I1lJiruovl. :J..J\-I1~VltJ1~mm~I1lj'Pl1~11lf. 

:W'W11l1 L!!:J..J:::flutil. 2539. n1J!!!!nmJUfI'JUfl:J..Jflrull1YlmJe.J~11l bbU-l bbcJ'W. ~VltJ1tlYl'WfirlVltJ1Pl1~I1lJ:J..J\-I1Uru~ 111 . 

ll1f1~'!l1~~'W1e.J~I1lJiru'V1. :J..J\-I1~VltJ1~mm~I?lj'Pl1~l1lf 

~~'W1 U-lUJ:::~Vl~YiJ. 2532. mJ1ifLLu-lii1'JL~1Yl1-L"i~1~1'W'l1i.'W'!I'W:J..J~'W. ~VltJ1WYi'WfirlVltJ1Pl1~I?lJ:J..J'Vnuru~l1l. 

ll1f1~'!l1~VlmPl1~l1lfn1J!I1\-11J . :J..J\-I1~VltJ1~tJLm~[flJPl1~11lf. 

~11l:J..J mq)"i'WunnU-DtJ. 2519. mJVh!l1\-11JL~nti!!'W"i1nLLU-lii1'J L~1 LL~:::bbU-l~'J b\-l~!!-l Ll1ltJ~fiLLtJm'h'We.J~:J..Jvh1~ 
~ d a tr Qo """ ..... IV _ _ """ tr 

"'lnl1l'JtJ LYIJ!!-l fl fI Lflm!!n'DVl t l1l Ll1l!!j' . 'JVltJ1'WYi'Wfi'JVltJ1 Pl1~ [flj':J..J\-I1'lJ ru'Vll?l. ll1 fI'J'll1'JVltJ1 Pl1~ [flJn1J 
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~~11ld'1 'I1d-J~~b~Pl 

(?)d'. ~ltJ,)p~ -nwnil'llm 

(?)d' . n~tJ1b~1~~'I~d'1d-J 

ih')~~r)rum~~1~'IHld-J1"'lln m1~-n1,)~1d-J1n1U111J f.J~d-J nU-n1,)~~ ~b~') L~'i) m1u1tn~ ~1!l1ilvi1 ~th..If.J~ I1lnru'Yl 

m.hnJ'l~tln~~ltJ'llil(?) f.J~l1lnru'Ylm_hnl"'lln;h') L'll"h! mJ'I-n1')milm (Luh and Liu , 1991) ~'I~md-J1rumd'~'1 
~ ~ 

"'l:;U1 L~U'I-n1,)L~ilm d-J1 bb1..h~tl Lth"!f.J~l1lnru'Yll?iI'll LL~,)~'I~lm d'b1U1mCJ~11l dJ"h!~1'11f'll b~!l1il1"h!'fl11l~1~md'd-J 

m~lm~:;~11l~1~md'd-J1?i 1'11i?l'i)1tl 

~ I1l1f'll (sta rch) dj"h!f.J~ I1lnru'Yl~1~"'l1nrJ[?Ill ~lJ'Vl1'1 md'Lm~[?I1 tl1:;n'i)ucJ1'"ltJmfLu1m(?)1[?1 LtI"h!~,)"h!1~ nJ, ~ 

~ 1111 f'll il m:;u,)"h!m1f.J~ [?I L'll1..!L~mntl LbU'I (flour) LLI?i~ [?I 1 f'll"'l:; bbtJ mm L'U~l:;~,)1..!'lI!l'l mfLu11] L(?)1[?1 (1'1Vi,)1 rJ"h!~'lI, , 

PIt 2542) 

~[?I1f'll-n1,)L~ilm~Lil(?)~[?I1f'D'lI1..!1(?)L~n ~~,)ll-1~ll-111b111..!m1~!l'lI1i')~'1 ~1d'~:;~ltJ~l1l1f'll~1~"'l::;il 

~m:tru:;1~ttl1'1LL~'ILL~:;il~,)1d-J~il(?)~'I (n~lruNr1 P!~1'i)[?I LLrl:;L~!ln~ iJtJ:;"'l'i)d-J'lIrJru, 2543) ~[?I1f'D-n1')milm
~ ~ ~ 

~1d-J11C1vi1~iJ1~ btl1..!~ln;'i)d-J (binder) ~1'i)1ilfn~1 L~'i)~d-JCr~'lI'i)'I'i)l~lnti'i)'I"'llnm:;u,)"h!mnL'!l LL;'I LL~:;m1 

~:;~ltJ (freeze-thaw) 11..!f.J~[?Inru'YlLL'llLL;'I ~1'i) 1ilLtl1..!~111~m1d-J-n"h!~il(?) 1"h!'ll'i)~ m1~ ri~[?I1(?) M~ltJ Yj(?)~'1 

m~ln~ntl!l1..! (Luh and Liu, 1991; Matz, 1969) "h!!ln"'lln~~'Iil m1U1~[?I1f'll-n1')milm1tl1iltld'::;ttJ'll1..!11..!'fl(1] 

~1~m1l-l~"h! 1 L'll"h! 'fl[?l~1~m1d-Jm:;j;n~ ~[?I~1~m1l-1 ~'I'Vl'i) ~[?I~1~m1d-Jm ~[?I~l~nm-lL~~'i)'I~lm'l ~11l~1~ 
md'l-Im'l LL~::;'i)[?I~1~nddl-l~LU'Il1ii?lLLtl1 LtI"h!~"h! (n~lruNr1 Pl~1'i)[?I LL~::;b~'i)n~ iJtJ:;"'l'i)d-J'lIrJru, 2543), ~ ~ 

" " ..3.2.1. 'lI'i)J;j~'Vl1'1mnn~[?I1'l1'i)'I'lI1 'lm"h!m 

-n1'lLtI"h!Yi'll11l1:;~~m~1 (semi-aquatic grass plant) mUL~tJ'IL~m 'i)~11..!,)'I~(family) 

Graminae ~fJ~ (genus) Oryza L"'l1qJL~UtI1l1~~vT'I11..!L'lII1l¥'i)"h!LL~::;b'llI1l'i)U~1..! -n1'l~u1tn~!l~VJnrJ"h!~il'i)~~'ltJ 
n1..! 2 'llili?l (species) ~'i) Oryza sativa L. ~'I~~1..!rhLili?lLLC1U'Vl~tlLm;tJ bb~:; Oryza g/aberrima Steud. ~'I~ 

~1..!n1Lil(11LLC1U'Vl~tl LL'i)mm LLI?i-n1,) O. sativa L. LtI"h!~~~mb~:;tJ'i)l-Ifun"h!'i)th'ln11'1'l1'l1'1 Ltl1..!~"h!~~~md'tl~n 

LL~::;~1~'W1tJn"h!'i)th'lLL~1~~11'J11..!VJnrJ"h!~1"h!Yi'i)'I11l~1(11 ~~~11'J~1..!~ 1~LLri ~"h!~1..!~m (0. sativa indica) 

tl~nmn11..!LLC1Ul-I1~l-J ~'I~~1..!l1ln'nLL~:;LL~'ILL(?)(?)~m~!l Lb~:;~1..!~"'lltl'i)ilm (0. sativa japonica) tl\1n11..!~1..!~ 
1"h! L'lll1ltlU~1..! (n~lrud''Ir1 P!~1tll1l LL~::;L~tl~~ iJl'J:;"'l'i)d-J'lIrJqJ , 2543; 'l11JlnW rl11.JqJ-b1'rl'l, 2535; Juliano, 

Perez, and Kaosa-Ard , 1990) 
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n1~LLtl'lU~~WlVl'JJ!l'lii'l'J 

"nmLtl'lU~~WlVlii'l')[?l'll-JtIhnru'JJ'El'l!dl-J'l~~ (~'lf~ hH'lm1'~hl'l, 2534; Juliano, 1979) 

~'lmnHLtl'll~d'lhl 2 U~:::WlVl ~'El 

1) if'l'Jmum Ltlhlii'l')~ih.fimru!l~ll-J'l~~umJn~'l 2% Ll-J~~ii'l'J~'l~~~'JJ'l'J~hl L~'ElU'llJJ'I1'l1~ 
~n'"l:::1~if'l'J~n~LVlUm~U(1),)~~LL'WhlLL~:::lJ~n~ru:::1~ 

2) if'l'JL~'l Ltlhlii'l,)~lJilll-J'lru!l:::ll-J'l~~mnn~'l 2% Ll-J~~iil'J~I~lJ~'JJI'J1M~1 L~'El'l1'l~n 

if'l,)'"l:::lJ~'JJ'l'J'lihlLL~d,)hl illl-J'lru!l:::1l-J'l~~1hlifl,)L~1 ~1l-JlnHLtl'lLtlhlnrimj!lEJI?IIl-JVI~n'JJ'El'l International Rice , , 

Research Institute (IRRI) u19721~i1l'l~ 

2.1) illl-J'lruU'ElEJl-Jln (very low) !ltJ1wri')'l 2 - 10% 
~ 

2.2) illl-J'lruU'ElEJ (low) 'El~1hl'ih'l 10 - 20% 

2.3) illmruJJlhln~'l'l (intermediate) !ltJ1wri'J'l 20 - 25% 
~ 

2.4) illmru~'lJJlhln~I'l (moderately high) 'El~1hl'lh'l 25 - 27% 


2.5) ill'l-J'lru~'l (high) lJl-Jlnn~'l 27% 


hl!ln'"lln~m'"l LLtl\lJJ~:::L[lVlifl,)'"lIn'lIhll~ LL~:::~U~I\l'JJ'El\l Ll-J~~iil'J [?l1l-JVI~n'JJ'El'l IRRI 

~ 

(Juliano, 1993) 'l~m!h1'~VlIl-JfI,)Il-JEJ1,)'JJ'El\lLl-J~~ii'l'J'"l:::LLtl\l1~Ltlhl4 JJ~~WlVl ~'El iil,)Ll-J~~ihl (short) ~fI')'ll-J 
EJ1'JU!lEJn~1 5.50 n~~Ll-JI?I~ iil,)Ll-J~~Ulhln~l\l (medium) ~fI')'ll-JEJ1'J 5.51-6.60 n~~Ll-JI?I~ iil'JLl-J~~EJ1'J 

(long) lJfI,)Il-JEJ'l,) 6.61-7.50 n~~Ll-J[?l~ LL~:::iil,)Ll-J~~m'J)nn (extra long) ~fI'JIl-JEJ1'Jmnn~1 7.50 n~~Ll-J[?l~ 

LL~:::~IV1f1JdJJ~I\l'JJ!l'lLl-J~~ifl,) '"l:::LLtl\l1~djhl4 JJ~~WlVl 'l~EJU~~Lnwnn!i[?l~'l'i'l'Jhlfl')ll-JEJ1'Jl1i'Elfl,)ll-Jn11\l'JJ!l\l
~ 

Ll-J~~ ~!l iil'JLl-J~~L1m (slender) ~€[?ln'i'l,)hll-Jlnn~1 3.0 iil,)Ll-J~~ri!lhliil'lL1m (medium) ~€[?l~I'i'l,)hl 2.1

3.0 ifl'JLl-J~~U'Ell-J (bold) ~!i[?ld'l'i'l,)hl1.1-2.0 LLfl:::ifl,)Ll-J~~n~l-J (round) lJ!i[?l~I'i'l,)hlU'ElEJn~11.0 

1hln1~'1l~~if'l'J'"l ~~ifl'JiXnVl~'ElUflIEJiil'J Ln ~~hl ~\lJJ~IEJifl'J~l~'"lln n1~~ifl'J~~Il-Jln1UI1u 

~~l-J nuiil,)~~ LL~'J L~'Eln1~U~'ln fI VI~'El1ifvh LUhl~~ [?lJlru'YlLLJJ~~JJ1~~ nVl~IEJ"ilU~ ~~ [?lJlru'YlLLJJ~~JJ'"llnifl,) Lllhl 

LLU\liil'JLVlum LL~~~[?llf"ilifl'JLVlum ~'l~Il-JIn1'i'l\l'El!lnlJJ~IV1'WlmT\lIPiI\lJJ~~LVl~l~LllhlL~mnuii'l,) 

illl-J'lrun1~'i'l\l'El'Eln'll'El\lifl,)LL~~~~[?lJlru'Yl'"l'lnifl,) 1hlU rut 2541-2542 i1l\l[?lI~I\l~ 3.2.1 

I 

http:6.61-7.50
http:5.51-6.60
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1999 

11 ,95 

Tot,,1 _ ' rid@itU'w+;s:uAAi" ••••;UMfdN&_.'W""';. 

~ 
VllJl : http://www.nfi .or.th 

1(;lCl~U, 
a'tJ Q Q.I QI : Q.I jJ

'tj.:lA 'J~fl'tj'IJVll.:lIAlJ (fl'JlJ/IOO fl'JlJ'Wl'l'l'WflU'I'I.:l) 

fl1{l'IJ'ell~'J~ hh~'W '1 ~lJ'W nhliv "!tll 

ih'"lLu~'iln 71 .2 9.1 2.2 10.2 7.2 

" " 'lJl'"ln~'il,:j 83.2 11.0 2.7 1.2 1.8 

iii '"l '6'l1 I 88 .9 9.8 0.5 0.3 0.6 

lllJl : Kent (1983) 

fl1 fl'IJ lel L~111I Lih..!'il,:j flU l:::n'iluViihnnVi~ ~1'WLJ..I~ ~iil'"l ~" 'lliJ~'lJ'il,:j rnflulm~1(;l~iJJ..Iln~~ ~ 

~'il '6'lmf'll iJUI:::J..Ilru 64% 1~EJJ1"nrmL~,:j'lJ'il,:jfnfl'IJlm~Ir;]-0',:j'\.lJ..l~ 'Wtln,r'WLih..!Jl(;lI~11f)1'6'l ~niJ'W L~'W1V1 
LL'll'W 511L'll~~L~'6'l LL~:::L~f)~'W~iJ~m~ru:::Lu'Wl'W (Kent. 1983) 

'1'l(;llf'll ul:::ntlurn'"lEJ~'il~LJ..I'ilf'lJtl,:jn~lf)'6'l 2 'lliJ~ ~tl ~'il~LJ..ItlfLil,:jL~'W('il:::1J..11~'6'l) LL~:::~'il~LJ..I'ilf 

Lil,:jA,:j (tl :::1J..11~L~n~'W) '"l1,:j~'"l1'WLL'W'"lfP1~ '6'l(;llf'll"l l n.w'lllfi l ,:j'lliJ~n'W"l:::~!i(;ln~'J'W'lJ'il,:j'il:::1J..1t~'6'lLL~::: '1l:::1J..1t~ 

http:1~EJJ1"nrmL~,:j'lJ'il,:jfnfl'IJlm~Ir;]-0',:j'\.lJ
http:http://www.nfi.or.th
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L'Vm~h.m!flnl1h:111'W vll1,xfJru~~1~'lJ'f}'l~W1f'llbbl1i~:;'llil~LL!fln(;h'lrl'W (n~lruNrl PlT'i''f}!fl LL~:;L~'f)~~ tJEJ:;'-l'fl~'lJ1'tl.!, 

2543) 

1) 'f}:;l~t~~ LU'W~'fl~L~'f}f~ltJEJ1')~th:;n'f}tJ~,)EJn~trJ~th:;mru 20-6,000 l-I'U,)EJ'lJ!l'ln~trJ~ 

(glucose unit) L~'fml1i'flrl'W~,)EJ~'Wfi:; U-(1 ~4)-glucosidic linkage ~!fllf'll'-llnfitl.!Yl'll L~'W ~l1l1f'll'-llnojfl,) 

t~~ ojfl,)~l~ ih.n~lru'f}:;l~t~~th:;~lru 2B% ~!fllf'll'-llnY1'll'i'lmL~:;Yl'll,x') L~'W ~W1f'll'-llmr'W~ltJ:;l-I~'l lJ''W 

bb'VltJ'-l:;laJ~'fl:;l~t~~L~tJ LL~:;~!fllf'll'-llnojfl')t~~~~!d~t~~~'l (amylomaize) m'-l;1'f}:;l~t~~~'l~'l BO% ~1 

l-IlJnt~b~n~L'U~EJ'1j'fl'l!l:;l~t~~ mj1'W~')'l 10" tl'l 1 0
6 ~1~(;]'W ~'l'f}:;1~t~~1'W~mf'llLLI1i~:;'llil~'-l:;~~ll-1lJnt~L~n~ 

q ~ q 

~ln !l:;l~t~~~lm'i'\1vlltJDmEJ1rltJl'f}t!l~'WLL~:; ~1'i'tJ'i':;n'fltJ;S'W'VlTrnj'W1 L~'W U,)'Vll'W'fl~ m~1'lllJ''W ~l'i'~~LLN 

~'l~,) ~'W'f}~LL~:;lt:1t~'i'rJ1ftJ'il'W l~LiJ'W ~l'i'lJ'i':;n'iltJL:n'lejf'il'W ~'llaJ~:;~lEJ~lt~tJ'f}:;l~t~~'-l:;~'WLu'WLn~m~!l~ 
'i''fltJ~l'i'tJ'i':;n'f}tJ;S'W'VlTtJ 'W'il n'-ll n~'f}:;l~t~~~'i',)~ (;],)rltJ1'f)t'il ~'W'-l:;1,x~~1 L~'W ~'l1ejf Lu'W~n~ru:;L'U~l:;~t1'ltJ'fln 

tl'l~l1nf'llVl;1'f}'lrltJ'i':;n'f}tJ'lJ'f}'l'fl:;l~t~~ (Swinkels, 1985) 

2) 'fl:;l~t~L~n ~'W bU'W~'fl~ L~'f}f~~'lJ'Wl ~111mj Lb~:;Lb!flmU'W~1'lJl1.J1n~lEJ t~u;1n~trJ~tJ'i':;~lru
~ ~ 

2 ~l'Wl-I'U,)EJ~L~'fl~I1i'flrl'WdJ'Wb~'W!flN~')tJ~'Wfi:; U-(1 ~4)-glucosidic linkage LL~:;YJn 120-30 l-I'U,)EJ'lJ'fl'l 

n~trJ~'-l:;~~,)'W~Ltl'WA'l~1'lJ1LU'W ~'fl~L~'f}fn~trJ~~ltJ~'W~n~trJ~mn'W~')'l 1 0 ~'l 60 l-I'U')tJ'lJ'il'ln~trJ~ L~'il~ 
'll 't.I 'lJ 'U 'lI 

I1itlrl'W~,)EJ~'Wfi:; U-(1 ~6)-glucosidic linkage l-I'U,)EJ'lJ'il'ln~trJ~~~~'Wfi:; U-(1 ~6)-glucosidic linkage 

~'f}titJ'i':;~lru 5% 'lJtl'lm~lrul-l'U')tJn~trJ~1'Wtl:;1l-Jt~L~n~'W~'ll-l~~ ~~ll-1lJnt~ L~n~L'U~tJ1J'i':;mru 1,000 
~ ~ , 

Swinkels, 1985) 

ti!fl'i'l~,)'W'lJ'f}'l'fl:;l~t~~l1itl'f}:;l~t~L~n~'W ~t:.J~I1i'ilnr'i'~'fl'l(;],)'lJ'fl'l Lij~ LLU'l rJ')ll.Jl-lil~ rJ')1~1~ 

LL~:;nr'i'ln ~Tt'Vl'i'Ln'i'l~i'W'lJ'fl'l LLU'l Lurm Lti'fl'l'-lln~~tJ~'lJtl'ltl:;l~t~~ LL~:;'fl:;l~t~L~n~'W~rJ')l~ LL!flnl1il'lrl'W ~!l 

Lritl~'ll-n,xLii'W tl:;1~t~~'-l:;;1ti1n'i'1 nr'i'Ln~Tt'Vl'i'lmL~i'W~'ln~l'fl:;1~t~ L~n ~'WLti'fl'l'-lln 'il:;1~t~L~n~'W~~n~ru:; 
trJN~~l'l~Lu'WA'l LLU'l~~mmrutl:;1~t~~~'l'-l:;~~ruWJm'Wnr'i'~tl'l (;],)~'ln~ltJn ~ Lritlvll1,xLn ~ nr'i'~'il'l (;]') 

!ltil'l~~\I'i'nr LLi1'l~~~ll-1lJnt~ L~fl~'lJ'fl'l'fl:;1~t~~l1il'lrl'W tiln'i'11'Wnr'i'ln~ Tt'Vl'i'LmL~i'W'-l:;LLlnn I1il 'I rl'W (Whistler 

and Paschall, 1965) 

~!fllf'llojfl')mi1m~m~lrutl:;1~t~mn~'WLU'W~')'W1l-1I1.!LL~:;;1'f}:;1~t~~LYitJ'l 0-2 % Lijln~lnlf'll 

'i'tlln LL~:;L~!lQ~ tJU:;'-ltll-J'lJ1'tl.!, 2543; Hoseney, 1994) ~!fllf'llojfl,)Ll-li1m;1~ll-1lJnt~L~fl~L'U~tJ B.9X 1 0
7 ~1~ 

~'W (Yokoyama, Renner-Nantz and Shoemaker, 199B) ~rul-l1Ji1nr'i'Ln~L'-l~l~l'W'1f 64.5 °c (n~lruNrl PIT 

'i''fl!fl LL~:;L~'f}Q~ tJtJ:;'-l'f}~'lI1'tl.! , 2543) ~(fnfnojfl'.lLl-li1m;1~l.JtJ~~~n~1~!fll'f'll'-llnYl'll'llil~~'W1 ~tl ~!fllf'llojfl'J 

mi1m~l~l'i'\1'Vl'Wl1itlm:;tJ')'Wnr'i'LL~LL~'lLL~:;nr'i'~:;~ltJ (freeze - thaw) tc;mlaJLn~nr'i'lLUn~l (syneresis) 'il!ln 

'-lln'fl1l-11'i' laJmt'Vl'i'Ln'i'l~i'Wl-I~'l'-llnnr'i'vll1,x'i'ln ~'l~'W~'l~lm'i'\11.l11tJHLU'W~1'i'1,xrJ')I~ii'Wl-lil~ l-I1'f}fn~1 

Ld'f}~~cr~'lI'il'lml-ll'i'1'Wt:.J~InJlruoy]'fl1m'i'LL~LL~'l (Luh and Liu, 1991; Matz, 1969) 

I 
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~UJ1j~hil'l'm:h~ (functional properties) dji.lLnru"VI1i.ln1JLLu,m~J.J~(;l1fn-ii1'lLVIWI'J'l ~1J.J1~r1~~ 

l~L1Ji.ln~J.Ju'1ltJ 1 (Knight, 1969; Luallen, 1985) l~LLri n1~1;fLui.lm~1~fI'l1J.J-iii.l~il~ (thickener) 1w.J~IIl.nrury] 

1tJm::;i1'1l'l Lm~ tl1~1dL~ml'[Ji.l ~rn~'l ~'l~1Il1f"llfl'l~Iii::;~~J.Ju"~iLUi.l'll'[J'lLVI~'l-iii.l~il~ (paste property) 1~ hJLii~ 

~lVldLmL~ii.l~::;W'h'lm::;u'li.ln1n.J~IIlLL~::;n1~Lrlufmj1 hJLn~n1~LLtJn.ff'i.l ~1'[Jn1~1ifLUi.l~1~fmt1Ld'1l~J.Jer~ 
(texlurizer) 1i.l~~[1].nrury]m~1JLL'llLLii'l ~'l~1Il1f"llfl'l~Iii::;~fI'l1J.JfI'lVli.lr;l'1lm::;U'li.l-n1dLL'llLLii'lLL~::;~::;~1I'J (freeze

thaw stability) 1~I'JhlLn~n1JLL\'Jn~1 (syneresis) '1l'[Jnlii1nm~1~ 

n1~~~[1]~[1]1f"llojJ1'lL~WI'J'l Iii::;1ifojJ1'lLVIwl'J'l~,rn~1'1lhJ1i1li.ln1~u1111f11~I'J [1]NJ.J1 LUi.l1'IIl~ ~U ~'l 

mliiU1 LJ.J~~ojJ1'l LVIWI'J'l J.J1 LL'll1i.l~1~~::;~1I'J vl1'l L~'[J~ n~Ltl11tJ~~i.lLL~::;~'l LLtJ~ntJ~'[JJ.J'1l'1lnliii.lLn'1lU~J.J!?1 L~~'[J1~ 

L'ilYn::;~'li.l~ LUi.lLLU'l LL~'lU1J.J1U!?1 ~1'[J'[J1liiU1 LJ.J~ ~ojJ1'lLVlWI'J'lJ.J1urn LUi.lLLU'lri'1li.lLL~'l LL'll1i.l ~1~~::;"nI'Jvl1'l 

"'l1mri.l~'lvh1~LL~'l 
';)fin1~hJLJ.J~!?1ojJ1'lL~WI'J'l1~LUWLU'l mliiLLU'l'1l'[JnLUi.l4 ';)fi ~'[J hlLL~'l hJLuun h.J~~J.J LL~::;h.J 

Lfli'1l'll~ LvhJ'Wrllii::;l~LLU'l'1l'1lnJ.J1 LLr;l LLi1'l~1~"'l1n1fidlii::;~ fJrum'l"i ~1 L'I"i ~1::;~ fI'l1 J.J~::;m ~hiLY1U'l'l"i'[J LL~::;ri'[Ji.l 

ojJ1'l~\'J1U hi~1J.J1~mrlult)'t~'W1'W ~n~'WL~iji.l~i.lL'I"i~1::;U'lm'll~i.l~'lLL~::;Ln~J.J'[J!?11~~1I'J ('l~1~P!oJ 'l'l~~~lm,
~ , 

~'lU11tJ~1'l~1LL~::;LL'll~11~tiJ.J L~'1lH"hlLui.l~1LLu'l1~~1I'J~i.l LL~'lLLUn~1'1l'1ln LL~::;'1lu1~LL~'l~'lI'J~J.J~'[Ji.lr;l'[JltJ 

LLu'l~l~"'l::;~ flrum'l"i ~ LL~::;"nJ.J1 ~r1 Lrlult)'t~i.l1i.l L~J.J1::; LLri n1~u11tJ1if L ntl'l"'l1 n LLi1'l"llilrnd~ fI'l1J.J~::;L~urn LL~::;~, 

fJrum'l"i~'l hJ~n~i.lLVIiji.l~i.lL'l"in::;1~LLtJn~'l~ntJmr;l1'l1 ~'lJ.Ji'l~1LL~::;b~i.l '1ltlnltJ ('ln~l'IoJ 'l,,~~~lm , 
2539) LLr;l,;)fid~~i.lVJi.l1i.ln1m~[;l~'l Ln!?1n1~~rI.!L~I'J111l1ili.lLL~::;~1~mm~~i.l1 ~~1J.J1n1~::;~1I'J1~i.l~1 LL~::;vh 
1~~~1~"Lnrn~i.l (Chen LL~::;flru::;, 1999) 

3) ~fil~~~J.J LUi.l1fi~1~~'1l"n1JLLi1"~~fI'l1J.J~::;L~I'JrnJ.J1nLni.lhJ L~J.J1::;ih~fuu11tJ1if 

tJ~::;1I'J'IloJL'il'l"i1::;tlU1" L 'lli.l n1~U11tJr11'l1i.lJ.J njUi.l1J1"'IlUrn~ L~'[Jr11 LUi.l'lli.lJ.J LL~'l"'l::;~~tJ11"~'lI'Jhi LLUi.l~1U ~fin1~ 
~ ~, 

~~ III LLi1'l'llUrndfl~1I'J nu~n~ LUI'Jn ~'1l r11 fI'l1J.J~::;m ~1'III ~ ~u ~'lI'J Lfli'[J"~mri'[Ji.l~"u11tJ~1'l~11~~::;tl1 ~ LL~::; LL'll 

~1 "'l1mri.l~'ltlu1~LL~'lLL~::;hn~LUi.lLLi1"r;l'[JltJ ('l~1~P!oJ 'l,,~~~lm, 2539) 

4) ~fihlLLUU~'lLL~'l (semi - dry milling) ~""'l::;u1LJ.J~rnojJ1'l,rnltJLL'll~1ritli.l1~LJ.J~~-ii1'ltiJ.JL~'i) 
~rnn1dL~I'JVl11'J'lItl'l Lijrn~[;l1f'll~"'l::;Lnrn~i.l1i.l'll'l'l'll'i)"n1~hj LL~'l LLI'Jn~1tltln lii1nJi.l~"1~ LL~::;r111~LL~" (Chen LL~::; 

flru::;, 1999) 

n1m~IIl~[;l1f'llojJ1'l LiJ.Jlii1nn1~U1ojJ1'l,xnJ.J1~1'lr11f1'l1J.J~::;'1l1rnLL~::;LLl'Jn~"LLtJ~ntJ~TlJ.J LL'll1i.l 

~1~~::;~1I'J1'llL~I'JJ.J11]rn~'1lnl'll~fI'l1J.JLojJJ.JojJi.l 0.3-0.5% 'I"i~'[JJ.Jriu~n1m'li.lif11 ~TlruVl.IJil~Tl'l LUi.lL'l~124 -B''l1J.J'l 

L~'i)LLI'JnltJ~~i.l~~~mjri1JLLi1"'1ltln tJ'tim.l1~ojJ1'l[;lnlll::;n'[Ji.l LLtJn~'li.l1~~~ltJ~~i.l (steep liquor) 'i)'i)n r11~11i.l.rri.l 
~ 

1Il!l'Wdliii.lm::;vf"LJ.J~rn-ii1'ltiJ.J LL~'lU1 LJ.J~rnojJ1'lJ.J1hi LUI'Jnlrntl1if~1~~::;~1I'Jl'llL~I'JJ.J- l1]rn~'i)n1'll~LLVli.l~1 Iii1 n 

Ji.l~1"~1LL~::;LVI~I'J"LLI'JnltJ~~i.l~'li.l~~ ~!lU1i.l~1JLL'lI'li.l~'i)I'J LL1J'l'i)!ln U1J.J1c.hi.ll1]lrn~1"ll1f1~i.l r'h~rn~1 LL~'lr111~ 
~ 

http:LJ.J~rnojJ1'lJ.J1
http:Ln!?1n1~~rI.!L~I'J111l1ili.lLL~::;~1~mm~~i.l1
http:LL~::;"nJ.J1
http:LLU'l'1l'1lnJ.J1
http:mliiLLU'l'1l'[JnLUi.l4
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bb~'l (Juliano, 1984; Schoch, 1967) ~1V1f'U~'J'Wl~~rJhh~'W~bbtlnl~ u'1~ltJf'U~m~1~dj'Wn~I'l~'Jtlmlfl ~1 

lmtJj'~'Wl1ln l1l:;n!lWL~'Jm!l'l!l!ln u'11tJ!lU LL~'l~lmnl1ifLU'W!l1V11j'~11l'J1~ 

1'Wmj't:.J~ l1l~l1l1f'llih'J'W!l nr.n n9:;~I~lnl t:.J~ 11I1~91nL~~lfIill'J~n bL~'J U'l~lmnl t:.J~ 11l1~lfIti 

mru'1 LLU'lill'J LL'll1'W~lrfl:;~It1vil'l dj'WL'J~1 24 -D'J L~'l VI~'l91mr'W9:;rJm:;'U'J'Wmrt:.J~11l L'll'WL~tJ'Jri'Umrt:.J~l1l~ 
11l1f'll91m~~lfIill'J~n 

mj'1if~lr~:;fllt1 vil'l1'Wm:::'U'J'Wmj't:.J~11l~11l1 f'll,!'W 9:; l~~l1l1f'll~rJ fl'Jl~'U1~Ylf~'l rJ ~'WYI'W1'W ,.~ , 

mrt:.J~l1l~1 LLI1i9:;y'hlmflN~h'l'1J!l'lLijlfl~11l1f'llLtJ~tI'WLLtJ~'lltJ ~'l"l:;~'lt:.J~ltJ~'l~~u~YI1'lmtlm~'lJ!l'l ~l'l1f'll 

LLfl:;~11~rJ~I~'l~rJ~lr~:;~It1vil'l LL~:;Ln~!ltJ'W!l~ (Lim LL~:;flru:: , 1999; Lumdubwong and Seib, 2000) 'W!ln 

"llnmj'1if~lr~:;flIEJr;iI'lLL~'JU'l~lmrCll;n~~'W 11~ 2:'l~ ~!l mr1if anionic detergent LL~:: mrlifL!l'Wl"ll~1tJr 

~L!l~ (protease) mr1if anionic detergent 1'Wmr~rilflrJtJr::~Ylfim~1'W 

ri'UJI~'l LL~:;rJt:.Jfly'hl~fI'JI~VllllfI'lJ!l'lLLU'lLUtin (paste consistency) rJrh~IfI~'l (Lumdubwong and Seib , 

2000) ~'J!lth'l~lrtJr:;LIlYI anionic detergent ~1if1'Wmj'~rilfl L'll'W L"llL~EJ~~!l1~-n~L~11l (sodium lauryl sulfate, 

SLS) L"llL~EJ~LIfILIfI:n~-n~L~l1l (sodium dodecyl sulfate, SDS) LIfILIfI:nmu'W:n'W-nflL~L'Wl1l (dodecylbenzene 

sulfonate, DoBS) (Juliano, 1984; Lim LL~:;flru:: ,1999; Lumdubwong and Seib, 2000) ~'J'WmrlifL!l'Wl"ll:f 

hh~L!l~ (protease) '!'W"l:;hj~I~lmijIflLLU'lLti!l'l91m!l'Wl"ll:frJfl'Jl~~IL~I:; (enzyme specificity) LLI1i1ifL'J~11'W 
mr~ri1fI'W1'W~'l!l19 ri!l1~Ln IfIUryVlI ~1'W'1~'WYl1tJLLfl:;~11l1f'll~1~rJ fI'Jl ~u1~Ylf~1 Lti!l'l"lln LLtlm!l'Wl"ll:f!l!ln91n~ 

I?nf"lll~EJ1n ~n~'lL!l'Wl"lllfu'lrJnfll Lm'l~'l~11,x~'WYI'Wl'Wmm~11l~'l (Lim LL~::flru:;, 1999; Lumdubwong and , ~ 

Seib,2000) 

'fl11l~IV1nnw'iu'lilEJ~1if~lrfl:;fllt1r;iI'll.Jlnn~lmrlif detergent Vl1!lL!l'Wl"lll.J1tJr~l'1l~ (Hoseney, 1994) Lti!l'l 

"l1nhh~'W1 'Will 'J ~'J'W1vrr1! Lti'WLtJ j'~'W'llillflmj LIJl~'W ~'l ~1m rCl fl::fllt11~'W~1 rfl :;rntlvil'l ~1 j'~:;fll EJ vil'l~ilEJ l.J 

1-n1'W'fl11l~IV1mm ~!l L"llL~~ml1jlflr!lnl'l1vl LL~:; LtJbLI1I~L~EJ~l1jcnj'!lnl"llvl (Lim LLfl:;flru:::, 1999) 

3.2. 5. U9~EJ'lJ!l'lm:;'U'J'Wmrt:.J~ l1l~rJ t:.J~I1i!lf) rum~'lJ!l'l LLU'l LLfl:;~ 1111 f'll 91 nill'J 


U"l~EJI1iI'l1 ~rJt:.J~I1i!lrJrum~'lJ!l'l~11l1f'llill'J l~LLri 


1) :'lfihl 

1 'Wmr hiLLU'lill'J L VliltJ'J LLU'lill'J L VliltJ'J91 n mj'hj bL,x'l"l:;rJ'lJ'WIIf1!l'1m fllVlt1! n~1 LLU'l 

ill'JLVliltJ'J"llnmj'LlJ~'lLL,x'lLLfl:;mj'hJLuEJn (Chen LLfl::flru:;, 1999; Jomduang and Mohamed, 1994) mrhl 

LL~'l~Il.JlrClfmn!l'l ri'tJj':;ntlUYI1'l LflrJ'lJ!l'l LLu'll~mnn~1mj'LlJLl~EJn LL~:;mj'LlJ~'l LL,x'l Lti!l'l"lln L~tl LL'll L~~ lfIill'J 

LVliltJ'J1'W~1 L1Jj'~'W~~I~lrClfl:;flIEJ1~'WJI ~rI11l1~ LL~:;b~'W~~uri'U~'J'W~hn'll~l?nf"ll (nonstarch bound 

lipid) "l:;fl:;~ntlJIt1t1n~1 (Chen LL~:;flru:;, 1999) LLi:l'lojJl'JbVlilmr.nnmrLlJLL~'l"l:::i1fl'Jll.JVllllfI~ln~ILLi:l'l"lln 

mrhiLUEJn Lti!l'l"llnmj'l:IJ LL~'l~11~rJ fl'Jll.J¥tl'WLn 1fI~'W'lJru:;hi v1'l'!'W ~ 11l1f'll'Ul'l~'J'W~'l Ln IfI mn~tlVlIt1 LLfl:: Ln IfI 

L "lrl ~'J'Wmrhi bU tI nLu'Wm j LdJ~~!l~ ri'U~l v1'l'!'W~I~'l'lhtl fllfl!l ruVlIli1 LL~:;rllfl LLj'l L~tlIfIYI1'W~ Lnlfl~'W1'Wm j'LdJ, ~ 

(Jomduang and Mohamed, 1994) 'W!ln"lln~LLU'l~l~"llnmj'LdJLL~'lrJ'flruVl1Ji1~C~~LtJ~tI'WLLiJfl'lfl'JI~VllllfI 
(pasting temperature) LLrl:;rJmnncn1LYlnmLIfI-D'W (retrogradation) ~'ln~lmj'LlJ~'JtI:'lfi~'W1 mrLdJLLUU~'l 

I 
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~~~'I YhL~~ru'vl1Jij~C~).mJ~tI'ULLtl~NFl')'U.J'vIilVi rll setback viscosity LLrl:; rl1L'El'WV11rlU (enthalpy) ~rl1~1~(?1 

LritlLVltl1Jn1JnJdLaJLL~'ILLrl:;nJdtaJLu£m (Chen LLrl:;Flru:;, 1999) 

2) "llil(?1'l1'El'lLFl1'El'lhi 

nJd1if"llilVl'll'El'l~Fl1'El'ltaJ~ ~~t;1nr;)1'1n'W v11L~LLiJ'I-iil'J L~I~'lI'W1 (?1'El'4111 rl ~~1J'iVll'1 rl'J1~'vIil(?1 ~Lrl:; 

rllL'El'WVl1rlULLt;1nr;)1'1n'W LLiJ'I-ii1'JL~1~taJ~'JU burr mill ~'lI'Wl(?1'El'4111rlLmlJ~~(?1 (290 flm) ~'J'WLLiJ'I~taJtJbu 

pin mill "'l~~'lI'W1(?1'El'4111rlL~n~~(?1 (111 flm) LLiJ'I~~'lI'Wl(?1'El'4111FlL~n"'l~~rl1L'El'WVl1rlU~ln~ILLiJ'I~~'lI'W1V1 
'El'4111 rlL'vI rlJ LLiJ'I~LaJ ~'JtI bu rr mill "'l ~~'El ru'vl1Jij~ (~~ Ltl~tI'WLLtlrl"ml~'vIilVl~'I n11 LLrl~iJ rl'Jl~WWVl~'I~V1 
(peak viscosity) ~ln~ILLiJ'I~LaJ~'JmFl1'El'ltaJ"llilVl~'W 1 Lti'El""'llmLiJ'I~LaJ~'JU burr mill ~'lI'W1V1'El'4111rlL'vIrlJ ~ 

LLJ'I L~tlt1lV11'W~LnVlL'WnJdrlVl'll'W1V1ii'Elti ~'I,r'IJ~t;11f"ll~'ILnVlnJdL~tI'vI1t1ii'Elti (Nishita and Bean, 1982) 

a ..I 'i"
3) ml~Ld'Jd'El1J'lI'El'lLrld'El'l L~ 

lri'El L~~ rl'J1 ~ L~'Jd'El1JL 'WnJd taJ LliJ'I-iil'J l ~1 "'l~v11L~lliJ'I~'lI'Wl VI 'El '4111 Fl L~nrl'l llr;)m"'l"'l:;~'1 t:JrlL~ 

~j;nf"llln(1)rl'Jl~L~U'vllm~~~1n~'W (Caprio and Aco, 1990) 

4) '11 'WI V1'Ellf111 rl'll'El'l LLiJ'I~1~"'l1nnJJtaJ 

'lIl.!1 VI 'El '4111 rl'll'El'lUiJ'I-iil'J LWWtI'J~ LlJi1U~1~"'l1n nJdLaJ LL~'I LLrl~nJdtaJ LnuniJ~.Jftr;)tl rl'Jl~'vIilVl 

(i)'I~ ~1'v1f1..miJ'I~Lt;1~tJ~l~"'llnnJJtaJLL~'I Lri'El'El'4111Fl'll'El"LLiJ'I~'lIl.!IV1L~nrl'l rl'Jl~'vIilVl'll'El'lLLiJ'ILUtJn (paste) "'l~ 
~ rll ~1rl'l i'l~m"'l"'l~Lti'El'l~I"'l1n Ll.!nJd taJ LLiJ'IL~ij'lll.!1 VI 'El '4111 rl L~m:;v111~~ rl'Jl~T'Ell.!Ln (1)~l.!'lIru~taJ v11L~~ 
t;11f"ll1J1'1~'J'ULnVlnJJL~tI'vIlmL~:;LnVlL"'l~ L'lJVlI"t;1Nnl.!-iiI~ lLiJ'I~l~"'llnnJdtaJdjtJn Lri'El'El'4111rl'll'fl'lLliJ,,~ 

'lIl.!I(1)L'vI rlJ~l.! rl'Jl~'vIil(1)'lI'El" LlU'I LUtln"i~~ rll~1rl" Lti'El ""'l1 n LLU"~~'lIl.!1 (?1'El'4111 rlL'vIrlJlaJ~I~IJt1'Vi'El" ~'Jl~mh" 
L~~~L'Vidl:;~vnf'll~'Elti1J~L'Jru~'J'lI'El"'Ell.!111Fl"i:;Ln(1)nJJ'Vi'El'l~'Jri'Ell.!LLrl~LUl.!~'J-nVl'll'Jl"nJJ'Vi'El"~'J (Jomduang

~ , 

and Mohamed, 1994) 

5) ~fi~n(1)ttlJ~l.! 

~l?nf"ll-iil'JL~I~~nVlLtld~l.!~'Ju~fi alkaline protease digestion "'l:;~rll starch recovery (tlt;111 

1if~1Jrl~~It1~I'1v11L~~ILLU"~ pH 12 Ll~~~ml~WWVI~lnn~I~ILLiJ'I~l~"iln~fi alkaline protease digestion 

(i)",rl.!Ll.!nJmd'El"LL~:;nJJL'l!l.!~~rh{L~'ElLLun~vnf'll"'l:;v111~U1n~l.! v11L~~~t;11f"lltll.!hJn1J'lI'El"L'vIrl'J rl1 

starch recovery ~1~"~rll~ln11 ~IL'vI~~~ILLU" (pH 12) ~rl'Jl~'vIil(1)~"~l.!Lti'El'l"'l1n~hh~l.!LL~:;t'Vi~LL'llM1 
h(;)~laJ1'!lL'Il~~trl~ (non-cellulosic polysaccharide) ~:;~ltJ'El~ 

~ t;11f'll-ii1'J L~1~ LLU n ~'JtI~finTj'1if~1 J~~rllt1 ~1,,~ill~1 ruttl J~l.!~tll.!L~'Ell.! (protein 

contamination) ii'EltJn11~t;11f"ll~LLUn~'JtI~fi alkaline protease digestion ~1'v1fuill~lru~t;11f"ll (starch 

content) db LLrl~ damaged starch 'lI'El"~t;11f"ll~lLUnl~"'llni"~'El,,~fi~rllLn~'L~tI,,nl.! 
~'Jl.!~~u'iVll'1 nJWl1'Vi ~ I?nf"ll-iil1l~1~ Lltl n1~~'JtI~finJJ1if~ld~:;~IU~I""'l:;~'El ru'vlllij~ L~~~, ~ 

nJJLtl~tll.!Lltl~'Irl'Jl~'vIil(1)LL~~rlIL'Ell.!VlI~U~ln11~~l'f'll~LLtln~1t1~fi alkaline protease digestion rl'Jl~'vIill7l 

~'I~V1 (pasting peak) Ll~:;rll setback viscosity 'lJ'El,,~t;11f"llirl'JL~I~LLunl~~'JtI~finJJ1if~ld~~~IU~I'1~rll~'I 

n11~mf"ll~LLtln~'JtI~fi alkaline protease digestion 

6) "llill7l'll'El'l~1J~~~IU LL~~~111'J:;~LiiLl.!nJd~nVlttld~'IJ 
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n1:r'i'ln(;l11J:r~'W"ilmLU'l-nl'J L~1~'JtJ'i'l1:rrl::rlltJ1(;l L(;l'llrl Lu'W'll'Wofi'rl1ViLWnrl'Jl:-1L-n:-l-n'W 1.2% ~i:l 

1'llL~tJ:-Iofi'rl1~iJl 0.12% "i::i:l1.J~::~Vlfim~1'Wn1H~n(;lmnn~1n11'i'ln(;l~'JtJ1'llL~tJ:-I1~(;l1!1n1'll(;)rl'Jl:-1L-n:-l-n'W 0.2% 

LLrl::1'llL~m.Jrl!l1rl-nrlL~[;1Fl'Jl:-1L-n:-l-n'W 1.2% ~i:l1'llL~tJ:-Iofi'rl1~iJl 0.12% L~!li:ln11'i'ln(;lhh~'W~11'W1::tJ::L'Jrll~'W1 

(1-2 -5''J1:-1'l) ~'JtJ~lJrl::rlltJ1V1aJ 1u:r~'W"i::~n~n(;l!l!lnm1~mn~'W LL~n11'i'ln(;l1u1~'W~1V1rlltJ 1 flf'l"i::vh1,x 

Li1(;l LLU'l Ln(;ln1:r~!I'l~'J (swell) Vl1!ILn(;ln1n"irll~1'W'll~~ruVl1Jij~1 n11L~:-I~ruVl1Jij LLrl::L'Jrll1'Wn1H~n(;l v'h 

1,x'i'llmJrI~n(;l1uJ~'W1~L~:-I~'WL~ni(!lmL~"i::vh1,xi:lmJ~CYL~mLU'lLn(1)~'W (Lim LLrl::flru:: , 1999) 

'W!ln"lm:r"i4'tJ'lJ!I'lm::u'J'Wn1m~[;1~n~1'J:-I1LL~'J~'W u'li:lil"i4'tJ~'W 1 ~i:lc.Jr1~!lYJrum~'lJ!I'lLLU'l 
LLr1::'i'l[;11f'll"iln-nl'J 1~LLfi ~'Wfi, LLr1:: fl'Jl:-1~'W'lJtNL:-I~(;l 

LLU'l-nl'JLVI;jtJ'J~1~"1n-nl'J LVI;jtJ'J~'Wf~I'l n'W "i::i:l~:-IU~ LL[;1n ~1'l n'W LLU'l-nl'J LVI;jtJ'J~'Wf 

TCSW1 i:lill:-llru1ur~'W dh LLr1::1'lJ2r'Wi(!ItJn~lLLU'l-nl'JLVI;jtJ'J~'Wfi, TCW70 LLU'l-nl'JLVI;jtJ'J~'Wfi, TCW70 ~ 

fl'Jl:-1V1;:j,(;l~'l~(;l LLr1::rl1 breakdown viscosity ~'ln~lLLU'l-nl'JLVlWtJ'J~'Wf TCSW1 LL~ LLU'l-nl'JLVI;jtJ'J~'Wf 

TCSW1 i:l ~l~ruVl1Jij Li:-l~'W1'Wn1nn (;l L"ir11~1'W'll (onset temperature , To) LLrl::~ruVl1Jij~'l~(;l1'Wmnn(;lL"ir11 ~ 

1'W'll (peak temperature, T ) ~'ln~l LLU'l-nl'JLVI;jtJ'J~'Wfi TCW70 ~'J'W~lL!l'WVl1r1U (~H) 1aJLL[;1n~1'ln'Wvr'l 2 p ~ , 

~'Wf (Chen LLr1::flru::, 1999) 

fl'Jl:-1~'W 

1990) 

I 
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6Yhl~111:;~~'l~~'ElY11'l~Y1m~1~lwf11 Manihot eSGulenta Crantz (Sriroth LLfl:;~ru:; , 2000) ~'lhl~~1J.J1 
1-nhlmn.J~IilLLU'lLUhl~'lhl~1n~iJ~m:tN:;~~1tl~'l1hlJl1'l:t1tl'ln~'l:t"'l:;L~tlmLU'l6Yhl~111:::~~'l11 Tapioca starch 

Cassava starch ~~'EI Manioc starch (Swinkels ,1990) 6Yhl~111:::~~'lH)CJn~1L-ii1"'l1nmLflL:ntlJ.J1LYn:::ll~nY11'l 

m~1[/l'll'El'l1Y1tl1hlU ~.~. 1786-1840 (~.~. 2329-2383) "'l1mrwlCJn~1111L~1:::11~n1h!ln~~1'l1 'll'El'lll~:::LY1~ 1hl 

U"'l,1Jhl Jl1~IJl:::1'h!'fl'ElnLiiltl'lL~iltlLUhlLL~rl'lLm:::ll\jn6Yhl~111:::~~'l~~1r1C\!'ll'fl'l1Y1tl L~tl~mn~1:::,J~nJ.J1n~~~~ 

9'l~1'~hl~~n'll~J.J1 (Sriroth LLfl:::~ru:::, 2000) 

3.3.1. -iitlJ;JflY11'l~1hltl'lr111~:::n'EluY11'lL~~'ll'El'l6Yhl~111:::~~'l 

6Yhl~111:::~~'lVi ~'EI1 tlWil mJ.J1:::"'l:::~ LLu'lllJ:::m ru¥'Eltlfl::: 30 1 hlmJIilJ'l"'l MlU ~ rum~'ll'El'l6Yhl~'ltJ. . 
~fi ~'l L~J.J,rhl ~IilJ'l"'l~'ElU"'l:;~n6Yhl'1tltl m Uhl~tl'lvltlhl~'ltl~tl ~1mLN~1iI~ni!tltl LL~ ~'l11 LUhl6Yhl'1!l'Elhl 6Yhl'1"'l:::iJ~ 
L~~'EI'lfl'Elhl LLfl:::IilJ'lnrl1'l"'l:::ri'Elhl-ii1'l1~ iJillJ.J1ruLLU'l~1 LL~t'h6Yhl'1iJ~'l1J.JLLii'l [/l'El'l1ilLLN1hlmJ~nJ.J1n LL~~'l11 

LUhl6Yhl'1 mi ~ L~hl1u~'lLLrl:::iJillJ.J1NLLU'l ~1 6Yhl'1~~1J.J1 Jt1~n'EI'EIn LUhl~'EI'lvl'Elhl~'lU LLN1l1hlnrl1'l"'l:;Luhl6Yhl'1~iJ 

m~ L~m:::~J.J LLrimJ~1J.J1~ri~ LLU'l Ltitl'l"'l1n'"l:::~illmruLLU'l~J.J1n~~~ (FAO, 1977) 1hlU'"l,1JhlUUJ.J1-DrlfimJ 

IJlJ,)"'l~tlUY11'lL~~L~'EI~1illJ.J1ruLLU'l1hl6Yhl'1 LL~~fiY11'l~Y1m~1~lilf'"l:::nhlL,)rl1hl1hl LLrl:::[/ltl'lmJ~vhmJY1~MlU~ 

iJ~fi'tJ'j:;mJ'IJ tJ~lJltu . 
(~iJ fHl:;: 'IJ iJ ~U1'1·1'11m-i';nJ'U ) 

: 
'\.J1 60.2-75.3 

l11~iJf) 4.1-14.1 

u11.:1 25.9-41.9 

19StJ11'Ufi' 2.9-39.3 

mJ~ri~ LLU'l"'l1 n6Yhl~111:;~~'l L~J.J [/lhl~mJvh ~'l1J.J~:::'tl1 ~6Yhl~111 :::~~'l ll'EI n Lll~'fl n 

~1'l~1 U~L~tl~ri~Lij(;) LLU'l ~1'l[/l')tI~1L~tl LLtln~1n~'flllhl~hl1~hi [/l'fl'lmJtl'fln LLtln~1'fl'tln 'l~tJmJlilnlil:::n'Elhl 
~,)tI~fi~1'l1 '"l1n,rhl~'lVi1 LL,x'l(FAO, 1977; Sri roth LLrl:;~ru:::, 2000) ~fimJ~n(;)LLU'l~mJVi11,xL~,)~~~L~tlrl~ 
mn~tlJ.J L~U'lltl'l LLU'ltlhlLti'fl'lJ.J1'"l1 nmJVi1'l1hl'll'tl'l L 'flhll 'll~~mhl6Yhl~111:::~~'l~~ LLfl:::hJ ~')nfiu6Yhl'1~ ~ L'fl11.)'LUhl 

L')m~nnn11 21'hlri'Elhl~ri~LLU'l (FAO. 1977) 

http:6Yhl'1~~1J.J1
http:9'l~1'~hl~~n'll~J.J1
http:lhl~~1J.J1
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m~~r'lvlr mrl-J~::m ~iJ\J"1Hd]\JiwWEl\JL~ tV) 'EI tir'lhriI?lrl-J mnJ'EInLLJ~'EI niJ\J"1hj~::m ~~::~ j;.J~1~LLil'liJ\J"1~ 

1~~~r1Jl \J'Eln'irnn m~1oif~LJmnr~vlr~rnm~n (Iron) 1\Jm::1.I'".l\Jm~~n~~::vlr1~LL1':J'I~1~~~L~'EI~Yh Lti'El'l 

~rm...,~n1LJvllLJBnhnnl.l hydrocyanic acid Ln~LU\J ferrocyanide ~~~yh (FAO, 1977) 

L~tJ'i'".l1LJ LLil'l~~n~1~~r niJ\J~rLJ::W'~''I~::~'EI'I r1LJ~::n'Ell.l ~'I1\Jl?lr~I'1~ 3.3.2 

tJ ·H)'l..h~fH)1.I tl~l.nru 
• 

(~f.lUCl~ 1~U'l.hI1lTf1u,r,!) 

!loll'! 71.9-85.0 

ltl:i~U 1.6-5.8 

ltf.l1u 1.8-4.0 

~1m 1.2-2.8 

1'IJiT'I./ 0.06-0.43 

m{l1.1 1~lm~~ltl1 'liuoll'! 3.6-8.7 

'EI'Ir1LJ~::n'ill.l Grade 

1 2 3 

mll-J~\J hhn\J (~mJ~::) 13.0 14.0 14.0 

~l?llf'll1~~ln~r (~'EltJ~::)* 97.5 96.0 94.0 

LC1r 1~Ln\J (~'EltJ~:::) 0.15 0.3 0.5 

LC11~1~~:::~rtJ1\Jm~ 1~ Ln\J (~'iltJ~:::) 0.05 0.10 0.15 

LLJ~~\J 1~Ln\J (~'EltJ~::) 0.3 0.3 0.3 

L~\J1tJ (tjnurPlnL~\JtiLl-J1?l11\JLLil'l 50 ntl-J) 0.2 0.5 1.0 

pH 4.5-7 3.5-7 3.0-7 

~r.l\JVh""~'tI~I'11.1\JI1l:::LLm'l1'E1\J'lI\Jl~ 150 1l-Jrld'il\J 1~ Ln\J (~'iltJ~:::) 1 3 5 

* rJ~L~tJ Polarimetric method 

.J .
VJl..J1: Snroth LL~:::r1ru::, 2000. 
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3.3.1.2 	 ~11'W~~~ul!..ur'W~lU:;Vl~'1 

~11'W~~1r1C1J~~U1'Wlr'W~1U:;Vl~'1 ~tl linamarin (Hulaimi , 1999) ~'1lJn"l:;U11nD1'W 

n1l-J'l!1~1'WtU'1ltl'l methyl-linamarin Vl1tllotaustralin linamarin dj'W1'l1HfliJ,J1:;LflVl cyanogenic glycoside 

L~tl~11~;11uiinhnnu Ltl'W1'll~ lina ma rase ~ tl nu~ ~lJritltJtltl nl-J1 L~tl L-dm~tllJ'W~1U:;Vl~'1 tl n;11~1tJ "l:;LU~tJ'Wd..J ~ 	 ~ 

LU'W hydrocyanic acid Vl1tl prussic acid ~'1LiJ'W~11'W~ n~1nfi11l-J'l!1~~i1L~tli1tl'ln'W~lWr~"l:;l-J1n~ii'W,x')lJ'W 
~1U:;VI~'1linamarin LtI'W~11~i1L~~mm~~'1 hjtJn;11~1mL~"l:;1l1~'W~1u:;VI~'11uiXlJLtI'WL,)~1 L~tltJm.jmJ1'W11'1 

nlm.J'4~U ~11linamarin ~1l-J11tlU~~UritltJ~11 cyanide ~'1LtI'W1'l11'W~1~ (FAO, 1990) 

Hydrocyanic acid (HCN) LtI'W1'l11u1:;ntlU~1:;LVltJ1~~1tJ ~1l-J11m:;LVltJmh'l1,)~L~,) 

~tlruVlfl:nl-J1nnrh 28 DC LL~:;~:;~1tJ1~~1tJ ,x')lJ'W~1U:;VI~'1~~tJun~"l:;i1~11U1:;u"lV1 cyanogen mh:;wh'l 15, ~ 	 ~ 

C1'1 400 :n~~nflJ HCN/iiL~nfl-J,x')lJ'W'11'l~ (Coursey, 1973) t1'h.nru~11 cyanogen 1'W,x')lJ'W'1 "l:;LLUnJW,mJ 

~'WfLL~:;~m~nln~1:;u~n 1'l11U1:;LflVl cyanogenic glycoside "l:;ill-J1n~~~~Nn~1'1'1ltN,r')lJ'W'1 (Bruijn, 

1973) LL~:;LU~tln Bolhuis (1954) nri1,)~1 'v'l1nU1Lnfl hydrogen cyanide C1'1 50 to 60 :n~~nfl-Jlfitl1'W"l:;LtI'W 

tl'Wln11tJlfitl11'1nltJ m:;u,)'Wnl1~'1iXl-JLL~:;nl1'i'lnvlLLi1'1~~"l:;'i'l1l-J11tl~(;)ml-J1ru cyanide 1~"l'WC1'11:;~u~hiLtI'W 

tl'Wln11tJlfitlnl1U1Lnfl nl1~1'1LL~:;LL'llJ1"l:;~1l-J11mh~"(;) hydrogen cyanide 1~ci')'WVI~'1 (m11'1~ 3.3.5) 

hydrogen cyanide ~LVI~tl"l:;~1l-J1m Qnr'h.r(;)~(;)tJm1ln1nLL(;)(;)Vl1tlm1;11 mX'l~'W1'W~tl LVll-J1:; nl1ln1n LL(;)(;)Vl1tl 

m1;11LL~'1"l:;~1l-J11tl~(;)ml-J1ru hydrogen cyanide 1~()'1~tltJft:; 60-70 (FAO, 1990b) (ln111'1~ 3.3.6) 1n111'1~ 

3.3.4 LL~(;)'1ml-J1ru hydrogen cyanide ~LVI~tl1'WmVl11U1'1'l!tl(;)~vl1"l1nlJ'W~1U:;VI~'1 "l1nln111'1"l:;L~'W~1 

mlJ1ru HCN 1'W,r')~'W'1 ft(;)~1ft'ltl£l1'1l-J1m~tl~1'Wm:;u')'Wm11,h'l1 

tl£l1'1hr'i~ n~lJ'I!n:'j.rtJ1'Wn l'll-J 1 (;)1(;) U1:;LVl PI'i'l LU'W jl)'W~Uiitl~'lItl'l'i'l11'W~1'W,r')lJ'W~1u:;Vl~'1 'l!n 

:'j.rtJn~l-J~1~Vl(;)fttl'l1if cyanide Lii(;)"l1mJ{jmtJ11:;VI~1'1 linamarin LLft:; linamarase 1'Wnl1fn~1L-dtl'ltln1'W 
'i'll-Jtl'l'llMI'\~ ~ftnl1:'j.rtJ ~U~1 ~11~~1l-J11tl;11ft1m~tl'ltln~'W1~fl'ml'WVI~'1~U(;)1'v1 (Hulaimi, 1999) 
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Food item 'Ii'W~ fl'W fll'J III ~~ 'i:Yl'J ~lJ 
d .. 

HCN'VIllHlfJ 

fhm~lJ (mg/kg) % 

Boiled cassava Fresh roots (sweet) 10.7 100.0 

Boiled roots (20 min In water) 1.3 12.1 

Fufu ('l.h::l'VlfY Zaire) Fresh roots (sweet and bitter) 111 .5 100.0 

Soaked roots (3 days) 19.4 17.4 

Dried roots (3 days) 15.7 14 .1 

Uncooked fufu (flour and water) 2.5 2.2 

Cooked fufu 1.5 1.3 

Fuku ('l.l:i::l'VIfY Zaire) Fresh roots (sweet) 25.5 100.0 

Uncooked fuku (heated) 4.2 16.4 

Cooked fuku 1.2 4.7 

Lafun ('l.l:i::l'VIl'Y Zaire) Mash 16.5 100.0 

5 day soaking 35.9 21.8 

5-day soaking + 48 h drying 25.5 15.5 

5-day soaking + 96 h drying 19.6 11.9 

ihn: ~~mJimJlf) Bourdoux U'['l::I'1W:: 1983; Oke, 1984 

'J::lJ::n'['lli'Wfll'Jll'Ii1il (1'W) 
d .. 

HCN 'VIm'['lfl (%) 

0 100.0 

1 55.0 

2 42.3 

3 19.0 

4 10.9 

5 2.7 

d 
'VIlJl: Bourdoux U'['l::I'1W::: 1983 

I 
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HCN (ppm) 

Freeze drying Pulp 439 

Flash drying Slices 432 

Chips. pulp~ir drying 40°C 13 

Heated air drying 180°C Chips 14 

Fermented pulp 77 

Drum drying Pulp 8 

Fermented pulp 121 

HCN of pulp free and bound 900 

~lJl: Meuser U{1~ Smolnik, 1980 

LlhJiJl'WL~"'J~j-'ellr'WLij (;1 L~!l1-if L~tJ'I~l'1rf 1'1~!l (;1,,'Wt1'1 LLtl~~tl1~Lll'WmJ'I L~!lmn.J~I'1CJ~l'1nrumi'W1 vI!lltl 

",iHIH'lL(;1tJ[;lN 

tl~~'lllm''1I'el'ltl ~~LVl Pl1'W L'111'1 ~!I'W1~u1tnFI ar'W~ltl~~ ~'1 LU'W L') ~lif1'W1'W Lti!I'!" 1 n ar'W ~ltl ~~~'1 

Lll'WLL~fl'l~~'lI'el'lFilflul11L(;1~1'1 n1~u1tnFlar'W~ltl~~~'1'l1tl'ltl~~'llln~1'WLLrlU1Ji'1111F1~LVltJul~nunl~u1tnFlar'W 

~*'1'l1!l'ltl~~'ll1m'1'WL'lII'1!l1n1P1'ElUtl'W L'll'W Vl~tl!lLlJ1n1LWW'El ii'El~!ltJ'1I'El'ln1~u1tnFlar'W~ltl~~~'1 fltl LLif,,~iJ, 

mlJl rlJFI1 flultl L(;1~I'1~'1 LL~ar'W~ltl~~~'1iJmlJl rlJhJ ~~'WLL~~11'11i'1'W~1 Lri'El LVltJunlJ LL~ri'ltl1~l ~~1~LL1'1'I L'll'W 

iii') (1'11~1'1~ 3.3.7) 'Wtln"ln~ ar'W~ltl~~~'1U'liJ~l~Yi~ L'll'W prussic acid ~'1"~~llJl~nr'h4'(;11~(;1tJn1~1~ 

F1,)llJ~'El'WLU'WL,)~l'Wl'WLYhJ'W n1~vh1~ar'W~ltl~~~'1~nri'El'Wfutl~~Vll'WL(;1tJvf')ltl ~lm~m;hl~(;1tJn1~iJllJ ~'1 

LCJl LL~~th'l LU'WiJl'W 1'Wtl~~LVl PliS'WL(;1iMtJ tl~~'ll1'll'Warn,,~oWl,r')ar1.J~ltl~~~'11tl~arnL(;1tJ1-iftj~(;]LU1.JL,)~l 24 ,1'') 

LlJ'I ritl1.J"i~oWllJlfutl~~Vll1.JLU1.JLFlitl'lL~tJ'I (http://www.fao.org/waicentlsearch/default.asp) 1'W",h~LVlPl1v1tJ 

,r')ar'W~ltl~~~'1~U'lhJtltl n Ltl~tl n"~~ml11tl Lt:.Jl"'W~nL~tlfUtl~~Vl11.J ~j-'El Lri'Eltltl n Ltl~!ln LL~,) ~llJl noWl1tl iJllJ 

~j-tl L~'EllJ L~'Elf'lJtl~~Vl1'WLU1.Jtll~l~~,)l1.J1~ 

Calories 

per100g 

Protein 

(%) 

Fat (%) Carbohy

drate (%) 

Ash 

(%) 

Moisture 

(%) 

Fibre (%) Vitamin B 

(I.U.l100g) 

Vitamin C 

(mg/100 g) 

l1'\.Hil,j~'H '1i,nJtlfU,j~tln 127 0.8-1.0 0.2-0.5 32 0.3-0.5 65 0.8 10 20 

11'W~4'~ 89 2.1 0.1 20 1.0 77 0.7 30-80 13-15 

.f{llffl'J 347 8.0 2.5 73 1.5 15 0.7-1.0 100-150 -

~lJl : http://www.fao.org/waicentisearch/default.asp 

1'11~1'1~ 3.3.8 m'(;1!l~m1.J~~lriC1J1'War'W~ltl~~~'1 

I 

http://www.fao.org/waicentisearch/default.asp
http://www.fao.org/waicentlsearch/default.asp
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n'HHl~iJlu tl~ :IJ1Ul (mg N/g) 

Lysine 259 

Threonine 165 

Tyrosine 100 

Phenylalanine 156 

Valine 209 

Tryptophan 72 

Isoleucine 175 

Methionine 83 

Cystine 90 

Total sulphur-containing 173 

Total 1 309 

d 
'I'lm: FAO, 1977. 

LLl.h'rU Lth-J,r'W!l1f) Lij If) LL~:;,r'WL~'WL~'il1ifL~tJ\l~(Wr 

,r'WL~'W ~'Cl ,r'W~1U:;"'~\l~,*'WLU'W~'WLL~'l1?l1mLI'Wl"'WLL,x\l ~1m~C11.l1m1ifLUml1"'1~~1?l'l1~ ~'l'W 
,r'W!l1f) Lij If) ~'Cl\l c,h'Wm:;u'l'Wm~!lf?1LU'WLij (1) r1'Cl'W LL~:;Lri'Cl":;1if~'il\l1.l1mu If)~ n f1 f\l ,r'WL~'WLL~:;,r'W!l(1) Lij (1) ~'V'l~\l\l1'W 

~\l Lti'il\l"1mlhnrumfi:u11:1 LIf)~I?l~\l LL~,,:;;:hJhJ1rutU~~'W~1 Lri'il":; 1 if1'Wmn~tJ\l~tWrf1'mJ~J.,61?lC1 ~U'il1"'1~~
~ ~ , 

lmu~~'W~\l L~'flf1\l~:;~u'lu~~'Wl'W'il1vm1,xLYltJ\l'V'l'fl~'flf1'l1~~'fl\lm~'lJ'fl\l~(Wr ('fP1tJ LL~:;f1ru:;, 2540) 

LLU ~ru LU'WLLU\l ,r'W~1U:;"'~\l 

~\l~1~1~C11.l11uu~:;n'flu'fl1"'1 ~"'~'fl ~h'Wm:;u'l'Wm~~'W~'flhJ1~~\l ~'fl1U-d 

LLU'l,r'W~1U:;"'~\lL~'ilm~u1L.nf11'Wf1f'l L~'il'W 1ifu~:;n'flU'il1"'1~f11'l LL~:;"''l1'W 

'!!n~4'tJ"1 n~mu'WA''Wrlt)1 LL~:;~WJ'W1CJ~I?l.nru'Yl'il1"'1~ ~"'1~'I'lm~tJ Lm~1?1 ~Pl1~ I?1f 1~~[;J.j'W1~ I?l~ 
~ 

~'flU ii'il~'lJ'fl\lm~1ifLLiJ\l,r'W~1u:;"'~\l~'fl nmQn "'11~~1tJ LL~:;'W'fln"1n":;~l'lruri1'V11\l'il1"'1nL~'l tT--l~1~1~C11if 


LU'W~1~1,xf1'l1~ii'W'VIi11f)1~ ii'flL~tJ~'fl "'1mtl'WLLU\l,r'W~1U:;'VI~\ln~~Wj]1~ f1'l1~'VIi11f)~1~,,:;hjf1'l~'lLti'il\l"1mLu'l~ 


L"~1~1'W'lfLL'~'l~m~~'W~'l~\l 


LLU\l~(1)LLU~ 


m~CJ~1?1 LLU\l~Vl LLu~'il1"v111rJ\LlfltJ'il1 ~tJuBmm'l'l1--l Lf1~ m:;U'l'Wmn'l'l f1 t 'WtrlU~'lIl1'V'l "'~'fl 

m:;u'l'Wm~~(1)LLu~'I'l1\lmwn'V'l~--l1~n~1'l1'W U'l'l~ 1 LLU\l~f?1LLU~"1n,r'W~1u:;"'~--l~Qn1.l11ulif1'W'fl1?1~1",nn~ 
'fl1m~m:;1f)1~ LL~:;~--lV1'fl'fl£l1\lLL'V'l1"'rl1tJ 1~~~v11~4'tJL~mrium~~IflLLU~LLU--l,r'W~1u:;"'~\l'il£l1--lLL'V'ln.~1I'Ji--l1'W 

u~:;LV1P11V1mL~:;~1--lU~:;L'VI PI 1'Wu~:;L'VIPl1V1tJ~m~~m~1 L~mrium~~(1) LLU~i--lV11--l Lf1~ (1':i':iUl'V'l':i ff~h'iJ.u, 2529) 

LLrl:;tlf)tJ1ifLV1f1'l'W'l~U'VI1\l~'lIl1'V'l (l'ffJll.l"n 'WeJ~1.Jty'\.Jln, 2534; ~':ilry;n.r l1~~fJfJft, 2537) 

I 
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~1111A'fl'l1JJVI,)1'W 

L'll'W ~IL~!lJJnflLA~ ~IL~tlJJ~fnLV1~ azltlfU'Vltlfl LLfl::~'W 1 (rui/~'l~ u,)1L1tl'lL1"l,r, 2535; =Jl", 
~ ~ 

~'1V'f LJI::~Mi/~,)llru LLfl::Aru::, 2540).... , 

and Tim, 1995; Sriroth , 1997; Choliakup LL~::Aru::, 1997; L~I')~nMnr1Vlm~L'll~, 2540) LLfl:: biodegradable 

film (JJil"'1 LJ::uruL1'el'l, 2538; ')=Jl11mlru ururu1~'Vlfi~'1V'f, 2543)
q Go' q .... q 

LL'Elfln'El e1'elft"l1n LLU'I LLfl::m mr'W~1LJ::VI~'1 

(L~1 ~'W'VlIL~[lru, 2531; ,)1~nMnr tllruPTn~-nEJ LLfl:: 11fl~nMnr -nEJ~Vli, 2535) 
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nfllruNr) ~·h'Ell?l. 2544. m']'11VlLl~'Elth"h? '1i1'J~1ij<Y11n1rhJrNn1:tLLiJ-J 1(1): 1-2. 


nfll ruN r) ~rj''El1?l bb~:; b~'Eln~ ULl:;"'El~'lJ1ru. 2543. bVl~t'Wt~~'lJ'El'lbbih ~~lf~f'l~ 2. ~1t!n~~lf~'vIl'iVlm~Ll 

~ ~ 

Lm~mPll~l?lf. nl'1bVl~'1. 292 'vI'!Jl 

nfll ruN r) Plrj''ElI?l, b~'El~~ ULl:;"'El~'lJ1'lJ, 1'llr L~~~'1~~ , ~1~'El'l L~Ll~~I'Wj'j'''I, ULl:; !?I/N~I?lj'I, L~"l ~h1J~, ULl:; 

1~ r:1~~'1'l'W, L"l1'lJ~n~ h"l'W~Vli~L'll1i.!, LL~:;'i"llmr'i'll,n"l . 2542. mj'LLlhxtlLL~:;mj'1;hh:;ttJ'llU 

,r'W~ltl:;'vI~'1 . L'Eln~lmJLJLL~1Vll'1'i'lllmj' t~Nmn~'El1Jj'j'LVlle.J~m:;Vl1JVll'1~'1~~Lti'El'l"lln'in~1?l 

mnUVll'1LPlj'1iiJn"l. ~'vIl'iVlm~mn1i(;lj'~I~(;lf. nNLVl~'1 . 
~ , 

~j'1f(;lU ~(;l~LlnR 2537. mj'e.J~I?l~'El~ tI?lL!?In'li"Vl1'W"lln LL1']'1,r'W~ltl:;'vI~'1 t!?lLl1iiL'tl'Wl'l1,rLL'tl~'I'h-'El:;ih~~~Vl'W, 

~'vIl'iVlm~tJ. 

:n!?l~'1~ tlj':;~1i~~'lj'j'ru, ~L~fi !iT'WI?lj':;Lflm LL~:; ttlj'!?Itlj'I'W Mflj'~I~U. 2540. m'l:;'lJ'tl'ltl~Vlj'I~~LVJj'iw,I'Elmj'
~, , 

r ..... ..... tr ..... """ dI IV 4':11. !V r 
ruN~ 'WLl~'lVlLl. 2538. fi'lJ'l!II?lLL~:;W!l'vl'l. nl'1LVl~~'vIl'Wm : ~ru:;Ln1il?lj' ~'vIl'lVlm~mn1i(;lj'~I~I?lj'. 

ru~~'1'; 1J'lj'Lr'El'lh"lu. 2535. mj'e.J~(;lJl L~'El~yJfntVl~"llmLi:1'1,r'W~ltl:;'vI~'11'WyJ~fll!?1'li"L1J!?I. 'iVlmW~'WfitlVlm 

~1~1?lj'~'vI1Uru-Yll?l. m~'i'l!1 LVl~t'Wt~~Vll'1mmj'. ,"111~'1nnlr~'vIl'iVlm~Ll. 

fiW!?Il tl:;1JruLr'tl'l. 2538. mj'~~ILl!iT'l'lJ'El'lyj~~t~~L'tlVi~'We.J~~LLi:1'1,r'W~ltl:;'vI~'1. 'iVlmW~'WfitlVlm~I~l?ld~'vI1, ~ 

uru-Yll?l. m~'i'l!ILVl~t'Wt~~Vl1'1m'vllj'. ,"111~'1mn.h.J'vIl'iVlm~Ll. 

'ldj'ru~d 1'THj'''lu. 2529. mj'tlf1JtlN~rum~'lJ'tl'lLLi:1'1,r'W~ltl:;'vI~'1t!?lLlmnLtlj'~m~Vll'1b~i1. 'iVlmU~'Wfi, , 

'iVlm~I~(;lj'~'vIluru.yj(;l . m~'i'l!ILVl~t'Wt~~Vll'1m'vllj' "l"111~'1nmr~'vIl'iVlm~Ll.. , 

'lj'~n1iru mru~n~iLl LL~:; 'il~~n1iru iLl~Vli. 2535. mj'e.J~(;lLL'El~nml'tl~"llnLLi:1'1,r'W~ltl:;'vI~'1t!?lLl1if~mLi:1'1 ., ~ 

t~d'lmnrLl'WL~'El L~1~tJj':;~1J mj'ruj':;~1J1R'lJ 'lJ1Uru-Yl I?l. m ~'i'l!1 LVl ~t 'Wt~~Vl1'1'Ell'v11 d. ,"111~'1nmr 

~'vIl'iVlm~Ll. 

'l:nj'I~j'j'ru 1.J 'lJ'lJl~Vlfi~'1~. 2543. mj'~!?1 LLtlnLi:1'1,r'W~ltl:;'vI~'1ttnmtl'Wl'11,rr:1~~~IL'W~L~t11if1'Wmj'v'hmJ'W 

yj~~. 'iVlmU~'WfitlVlm ~1~(;lj'~'vI1Uru-Yi I?l. m~'i'1l1 LVI ~ t'Wt~~'hm~ . ~m'iVlm~mn1iI?lj'~I~I?lf. 

'i'lllmnn1i(;lj', m~ . LLe.J'W~~'Wl~'l! LLe.J'W~~'W1L~d1i~n"LL~:;~'1~~LL1A'I'llI~ 'UU1J~ 7 L~~ 1,2535-2539.370

376 . ('1l!?l~IL'Wl) 

U~ L~~L'l'll~m'W'Wvl. 2543. mj'~tnLLtlnLil'l,r'W~ltl:;'vI~'1~hLl'ifl Ball-mill LL~:;mj'~n1il~~1J'1i'lJ'tl'lLLil'l~tnLLtlj'. 

'iVlmU~'WfitlVlmPll~(;lj'~'vI1Uru-Yi I?l. m ~'i'll1 LVl ~t 'Wt~~~'lm~. ~'vIl'iVlm~mn1iI?lj'~1~ I?lf. 

~m~~ 'W'El'l1.J'lJ'Wln. 2534. mj'e.J~l?lmtn~:;'Wl'l"lnLLi:1'1,r'W~ltl:;'vI~'1L!?ILl LL'El~Ltl'El~f~l'WL"'Elf ~ILl~'W( A 185 

(i)'lLl'ifimj''vI,rn1'Wm'vlln'vl~'l. 'iVlmU~'WfitlVlm~I~l?lnmluruoVi(;l. m~i)'llILVI~t'WL~~Vll'1m'vlld. 

,"111~'1m'ru~'vIl'iVlm~Ll . 

m~ddru 'vI1'1t11rU Lb~:; 'W~f(;lU LL'l!~'1. 2528. md~n1il'v11iitl~~b~mn1JLLil'lmLl1'Wtlj':;LVl~. '11'W'i4'Llt~Nmd 
LrtJ'Wmj'~'El'WL~tl L~1~tld:;~1Jm j'rud:;~1Jm'lJ 'lJ1Uru-Yl (;l m ~'i'll1 LVl ~L'WL~~Vll'1m'vllj' ~ ru:;'iVim 

~1~(;lf ,"111~'1mru~'vIli)Vlm~Ll. 

I 
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3.4. -ii1"lvh'l 

~ "" ..tl1'i'k! k!1 flI'I'i'mmru 

~'lJ~~ !TP1"l~n~~~~ 

i?l'i'. ~'i'lf[;l,r vl[;l~LJ~~ 

3.4 .1. ~mjru:::'Vl1,n'l~~P11~[;lf 

-ii1"ly:j1'1{i?l'tl~1k! Family Gramineae, subfamily Panicoileae, lll:1::: tribe Andropogoneae lLI:1::: 

tl~lk! species Sorghum biocolor L. Moench, ~~'il~n~'il ~'il S. vulgare (Matz, 1991) ~'il~ijm.JLrLJn~'il milo 

~'I~).J1LJ~'I-ii1"lVh'lll1Vl ltlk!~"ll[;l'i':::nl:1~n:h jjlu~mu ~ltXk!LLii'lLLN jjfl"l1).J~'I~'ILL~~1nrh 1 L).J[;l'i'hJ"lk!~'I 5 
~ ~ ~ 

l).J[;l'i' LL~"lLL~~k!{ -ii1"lvh'lih:::uUJ1miJk!llUUJ1mJ'ilLJ jj91k!"lk!'i'lnmnb).J1nn~1-ii1"llViVllh:::).J1ru 2 lvil) ~'I 

~1).J1Hl'{1i?l~lLLI:1:::m~1'i'1~~Lljk!~LP11j lu-ii1"llh.:lij~n1jru:::Ltlk!LrEJ"lm"l fI~1rJ1U~"llVi"ln~rY1i"l11u 'lJ'ilULU 

~6m~n1f1~lLJ~k!L~'ilrJ [;l1).J~"lluij~1'i'Vi"ln~~'1 (wax) LfI~'ilU~k!lL~'ilI:1i?lm'i'mrJ~l (rJrJi?ll LVlVi,x[;l~, 2523) 

-ii1'lvh'l'il'iln i?l'ilmtlk!'Il'il~LJ'ili?l ~n1jru:::'Il'ilLtlk! panicle LL~ij91k!'lk!i?l'ilnmmL~:::'il~'i''l).Jnk!ri'ilk!-ii1'1 LLklk! ~'1~n 

LrLJn~l head ~i?l'ilmtlk!LLUUi?l'iln~).JUHWLViP1 (complete flower) ~u~1rJA'Ill'lJk!'1'lJ'il'l'll'ilVl'iln LnM~"lr:rLL~:::LnM" ~ 

~"lLijLJ'il~mLJlk!i?l'ilm~EJ"lnk! ijmJe.J~).J~"lL'il'l1i?lm'U~LJU'i':::).J1ru 995 LU'ilfLeiik!t'1 ll~'il1"l~m'i'~k!LlU'i'~'1LL~ 50

100 LU'ilfleiik!t'11k!~~'1'1l'ilVl'iln"l:::~L).J~Vl-ii1'ly:j1'1U'i':::mru 800 - 3000 L).J~i?l LL~rh-ii1'ly:j1'1"l:::Ltlk!~"ll~).J~n LL~ 

~~'1"lli?lLiiu L~EJ"lL).J~i?llU Ll~"l6'1~1).J1'i'r1"l:::H[;l'illl~:::Liiu L~EJ"lj;.JI:1j;.J~[;l~'illul~~n 1-2Ylf'l ~k!'il~nUfl"ll).J~).J\!mr 

'lJ'il'ltXk!LLI:1:::nJU{ju"i'{1Ll~~~'1"llnm'i'Liiul~EJ"l (flru1"llnrmfl~"ll1~"ll11k!l, 2527) -ii1'ly:j1'1~1).J1'i'r1V1k!ll~'11~~ hi 

tX'il'l'{1ll~fmj1).J1n tX'il'lm'i'~li('ilLJ ln1j[;l'i'nJ1V1rJijLJ).JU~n-ii1"ly:j1'1Ltlk!~"llik!~ 2 llVlk!~"l '11 "1~"1 LVi'i'1:::~1).J1'i'r1 

Vlk!~'tlM1Vi II"l i?l~tl).J~ LLtX'I Ll~'11~~ n~1~"llH"lliji?l~k!1 ~~'illilu~ mtl'W~"llVi i?l llVlk! Lri'il~"ll~ ln1j[;l'i'nJtX'il'lm'i'u~n1~ 

fUfl"ll).JL~rJ~lLJ 

Grain sorghum (sorghum bicolor) 

-ii1"ly:j1'11'Wn~).J01~LLriVi"ln milo, kafir, fete rita , hegari 'i''l).JvY'I~nj;.J~).J''llnVi'ln~nri1''lm lL~"l 
'i''l).JvY'IVi''ln durra, shallu lll:1::: kaoliang ~'1ltlk!-ii1'ly:j1'1~ijrJ).Ju~nlk!u'i':::lVlP1n~).Jm~fu 'Sk!L~rJ LL~:::~'W [;l1).J 

~ll1iU 1~'lJ'il'l tXk!-ii1"lYl1'11'Wn~).JOm"lij~n1jru:::'lj).J~1~1'tl LLtX'I LL~"l:::hi~'ll'WLVil~l tX'W'lJ'il'lVi'l n sorgor L).J~ i?l'lJ'tl'l 

-ii1"lYl1'1L).J~i?l (grain sorghum) ~jj'lJ'W1i?l1~n.!ij~'lJ1'l ll~i?l "ll).J~ m~'il'l ~1[;l1~~~'il~1[;l1~Lli?l'l ~1).J1'i'flnJ:::L'Vn::: 

L).J~i?l'tl'tln"llmU~'iln~).Jl~~lLJ U'Cjm~tllm l).J~i?l L).J~i?llilLtI'W'tl1~1'i').J~1jULL~:::~[;l1' 
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Broom corn (Sorghum bicolor) 

ij~'flL~tJn1'Wm~11VltJ~1.jh')vh-11lJnrl1(1) 'lltl(1)tln'll'tl--1-ii1')vh:l'llil(1)~ij rachis ~'W ~Ll?lij~--1ll'll'W--1 

m') ~L~::~(1)'tlmYitJ--1 L~nii'elu~tJ~lUA--1 Ll-J~(1J~'lI'W1 (1JL~n~U LL~::~n~u (1JtlmXl-J~ilVl r'h'W1tl(1JYJn LL~::~'1LL'lI'W'l'lltl--1, 

'll'el(1Jtlm~'flLL,x--1"i::LVlllmLL~::LL~'l1-ifyh1lJm1(1J ~'el L~UnVl1--1i)VlmPl1Ml'f'll'el--1 broom corn ~1 S. dochna 

Farage sorghum 

.... ....... 1 1 ''' ..' Vlrtl sorgos Vlrtl sweet sorghum (Sorghum bicolor) l-J'lltlLrUn 'W1l1~1 Vlm1'l11')-n1--1V1,)1'W 

ih~'W'lI!l'l-ii1,)Yh--1'1lil(1J~"i::ij~n~N::'l-J~1 LL~::ijLtJtlfL'lI'W~~ll?11~~'l1-ifv'h syrup silage LL~:: forage midrib 'lItl'l 

1U-ii1')Yl1--1V1,)1'W"i::ij~'WLii'tl'l"i1 n i1~1V1,) 1U'tl~ 11l1l-J 'll'el--1~ l--1'l1'tl--1l'll ~~~--11'W-ii1')Yl1--1'llil(1)~'WLtl'W~'el ~ 'lI'tl--1'tl1 n 1 PI -ii1,) 

Yl1'lVl,)lUijlii1 ~'W~--1 ij Ll-J~(1)'lI'W1 (1) l~n LL~::ijn~u (1)'tlnm') ~n~N::LL~::'lI'W1 (1)'lI'el'l'll'el (1J'tlmLI1l n 1?I1'l rl'Wmn ~tlij'lltl 

(1Jtl n ~,mI?lVl~,)l-J"i'W LLU'W LL~::m "i L tl'W'llil(1J~ ij rh'W ~L'IJ'W'l ~'WttJ "i'W~--1m') WI1 rac h is 

Grass sorghum 

~~tl ~~un1'Wm~ltVltJ~1 VI rY1-ii1')Yl1--1 LtlUVi') n-ii1')v11--1~'WfU11?11--11ij~n~N::rl~ltJVlrY1vr')11tJ 

1-ifLU'Wtl1V11r~11l1 Ltitl'l"i1 n~l ~'WL~n LL~::nmmlJln ntl~ rl~lUVlnh ~'lilUl-JtJ~n Lu'W'vl--1V1nh L~m~lJIrlVl1tliff Vlyh 
Q,I '1.1 q IIV 

VlrY1L~,x--1V11'el;11LU'WVlrY1V1~nri1~ -ii1')'Vh--1Vi')n~1~LLri S. sudanense (VlrY11(1J1'W) S. halepense (VlrY1"i'el1,.\'W 

~u) LL~:: S. almum (VlClhLrl~l-J'!J~) 

special porpose sorghum 

-ii1')Yl1'l~1-ifLl-J~(1)L~'eltJr::LU'lItJ~'W11~LLri -ii1')v11--1~1ii llJ~ Vlm ~') futJr::Vl1'W Vl1ml11tJ;11lU'W 

mJ--1;11'l1'Wl-J ;11m') L(1JUl-J1mtl'W-ii1')Yl1--1~ij'll'W1Vllii1 ~'W~--11V1CU Ll-J~Vlii'tltJ ~'lI'W1(1J l~ml~::LL~--1 ~'IJ1,)'ell-J LVI~Tl'l hj
~ ~ 

iltJl-JtJ~mu'WmrA'l 'W'eln"i1ntJ~nWl-ifrl'W(;]llJU1'WL'VhJ'W 
ojf1')v11--1L~"'Utln"i1nijm1l-Jrr'WLLtJr1'W~n~N::Vl1--1~'WLL~')ritJ--1ijm1l-Jrr'WLLtJr1'W~n~N::Vl1'1 

Ll-J~l1lmh'll-J1n Ll-J~(1J~'Wfojf1')v11'1~1?I1'1rl'W 'el1"iij~'llU~ LLl1l'l ~1(;]1~ LVI~'tl'lVI1Tl'IJ1,) ~n~N::LL1J'l1'WLl-J~(1)'el1"i~tJ 
rl~lu'll'el~nn1tl LL~'I rtJ11'1 Ll-J~(1J!l1"in~l-J n~l-J~ Vl1tln~l-JLLu'W ~n~N::LL~::'IJU1"''lItl'l1'elri LLlJInI?l1'1rl'Wmh'll-J1n 

~ 

LlJ~(1)ojf1')v11'1~'IJ1,)LL~::LVI~tl'l 1Mum1lJilulJ1'WmrHfLu'W!l1V11r ~'I~Lii'el'l"lnVi')n~ij~LLl1l'l 'lllJ~ ~1(;]1~ ~nij 

r~'lIlJ 'tl'WLtitl'llJ1"i1n ~lmVl'Wil'W ~'I!l1"itl~1'WLtJ~tln'Wtl n'IJtl'l LlJ~ 11l LL~::~llJ1n1LLUntltln1~(1)UmriVl~ LLI?I chTl~ 

1'WLtJ ~tln1'W mmUntltln"i1n LlJ~ 11l ~')U Lrl1tl'l~L'Vh~jjTl~1'WtI"i"l'!J'W;111~U1n ~lj'LLVl'Wil'W~ ij j'~'IJlJ ~VI~l~"i:: LU'W 

~,)~11lmrutlU'lITl'lLtJr~'W yh1,xrl Nri1Vl1'1tl1V11r'IJTl'lojf1')v11--1~(1J~--1 -ii1,) Yl 1--1 LLI?I ~::~ltJ~'W€"i::(1ml11tJ1-iftJr::LU'l1tJ, , ~ 

1?I1'11 rl'WltJ ~~tl LmtJu LVi I:.IU rlU ~l-J~ l11Yl'll Vl1tlYl'D~Vl'WLL~'I'llil"'~U1ojf1')v11'1nTl'l rftJr::nTlu~ij fl ruri1Vl1'1!l1V11r~lJ 

rl')mrimr~"i1rr1 L~tl'tl11tJ1-iftJr::LU'lltJI?l1'11 'WTln"i1n~Tl'l rftJr::ntlu 1?I1--11tJ--1 ~LtJrrr'WttJ lJI1lJ~lU~'Wf M1VilJi'l 

!l1 m PI~1-if1'WmrLVi1::tJ~n LL~::L,)~11umnrlu L~m ~\lij m1lJ~1 ~tl-J ~'el m r~(1J L~tl n1lJ1 CJ ~u~LVlm::~lJ1'Wmnl1 

1tJ1-ifLu'W!l1V11rlJ'4~U tl1V11r~lJIrl Vl1Tl1-ifLU'WL~'W1ml1V11r (Joseph and Charles, 1970) 

3.4. 3. ~n~N::Lrl N~~l'1 LL~::Tl--1 rftJ r::n TlU'llTl'l LlJ~ (1Jojf1')v11--1 

LlJ~11l-ii1')v11\1~L!l1 mu,xwl-J~ (1J'el'el n LL~,) ~,)'W1V1nJjjrtJ11\1n~lJVl1'el n~lJ~ L(1)l:.Ivr')ltJij'IJ'W111l, ~ ~ 

lh::l-J1N 4.0x2.5x3.5 L'lI'W~LlJl1lr ~1V1-WmlJ~"'LLtJrrr'W"i1n 8 ~'I 50 i'l~~nfl-J L(1)m'U~utJr::lJ1N 28 i1~~nflJ ij 
12000 - 18000 LlJ~(1)I?I'eltJtl'Wi?l !l1"i"i::ij LtJ~'eln~'IJ1,) LLl1l'l ~VI~'el\l Vl1Tl'lllJ~ LlJ~l1l~ij LtJ~tln~'lI1,) ij~'el L~unvr')ltJ~l 

kafir ~\I"i::jj'IJ'W1 (1J L~nL(1JU L'U~U L~n nrj1-ii1')v11--1~'Wlf~'W1 LrlN~h'l'IJ'el\l ~~!l LlJ~ (1J-ii1')Yl1\1 LLtJ rrrU!lU1\1 ij-WU~l~C1J 
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L~'il'l~'lnu~r.rEJ'VI'l'l ~h1.J~rn'V'lLLt"J (;l~'ill-J LLfl:;~1.J~p!'l~l?If llH'l'l 'lJ1.J'l(;l ~(;l~t"J1.J'lJ'il'l~t"J1.JVI~n1 'lJ'il'l L~'il Ll-J~(;l LLfl:;1r1~'1 
~!f'l'lrnEJ11.JLLlJlfl:;~,)1.J'lJ'il'l Ll-J~ (;l~Il-J'l~C1 LL1J ~rr1.Jl1J 1?I'll-J~1.Jf 

'il'l A1J~:;n'ilU'lJ'il'l Ll-J~ (;lii'lt"JYl'l'l r1~lmlUii'lt"J1'V'l (;lVl'l'lIEJ1J~:;m~ m'll-Jr1~'lEJr1~'1 n1.J;1~t"Jl-Jl1Jii'l 

~n'l:l'ru:;'lJ'il'l~ l?I'lf'll LL'I'l:;11J~~1.J L-D1.JL~m nu~')'W1J~:;n'ilU~'W11r1N~!f'l'l'lJ'il'l rl'V'lJ):; LL'I'l:;Lt:l'W1(;l~Ltlfl-J1n~l~EJ'I fl'W 

nuii'lt"J1'V'l (;l IJI 'l'l n1.J~ii'It"JYl'l'l ~ml-Jl ru1'lI ~1.J~ 'lnr)'l LLIJI lJml-J1 ru11J~~'Wllfl :;ml-J'l ru lLU'I ~'1nr)'l 
~ 

1?I'l~'l'l~ 3.4.1 t:l'lA1J~:;n'ilU'lJt:l'lLl-J~(;lii'lt"Jvll'1 

I 
Composition Range (% dry basis) Average (% dry basis) 

Water (% wet basis) 8 - 20 15.5 

Starch 60 -77 74.1 

Protein (N x 6.25) 6.6 - 16 11.2 

Fat (CCI
4 

extract) 1.4 - 6.1 3.7 

Ash 1.2 -7.1 1.5 

Fibre (crude) 0.4 -13.4 2.6 

Pentoglycans 1.8-4.9 2.5 

Sugar (as dextrose) 0.5 - 2.5 1.8 

Tannin 0.003-0.17 0.1 

Wax 0.2 - 0.5 0.3 

-yhn :Watson, 1967 

http:1?I'll-J~1.Jf
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Kernel fraction % kernel 

weight 

Protein
b 

(%) 

Ash 

(%) 

Oil (%) Starch (%) Niacin 

(mg/100g) 

Riboflavin 

(mg/100 g) 

Pyridoxin 

(mg/100g) 

Sorghum 

Whole kernel 100 12.3 1.67 3.6 73.8 4.5 0.13 0.47 

Endosperm 82 .3 12.3 0.37 0.6 82.5 4.4 0.09 0.40 

(80) (20) (13) (94) (76) (50) (76) 

Germ 9.8 18.9 10.4 28.1 13.4 8.1 0.39 0.72 

(15) (69) (76) (20) (17) (28) (16) 

Bran 7.9 6.7 2.0 4.9 34.6 4.4 0.40 0.44 

(4 3) (11 ) (11 ) (4) (7) (22) (8) 

Pearl millet 

Whole kernel 100 13.3 1.7 6.3 

Endosperm 75 10.9 0.32 0.53 

(61 ) (14) (6) 

Germ 17 24.5 7.2 32.2 

(31 ) (71 ) (87) 

Bran 8 17.1 3.2 5.0 

(10) (15) (6) 

8 ~ 'l d '?I" 0 ~ d .. 
~11Cl 'IJ 'U1~IClUllff~'1f1lIU'U1 tJ UCl~'lJtJ'I'U1'11'U mlJ~'lJ11 

b N x 6.25 

d . 
'VllJl : Hubbard. Hall and Earle . 1950 (sorghum): Ahdelrahman . Hoseney and Varnano-Marston, 1984 

(pearl millet) 

'flI'In'i' hh~'Ua (g) 1'IJlJ''U (g) Illl (g) 1~'U'lU (g) fI1{1u1~1~1~ (g) 'Yfci',I'Il'U (kcal) 

.. .. 
'lJ11nM'I 7.9 2.7 1.3 1.0 76.0 362 

.. '" 'lJ11t'1'lCl 11.6 2.0 1.6 2.0 71.0 348 

'li'11i'Vi~ 9.2 4.6 1.2 2.8 73.0 358 

'li'nvh'l 10.4 3.1 1.6 2.0 70.7 329 

a N x 6.25. 


~lJl : Hulse. Laing and Pearson. 1980: United States National Research Council/National Academy of 


Sciences. 1982. USDA/HNIS. 1984. 


'fl-l rl1.h:::n'flu'lI'fl-l Ll-Jfttnifl"lvll-l"n n~'l.\1f~1,xU-Ifttn ifl"lvll-lVl"ll'U LVC'l:::VI nhifl"lvll-l 1~~n1~~ n1:n , 
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r.nn 3.1 - 4.9% hh~"W~rh~'1 LL!1I 11 - 15% 1(;1tJvY'Jhh~'f)Ll-J~(;1'l1!Wii1'JY11'1~tfh.J1rwLLiJ'I~'1n~rl LLtl~tfhnrwl'l1ar"W 
~ 

~ln~l Ll-J~ (;1~~'J"W1 (;1 L~nn~1'f)tl1'1iJ1'JY11'1V1 nJ1V1r'f)iJ1'JY11'1V1'J1"W L"Wm ~~n~ LLtl~~ Lfl~1~';iJ1'JY11'1'llil(;1Dnl-J (;11 

LLtl~'llil(;1LL'Jn~~1"w'J"Wmn~ri(;1L~!ln1(;1tJ Horan LLtl~ Heider (1946) ~u~lhj~fl'J1l-JLL[1lnr;)1'1L~"W1L"W!l'lr1ih~nmJ 

1(;1 tJvY'J 1 hJiJ1'JY11'1 Ll-J~ (;1 Qn~1?l-J"W1 LLtl~ufUiJ~'1~"WfLLtl~l~~"Wf\jn e..J~l-J~ ~ Ll-J~ (;1 '11 "W1 (;1LVlbl!~"W ~ L~'f) mJ'I!l1tJL"W 

" Ll-J~(;1mn~"WLLtl~~mmru1u~~"Wtl'l 

~[1l1f'llL"WLl-J~(;1iJ1'JY11'1LtI"w'f)'1r1U~~n'f)U 68-73 LUtlfLeJi"W!?l finnm~~n~ 20 ~"Wf'll'f)'1 

oif1'JY11'1 Ll-J~(;1 LLtl~oif1'JY11'1V1'J1"W ~[1l1f'll LtI"Wf'h"Wu~~n!lU 83 LU!lfL'll"W!?l'lltl'l L'f)"w1(;1~ Lufl-J 13.4 LtJ!lfLoD"W!?l'll!l'l~l 

1(;1tJ~m~lfinml-J~(;1iJ1'JY11'1~ QmLtJmLr;)tl~~'J"w~'JtJiJ'f) (Hubbard LLtl~flrw~, 1950) fl'J1l-JVI"W1 LLkl"W'lI!l'l~[1l1f'lliJ1'J 

Y11'1~fhtl~u~~mrw 1.5 nfl-J!1I!l:ntl~~[1l~ (Barham LLtl~flrw~, 1946) fl1fLulm(;1~[1l~"W1"W!ln"lln~[1l1f'll~U!l~ 

L~tJ'I~l"w'J"WL~mJ'f)mij (;1 LLU'l"llniJ1'JY11'1fl~ltJ fl~'1nU"llnoif1'J1~(;1 LLr;) L~"W~.h"W~"W~ntl1'1!l1"lti'l 35 ll-Jfl~'f)"w 'lIrw~ 

~~[1l1f'll"llnoif1'J~~(;1~'lI"W1(;1U~~mrw 30 1l-J fl~!l"W ~[1l1f'll"llnoif1'JY11'1arn~U~1~'lI"W1(;1 LLm1,.ftlLVlbl! ~[1l1f'll"lln 

oif1'JYl1'1 LLUU LL'Jn~~rui1'1 LVliJ!l"Wn"WnU~[1l1f'll LLUUU~l-J (;11 LLr;)~ L~w.h V'\"W~ntl1'1LVlnJn~l~ [1l1f'll LLm"Wtl"llnoif1'J 
'lI 'lI ~ 'lI 

Grain -ednmy 

(~tlV(l~) 

Gelatinization 

temperature (OC) 

Water-

Binding 

capacity 

(~tlV(l~) 

Swelling 

at 90°C 

(~tlV(l~) 

Solubility at 

90°C (~tlV(l~) 

'" f111lJ'\1'U~ 

(amylograph - Brabender units) 

Initial Final At 

93°-95°C 

After 

holding 

at 95°C 

Cooled to 

35° or 

50°C 

After 

holding 

at 35°C 

or 50°C 

Sorghum 24.0 68.5 75.0 105 22 22 600 400 580 520 

Sorghum 

(waxy) 

1.0 67.5 74.0 - 49 19 380 290 390 350 

Pearl millet 21.1 61.1 68.7 87.5 13.1 9.16 460 396 568 536 

a Peak viscosity achieved at 83SC. 


~lJ1: Rooney and Serna-Saldivar. 1991; Leach. 1965; Horan and Heider. 1946; Subramanian U(l~f1ru~ . 


1982; Beleia. Varriano-Marston and Hoseney, 1980; Yanez and Walker. 1986; Lorenz and Hinze. 1976; 


Wankhede. Shehnaj and Raghavendra Rao. 1979b; Paramahans and Taranathan. 1980. 


~ , 
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3.4.3.2 J11Pl1rll'WL~~~ii1"lVh'l 

mmruJ11Pl1rl'1l'1l'lL~~~ii1"lv:l1'1~"l'W1V1qj'1l~1'W']h'l~'1LL!?l 0.9 - 2.0 LlJ'1lfL'll'W1Pl1'W~'Wf 
vY"l1lJ LLrl:::i'lL~~~iJmmrum'WL'VlLL'll'WlJ'i':::mru 2 - 3 LlJ'1lfL'll'W1Pl1~tJJ1V1,rmL~'1 ~'1~"l'W1V1nJ'1ltJ1'Wm'1l~rnfi"lVl~"~ 

3.4.3.3 LlJ'i'~'W1'WL~~~ii1"lv:l1'1 

Osborne (1924) 1rJf~1 LL'Wn'!lil~'1l'1l'l 'llJd~'W1'WL~~~firu~'ll'i'''l~i'lii1''lv:l1'1'1l'1ln1rJfvi'le 

• '1lrl\jil'W (Albumins) rl:::rl1tJ1rJf1'WJ1 

• 'lnrl\j~'W (Globulins) rl:::rl1tJ1rJf1'W~1drl:::rl1mn~'1l 

• 'li"ldrl1il'W (Prolamines) rl:::rl1tJ1rJf1'W~1drl:::rl1m'1lfi1'W'1lrl 

• nrlLIPl~'W (Glutelins) rl:::rl1tJ1rJf1'W~1drl:::rl1tJI?i1'1L~'fl"'i1'1 
" 

'llJd~'W'1ltl'l L'1l'WL~~ L1Jf~ LLrl:::'llJ d~'W'1l'1l'l ~vm::;'lJ'1l'lii1"lv:l1'1 1rJffu rl"l1~~'W1"'i-W'1ltJ LlJd~'W 

~l"'iml'W1'W~'1l kafirin (VI~tl prolamines) ~rl~1~"'i1m'1l'W'l~~Ltlf~ iJlJ'i':::mru 83 LlJ'1lf~'ll'W11l'1ltl'lLlJd~'W1'WL'1l'W'l~~ 

Ltlf~ hh~'W~"l'W1VlnJ1'Wii1"l'W1'1hj~1m dC1 C1 n~rl~1~~"ltJJ1V1~'1l~1'i'rl:::rl1tJ Ln~'fl1~ 
~ " 

3.4.3.4 b~'W'1l'1l'lL~~~ii1"lv:l1'1 

1'1l~'W1 'Wii1"lvh'liJ fJdr11'Vl1'1mVl1 d~~1 ~C1.J!?l'fl ~'4'jj'ULLrl:::~1Plr) LL!?ltl1"'i ~'fl'l,J fulJ~'1 b~''1l'l 
n~'Wd~ LLrl:::mdL'\.u'J'W'~'W L~'1l':n1lJ'V'ht:.J~IPl.nru'Ylmvm vi"lvl1rl:::rl1tJ 2 '1lil~Qn1-if~1V1fu~rl~1'll~'W"'i1nii1"lv11'1~'fl 

l'l"lvl1rl:::mtlhJiJ-E'''l L'll'W L!'In L'll'W "'i:::~rl~1'Vldn~L'll'1lhr;frlUmmruL~ni!'fltJ'1l'fl'l111hrnfutl'W ~LlPlm'flrlLtl~L'Vl'1lf m~ 
1'll~'W 'l~'l'Wn~L'll'1lhr;f1~n~L'll'1lhr;fLLrl:::~LIPl'1ld'1lrl '1l'1l'lf.J~~~n~~1~J1"'i:::Qm1tJn~11'1l~'WVI~'1lJ1~'Wi'lVl~~ 
(crude fat or oil) ~"l'WI'l"lvl1rl:::rl1tJiJ-E'''l L'll'W 'W'flf~'1lrl - ihVirl LL'1lrln'1llltl~ VI~'fl rlrltl Lni'1lf~ - L~'Vl1'W'1lrl "'i:::~rl~ 

n'i'~b~'W~'W1 yJ'1l~'lyJ~tI~!?l1'111nrlLrl~tI~!?l1'11 LLrl:::1rl'llJLlJd~'W 
m'i'm:::"'i1tJ'1l'fl'l1'1l~'WhjiJ-E'''l1'WL~~~ii1''lv:l1'1 5 ~'WfLLrl:::LL!?lrl:::~"l'W~QnLLtJn~"ltJn'flL~'1l 

~n'jj'1 'I"IU~1rl~1tJrl~'1rl'Wrluii1"lL'I"I~ (Hubbard et ai, 1950) mmruJ1~'WL'u~tJ'1l'1l'li'lL~~~~tl 3.6 LlJ'flfL-D'Wl1l 

~'1m~1ruJ1~'W'lJ'fl'lL'fl'WL~~Ltlf~ ~i"IIl::: LLrl:::i1 ~'1l 0.6 28.1 LLrl::: 4.9 LlJ'1lfLoil'W11l1Pl1~~1viu 1'WL'1l'W'l~~Ltlf~fi~ 
dJ'W 13 LlJ'flf~'ll'W11l'1l'1l'lJ1~'W1'WL~m~~~ 1'W~i"IIl::: 76 LlJ'1lf~'ll'Wl1l LLrl::;1'W~1 11 LlJ'1lfLoil'Wl1I ~1d~rl~~"ltJ 

mlPldL~tJ~~ Lfi'1lf"'i1nhih"l'W1'1~"l'W1VI qjlJd:::ntlU ~"ltJ1'lJ~'Wmnn~1Jl ~'W ~"l'W'fl'l rflJ'i':::n'1lu'1l'1l'l1'lJ ~'WLVln'1lnrl'W 

i'l 5 'Wfb~'W~~rl~1~"'i1n~1ii1"l'W1'1~fJrur11~'1n~lh'1l'fl'lfiC1J~'1l~'W L 'll'Wiil"l L'I"I ~ LLrl:::~"l'W1V1qjlJ'i':::ntlU~"ltJ LL"ln'lf 

M'I LLii'l~'1lruVlIlil~'1l'l L~~wii1"lv:ll'1iJ1'll~'WlJd:::~1ru 0.25 LlJ'flf~ L'll'Wl1l'~'1mnn~1ii1"l 'li"l~ iil"lv:ll'1!?l1'1"'ilnii1"l 
q " 

L'I"I~lPld'l~ojh"lv:l1'1iJm~1ru1'1l~'W~1n~1 LL!?iilmmruLlJd~'WLLrl:::~1Pl1f'1l~'1n~1 J1~'W"'i1n~'I"IIl:::'1l'fl'lii1"lv:l1'1LVln'fl'W 

rl'WrluJ1~'Wii1"l 'l'l"l~1'W~~u'1i'Vl1'1 LrliJ LLrl:::'Vll'1mtJIl1'1"1 LL!?iJ1~'WL~~~ii1"lv11'1~~I'l"l-W'fltJn~1J1~'Wii1"lL'I"I ~ L~n 
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3.4.3.5 	 Yl'W'el~n (Phenolics) 

'i.'l1j'ih:::nmJYl'W'el~n -n'l\J~-:) b'i.'l~~ n~'Wj''i.'l'i.'l bb~:::~'1J'el-:)mmj'rl'Wu~:::mvm~I1Ir)~lh:::n'elu 

~'l\Jiil'lYll-:) bb~:::~mh:::n1j'Vlii-:) m"'l~rJ~l1l'eln1j'tl'elmbf'l:::bU'W~'jj L(?)m'Uyn:::'eltll-:)~-:)1'Wiil'lyh'lVl'lI'W 'i.'lIJ 

uJ:::n'eluYl'W'el~n 1'Wb~~(?)iil'lYll-:) 1~uri 

• NrltJl1IrI iil'lYll'1~11l1-:)~'Wfin'W"'l:::~~bU~'eln~11l1'1n'W~'l\J ~'W'eltlnUNrltJl11r1~'lnYl'W'el~n ~~m"'l~(?)lunuL~'el
q q 	 ... q 

L~~(?)~LLl11n~n (grits) j':::VI~I-:)n1j'hJLL~'I Lbf'l:::~(?)lun'J'i.'l11l11'llbbf'l:::n~LI11'Wj':::VI~I'1n1Jhibn\Jn NrltJl1I~~'lnYl 

'W'el~nm"'l LU 'W'i.'l 1 LVI "l1~L~~ LLf'l:::rJ~I11.nCW'Vl~j''i.'l'1J~ bbf'l:::hJ'el1'el \J 

• bL'Vl'W-W'W b~~(?)iil'lYll'1~~bU~'eln~~L~~(?)~~11111f'l "'l:::~m~ICWbb'Vl'W-WW()'I ~ril'eltl1'W-n'l'l~-:)LL11l1.3 - 2.0 , 	 \J ~ 

~ X' ""1 ...,~~'111111'l1'el'lmVllj'r-lI11'l LL~:::'el1"'l"'l:::~rJf'l 'Wn1j'u'el'ln'WL'll'elj'1 

• NrltJl11 ~~hi1if~'lnVl'W'el~n ~'Wfiil'lYll'1~~U1'W1'W~ L1mL~:::;S'WL~\J ~ L'il'WL(?)'i.'l LtJf~~LVI~'el'l~'I~ LLrl hYl'W'el\J (;] 

mn~'il'i.'lW'1'lj' L~~(?)iil'lvll'1~'Wfii'llu~m~ICWbLrlhYi'W'il\J(;]i'lVl~(?)Uj':::~ICW 1.5 ppm ~'l'W~'Wfi~nrJ'i.'l~~~, ,~ 

L'il'WL(?)'i.'lLtJf~ILV1~t:l'l~Uj':::~ICW~'Ii1'1 10 ppm (Blessin LL~:::fHW::: , 1962) 

• 'i.'lIJ~'jjLLf'l:::'i.'lIJUU~'Iflj'rilmVllj' Hulse LLf'l:::rlCW::: (1980) Jl\J'Il'W~1 il"'l4'\J'vh1~Ln(?)rl'lI~LU'W~'jjLL~:::UU~'I 
flcwril'Vll-:)mVllj'~~u1'Wiil'lYll'1LLU'l'iltlnl~Lu'W 2 ~'ln~'el 'i.'lIJ~ Ln(?)~'WLtl'lL(?)\Jjjn~'llI~1'Wyl'll~'W1 LLf'l:::~rJ~ 

~1"'llnUBntn'Vll'1'i.'l1J~'Vltn'llt:l'llJ'WLt:l'l1~LLri ~'fl~Vl'Wtl~(lJntJm1\Jn~1 LL'Vl'W-W'W) 1v1L'Vl1111'1!tnL'WL"'l-wn1n~Lrl 

1'1!(;] LU'Wtii'W LLf'l:::'i.'lIJ~tJm.J~I1IL(?)\J'~'W'Vl1tlVl~'fllh~I1I~'W1 ~'el~u'WL~~(?)rn\J1tiiMl'l:::Vlii'l1 L-n'W tl:::v1~I'Vl'eln 
~'W ~U~liil'lYll'1"'l:::~m~ICW'i.'lIJ~hJLu'W~tii'fl'ln1JLVI~I-W~'In~11'Wiil'lL~(?) iil'l'i.'lI~ iil'lHll11 VI~t:l iil'l 

U1fLf'ltl 

tl'l rfUj':::n'ellJL(?)U L'il~U'lI'el'l~11I1ij'W1'WL~ft(?)iil'lYll'1 Lri'fl LmmYluunuiil'lL~ (?) ~U1'1!'l'l~ 

1n~'t~\J'In'Wul1lU1'1!'l'l1'Wiil'lYll'1~~lnn~1 L-n'W LL~'WYl'Wtl~ nJ(?)'WLrlVi-wn 1uL'flVi'W LU'Wtii'W mmcwLL1jjlI111'WL~~(?), 

iil'lYll'1LLf'l:::"'h'W11l1'11'1Jtl'l~'ll~'Wtl~nUrl'lI~cr'WLLUJ11l1-:)1 L-n'W 'i.'l1\J~f 'i.'lrn~~'W ~CWVlJJij m~ICW~'WLLf'l:::~\J m'jjj' 

dh'll'el'liil'lYll'1tJnnU'lI'W~I~riltl~1'W-n'l-:)~'ILL11l1.2 -2.2 LUtlfL.n'W~~'I 69 LUtlfL'I!'W~tl~1'Wr1~11::: 21 LUt:lfL'I!'W~ 
'el~1'WL'el'WL(?)'i.'lbtJf~ bbf'l::: 11 bU'elfb'l!'W~'el~1'W~1 iil'lYll-:)~'l'W1V1C1!LU'W~'Wf~hi~~l111ij'WL'el (Matz, 1991) 

(Joseph and Charles, 1970) 

3.4 .3 .8 'i.'l1j';S'W'Vl1tl~'W11'Wiil'lYll'1 

l~LLri nJ(?)lv1Vin 'i.'lIJrl'lUfl~n1'i'L"'l~rIJL~ULI11 L-n'W 'el!ln:n'WLL~:::n'i'(?)il'lrl~~n LU'Wtii'W 

3.4.4 . n1J1ifUJ:::LU'I!oW"'llniil'lyh-l 

n1J1ifUJ::: LU'lloW"'llniil'lvll'1U'I ~ ritl'Wiil'1~ln(?) 1'WUj':::L'Vl Pl1'VlU~'l'W1VI C1! lJn"'l:::tll~l1ifdj'W!l1V11J 
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(~'nY'lT ~Lp!~~TmT, 2539) iil'lv:ll'l~~m11~1'Vllflfl'1l":I1J~n1Ulh~L'Vlp!1'VltJ LtiUflf'l LLTn Ltiuiil'lv:ll'lY'l'ln Le'lnmi~u 

L~tJ r,nn~"'f"!H~1m n'1Ifl1.JT~~'lrl~lrltl.JL~'1l1ifl1lUL~tJ'l~[Wr LL[;iL~'1l1.J~mL~'l1~~flL~~Ifl~ LLfl~L~'1ln[;lflllflt'il'l 
1.JT~L'V1 P!1~f1'lI~~Uh~tl L~~lfliil'lv:l'wn n1.J T~ L'Vl p!1'VltJ .,11fl1[;l CJ1.JT~~'l rl'll'1l'l mTilliil'lv:ll'lm1.J~n L~'1l1if~W~~N 

~[;l19'lL1.J~tJu11.JLuumT1.J~nL~tlr.J~[;lL~~Ifl~'lLtiU~U~I'1l'1ln iil'lv:ll'lL~~Ifl"'~!liil'lv:ll'l1.J~nL~!l1ifL~~1fl (grain 

sorghum) iil'lv:ll'l'llUIfl~n'llUllfl LJ.J~1fl1V1Cllnt)1 ~UL~tJnt)1 LLfl~~~[;1r.JflL~~Ifl.,~mnnt)liil'lv:ll'l'llUIfl~U11.JT~L'Vl p! 

'SUL~tJ [;l!lU1~LLfl~"'flltJ1.JT~L'Vl p!1utimn1illL~~(;)iil'lv:ll'lm LL1.JTl1.JLtium"'IT",~nLL'Vluiil'l iil'l~I~ ~ r.J~ [;11~r.Jfl 

~hJLvhiil'lv:ll'l i'ltiLti!l 'l"1 nM1Y'l ~uYhtl1m P!'Iltl'l1.JT~L'V1 p! L"'~I,rUri!l'Wiil'l LL~'l LLfl~!f'1lU iil'lv:ll'l LUU~'ll~'Vl'W 
t'itl~mY'l LL'l 1fl~'1l~~hJL",m~~~1~~nt)lfi'tl.J~'ll"'flltJ'llU(;) T'l~i'liil'lLY'l (;) tl1"'IT~v'il"lniil'lYh'ln;tl LLfl~~n~ru~ 
X,j mJU LL[;lnt'il'lnu11.J[;lI~ LLt'ifl~1.JT~L'V1P! 1.JT~L'Vlp!1U'1JLT,j1~~fI')l~~u1., LLfl~'V1(;)fl!l'l1ifm'1'liil'lv:ll'l LL'V1uiil'l~I~ 

Lti'WU1'l~'l'WL~!lfllfl~U'V1Umm~[;l1utl[;1~I",nTTJ.J'IluJ.Jil'l ~n~ 1UU1'l1.JT~L'V1p!nmTr.J~[;liil'lvll'lLL'V1uiil'l~I~i'l" , 
",J.J1fl ~'ln~UYJumTr.J~[;1"'~'1lmTillLiilt'i!liiLflnfJ.J~'lnt)ILLU'liil'lv:ll'lmn ~1"'fu1.JT~L'V1p!1'V1tJ,ru1~nmT14'tJ'Iltl'l 
~"'I~'V1m~tJ Lm~[;lTp!I~[;lfLlfltJill LJ.J~(;)iil'lv:ll'lJ.Jl LL,jTT1.J LL~'l1ifLLU'l~1 d:JU~'lu,jT~n'1luv'i1 L~n ~n~ (umJul'1. , 

3.4,5, 'llu~4'm~mnuiil'lvll'l 

Yang LLfl~ Seib (1996) ~'lv'ilmT~n(;)LLU'l"ln sorghum ~'lnflru~~u1ifl~ltJn1J corn starch 

LLfl~~I~IHl1if'V1(;)LL'V1'Wnu1~,ru Y'lUt)In1T~n(;)LlfltJ wet milling .,~1~,jT~~'V1fimY'lri!luiil'l~IL~'1lLV1tJunu corn 

starch i'l~Lti!l'l"ln starch U1'l~'lu.,~~(;)1,jnu pericarp Utln"ln~ starch 1u sorghum ~'lLnlfl highly 

crosslink nUL,jT~U v'il1~mmtJn starch tltln"lnL1.JT~uv'il1~mnnt)11uiil'lLY'l1fl i'l~"~LLtJn1~ starch ~IflLtiU 
20% 'll'1l'l total grain ~'l~IflLtiU 27% 'll'1l'l starch ~n!l~i'l"'~1fl L(;)tJ1u starch .,~nL1.JT~U'1l~ 0,8% LLfl~~n 0,8% 

.,~~mLtJnLlfltJ protease "'~'1l high shearing 1UJI 

L~'1l'Vllflfl'1l'lLL'llL~~1fl sorghum 1uJl~'ln 0,1-0,5% S02 (1,5 parts by wt,) ~ 50-70 fl'lP!1 

L'llm~tJ~ LtiUL'lfll 2-10 -B''lLJ.J'l Y'l1J~1 75% 'll!l'l S02 "~"'ltJ1,jT~"'t)I'l LL'll1u'll'l'l 4 -B''lLJ.J'lLLTn,rU sorghum .,~~(;) 
J1L~'lnt)liil'lLY'l1fl LLt'iL~'1l~hu11.J 10 -B''lL~'l sorghum .,~'tlIflJl1~u'1ltJnt)liil'lLY'lIfl1.JT~mru 4% Jl~LL-dLJ.J~(;)"'~'l 

2-10 -B''lLJ.J'l,ru~~'V1iLtiumlfl~lnnt)liil'lLY'l1fl 25% Ufl~ %recovery starch ~~'l~~1fl1~"lnmm-dLuUL'lflI4-B''l 
L~N~'i:l';W"'1Jij 58 !l'lp!IL'1Im~tJ~ LlfltJ1if S02 dJ.J~ULvhnu 0,3% LLfl~nrilLvhnu 51% LLfl~ Hot paste 

characteristics 'll'1l'l sorghum starch ~1~f1~ltJnu corn starch 

Perez LLfl~f1ru~ (1997) Y'lUt)1 white sorghum ~ crude protein (1 ,72%d,b,), fat (0,78 %d,b,) 

LLfl~ ash (0,76% d.b.) U'1ltJnt)1 dark sorghum LLt'i~ amylose (1,87% w,b,) 1n~L~tJ'lnU U!ln'"lln~tJ'lY'l1J~1 

starch ~1~"ln sorghum i'l 2 'IlU(;)~ physicochemical properties LLfl~ rheological behavior ~LL[;lnt'il'lnU 

http:LJ.J~(;)iil'lv:ll'lJ.Jl
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~ "" 3.5. 	CYlL'IIm 

VI'l' . ~1~'l~ lh:::YhJ:::L~'W 

VI'l' . ~'l'1f(;lU '0'(;l~tJrJ~ 

~1~tlI'11!l-.llh:::LYl PllYltJ ~l lJl'l'CliJ\jn dj'W~·D1.J1V1~tl~'D(;lllJ VI~!lVll-l'WL~tJ'WnLJ~'DVI',~'n"llnVl~'W1 ~'l L~m~iJ\jn1'W 

iJ'l':::LYlPI1YltJ~llJl'l'Cl~ILL'Wnl~lLu'W~!l-.l"llnVl1V1C1J1 ~!l (n(;l~~-.li vI'l-.lfni, 2529) 

• 	 ~'lL~m (Mung bean, green gram) n~!lYll-.l1YltnPll~(;lf~!l Vigna radiata (L.) Wilzeck VI~!l Phaseo/us 

aureus Roxb. ~-.l'l''l~~-.l~'lL~mD'l''l'~Vll ~'lL~mL~~VI~h'W ~'lL~mE1'laJ'W LL~:;~'lYl!l-.l (golden gram) 
, , 

• 	 cl'lL~mE1'lC;)1 (black gram) n~!lYll-.l1YltnP11~(;lf ~tl Vigna mungo (L.) Wilzeck VI~!l Phaseo/us mungo 

(L.) LtJ~tln'll!l-.lLlJ~Vln~c;)1 nn~'WLm1'WL~mlJ1nnrjl~'JL~mD'l"l'~Vll 

~'JL~m~ntJ~LJ1'L1lr1LVltJvf'JliJ ~tl ~'JL~mn'l'~Vll VI~tl~'JL~mLlJ~VlJll'W (Vigna radiata) ;-.ln~!l~'W1 

~!l cl'l~lJ cl'll-llJ Golden gram Mung bean LL~::: Red gram 

3.5.1. 	 !l-.lr)iJ'l':::ntlLJYll-.lLr1n'lltl-.l~'lL~m LL~:::~(;llf"ll~'lL~m 

~'JL~mn~(;l1f"llLU'Wtl'lrftJ'l':::m)LJ!ltl~-.l1tltJ~::: 40 ((;lI'l'I-.l~ 3.5.1 ) ~(;llf"ll~~nVl"llm~~Vl~'J
" 

L~t.J'JLU'Wf(;lq~LJ~LVllJl:;LLrim'l'-Wl~I~~(;l1'WL~'W Lti'fl-.l"llnnml~1~ nmlJlnJ'fl:::m~~~'1 nm'l'~'fl-.l(;]'J~1 LL~:::n 

m'l'L1lVl retrogradation VI~!lm'l'~'W(;]'J~1 (Singh LL~:::r1nJ:::, 1989; Kim LL~::: Wiesenborn, 1996) 

I .,.. ..... .r::::;j 

LLVI~-.l~(;lI'l''llmL'IIm % yield dh (%) 
l'WL(;l'l'L"l'W 

(%) 
1'IIaJ'W (%) 

Iodine 

affinity (%) 

Gelatinization 

range (OC) 

~Vlfj!lLl-J1m 37 0.06 0.01 0.17 5.95 64-69-76 

~Vlffiml-J1m... 43 0.01 0.01 0.18 - 65-70-76 

ritl-.ln-.l 32 0.01 0.02 - 5.87 66-70-74 

~~iJtI'W~ 39 0.01 0.01 - 6.02 66-70-74 

tnlJ1l-J'l'::: 
" 

- 0.02 0.02 0.17 6.01 60-66-78 

Vim: Schoch U{l:; Maywald, 1968 

.,; 
'l'1-.lYl 3.5.2 

I 

http:n(;l~~-.li
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!l'lrlu~~n!llJ tfhnru 

rYlll-J~lJ 10.03±O.O8 

" Lrll O.11±O.O2 

llJL!ilH"llJ O.O5±O.O1 

hi~lJ O.O4±0.02 

!l~mrl~ 39.8±0.5 

3.5.2.1 ~m~ru~'lI'tl'l bbm~rlbbi:l'l 

"llnn1~~m~l~')tJn~'tl'l'rlVlW",r ~lJrJl LLm~rl'll'tl'l~!ill'f"ll6,)L;tJ')jj'lllJl~LWn')'1 7.1

26.0 1W;I~!llJ (Hoover bLrl~r\ru~, 1997) rYlllJn~l'1LLrl~rYlll-JtJ1,)'lI'tl'lLLm~rl!l~Lwn')'1 8-16 bLrl~ 12-321l-Jrl1'tllJ 

!illl-J~'WllJ (Naivikul LLrl~r1ru~, 1979) LLn~~rl'll'tl'l~!ill'f"ll6,)L;tJ')jjxuil'1'v1rlltJ"'rlln jji'lxuhl xunrll-J LLrl~ 
~m~ru~r1~ltJl!il"'~'tlLl-J~~6') (Naivikul LLrl~ D'Appolonia , 1979; Singh LLrl~r\ru~, 1989; Hoover LLrl~r1ru~, 

1997) 

3.5.2.2 ~l-J~L=n'lrl,)ll-J~'tllJ 

~!illf"ll6,)L;tJ')jj'll,)'1'qru'vllJil'll!l'ln1Hn~L"lrll~llJL"llilJ~ 58 - 82 !l'l~lL'l!rlL~tJ~ 

(Hoover LLrl~r1ru~ . 1997) Califano LLrl~ Anon (1 990) ~m~l~rl'll!l'ltBl-Jlru~ll1l'tln1Hn~b"lrll~llJb"llilJ'lI!l'l~ 

!illf"ll6')b;tJ') L~tJHf Differential Scanning Calorimetry ~lJrJl b~!l'!.J1l-Jlru~l~'1nrJl~!ltJrl~ 67 L~tJ~lwwn LLm 

lJrl bn~n11~'tl'lljh1~b~l-J~ Lbrl~L"lrll~llJ'li1~'tlth'l~l-JlJn11 ~,)lJ~ml-Jlru~l~lnrJl~'tltJrl~ 37.3 JlJ ~!illf"llhibn~L"l 
~ ~ 

rll~llJL'l!ilJ (hhJnnD peak 'lI!l'ln1Hn~b"lrll~llJL'l!ilJLlJ DSC endotherm) 

~l-JlJ'1iVll'1 rYlll-J ~!IlJ'lI'tl'l~!ill f"ll6') b; tJ')~Ln~ L"rll ~llJL'l!ilJ~ l-JlJ n11LL~,)" ~ LU ~tJlJ LLU rl'l 
~ 

1u L~tJun~L"rl'll'tl'l~!illf"ll6,)L;tJ'),,~hiLL~~'1 peak LlJ DSC endotherm Hoover LLrl~r1ru~ (1997) J1tJ'IllJrJl 

'vI~'1"lmrilJ~!illf"ll6,)L;tJ')~ Ln~L"lrll~llJb"1!ilJLL~,)H~'qru"'lJij 25 !l'l~1 b"llrlb~tJ~djlJb,)rll 1 1lJ bLrl~'Lll11..J 

Vl~~!IlJL~tJ DSC "~~lJrJ1Ln~ peak LlJ DSC endotherm L~tJjj'iln.!'vIlJilC~l-J~lJLYhnlJ 44 'tl'l~lL"llm~tJ~ 'iln.!'vIlJil 

~jjn1HU~tJlJLLUrl'lL!llJVllrliJ~'1~~LYhnlJ 52 'tl'l~lL'l!rlL~tJ~ LLrl~'ilru"'lJil~lJ~~LYhnlJ 63 'tl'l~lL'l!rlb~tJ~ LL~~'1 
rJ l bn~ retrogradation ~lJLlJL"lrl'll!l'l~!il1f"ll L~mn~n1~r.r~C1tJ'IvT')L",J..i'll'tl'l'tl~mrl~Url~'fl~mrlL~n~lJLnVlLUlJtr\N 

Chung bbrl~r1ru~ (2000) ~lJrJl r1,)ll-J'vI;j~'lItl'l~!illf"llll')b;tJ')LYhnlJ 249 RVU (Rapid 

Visco-analyzer Unit) ~'ilru"'lJil~LLm~rl'll'tl'l~!illf"llLn~n11~!I'1vT')~'1~~ (71 .9 'tl'lP11b"llrlL~tJ~) LLrl:;L~'tlMl1f"ll~ 

Ln~L"lrll ~llJL"llilJLL~,)LUlJvT,)rl'l"lJth~ru"'lJij 50 !I'1~l b"llrlL~tJ~":;jjrYlll-J,,,;j~LYhnlJ 260 RVU 

I 
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Hoover bbf'l:;fHU:; (1997) Mm'nmn,J~tJ'Wbb,Jf'l'lfl':l1J-J",il~'lI'El'l~lW1f'll~':lb~tJ'l~~f1':l1J-J 

LiJJ-Jii'WhltJf'l:; 6 'L~tJ~1V1'1!nl?lmBmlJld' ~ pH 5.5 'L~tJ1ifLfl1'El'l Brabender Viscoamylograph 'ViiJ~1 ~rumJ~~ 
vl11~~1JI1f'llL~J-JLn~f1':l1J-JVlil~ ~'fl 80 'El'lP11L'llf'lL~tJ~ LLf'l:;~1JI1f'll~f1':l1J-JVlil~LVhniJ 200 Brabender Unit (BU) ~ 

~rumJ~ 95 'fl'lP11L'llf'lL~tJ~ L~'fl1~f1':l1J-J~m.,\t1i'Elh.htl'WL':lf'l1 30 'W1Vl~ 95 'fl'lP11L'llf'lL~tJ~ fI':l1J-JVlil~'lI'El'lm~i?l'll'El'l~ 

1JI1f'll"'l:;L,j~tJ'WLL,jf'l'l (f'l~f'l'l) Li'ltJ'I L~nii'EltJ LL~~'1~1 L'Vi~i?l~1JI1f'll~':l L~tJ':lil f1':l1J-JfI'IVl'Wt1i'Elfl':l1J-J~'El'W L~'Elf'l~ 

~ruVl.IJ~LtI'W 50 'El'lP11L'llm~tJ~ fI':l1J-JVlil~'lI'El'lb'Vi~i?lL~J-JLU'W 360 BU 'L~tJt,jLLiJiJ'lI'El'l~1JI1f'llLtI'WLLiJiJ C L~'fl;S'l 

IJI1J-JLnru'VlmJ'I~m~ru:;'lI'El'l Schoch LLf'l:; Maywald (1968) 

3.5.2.4 md''Vi'El'li?T':l bLf'l:;md'f'l:;f'l1tJ 

Singh bbf'l:;f1ru:; (1989) Mmnmd'Vi'el'li?T':lUf'l:;md'f'l:;f'l1tJ'lI'el'lLLm\+f'l~1JI1f'll~':lb~tJ'l 'ViiJ 

~1 il~n~ru:;md''Vi'El'li?T':lLLiJiJ 2 -K'WIJI'El'W (Two-stage swelling) ~'El1'W'lh'lbbm"'l:;Ln~md''Vi'El'li?T':l'Elth'lif11 l?l'Elm 

md''Vi'fl'li?T':l'''l:; Ln ~ L~':l~'W ~n~ru:;md''Vi'el'li?T':l L'll'W.t;U'l~1rntJ1'WLLm\+f'l~ 1JI1f'll~~'Wfi:;'fl~~'el'l LLUiJ ~'fl ~'Wfi:;~ il LLd''1 

U~ L",ti':l LLiJU'fl'fl'W~"'l:;f1f'l1tJi?T':l~'elruVlIl~ 65-75 'el'lP11 L'llf'l L~tJ~ LLf'l:;~'Wfi:;~ LL-n'l LLNn~1~"'l:;f1f'l1tli?T':l~'elru"'Il~
q 'l.I ., 'il 

85-95 'fl'lP11L'llf'lL~tJ~ (Leach LLf'l:;f1ru:;, 1959) 
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ntil ~'V'i'l'; iA'N1n';. 2529. I'l'l LLth1um:;tJ'llJnl'j'e.J~1ilLLfl:::nl'i'Yl ~ LLVl't.mU'l cT'l L~tJ'l ~htJ LbU'I cT'l'llil~~'Wl'Wn1~e.J~!il 

~'WL~U. ~YltJ1il'V'i'WfiriYl tJ11'11'i1l!il ~l-.!'ItllUru.yj Iil . mrl~"iIllYlrlL'WLflUYl1'1mm~ . "l'l11fl'l mrul-.!'Itll1YltJ1 ~tJ ., , 

Leach, H.W., Mcbowen,L.D., and Schoch, T.J. 1959. Structure of the starch granule I . Swelling and 

solubility patterns of various starches. Cereal Chem. 36:534 - 544. 

Naivikul , O. and D'Appolonia , B.L. 1979. Carbohydrates of legume flours compared with wheat flour. II . 

Starch. Cereal Chem. 56(1): 24-28. 

Schoch, T.J. and Maywald, E.C. 1968. Preparation and properties of various starches. Cereal Chem. 

45: 564-573. 

I 

http:l-.!'ItllUru.yj
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3.6. ~m~!ltJ 
~ 

~m~!ltJ (Coix, Job's tears, C. /acryma - jobi L.) 4'~bthJjh1d'll1~ 'l'lrl Gramineae bVl~1 Maydeae 

~fJ~ Coix 

LL'VI~.:IL~1::U~n Ud':-;bVlPllWL!lb1tJ1?1:-;1'W!l!lm~tJ'IL~ ;s'Wb~tJ bn1V1~ 1~Vl1'W ~'W YHhJtl'W~ ~~'W 

Ud':-;bVlPlL'WbbtlU!l bl-JrmL~ 

LL 'VI~.:IL~1::u~n LL~::t'l1t1~'Wfiv1L~1::u~n"l 'WU'i::L'VIAl'VIti 
OJ • OJ 

typica Walt, Stemocarpa Stapf., Ma-yuen major, Mimeur 

'11'W'!j4'tJ b~m rlU mJ'I bb~:-;~ I'll f'll"l1 n~ n b~!ltJi1il!l tJ l-J1 n i1 md'~mnL'W'l'l~1 rl~ l~tJ i1'1!n'!j4'tJ"l1nU d':-; bVl PI 

L'Wbm1tJ 1~mi ~'W 1~Vl1'W bmVl~ 1VltJ n1U'Wbb~:-;"l1nUd':-;bVlPlL'Wn~l-J~1~'Wml-Jrm ~~'11'W~~~l-J~dJ'WmM1
~ , 	 q 

'il'ln~~ ~'Wbb~:-;bn1V1~ ~'1bn!lU~'1V1l-J~!l~L'W'"l'1d'~1d'~hi~1md'rJVl11~'Wud':-;bVlPl1VltJ !l£h'lhfi!?11l-J"l1n~~'11'W'!j4'tJ 

bb~:-;UVlri~tl!l~f1'Wrl~11~ ~~u1~~1i1md'~nM1b~'111l1'11 ~'1~ 

• !l'lr1ud':-;n!lu 

• 'lJ'W1i?lbb~:-;tu11'1'lJ!l'lbili?lbbU'I 

• 	 ~l-Ju'1i11l1'11 


rl'l1l-J~1md'rJL'Wmd'~:-;~1tJbb~:-;md'~l-J~1

q 

~l-J1Nib~'1rl'"l1l-J~!l'Wd':-;VI~1'1 gelatinization 


~l-Ju'1i b~'1md'1V1~d':-;VI~1'1 bb~:-;VI~'1 gelatinization 


~l-Ju'1i b~'1IJ1~'llnddl-J 


'lJ'W1i?lbili?lbbU'I (micron) d'U11'1 
~ 

5-20 

6.5-20 

5-25 spherical to polygonal 

iPlilu ~d'n"lUd':-;~1'W 

2530 

Yang bb~:-;rlru:-;, 

1978 

Yang bb~:-;rlru:-;, 

1995 
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1?11~1~~ 3.6.2 !l~rlU~:::n!lUYll~Lflij'1l!l~~m~!ltJ
'II 

Flour Starch 

'I13JlfJI'l1l1j Reference 

..., dod' Q

'YIfI'W/J l'i~fl\J 

lJl~ffl'W 2530 

Carbohydrates 
Protein I Lipid Ash Amylose Amylopectin I Protein I Lipid Ash 

Total Starch Fiber Other 

77.52* 56.88* 

56.68" 

0.25* 

0.23" 

20.39* 

20.19 

15.18* 

14.78
a 

5.57* 

6.18" 

1.53* 

1.71 

8.27" 68.9l 2.79 0.78 0.78 * FlourlHJ111 

a Flour ~::;lflUI't 

b ftl'tl~'W udlimr 10.85% 

tl~il1mlm~'W 89.15% 

Dry basis 

~fH~tlm'Yn~t1\lfl l'W'hw 

(IUfl starch ~'/Jflnlll'tllJufl 

llfl~l~ti'\Jlfl~m~tl/J 5 ~'WiFH"1Jn'W 

50.9 0-7.2 ( ) fhm~/J Lee 1!~~flW~, 

78.0 (5.2) llml~ti'\Jlfl 36 fflU~'Wi 1994 

(60.5) J~~tI\lfll'1Jlfl1l1~ 1I~~~t'W '1 

Yang ll~~flW~0.01 0.05 I llml~ti'\llfl 8 Species 

0.11 0.17 M11'l'W ,1995 

Li and Corke, 

1999 

c 
15.9-25.8 

d 
107-1.1 

c llml~"jUlfl~fH~U/J 

.,jl11~1 5 ~,tllh~ 
""" 6' ~ ~ d ~ 

d llml~l1\Jlfl~fHl'ttl/J'Ul11'l1lWl 3 ,,11 

mh~ 
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Gelatinization Temperature (oC) 

67-72 

65-75 

63.4-76.4 

71.9-75.5 

71.1-71.4 

'li1.:j~flI'HiJiJ 

'li1.:j~flI'HiJlJ 

'li1-!1'QflI'HiJlJ 

", ~ iI " 
Tp 'lJeJ.:j~\?Il~'b'\1m'HHJ'lJnt~l 

112.9 

Yang Ull::::flfll::::, 1978 

Ramirez, 1996 

Yang Ull::::flfll::::, 1995 

Li and Corke, 1999 

Li and Corke, 1999 

~H (Jig) 103-108 

8.0 - 9.9 

7.3 -12.3 

120 Li and Corke, 1999 

Li and Corke, 1999 

Solubility index ({m.m:::) 'HlJlm'H~ 

0.09 Li and Corke, 1999 

1W1~1'1~ 3.6.5 r1"ll:W~l:Wl~rl1'wm~~:W~l (water holding capacity) 

Flour 

'HtJl'U 

146.7 148.9 

28.6-41.0 

%wt (dry basis) 

%wt 

%wt 

%wt 

'\.h::::~l'W 2530 

1995 

Ramirez, 1996 

Li and Corke, 

1999 
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m J'1'\.I~ '\.I~ltJlh~mJ'~f'l~ltJf'l~\lnU~l?nfn"'l1nil1'JLVH;)il1'J Lr.\'1 LL~~il1'JL'\.Iilm e.J~m J'Vl i?l~'tl\ltJ\ltl\l~l Mnf"ll"'l1 n 

~n L~'tltJil1'J L'\.Iilm ~l'WVl1'WLLN L'il'fl'W1~~n~1~ l?nf"ll"'l1nil1'JLYi i?lil1'J L'\.Iilm ~l?nf"ll"'l1nfln L~'EltJ~\lil1'JLr.\'1 LL~:;ill'J
~ ... 

L'\.Iilm~1:W1J'mni?lL"'l~1~ ~l?n1"ll"'llnil1'JLYii?l~'lil1'J Lr.\'1 LL~:;il1'JL'\.Iilm (Li?ltIL'UYi1::il1'JL'\.Iilm) LU'W ~l?11fn~'li1 

~fl ri 1 L:n'lYil ru"llU~'l b C'tl\l"'ll nth:;LtJ"ll,rb:n\l~ 1?l~1'\.1 nn:w LLl?itl C1j'\.l1t1"'l"l'!J'W~'1h r1C1j:w1 n I?i'fl mnJl ~ 1?l1 1"ll"'llnil1'l 

LYii?l:w1lii'Lll\ltJl?l~1'\.1mJ':wLi?ltIL'UYil::tJl?l~1'\.1mJ':wm'\.l1J' ~'tl ~'l'Wl'\.1C1Jil1'JLYii?lbU'W genetically modified 

organism (GMO) ~\lJ'WmJ'14'tJL~tl~m~1LLfl~lh::d~'W~ntJmYil'WmJ'U1m'J\lbbfl~~l?llf"ll"'lln~nL~'tltJ:Wl1-nL:n\l~1?l 

~l'\.1mJ':WLi?ltJ b 'UYi1::mJ'u1:W11-nVli?l LLVl'W~l?111"ll"'l1 nil1'JLYiVl~'l Lu'W,r'Jil'tl'\.lC\I~t,h~'W1"'l~\I 

• antitumor activity (Li !H1~f1ru~, 1994) 

• anti-viral infection (Hidaka U(1~f1ru~, 1994) 

I 
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'I1~1l~ ~~n"'lth~~1tJ. 2530 ~m~tltJ: fJru~2.JU'1iU1\1t.l~~mm~~e.J~(1].nru". '5'Vlmil~tJD1'Vlm~1~l?lf2.J'VI1Uru.y](1], 

2.J'VI1'5'Vlm~mmj'(1]~Pl1~(1]f. 

Hidaka, Y., Kaneda, T., Amino, N., and Miyai, K. 1992. Chinese medicine, coix seeds increase peripheral 

cytotoxic T and NK cells. Biotherapy 5:201-203. 

Lee, J.I., Ryu, S.N., Hur, H.S., Kim, Y.H., and Kim, K.H. 1994. Korean Journal of Crop Science. 39(1):98

102. 

Li, J. , Berke, T.G., and Glover, D.V. 1994. Variation for thermal properties of starch in tropical maize 

germ plasm. Cereal Chem. 71:87-90. 

Li, J.S., and Corke, H. 1999. Physicochemical properties of normal and waxy Job's Tears (Coix /achryma 

jobi L.) starch. Cereal Chemistry 76(3):413-416. 

Ramirez, J.L. 1996. Characterization of Job's Tears starch. I. Extraction and physical properties of the 

starch granules. Alimentaria 276:96-100. 

Yang, C.C., Chang, S.M, Sung, S.C., and Lii, C.Y. 1978. Studies on the starchs in Taiwan2. Taro, Water 

Chesnut (Trapa) and Job's Tears. Food Sci. 5(2):73-87. 

Yang, C.C., Yen, H.J., Chang, S.M., and Chiang, W. 1995. Studies on physicochemical properties of 

Adlay (Coix /achryma-jobi L.var ma-yuen stapt) Starch in Taiwan. Food Science Taiwan 

22(2): 113-132. 

I 
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3.7. n~'JtJ (Musa sp.) 

dt ~ , 

'lI61'Y1t1lffll;Tm Musa sapien tum Linn., Musa paradisiaca var sapien tum (Linn.) 0. Kutze . 


.;, d 

'lI61'1ff Musaceae 

.... v 
'lI66'1mI'1I Banana, Cultivated banana 

d
('VllJl: http://www.mahidol.ac.th/mahidol/py/mpcenter/html/musa.html) 

i'huhl~~ Im;v~d'uvvm~v'I'M 

U'YIti'lI'Vtl::Ugo 'lh::I'Vlj'(tuHJ!;V'1::1uv6m~v'lt~ flUI~v l'VlV flU lf1i1I~v ~u vHhJtluzY U'.i::!'Vlj'(tUU()'lJ61vl~ 

m'M 1I(l::U'.i::!'Vlr1tuU()'lJmlJ~m'M 

n~'ltJtl~lw genus Musa 'J~~ Musaceae U1:::~lruri~~~~~'1Jtl~c.J~c.J~l'ln~'JtJc.J~l'lm"nmJ1::;L'Vl~lw 

'Vl'lU LL'1lmm Ll1ItJ c.J~c.J~ 1?I~'ll.l1~'1i1Jn~::;~ n l-n1l1tJ ll.lU1::: L'Vl ~ ~tll'Vll~m1~~'1l'1ln n~'JtJ'1Jtl~L~ n'1l~ll.lLLb1'lJ'Vl'lU 

!H~1mn~1~LL~:::tlL~1ml~l?Itll.llJl.l (International Starch Institute, 1999) 

, ~ 

Ll1ItJ~'Jlu c.J~n~'JtJ~I1I~::;i.lrnfi:'lJlmI1l11?1 Ltll.ltl~ r1U1::;ntl'lJtl~U1:::~lru~tltJ~::; 21 i.ltJl~tltJ~::; 75 

LL~::;i.ltU1~l.l blJl.l LL~::;LCll1'l~nl.lhILill.l~tltJ~::; 1 (International Starch Institute, 1999) ~11I~'Jl.l'lJ'tNmmruLL1'j'l 

LL~::;JlI?11~1l.l~~ n~'JtJ~ W1"::;LLU11?11~tl1tJ (rI'Jl~~ n'1J'el'l n~'JtJ) m1~1 LLl.lntl1tJ'1J'el'ln~'JtJtl1"vll1~W1tJl-nrh~'l!il~ 
Ltl~tln (Peel Color Index; PCI) Ll1ItJ PCI 1 LL'Vll.lLU~'eln~L~tJ'JLV1tJ'lJLVhn'lJrI'll~~'lJ~ln~~W1 LL~::; PCI 8 LL'Vll.l 

LU~'eln~m~'1l'lLV1tJ'lJLVhn'lJrI'Jl~~n~ln~~W1 n~'JtJ~'el~'Vl'el'l~i.l PCI 1 i.lLLi1'1~::;~~U1::;~lru~'eltJ~::; 21 LL~::;Jl
q q 

~ ci'::': ~ ~ c::. X v cJc.I Q

I?Il~1'eltJ~::; O. 75 L~tl PCI LYi~'1Jl.l m~lruLLi1'1"::;~W1~~ LL~::;mmrul.llI?11~"i:::LYi~'1Jl.l n~'JtJ~tl~'Vl~ PCI 8 ~LLi1~ 

m~'el'el~LYltJ'I~tltJ~::: 1.25 (~lmm ~~-Wl.llfL'J'l!LM1, 2526) 

~ 'V 'V ~ 1 cv d v ~'"I"ilnm1'VlWl~tl'lL'lJ'el~ 1?Il.l Yi'lJ'Jl n~'JtJ'Vl LYil::;u";jnll.lU1::: L'Vl ~ 'VltJ~1).JU1::;L!l'Vl~~n1 rltl n~'JtJl.ll'Jl 

n~'JtJ,rn).Jn LL~::;n~'JtJ~tl~i.ltl~r1U1::;n'1l'lJ'Vll~Lrli.l~'11?1111'1~ 3.7.1-3. 7.3 ~'1~::;d~l.ll~ril n~'JtJ~i.lml).J~n-W'1ltJ~
q q 

I 

http:n~'JtJ,rn).Jn
http://www.mahidol.ac.th/mahidol/py/mpcenter/html/musa.html
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tl'l ~th:::ntlUVll'l Lji)~ 
u ~ v Jq IV g,; I 

n~1~~111Vl~~:::~Uji)11~~n~1~1~~1'l1 

r)~Vl 2 ~ "" 1~Vl 3 ~ "" 
1~Vl 4 ~ "" 1~Vl 5 r)~Vl6 

LLU'I (nf~) 

". 
(nf~)~l~l~ 

tu~~~ (nf~) 

16.67 

0.68 

1.02 

13.78 

1.73 

0.95 

9.11 

4.85 

0.85 

5.95 

9.22 

0.88 

0.40 

14.05 

0.83 

~ "" 1~Vl 6 

14.44 11 .78 11.11 10.45 8.22 1.20 

" 7.63 14.20 -Wl~l~ (nf~) 1.78 2.23 2.9 3.58 

1.28 1.36tu~~~ (nf~) 1.261.24 1.23 1.23 

v 

-W1IJn~ 

tu~~~ 

(nf~) 

(nf~) 

19.55 

0.88 

1.62 

17.11 

2.80 

1.67 

11.78 

8.10 

1.77 

6.67 

13.30 

1.82 

1.91 

18.13 

1.82 

..,: 
Vl 3.7.4 

I 
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tJ'lrl-U~ ~ntJ'lJVl1'ltfllJ t11m~V~tJ'ln~1V 8 fflv'Vl'lnr1) macho var(2) macho var.(3) criollo var.(3) Plantain 

Musa aab(4) 

". 
ff\9l1~'If (%) 61-76.5 - 97.2 98.1 82.25-86.07 

tJdlhff (%) 19-23 - - - (Total CHO) 

l-U~~l! (%) 2.5-3.3 1.0 2.03 1.95 3.5 

f111lJ4l! (%) 4-6 10.7 12.9 11 .1 5.7-7.1 

1~~l! (%) 0.3-0.8 0.42 2.2 2.3 2.5-3.5 

tlll (%) 2.6-3.5 0.2 1.3 0.43 1.66-2.0 

t~l!iv (%) 6-15.5 - - - 1.33-2.00 

Blue value - 0.6 0.18 0.87 -

Amax - 594 583 589 -

v]"n : (1) Da Mota LL~:;rlru:; , 2000 

(2) Bello-Perez LL~:;rlru:;, 2000 

(3) Bello-Perez LL~:;rlru:;, 1999 

(4) Fagbemi, 1999 

3.7.2. 	 ~)..Ju'11L=n..:mlt1mYm~:;n1j1~~'lI'El~td:l,m~'lti 

L6JVl LLi:J~n~'liJihl'l..nVl 5-70 1)..J rli'El'U LL~:;lJ~m~ru:;rl~lt1L6JVl LLi:J~~'UeJ*~ LLl?itl1'ln~1 

(International Starch Institute, 1999) LilVl LLi:J~n~'ltlU1~~It1~'UflJ r1'l1)..J~I)..Jlirl1'Un1i'Vitl~I~l'l1'U~11'U'll'l~ 
-Ui:;mru 5-40 nf)..Jl?itlnf)..JLLi:J~bL,x~ ('ll'l~'Elru,..u15150-90 DC) LLiJlL9~LLi:J~hJlJr1'Jl)..JL~omiJltl~m'l:;n1dLL'llLL~~LL~:;, " 
n1i~:;~liJ (Freeze-thaw stability) (Bello-Perez LL~:;rlru:;, 1999) ~~,r'U LLi:J~n~'ltl~~hJlJrl'lI)..JL~)..Jl:;~)..J1'Un1i 
tllhMIN-l'U1LiJ'Ui:J~I?l.nru'Ylm~ljLL'llLb~~ 

~)..Ju1ivmn1dLnVl L9~'lI'El~ bbi:J~n~'ltl,r'U9:;rl~liJrl~~nU LLi:J~iil'lL'ViVl)..JlnLLliilJ peak viscosity ~ 

~~n~1 (International Starch Institute, 1999) 'flru~llm'Un1dLnVlL9~'lI'El~LLi:J~n~'ltl'ElEJ1'U'll'l~ 68-76°C ~'Unu~'U1f 
'U 	 q 'l.I '\J q 

n~'liJ (Da Mota LL~:;rlru:;, 2000) Bello-Perez LL~:;rlru:; (1999) ~m~I~)..Ju'11vn~n1i1~~'lI'El~LLi:J~~LI1l1t1)..J91n 

n~'ltl Macho LL~:;Crio"o 'ViU~1 ~ILLi:J~M~LI?l1t1)..J91mLi:J~n~'liJ~~~'fl~~'U1m~n'jj'ru:;n1i1~mLUU Time, 	 , 

dependent shear-thinning 

... ,,~ 

LLnmn1iVl'fl~L~tI (Ko, 1971 ; Scott LL~:;rlru:;, 1949; Matsuo LL~:; Itoo, 1981; Reynolds, 

1989) 

I 

http:LLi:J~n~'ltl~~hJlJrl'lI)..JL~)..Jl
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~1'Wmn1i (1l LL ~~l'Wm'~L'rr)~ (Best LL~~"HU~ , 1984; Sithisoonthorn LL~~rlru~, 1989; 

Mukhopadhyaya LL~~rlru~, 1987; Goel LLft~rlru~, 1986; Chattopadhyay llft~rlru:; , 1987; Ghosal, 1985; 

Chattopadhyay LL~~"1ru~, 1987) 

I 
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ml:1~l-J ~l-J~'WfiL,)'l!L~m. 2526. ~m;-'lmm3fim:i'r-I~1Jln~,)HWfll-Jj;,J~LL~:;m:i'lih_h:;LI:1'l!'I1. ~VlmiJ~'Wfir5VlmV'\'l 

~l?lm\,nuru.y]l?l. mr1~'l!'l~VlmV'\'l~l?lfmJ'el'l'M 'l J. l-J'M'l~Vlm~mm;-I1lJV'\'l~I1lf. 

Bello-Perez, LA , Agama-Acevedo, E. , Sanchez-Hernandez, L. and Paredes-Lopez, O. 1999. Isolation 

and partial characterization of banana starches. J. Agric. Food Chem. 47: 854-857. 

Bello-Perez, LA, Romero-Manilla , R and Paredes-Lopez, O. 2000. Preparation and properties of 

physically modified banana starch prepared by alcoholic-alkaline treatment. Starch/Starke 

52(5) : 154-159. 

Best, R , Lewis, DA, Nasser, N. 1984. The anti-ulcerogenic activity of the unripe plantain banana (Musa 

species). Br. J. Pharmacol. 82 : 107-16. 

Chattopadhyay, S., Chaudhuri , S., Ghosal , S. 1987. Activation of peritoneal macrophages by 

sitoindoside-IV, an anti-ulcerogenic acylsterylglycoside from Musa paradisiaca. Planta Med. 52: 

16-8. 

Chattopadhyay, S., Chandhuri, S., Ghosal, S. 1987. Activation of ulcerogenic acylsterylglycoside from 

Musa paradisica. Planta Med. 52: 16-8. 

Da Mota, RV., Lajolo , F.M., Ciacco, C. and Cordenunsi, B.R 2000. Composition and functional 

properties of banana flour from different varieties. Starch/Starke 52(2-3) : 63-68. 

Fagbemi , T.N. 1999. Effect of blanching and ripening on functional properties of plantain (Musa aab) 

flour. Plant Food Human Nutr. 54(3): 261-269. 

Ghosal, S. 1985. Steryl glycosides and acyl steryl glycosides from Musa paradisica. Phytochemistry 

24(8) : 1807-10. 

Goel, RK., Gupta, S., Shankar, R , Sanyal, A.K. 1986. Anti-ulcerogenic effect of banana powder (Musa 

sapien tum var. paradisica) and its effect on mucosal resistance. Ibid 18(1): 33-34. 

International Starch Institute. 1999. Banana [online]. Available from: 

http://home3.inettele.dklstarch/isi/starch/banana.htm [2002, August] 

Ko , R 1971 . Action of fruit juices upon the typhoid bacillus. Taiwan Igakukai Zasshi. 179: 569-80. 

Matsuo, T.and Itoo, S. 1981. Comparative studies of condensed tannins from several young fruits. 

Engei Gakkai Zasshi . 50(2): 262-9. 

Mukhopadhyaya, K., Bhattacharva, D., Chakraborty, A., Goel, RK. and Sanyal, A.K. 1987. Effect of 

banana powder (Musa sapientum var. paradisiaca) on gastric mucosal shedding. ,L 

Ethnopharmacol 21 (1): 11-20. 

Reynolds, J.E.F. 1989. Martindale: The extra pharmacopocia. London: The Pharmac eutical Press 779. 

Scott, W.E., Mckay, H.H., Schaffer, P.S. and Thomas, I. 1949. The partial purification and properties of 

antibiotic substances from the banana (Musa sapientum). J . Clin. lnveat. 28: 899-902. 

I 
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3.8. n~mJ 

- .. .. 
fil~'U 'Ulf1V'!~'fl1mru 

(?l~. ~nf~,r YI~~tJfJ~ 

n~fltJ ij~tl'Vl1'1~VlmV'!l~l?lf ~tl Dioscorea hispida Dennst Ltl'U~'ll,r')~t:ltJ1'U1?l~:;n~ Dioscoroeae (N~
~ ~ 

Dioscoreaeceae Lfl1fl Dioscorea (m:;VI~,)'1~VlmV'!l~l?lf LVifit'Ut~~LL~:;m~~~'1'11'U , 2533) 1'Uj;jl'11..h:;LVlV'!"i:; 

L1tJn~'llI?l~:;Q~n~fltJn~1 Yam ~1fl Wild Yam ~'1ijmnn~l 600 'llUVl'0'')t~n LLl?lnj;jl'1n'U11JI?l1"1LLj;j~:; 
species((iJ'lfD ~~.nVl~YiLf'1~fJ~ LL~:; ffl')nru ~t:l~'1 , 2544) 

Species Zone of origin Zone of culture 

Enantiophyllum Section 

D. alata L. South East Asia Inter-tropical humid 

D. cayenensis Lamk. 

D. rotundata Poir. 

Complex 

West Africa West & Central Africa, and 

Caribbean 

D. nummularia Lamk. Indonesia, Oceania Indonesia , Oceania and 

Micronesia 

D. opposita Thunb. 

D. japonica Thunb. 

Complex 

Temperate area from : 

China, Korea, Taiwan 

Japan 

Temperate area from : 

China, Korea, Taiwan 

Japan 

D. transversa Br. South Pacific South Pacific 

Lasiophyton Section 

D. dumetorum (Kunth) Pax. West Africa West Africa 

D. hispida Dennst. India, South-China, New Guinea India, South-China, New Guinea 

D. pentaphy/la L. Himalaya and Oceania Himalaya and Oceania 

Combillium Section 

D. esculenta (Lour.) Burk South East Asia Inter-tropical humid 

Opsophyton Section 

D. bulbifera L. South East Asia and Africa Inter-tropical humid 

Macrogynodium Section 

D. trifida L. Guyana, Amazonian basin Caribbean 

ihn : Malaurie ml~i'lfll~(I998) 
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.?l .. .t .. 9" , ~. I ~ ~ ~ 9 I' 1" 
n~tlmu'WYl"l!vn·mJ'fl'l LLIl'lJ L'fl Lonm'll 1?1J''fl'WLL~::: LLYlJ'm:::"'l1tJ butJ'I w'lI?1:::,)'W1?1 nvl1 'I "n n b~n !?I Yl'lJ).nnVI'Nfll r1 

L"-I'W'fl LYltlm'lll~m~tJ Yl~h LvltJ ~'W fll,) rl~~"I!lLL~:::~lLflL~tJ (~~YlJ' ~1u'Wi?l, 2543) LLfl:::U'lYl'lJI?11~lh~~'W 

l?1n'llnl'W~'WL~tJ1~~<)'W YH~tlU'W~LL~:::ij')niltin~')tJ(~YlUYlJ'J'ru ~(;l1m, 2536) 

Europe West Indies America Pacific Asia Africa 

France Barbados Brazil Cook Islands Bengladesh Benin 

United Kingdom Cuba Colombia Fiji India Burkina Faso 

Guadeloupe Costa Rica Niue Islands Indonesia Cameroun 

Jamaica Guatemala New Caledonia Japan Ivory Coast 

Saint-Dominique Mexico 
Papua 

NewGuinea 
Malaisia Ghana 

Trinidad- Tobago Panama 
Salomon 

Islands 
Nepal Nigeria 

USA Tonga Philippines South Africa 

Vanuatu Sri Lanka Togo 

Western Samoa Thailand Uganda 

Viet Nam 

VIm : IBPGR, 1986; FAO, 1996 and Malaurie U~::::flru::::, J998 

r.nfln1J'J'')m')~ifmJfl'll'fl'lm~~'1L'i'l1~'El1?1~1~mJ'~ m:::'VlJ',)'1'ElI?1~l~mJ'~ Yl'lJ~li1n1J'tl~nnfltltJl'W 

tlJ':::LVlPllVltJ~'1 42 4''1~<){;) L'll'W m:::ri n1C1!"'l'Wli1 n1Yl~'W{ 'lltl'WLLr1'W iWJij 'Wr1J'P(1fm~n'll ~1~'W ~1'W'VIf 

~bVltJ '1fl'1(m-YlJ'J'ru ~<)'ltl11u LL~::: 'WYlTI?1U LL'llt'l , 2528) nfltll'J~tl~fll~'WLL~fl:::4''1~<){;)'''l:::'tll~lLLtlJ'~tlJ':::~'lJ 
'11l')trl'W L~tlvllLU'W'fl1mJ''llij{;)~1'11 L'll'W nfl'flI'JYI'flf;), fI~'flmLn'l'lJ,){;) , Ll'lJ'Iflfltll'J , ifl')mill'J')~\iln~tll'J dj'W~'W 

Ufl:::Lti'fl'l"'lln nfl'fll'J:W r11fl'lJ111 Lf;)J'1?1~1tl~ 1?11fn LU 'Wtl 'I rltlJ':::ntl'lJ~~nmj~ln ~'1YlU~l LL~ L~~tlJ':::"I!l"1!'WYI1'1fl1 fl 
~ 

L~il'flI'J1~~'lll f;) LLflfl'Wifl,)l1'n"'l:::'tlln~'fll'Jmti'l eJ'i'l~ rl'lJifl,) L ~ill'J') ~1'fl'tllmT'lJtlJ':::Y11'WLLYI'Wifl,)L~ill'J')~'1~~ f;) 1~ 
~,)I'J(m-YlJ' L~~I'J'ItlJ':::ntl'lJn"'l, 2541) 

nfltll'Ji1~tlL1I'Jn~1'11rl'W1tl L'll\J nlLU'W~'fH1I'Jm~'')11tl~'fl nfl'fll'J l1''Wflfltll'J nfl'fll'Jifl,)L~ill'J') flfltll'J~,) 

L~ill'J')('WmJ'l'll~m) flfltll'J'Wn ntll'J(fl1flL~il'fl) fl~(n:::mil'J'I, LL~ri'fl'l~'fl'W)(~'jj-lj YlMl'VIJ'V1LPI'jj-~mLfl:::m-')J'J'ru 

~'fl~'1, 2544) 

nfltll'J~Yl'lJ1'WtlJ':::L'VIPl1Y1I'JLLtl'l1~Lu'W 2 "I!ij{;)t~'li1 ~'fl nfltll'Jifl,)L~l LLfl:::nfltll'Jifl,)L~ill'J') L!1lI'Jn1J' 

~lLL'Wn"l!ij!1l'lltl'lnfl'fll'J 'fl1"'lV1"'llmn1~"'lln(~~Yld ~1u'Wi?l, 2543 ; ~~~'ll Pl14'm,)lYl LLfl::: tlJ'lL~Y1U Lfl{;)m- , 2543) 

1) ~PI'VI1'1n1d~'W'll'fl'l~'Wflfl'fll'J : nfl'fltJifl'1L~1"'l:::~'W1tlYl1'1'll,)1 (YI')'WLii~'Wl~n1) LLfl:::n~'fll'Jifl')mill'J') 

"'l:::~'W1tl'VI1'1ojfll'J(1?I1~Lii~'W1~n1) 
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2) ~'1Jtl-.lLCl1 LL~:;rll'Wlu : n~'Eluojh') L~I~:;~~'1J'El-.l LCl1 LL~:;nl'Wlu Ltl'W~ L~m ~')'Wn~'ElUojjl,)L~ilm~~'1Jtl'l 

LCl1 LL~:;nl'Wlu Ltl'W~Jl [;11~mJ ~1~1mh'l 
:;j.lr " " ... .lr :;j 'ni. "... "':;j" "',3) ~'1J'El-.lL'Wtln~tlU : n~'ElU'1Jl-.lL~I~:;l-JL'W'El~'1Jl,)LL~:;~,)'W rl')'Wn~tlU'1Jl,)L~'Wm~:;l-J~m~tl'lLL~:;L~'Wmm 

u~Bth~ i':i R\l11lJ rm ~1U'W fl'l5il ~ flfl Btl'\! tl 'l'l511,j' 1'U'!'U 'iJ~~ 'iJ 1fliY,\!B~lifBf)flBtIl1J'Ul1 "fl 

~ " ('Vl'VW'YI':i':iru ff~lm, 2536) 

~1~'W : n~'Elmtl'W~'!l~mJ'I~I~'WLtl'WLCl1L~tlU~'W~'Wl~~'W hj~ll-Jl1t1~-.l~N'~hul?T,)Ltl-.llJl fl,)ll-J 

m,)'1Jtl-.l~I~'Whjm...l'Wtl'W~'Wfiu~~n~~n~'W ~1~'W~~'Wll-JLL~~l-J~'W1 
lu : n~'Elmtl'W~'!lluL~u-.lL~m lu~~m~ru:;LLu'W ~ 3 LL'iln fl~IUlu~') ~L~'Wlu~ ltllu~ tl~lulu 

LL~~l-J 'lItlUlu,!&'W rll'WluUl')tl1:;mru 25 L'1I'W~Ll-J~~ tl~lmL~:;~I'WLL~~l-Jm')tl~:;l-Jlru 30 L'1I'W~Ll-J~~ n11'1 

tl~:;mru 28 L'1l'W~L~I?I~ 

V1tln : V1tlnl?T')q'El~iJ'Wrll'Wlu~llJmu m')tl~:;l-Jlru 50 L'1I'W~Ll-JI?I~ ~tl~:;~lru 40 V1'Eln rll'WV1'Eln 

~'1J'W~'1Jl')~1'El~L~'El Lf1M~')qm')tl~:;mru 0.5 il~~Ll-JI?I~ !1tlLnl&m,)LYhrll'WLnM~')q V1tlnI?T1L~mtl'W'll'ElL~m 
V1'ElnlAl-.l1n'W n~utl~:;C;)Ultl~I~L"'~Ul-J tl~lmL"'~l-Jm') 2 - 2 .5 il~~Ll-JI?I~ ~'1J'W 'll'ElV1'Elnr.dr'l-.l~'U 

n~tlmL[;]~:;'IX'J'Ell~~Jl",iJnti-.l 1 0 - 15 nt~nfl-J ~'Wtl~nlJm~ lV1utln~LL~')n~'ElmL[;]~:;~'W"l:;~tl~:;l-Jlru 3 - 5 'IX') 

lV1U LLl?ln'El'Eln"lln L~~1 L~mn'W 'IX')n~'Elu~:;L"l1t1J L~lJll?ll'U~ ~eJ'W 1'W~~ LL~-.l~'U~:;~IU LL[;]'IX'JU-.lfl-.ltl~l~~'WLL~:;"l:; 

-.l'El n~'Wml~lJ LritllJlflJmll-J~'W 'lI'W1V1'l1tl-.l'IX1"l:;1m1i~'WL~'ElU11?11l-Jm ~ 1lJ"l:;L"'~'El-.l LL~:;Wl'i'W1'W~I,) L~'El'W 

'YI~PlCoimu'W ~~'Elfi'W11fll-J ~'11'W~:;u:;~m~'1JV1'IX1~'Wl-J1Ltl'Wm"'l~lJl LL[;]'EltJl-.lhnl?l1l-J'Wul-J~~:;'1JV1'IX1n~tlU~'W~1 
Ltl'Wm~l~tl~:;l-JlruL~tl'W ~'Wlfll-J - Y'l~~mfll-J(ru~-.lrf 'WU~1'VlEl, 2538) 

fflJY'l':i rr~V'U~Ufl~flru~ (2542) ~fl1J1fl1':il'iJ~tyl~hJ 1\l1Ufl~tl~lJ1rullil~''Uflfltltl-\{11Ll1'Wtll~B1q~1.:j<') lUI 

11 mqf)mR'l.Jl~tllflflBtI-\{111l1-Wtllfll':iB~''Ul~B'U~ 7,81W~9'\!tl.:jfl1':i1l~n 1'YI':i1~'lh.:j 3 I~B'U;iI1J'U'lil.:j~1'\1lJ1~fflJ 
~rr~ lWdhHlJlrullil.:jlJln~rr~ 


(Anthony, 1992) 

3.8.2 .1 fI1fllJlmV1~~ 

Jl",iJn'1J'El-.l'IX')~V1 ~1l-Jl~mLU-.ltl'Elmtl'W Starch, Non-starch polysaccharide LL~:;Jl~l~ 

Starch: mmru starch '"l:;~'WnlJml'.J'lI'fN'lX1LL~:;~:;L~l-J~'Wti-.l~-.l~V1Lri'El~'WI?lIU I?Itl'W 

'll'J-.l~l-J~'W~~LL~'1 starch ~:;~:;~l-J'El~1'U multilayer grains 'lI'El-.l~'l!I?I~:;Qftn~tlmL[;]~:;'l!il~ ~-.l~'lI'Wl~LL~:;ztl11'1 

LLl?ln[;]'Nn'Ultl Lij~LLi1-.l'll'El-.l D. eSGulenta, D. hispida LL~:; D. dumetonum ~:;L'~n~ln ~'El~'1J'W1V1L~'W~I~'WEl 

nm'ltl~:;l-Jlru 2 - 31l-Jfl~'El'W LL~:; granule '"l:;~~n~ru:;n~l-JVI~tlVl~lmVl~m.J 

Non - starch polysaccharide : LtI'W'El-.lrftl~:;n'EllJ~')'WiJ'Elul'W'lX1~Lb'lX-.l Y'llJ~lnl'W cell 

wall LL~:; intercellular cementing substrances lJlLLri cellulose, lignin, hemicellulose LL~:; pectin ~-.l~'J'U1V1C1! 

I 
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":::'f)~1t.!ttJ~ldJ'i'l:::~ntJ~1 LLI1lU1'l'l!Ul11n'f)1"'i'l:::'i'l1tJ~11t11 L'llt.! calcium pectate non - starch polysaccharide ,,::: 

'f)~1t.!'ll'l'l 120 - 199 mg.% 

Sugar: starch 1t.!~'l!(;J~:::Q'i'ln'i'l'f)tJ~1J..J1~C1~mtJ~tJt.!1,xLtlt.!J1(i]1'i'l1t11 ~'lLtlt.!~'i'lJ..J1"1n 
r1'l1J..J Lri:j'tJ{;lLt.!~:::vd1'ln1dL,,1'ru L~'J'L(i] LL'i'l:::/~1'f) ~:::~~1'ln1dLr'i1J mJ..J1nJ'lI'f)'lJ1 (i]1'i'l1t.!~'l'll'f)'l~'l!(i]~:::n'i'ln'i'l'f)tJ'"l:::

~ ~ 

lt11f1J~Vlfi~'i'lJ..J1'"l1n ~t.!f, LLW"l'l~tJ~n LL'i'l:::';)fin1~L~1:::tJ~n J1(;J1'i'l~~1J~'lt.!1~c1!iii'f) Sucrose LL'i'l::: glucose m" 

~1J fructose LL'i'l::: mannose U1'lL~nii'f)tJ 1t.!'ll'l'l'L{;lm'lJ..JLL~'l~:::(;)1J'lItl'l free sugar 1t.!~'l":::~'i'l1n~'i'l1tJ~t.l1i1J 

~Jl1'l:::Vl1'ln1tJJl1~~'l~'lt.!LVlc1! LL~'l~t.l1i1J species ~1J~1iJJ1(i]1'i'lii'f)l'Jnrj1 1 % ~'lvh1,x~'l!(i]~:::Q~'mrl'f)tJ'L{;ltJ~'lhJ 

ldJVI'l1t.! tJnL1t.!Lt.! D. esculenta ~'l~'l'll'f)'l,rt.!'"l:::tJ~:::n'f)1Jt11'ltJJ1(;J1'i'lLY1tJ'l~'f)~,,:::1,x~~VI'l1t.!'fl'flnJ..J1 (ilJ1(i]1'i'l 

tJ~:::J..J1ru 5% ~'l~'lt.!J..J1n"l:::Ltlt.!J1(;J1rl maltose) 

75.8 12.6 

0 .3 0.4 

21.1 80.3 

0.7 2.2 

2.2 5.7 

94 343 

22 140 

30 31 

1.2 10.5 

0.04 0.01 

0.02 0.03 

3.8.2.2 'LtJ~~t.! 

mJ..J1nJ'LtJ ~~t.!1t.!~'l! (i]~:::Qrlnrl'f)tJ"I:::ilI'1'l1J..J LLtJ~crt.!J..J1nLt.!~:::VI~1'l~t.!f~tJ~n LL'i'l::: 

~:::VI~1'ln1dL~1:::tJ~n'll'f)'l'J1'l~t.!f n1~LLtJ~crt.!~~t.l1i1JU"l4'1'J11l1'l1iii'f) ~n~ru:::n1dL~1:::tJ\'ln , ~Jl1~.1Ji1'f)1n11'l , n1~ 
L"I1'rJ.!1t.!~~n1dLn1JL~tJ'l LL'i'l:::'ll'l'l~:::tJ:::L'lrl1~~'lCJmr'i1JH mJ..J1nJ crude protein ~~1J..J1~C1f1JtJ~:::Vl1t.!1t11"1:::!l~Lt.! 
'll'l'l 1 - 3% LLI1lt'h){;lLUt.! dry basis "I:::!l~1t.!'ll'l'l 6 - 9% ~'lLn~L~I'J'ln1J~~1JLt.!firJ.!~'l! 

~'l!(;J~:::Q'i'ln'i'ltll'J"I:::illignin 1t.!mJ..J1 nJ~J..J1nn~1~~1JLt.!hiLL'i'l:::~1J aspatic acid Lt.! 

mJ..J1nJ~J..J1mUt.!~LI'l~ LLI1l"l:::~1J lysine ~'lLUt.! essential amino acid Lt.!mJ..J1nJii!l1'J ~1V1f1J sulphur

containing amino acid Lt.!Yl'l!(i]~:::Qrlnrl!ltJ":::~1J methionine 49% LLl1lil cystine LY1tJ'l 17% L~!lLml'J1JLYltJ1Jn1J 

'LtJ~~t.!Lt.!l-Ji (;)'l~t.! cystine ~'lLUt.!limiting amino acid 1t.!~'l!(i]~:::Q'i'ln'i'l'f)tJ 
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3.8.2.3 b~w 

1'l1~W~!ltllwYi'llIn~:::n~n~!ltJ"l:::Yiulw'l.IhrmA~~1J.J1n Yiu~11w D.a/ata, D. 
" " 

cayenensis LL~::: D. rotundata YiULY1tJ\I 1%(dry basis) lw'llru:::~ D. bu/bifera YiU 1.5% mj1\1hnln1l-J b~w~ 

YiUlwYi'llIn~:::n~ n~!ltJ"l:::'II,)tJiJ!l\l nw m~Ln VI m~~1 LL~:::!l1"l Luw~,)wVli1\11wm ~~ VI m nn VI~ f1J1 Lti!l\l"l1 n enzyme 
" 

lw,x,)~VI~htJ LLI?!~~1riCl.J~~VI~!l b~w~f1,)1l-Jl,)l?!mJDmm enzymic degradation LL~::: non - enzymic auto

oxidation ~'l,j1hJ~mnnVln~w~wlwf.J~In.nru'Vl"l1nYi'llIn~:::~~n~!ltJ~LL~\lLL~'l 

.. "" 1"3.8.2.4 ~1~'ElW1VlYiU WYi'llIn~:::~~n~mJ 

~1~~W1~Yi'JlwYi'llIn~:::Q~n~!ltJ 1~ LLn alpha amylase inhibitor oxalate phytate 

pigment(anthocyanins LL~::: carotenoids) tannin ~1~1~~~'l.Il-J (toxic alkaloid sapogenin dioscorin tannin 

diosbulbin) 'Eltl1\1hnml-J~1~~YiulwYi'llIn~:::Q~n~tltILVlrhd"l:::~m111~~VI~\llJ)lVltln~:::U')wmnL'l.h~tJI?!1\11 L'IIW 

IXl-J, ~'ln,'Elu LUwIXw 

3.8.3. ~1~Vi~lwn~!ltJ 

~1~Vi~~Yiulwn~mJ~ 2 'lli),Vll~LLn 

Dioscorine : Luw~1~~mi1wmil-JLVJj'LtJW !i~f11~!ltlr;)(Tropan Alkaloid)~~lnnf1~~tl
" , " 

C13H1P2N f.J~n'l.l'El\l dioscorine "l:::LUWf.J~n~LVI~'El\l ~'VlVI~!ll-JLVI~'l~ 43.5 !l\l~1L'l1m'tI~ lwn~tltl~tl~tJ~:::J.J1ru 
0.04%(Coursey, 1967) mm~Vi~Lil-JLLm~'Ell"l~w f)\lL~tJW riWf1'El f1~wl~ 'El1L~tJW LVI~!l'El'Eln ~Vl1n1Yi11 ~Yi"l~ 

a .. v."I ~ a "" ... ~, .I,.J. .. 
L'l.J1L~'l 'ElVltlVl LlJW~l-J In'lLtlW m"ll-J!l1mm~:::(;)n'll'El\ln~1l-JLW!l ~:::tJ:::In!ll-J1"l:::nVl1:::UUlJ~:::~1n!'i'lWn~1\1(ruNf1, 

2538) YiU~1dioscorine LY1tJ\I 0.01 nfl-J m"ly'hl~L~tJ~f)lnl~(~1t!n\l1wtJ~Vlm:::Vl~'l\lf)VlmI"l1~lnf LVlf1LWLflU 

LL~:::m1Yi~\I\l1W, 2533) 

Conlas LL~:::f1ru:::(1998) 1~P1n~1Yiu~1 secondary structure 'l.I!l\l dioscorine ~\I~nl?l"l1n 

Dioscorea cayenensis "l:::L,jW alpha - helix LUW~'lWl-J1n LL~:::YiU~1~~:::Ciiut!tJ~1riCl.J'l.I'El\l~1CiiumVl'El:::mw~ 

LVln!lWnw~:::VI~1\1 dioscorine LLfl::: alpha - carbonic anhydrase ~\lLtlW enzyme lw~1il1 LLI?! dioscorine hJ1~ 

LUW active enzyme Ltitl\l"l1n~mnLVlw~mVl'fl:::mwlwu1L')ru~f1~1t1nwnuuw active site 'l.I!l\l carbonic 

anhydrase LL~:::f.J~VlVl~'El\lVl1\1 Immuno-Iocalisation ~~tJ~1 n~l-J'lI!l\l dioscorine "l:::YiUl-nn~ vaculoes lw cell 

L'J!WL~mnu storage protein lw~w:Jf\lLL~:::~WLVlI"I 

Hou LL~:::f1ru:::(2000) YiU~1 dioscorine "l1n Dioscorea 3 species ~!l D. batatas, D. a/ata 

LL~::: D. pseudojaponica LL~VI\I activity 'lI'El\l carbonic anhydrase(CA) LLfl:: trypsin inhibitor ~\lIn~'l"l~'flULVltJ 

activity staining UW 15% SDS - PAGE 

Hou LL~:::f1ru:::(2001) YiU~1 dioscorine ~\lLUWLtJ~~w~~:::~l-Jlw Dioscorea batatas Decne 

U1Lnf1"l1n,x'l LVltllnN 

Diosgenin : LUW~1~~'El~lwn~l-J Saponin ~\lLUW~1~Yi'ln Glycoside tJ~:::ntlU~')tJ sugar 

residue (glucose, galactose "1~"1) nu complex multi-ring compound ~\lm"l~~1W,)Wf11fU'flW~\lLLI?! 27 - 31 

!l:::In'fll-J LVltJl?!'flnw~.hwVl1\1!ltln:nL"lW!l:::Iil'fll-J Vl1n glycosidic linkage ~m11~1tJLVltJ hydrolysis ~'ltJ mVl, ~1\1 

I 
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Vl1m!l'Wl"l!~ saponin "'l~bbtm!l!lmtl'W 2 ~,)'W ~!I~')'W~bU'W~"'lInl~~M~(free sugar) U~::: hydroxy compound ~~ 

r1~lmlU polycyclic substance b~tJnil sapogenin 1'Wn~!ItJ:wuhnru diosgenin l..h:::~.nru 0.2 - 0.7% 

Dioscorea species ~n1ifLU'WbLVlri~'1I!1~ sapogenin ~~bU'W~11 steroid 1'WmnJ~[J] steroid 

drugs Vl1!1!11"'l1-ifLU'W hemolytic poisons ~'lVlfu[J]mJ~11~(Coursey, 1967) 

~~ Dioscorine bb~::: Diosgenin 1'Wn~!ItJ"'l::::WLrhl1rumn1'W'lh~~~~'WLL~:::ri!ltJ1~1~~"'l'Wm:::vf~ 
~1~~~1'W~~~!I'W 

m:dh9~V11"t1'Wn~!ItJVl1!1~L~tJnn'Wil ",xnbm" "'l:::vll'l~~~:'jjjbLUU'III')th'WLL~:::LLuu:'jVlmPl'l~[J]f 

~1V1fui)jjLbUU"llI')UI'W,!'W l..h:::n!lu~')tJi'W[J]!I'W~ ~!I~vlI1,x,x') n~!ImU'WLL~'WU'l~1 LL'll~1 i1u1,xLL,x~Vl1!1 [J]1 n bL~,) 

-Wln~U~J'l LL'll~lt)n"'l'Wni'l~11V11"t"'l:::mJVI 'ltJ 1'WU'l~~'W~ U'l~ LL'vI~ 1-if~1 Ln~!IV11!1~'lVl:::L~ LLVl'W~I~ ~ b~11:::1,xi:m~ ~ 
ni'l 

m1T119~V11"t~')tJ:'jjjm dVlI~:'jVlm~l~ [J] f'!'W!lI"'lvh1~~')tJ md~l~ ~')tJ LL!I~ntl t:ltl;bif~if'W 95% 

~~U~')tJ~ILn~!ILif~if'W 5% Vl1!1~I~dj'Wm~L~ni(!ItJ :'jjj~1,xeJ~~ LL(;)vh1,x~'WVJ'WmdeJ~[J]~~ 'W!ln"'llndEl~m"'lvll 
1~~')tJ~I~'W'1II,) eJ~~nuhJ LL[J]~ b~tJ~ LU!lfLL~~m L 'W[;l LL~,)vll~ltJ 'Lu LLIIl~L~tJ~ LU!lfLL~~m L 'W1Il~ LVI~!I~')tJ~11 
~:::~ltJ'L'l!L~tJ~L~[;l 111.J-n~1~(;)(ruNr1 iltJ~i)VltJ, 2538) 

3.8.4. m1H1..h~'LtJ'II1.!"'llnn~!ItJ 

n~!ItJ-w1~1 LU'W!I1V1111~~tJ~lm 1Clf1.JU1~VlI'W1~~~1'WbbUU~ El~hn~LLU11U L-D'WfUU1:::VlI'W 
~ 

UVl'Wifl,) LVI'iltJ'lVl1!1~~eJ~~nuifl,) LVliltJ'l LL~:::LLUU~ uUdlu LU'WeJ~[;lJlru'Yl(;)1~1 LL~,) L'll'W n~!ItJ1J~ , n~!ItJ LL~'W , 

LLiJ~n~!ItJ, n~!ItJVl!l~ LU'W~'W L~!I~"'lln1'Wu1:::LVlPl1VltJEl~hJ~m1u~nn~!Im~!I-W1~11-if1'W1:::vlU~IIl~IV1nn~ vl~ 
'!'WeJ~[J]Jlru'Yl(;)1~1~1~"'llnnI1LLUdlUn~!ItJ~~r9nn'W1'WU'l~~'W~'lJ!I~UI~9~VIt'lVlLVh,!'W 

1'W(;)'l~Ud:::LVI Pll~;jm1-W1~"ll1ll1:::Q~n~tm1u LL1..ht1..JLu'WeJ~ [;lJlru'YlUI~'l!il~ L-D'W Ciacco c. F. 

, X 1. 11 '" ."f 0,,, '" LL~~rlru:::(1977) ~U,)lmdeJ~~ yam flour ( "'lIn D. a/ata ) 10% 'lJ'W u 'WmdeJ~[;l'1l'W~u~"'l:::Vl1 LVleJ~[;l French-

1lot""'''''' .rt I':!! ..:.IA IV

type bread ~~Vl~~ L~!ILudtJULVltJunu cassava flour LL~::: cassava starch 

VlI~[;l:::t'l'W[;ln~'II[;l1:::Q~n~!ItJ~n-Wlm1-if1'WtULLuu~1n~L~tJ~num1Har'W~f~ L~tJ!I'l"'l-WlmtlU 

Vl!l VI th~Vl1tlU ~ L~!I1~~ r1,)I~ LVI~I:::~~1'W~I'Wd~'111 ~1'WLb(;)~:::Yi!l~ ~'W'!'W1 bb~:::[;lI~ml~~!I~md'1ltl~ ~U"'tU1r1 
VlI~~I'W~L1u:wm1-W1~'ll[;ld:::Q~n~!ItJ~leJ~[;lLU'WeJ~[;lJlru'V11V1~1 L'll'W yam cake, mashed yam~~'WbU'WI1!l'W 
n~~LL~,)-w11uVltl~ Vl1!1-WI~lvlILtI'WeJ~lIl.nru'Yl~rl~ltJar'W~f~VltlVl (Chip) ~1V1fuLL!lmm[;l:::t'l'W[;ln :wmd-W1 D. 

rotundata mu~ LL~:::'W,) VI 1~LVliltJ'l LL~'l-WlmfuU1:::VlI'WL~tJ~'WLU'WIl!l'Wn~~1 b~n1 ,~~~1'W~'l~ ~r) 
Ige and Akintude(1981) ~n1"tlbVlr1ilr1'11!1~m1eJ~[;l yam flour 1'WVlI~m1f11'11tl~1'W9b~tJ ~Uil 

n'l1';h1~yam ~nUI~~,)'W(Vl1tl-W'l yam 'ltJ~~) bu'Wi'W[;l!l'WL~!I~~'W~~lbu'W1'Wm:::u')'Wm1eJ~[;l yam flour 

!IruVll1ij~1-if1'Wmd~~Ud:::mru 60 !I~Pllb'l!~b~tJ~ 1'W'1Iru:::~m1.!Vll1ij'1l!l~mn11Lb~~!I~1'W'll')~ 60 - 80 tl~PI'l 
" 'lI 'I 'll 'lJ 

L'l!~L~tJ~ L~!I1m~ yam ~1,)'WLU11:::LL[;ln~ltJ b~!l-W11uu~Lu'WeJ~ ~'qruVl1Jij~lnn11 80 !I~I'IIL'll~L~tJ~ "l:::y'h1~ 

yam flour Ln~~~'l[;lI~LL~:::Lij~LLiJ~"'l:::Vlmu 
Kameman LL~:::rlru:::(1987) ~n1"t1 5 m:::u')'WmdeJ~[;l flour "l'ln yam 'L~tJ~,)LLU11'Wm:::u')'W 

m1eJ~(;1L~tJ'liftl~nUm1vlILL~~LL~'W yam ~1~"l'ln~,)~u~U!lmU~!In~~ri!l'W-W11u~~LL~:::VI~~"lln~~bL~,) ~')tJi)jj 

forced - air oven solar dryer LL~::: drum dryer ri!l'W~"'l:::-Wlm'L~btl'WLLiJ~ yam "'l:::~n-WI~I~~ri!l'W~"'l:::~'l'W 



116 

m:;U':I1.Jnl~v'ilLL,x-lLL~:;LlJ ~urhLLU-l~1~fumnJ'il~fuvmiJ'i':;~lVl~~cr~Llhmu-l~~~IW"lln'Vlnm:;U"lUm'i' LL~:; 

yam flour slurry viscosity curve "l:;~"l1'i'Cl.n1~"lln shear stress ~-l~1,xn~u11 curve 'lI!l-li-l 5 m:;U"lum'i' 

~~IilLUULLUU non - newtonion behavior flour ~~~Iil~"lLJm:;U"lUm'i'v'ilLL,x-lLLUU forced - air - oven ,,:;ilf1':ll~ 

Rasper LLrl:;f'lCW:;{ 1974) ~m"l'l functional properties 'lI!l-lm'i'LLVlU~ wheat flour ~"lLJ yam 

flour 1un1'i'~~Iil"llU~U-l ~U11 Rheological quality 'lI'il-l bread dough LL~:; loaf volumn 'lI'il-l'llU~U-l~~~1111~ 

Ll?lm'U~'l:;m'i'1ifLLU-l~~~Iil"lln D. rotundata ,,:;1~CJ~~~n11~rl~1~fu"'lnn11LLVlU~ wheat flour ~"lLJ root 

crop flour 'llill?l~U1 LLlJlmjl-lhr'ilill~ m'i'~il gelatinization temperature ~~-l LL~:; amylolytic susceptibility ~ 

~1 'ill"v'il1,xLnl?ln1'i'L~~~U'llt)-l~~lilncw'Yf~1lJtil!l-lm'i'1Jl'1L~ni.(!lEJ 
, 

Martin and Ruerte(1975) ~1'i'''l''~U11m1LLVlUVl wheat flour ~"lLJ yam flour Vl'i':;c;1U 20% 1u 

'lIU~U-l ":;1,xCJ~l1lncw'YfLuu~~-l~!l1,, 1U'lJCW:;~n1'i'~~11l bakery product 'llill?l~U1 L'llU pancake LLrl:; cupcake 

~LLVlU~"lLJ yam flour 50 - 1 00% ~lm~Cl1,x~~Iil~~~LJ'il~fu1~ LLIJl,,:;~wlU'llill?l'll!l'l yam ,rU1~"lLJ 

1 uiJ'i':; L Vl Pl1Vll'JtJ'I1lJil m'i'~~ Iil n~'il1'J L~!l1illU'i':;c;1u'ilIil~'lVln 'i''i'~ il L-WI'J-l LLIJl mmiJ'i'xiJ L~'ilu1'Lnf'l 

1u'i':;c;1u'll1"lthwvh,ru m"lLUUL~~'l:;iJ-l1lJ il'l'lu~4'1'Jn'l rJ CW~~U~ ~hUlJll'11 LL~:;m'i'Vll?l~!l'lUl n~'il1'J1iJ1 illu'Ellil 

~lV1n'i"i'~'ilth-l LY1I'J'I~'il LLIJl'ilUl'1hr'i Iill~"lniJ'i':; LI'J'lll!Vlrl1iJ1 ~lU'll!l-lnrl!liJ L~iJL'Um:;Vll'1~lUm'i'L,,1ry L~ULlil 

CJrl~ftlil LLrl:;m~lCWLLu-l1un~'il1'J r'im"l~1~lnlv'il1,xn~!l1'J dJu~nVll'1 L~'ilnVl~'1~"l:;ilL'il n1~ tJ nUl1iJl-ifVll'1 ~lU'il1ll 

~lV1n'i"i'~1 U'ilU'l f'llil LL~:;":;~'1 ~~1,xi1n1~~'1 L~1~m~iJ~n n~'il1'J L~~~u1~ 

I 
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3.9. ~~'Eln 

..... <V ...... ~ 

~'ll~i1l 'ElPl'lPlni1l~rri'l 

i1l~. ~nfrmr "r111l~Uf1rl 

1~'Elmth'!m;~l~ ~~'Elnn~'ElLTunl?i'l"1 rl'U 11l'll.J11'lfll?i'l"1 'll'El"tl~:;wIPll'Vlu tl~:;'ll'l'll'U'Vl'l"11'lrlLVlilmTUn~'l U'El'U 

Vl1'El 11l'U, tl~:;'ll'l'll'U'Vl'l"11'lfl1~\Tun~'l U'El'UL~U'l U!l'U~'Uj;)'l Ufl'UVi'l Vl1!lU!l'U~'l tl~:;'D'l'D'U11'lrlmnlLTUn~'l 

~~'fln "l:;L~'Ul~~'lmnTUn~'flJTnnr1'l~'lU'fl'U!l~~'lU ~"ilm~'l:;Ufl'UL~rl:;L~!lnn~n'lj-ru:;11'lU'Uflnrl~'lUrl'U 
L~'1.lrl'U~'lL~'flnn~'Un'lLili1l1'ULm~unrl'l" m"lLtl'U ~'U l.J'lLrlL~U Vl1!liS'UL~U nVl~ntj'l'U~'lrl'U~'UHn1if.... ~ 

L~tlndJ'UmVl'l~l.J'l'U'l'Uri'1.l'Ufl1~I1lPTnn!ltl~:;l.J'lru 100 n I?itll.J'll~LmrVlrl'ltltltlnltlvf'lL'llI1l~'fl'U LLrl:;L'lllWllU~'U 

Li1ltlL'U~'l:;VI~Lm:;1'Ul.JVI'l~~'Vlmtl;~1'I tl~:;L 'Vl Pl1'UU1L'lruLl.J ~ Ll1ltl Ln Utl'U tl1:;L'Vl P11'Ummm l1l:;f'Ul1ln VI~ Ln'l:; 

West Indies LLrl:;tlLl.J1mmn..:! l'UU"l"u'UL~tlnl~LL~rVlrl'ltl!ltlnltlvf'lLrln (ruN'" ilUl.J1'Vl~, 2538) 

3.9.1. ~n'lj-ru:;'Vl'l..:!~~n'lj-P1'l~l1lf 

l'U'Vl'l..:!1'VltJ'l PI'l~l1lfl~r.ri1l L~'fln 1,xtl~1'UI1l~:;~rl Araoeae 'fl~1'ULf11m~U'lrluu'fl'U~'fl Colocasia 

~"Ltl'UYJ'lllUL~tl..:!L~U'l~'U~ esculenta 

~'el1'V1t11f'11'l1(;l{ Colocasia esculenta L. 

Class Nudifiorae 

Family Araciae 

Genus Colocasi 

('U~'U'Vl{ ~'iU~lJ , lJ .'ll .'ll) 

L~tlnLi1ltlvf'lltl dj'UYJ'll~'ltl~:;LJ)'Vl diploid n~'l'U/)'ULI'I~Ll.JL'D l.J 2n = 28 1 'Ufinl.J'll'l ~n L~'fl nUl..:! 

lh:;L1l'Vl~Ltl'U triploid n~'l'U'l'ULf1~Ll.JL'l!l.J 3n =42 ~..:!LFjtlm.h:;LJ)'Vl triploid '!'U"l:;n1uVI'U'l tl'lnLu (Stomata) 

'll'U'li1l1V1C1.! nLili1lLlil..:!i(!ltJn~'lI~'flmh:;L1l'Vl diploid ('U1'U'Vlf ~rlL~l.J, l.J .tl.tl.) 

L~tln Ltl'UYJ'D~'l~n~'l~'U1~~'U v'hVli('l~~:;~l.JmVll ~ ~..:! Lnlfl"l'lnm~'lltJ'lU~'l'lltl..:!~'l ~'U1~~'U 

~~tll.J rlU m'll.J tJ'l'l'lltl..:!tl~'1.l..:! L~'fl Ln i1l~'l'll'U'l i1l1Vlt'k! LL~'l"l:;nn n"!htl~..:!~'lLFj'1.l n1,xftnrl..:!ltll'U~'U ~tlrl'lm'ln'lltl..:! 

L~'1.ln~'ll.Jl~C1~'fl..:!~'lLI1l~'ULtl'U~'l'll'U'li1lL~n Vl1tl~ LTUn~'lrlm~'flmhuu i1l~'l~'U 'll'ltli1li1l~1 Ldfi'll1l LLrl:;lifLtl'U~'l'U
~ ~, 

'lltJ'lU~'U~ L'ULFj'flmLl?irl:;~'U~"l:;nttlr'l"'ll'fl"~'l 'll'U'li1l'll'fl..:! ~1'U'l'U~'l!?l'fl~'U ~'ll'fl..:!L~'fl LLrl:;nn~'UVI'fll.JLLrl:;hi 
VI'fll.J LLI1l n !?I'l..:! rl'ULwFj'El n LL!?Irl:;~'U~ 

1u 
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1... " .. ..." 1. 1......rl1'W1iJtJ1,) 45 - 150 'l!~. br.J!ln[?l'WVI'W'I"'l:::~m'W Uu~:::~lru 12 - 18 u rh'W1u~VI'''mJ~bb[?ln 

vll'1 rl'W1'WLLvl~:::~'Wfi U1'1~'WfiiJ'lJ!lU1u b~I'JU U1'1~'WfiiJ'lJ'f)U1u~'W ~,)'W'lJ!l'lVl~'I1U Ul'1~'WfiiJ"'l i?I~~,)'I'lJ!l'l n~l'1 
'I q q 'I q 

iJ~n'l1ru:::i?I!lmtl'WbbUU Spadix ~!l iJ~'f)mj'f)l'JLm:::~~'f)~nufh'W~'f)nL~mrl'W 'll!l~!ln'lJ'Wli?1 

1'J1') 10- 15 'l!~. bb[?lnvll'1rl'W1'Wbbvl~:::~'Wfi ~l'W'l'W'll!li?l'f)niJtJ~:::~lru 5 - 15 i?I!lnvl!ltii'W 'll!l~'f)niJrl1'Wl'J1,) 15 
q 

30 'l!~ . i?I!lnL~!lniJ~'lJl,)fi~).J LL~:::~LVI~!l'ltl!l'W LL[?lnvll'11'Wbbvl~:::~'Wf U1'1~'Wf!l!ln~!ln~ll'J bbvlU1'1~'Wf!l!ln 

~'f)nl'J1n L~'f)n~tJ~n1'WtJ~:::LVl~1VlI'J~'l'W1V1nh:::1~!ltlni?ltln
~ ~ 

, ... 
iJ'lJ'Wli?1 L~n fl~ll'Ji?I!lnVliJlt)') LiJ'elLLriiJ~1.l1 [?l1~~1 (11 L~~i?I~~\J~ru~ ~lmnl1.l11tJ Lyn:::1!ii' 

('W1'WVlf ~~LYl~, ~.tJtJ.) 

~ ... 
3.9.3. 'll'Wi?I'lJ!l'lLr.J!ln 

... 
tJ~:::L1lVlL~i?I'i:~ (Eddoe) tJ~:::LIlVlm!ii'LLri C. esculenta var. antiquorum Vl1!l C. esculenta 

var. grobulifera 1!ii'LLri L~!ln~iJ~'l'lJ'Wl~1~1V1C1.! LL~:::iJ~'lL~nnrJl~!l~~!ltJVI~ll'J~,) 'VJn~'lfutJ~:::Vll'W1!ii' bbfl:::H' 

vh~'Win!ii' tJ~nrl'W~ln1'W West Indies LLfl:::~Vlft;'f)L).J1m
~ ~ u 

tJ~:::L1lVILLi?I'll~'W (Dasheen) tJ~:::LIlVlih!ii'LLri C. esculenta var. esculenta 1!ii'LLriL~!ln~iJ~'l 

'lJ'Wl~1V1C1! bbfl:::iJ~,)'lJ'Wli?1L~n1 ~'f)m'f)U ~'l1V1fk!H'futJ~:::Vll'W ~'l'W~'lL~mrnH'vh~'Wf L~!lntJ~:::LIlVl~1!ii'LLri 

L~'f)milmJ ~'ILu'W~'Wf~ill'J~tJ~nrl'W'i:i?ll'J-0''l1tJ1'WtJ~:::LVl~1VlI'J LLfl:::tJ~nrl'W~ln1'W West Indies LL~:::ell'lll'J (m::: 

l'J1~fl~hn'WilLVl~, ~ . tJ . tJ.: ruNrl ill'J~~Vl~, 2538) 

3.9.4. m~~l LL'Wn~'WfL~'f)n1'WtJ~:::LVl~1VlI'J 

'lJru:::~~'W1'J14'1'J~'ll~'l'WYl~[?l~ m~~'lllmnn'l1[?l~ 1!ii'vhm~~,)u~,)~~'W~L~!lnr,;nmLVlri'll1il'11 ~'I 
1'WtJ~:::LVl~ blfl:::"'llnvll'1tJ~:::LVl~ 1!ii'tJ~:::~lru 50 ~'Wf ~'I~1).Jl~C1~lLL'Wn~'Wfb~!lmu'Wn~~1V1fk!11!ii'(i)'I~ 

~lLL'WnL~!ln[?ll~n~'W'lJ'f)'I~'l iJ 2 tJ~:::L1lVl ~!l 

L~'1.l nVl'f)~ L~'f)n'llili?l~L,)flltii~Vl1!ltJ~:::ntlUtl1V11~"'l:::iJ n~'WVI!l~ 1!ii'LLri ~'Wfb~!l nVl'1.l W~1'J'I1VI~ 

~'Wfi ~"'l.016 ~"'l.08 ~"'l.019 LU'Wtii'W 
q 

L~!l n'llil~1~VI!l~ L~'1.l n'llil~~b'lfll tii~ Vl1'f)tJ ~:::n!lUtl1V11~"'l:::1~iJ n~'WVI'f) ~ mh'lhi) l?l1~ L~'f)n 

'llili?l~U1'1~'W{~'I Ldr"'l:::hliJn~'WVltl~ LLvli)iJojj'!l~ [?l~'I~iJ~n'l1ru:::Ld!l LVI-wm mJ'W tJlfutJ~:::Vl1'WL'll'Wrl'W L'll'W L~!l n 

~'Wfi ~"'l.06 ~"'l . 025 ~"'l . 012 LU'W~'W 
q 

LLri b~!ln~'Wf ~"l.06 ~"l.07 ~"'l.025 ~"l.014 (L~!lnU~l:n~) ~'Wf~~tJl~11 (ti'WL~I'J) ~'Wf~~f~iJ (ti'WL~tJ) 

LU'Wtii'W 

http:LiJ'elLLriiJ~1.l1
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\~'tl m~'tl~'JJ1'lth.!lJ'l'l b~'tl n'DilVl;1b~'tl ~1'iX'l ~ b~'tl "l:;YiU11 ~~'JJ1'l ~ltJ lJ'l'ltJ:;tJ'W'tl~ ~'1"l:;~lJ'l'l 
~J1m.f~'tli(tlmb~n~I'1n'Wl'Wbb~~:;~'Wfi, l~mi b~tln'\.lm,Jb~tJ'Il'mj ~'Wfi, Yi"l.016 Yi"l .08 Yi"l.05 Yi"l020 bU'Wtii'W 

~llb'Wm~tln~I~,J'~I'W'l'W'iX'l'JJ'WlI1l1m1J~'ilIX'W ~ 2 tJ~:;bIWI 

b~tln~~'iX'l'JJ'WlI1l1mu~n~rl'lIX'W '\.Iii'l'iX'l~'tlIX'W 'W'tln"lln~'W"l:;dJ'W'iX'l'JJ'WlI1lV~n 1~mi b~'tln 

~'Wfi, b~'tln'\.l'ilw~tJ'I1V1~ ~'Wfi.Yi"l .02 Yi"l.05 Yi"l .09 btl'WIX'W 

b~'tl n~~'iX'l'JJ'WlI1l1m1) ~J1nn11'\.1ii'l'iX'l ~'tl IX'W ll~:;'Utln"ll n,r'W"l:;lU'Ub~'iln bb~'l'JJ'Wll1l b~n1 'fl~LI1l tJ 

~'tltJ1 'iX'llm1J l~bbri b~'fln~'Wf Yi"l.06 Yi"l .025 dJ'WIX'W 

m~~lbb'Wmtl'tln~l~m~LLl1Inntl ~ 3 'I.h:;UlVI 

L~'eJn~~mm~nn'fli(mJ dJ'Wb~'tln~~mm~nmJ'fl Vl1tl~IX'WL~'flm~n1 'fl~~'tlU1 IX'Wbb~i('iltJ 

tJ~:;~I[l,\ 3 - 10 IX'W l~bbri b~'iln~'Wf Yi"l09 (nl'W~ltJ~'l'l~b'll'il) 

b~!Jn~~m~bb~nwt..l'iltJl'Wn~I'1 btl'Wb~'tln~i1m~LLl1In'\.lkl'tl '\.I1'ili1IX'Wb~'tlm~n1 'tl~tlUIX'Wbb~tJl'W 

n~I'1tJ~:;m[l,\ 10 - 20 IX'W~'fln'il l~LLri ~'Wf Yi"l.016 Yi"l .019 bb~:; Yi"l.020 LU'WIX'W 

b~'tln~i1mm~nn'tl~ln bU'Wb~'iln~i1mml1lnVlkltl Vl1tli1IX'Wb~tlm~n1 'il~~tlUIX'Wbb~~lnn11 

20 IX'W~'iln'il~'WltJ l~blri btltln~'Wf b~'tlnVl'tl~L~tJ'Il'\.1~ ~'WfPl1'1.hn~ eil'Wb~tJ) ~'UfYi"l.014 (ml~~) bU'U~'U 
m~~lbb'Um~'fln~I~'l1ln~I'11ub~'fln i1 2 tJ~:;UlVI 

b~tlnYli1'l1ln~I'11u bU'Wb~'iln~i1'l1ln~I'11u ~'l'W'\.I~'11U~~'l'l l~bbri b~'fJn'\.l!l~b~mlV1~ ~'Uf 

ltl'fln~laJi1'Vln~I'11u Ltl'WL~'eJn~1~i1'Vln~I'11u~~'l'l'fltll'1 L~'Ul~iVl 1~bLri Ltltln~ILLVl'l Ltl!ln 

~'Uf Yi"l .014 (U~I:n~) Yi"l.025 Yi"l.06 LU'UIX'W 

('U1'UVif ~m~~ , ~ . tJ.tJ.) 

i1'il1mfiUL~m 5-6 L~tl'U ~lm~()tJ~nl~~'lVlnmfl'JJ'El'ltJ~:;LVlPllV1tJ LL'\.Irl'llVl~i1~:;UU~I'D~th::VI1'U~"l::~I~lm, ",) . 
tJ~m~'flnl~I1I~'flVliJ ~'l'WLL'\.Irl'l~'lI111l~1'\.11'fli1~lnVl fI'l~tJ~m~'flm'UYil::1'W~~~'WLYh~'U Ltl'flntJ~nl~vT'I~~~ ~ 
Vl'tl'U M1YiL1 LL~:;~nU~'11'\.1~L'JJ1 LL~:;tJ~nl~'W~'WW€ntJ'DilVl tJmt)'W~'Wrmf'l ~'UtJ'Wm'lI1l"l::yhl~~~~~~~1

~ ~ ~ 

~1'1'JJ!l'l~'Wtl~1'U~::Vl11'1 5.5 - 6.5 Lm~'1tJ~m~!Jn~LU'Wm~~h~~lrrC1J l~LLri L~ml'\.1~ 'WfI~~'lnrl ~~~~ 

~'h'~L~n ~L'lIr1tJ LYi'D~\l~ru 'Wfldn'D~~1 M:;1.J1 ~'1"r1.J1 'WfI~tJ:1~ ~1"ll1.J1 ~Yinru1.J1 LYi'll~1.J1 mC1J"l'U1.J1 

'UfI~'WltJn tJn~'Wu1 LL~::'D~Yi~ LU'WIX'W ('W1'WVlf Yi~L~~, ~.tJ.tJ . ) ~'Wfi~tJ~n~'l'Wl'\.1nJLu'W~'WfiLtl'ElnVl'El~ (m~
.... 'I.l q 'I.l .. .. 

1'Dln'mn'h'~~, 2535 - 2539) 

http:mC1J"l'U1.J1
http:LYi'll~1.J1
http:Yinru1.J1
http:1"ll1.J1
http:WfPl1'1.hn
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2531 2532 2533 

1* 2** 3*** 1 * 2** 3*** 1* 2** 3*** 

1,637 3,273 2,169 1,795 6,813 3,795 3,385 9,314 2,628 

915 1,452 1,593 653 1,270 1,945 1,644 2,193 1,688 

1,527 2,602 1,704 2,443 4,176 1,710 4,169 10,585 2,539 

1,222 2,602 2,178 5,816 11,861 2,515 759 2,286 2,880 

5,364 10,081 2,005 1,989 4,071 2,062 1,857 3,745 2,017 

661 1,174 1 ,795 662 784 1,544 1,282 1,681 1,621 

11 ,336 21,244 1,989 13,318 28,921 2,398 13,096 29,704 2,268 

lilJl mlJ1'lflf1l'Hn'mn, 2535-2539 

l1lJ1V!11~*1. ~tJ~tJ~f1 ("11) 

**2. HlWlij~ ('fitJ) 

***3. m~u (nn. 111) 

tf"'l'UtJL~'eln LtltJYl'l!~'l LPI~1:i'jih~iJ ~ntJIl1'V'l1tJm~~'1'fl'fl n~n'l!U~V1~'1 t~tJ ~'1tltln..r'l1tJXLJ~'J 
L~tln r'l1u1uLijtln LLi:'l:::1uL~'fln L'llU 1uu 2532 LJ~:::L'VlPl1vltJiJm~~'1tltln~'lLij'flnLJ~:::)J'm.! 486 ~U fi~LLlu~i:'l 

~ 

fih 4,998,000 U'l'Vl 11li:'l1~~1'1LJ~:::L'VlPl'lJtl'lL~'fln~~1~ClJiJ ~~tJ ritl'ln'l tltl~LI'l~L~tJ ~1Li:'lL~tJ ~'1F1tLJf LLi:'l:::LU 

Lfi'flLLi:'lUIf1 LtlU~U ~'1Lri'fl~"'l1mnCi'lm~1ilLJ~:::ttJ'l!ul~..r'l~'l rl1u1u LLi:'l:::1uLCjtln ~'l~..r'l1'li:'l1~Il1tJ1u LLi:'l::: 

~1'1th:::L'Vl PI LLi:'l:::Lritl LmtJU LVimJ nUii1'l LLi:'l:::Yl'l!hU'l'l'l!U~ LL~'l L~'fln"'l:::LtluYl'l! L~UYl'l!'Vl'fl'l~'W1~U1"'l'lJ'fl'l Ln1:i'I'l~m 

~n'l!Uc;m~'1 (u1u'Vlf ~i:'lL~~, ~.LJ.LJ.) 

3.9.7. 	 'fl'lrlLJ~:::n'flU LLi:'l:::~~U'1i'lJ'fl'l L~'fln LLi:'l:::!:Jfil'l.nru~"'l1n LCjtln 

L~'flniJ'fl'lrlLJ~:::n'flu~'1~tl1LJ~ FI'l1~~U 63-85% FI1fLu1m~~1'l 13-29% tLJ~~u 1.4-3.0% 1'll 

lTu 0.16-0.36% ~1n~tl1tJ 0.60-1.18% LCl1 0.60-1.18% 1miju~ 7 -9 ~n .l 1 00 n. 111l1ijUUV1~'1 0.18 

~n.l100 n. 11'l1ijuU~'fl'l 0.18 ~n.l100 n. 1u'fl1:nu 0.9 ).In.l100 n. Fl1fLulm~~l1lLtlu~'luLJ~:::n'flUV1~mLi:'l::: 

LJ~:;ntlU~hmLil'l 77.9% L'V'lUtl1l'l!1U 2.6% 1~LUtlf 1.4% L~n11l1u 0.5% J111l1i:'l1~b'1f 0.5% J1mi:'l'l!tFl~~ 
~ 

0.1 % 

m).J1 ru tLJ~~u~ iJ'fl~1tJLCjtl n~'1 n~1tLJ~mtJ~iJ'fl~1ulTu m~tl:;mU~ iJ ri'flUii1'1~1 ~tl histidine, 

lysine, isolieusine, tryptophan 	LLi:'l:; methionine 

1UL~'1lnUtln"'l1n"'l:;iJ LLil'l LtlU~')1.JLJ~:::mlUV1~n LL~'l ~'1'V'lU~1 iJm'l~~1).J1~r:1i:'l:;~1tJ1~uJ1 LllU 
, 	 , 

o .. .. "" ''''.''In! .1 v" 	 "" 
"'l1U'lU~1n 'll'lm'l'lJtl'lL!:J'fln).J monosaccharide 'VlLuU'Cj'lULJ~:;n'flUV1~n FI'fl galactose LLi:'l::: arabinose LLi:'l:;~ 

Polymer ~LtlU~')1.JLJ~:;n'flUV1~n ~tl arabinogalactan - protein m).J1ru'lJ'fl'ltJ1'11ULCj'Eln"'l:;~hLl1ln~1'1nu1LJ 

http:0.60-1.18
http:0.60-1.18
http:0.16-0.36
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" (~"nnrmL~..:J) (Gaosong and Lawrence, 1999) 

~'J'Uc;l1..:J1'lltl..:J L~tl niJ~'J'Ulh:;ntlUc;lI..:J n'U L(?)tJ~'J'ULI'l'UL~tl niJuhnru'lltl..:J LL~..:J LLft:;lllJ..:J~..:J n~1 

U1L'JruUftltJ,x'J ~11'fl1"vllj'~m-Dm'1..:J~'J'U1"vlnJ!ltJ~LU~hln'U'fln ~'Jm"vlI'l~~..:J1ifLU~!ln~I"vlfuL~tJ..:J~lW) 'U'flnr.nn 
~ ~ q 

~~..:J~'J~~n'll!l..:JLLrlftL~mJ!l!ln'llILftl'l (calcium oxalate crystals "vl1-!l raphides) 1'Um~lru 0.1-0.4% 'lltl..:J~1 
"vl,rn~(?) ~..:J~:;iJ~ft1~Ln(?)n1j'ri'Ul'lmLft:;j':;rmJLA!l..:J L~'flfuuj':;vn'U n1j'~~~:;vllftltJ~Ij''llU(?)~ (ruN rf UU~:'jVlU, 

2538) calcium oxalate dj'U~ld~~lm1C1ft:;ftltJ1~'U~1 LLft:;Ltl'U~Ij'~vll1~Ln(?)d~'llI~~~tnUn~ (off - taste) 

n1j'rh~tn calcium Oxalate 1'Uj':::"vl~I..:Jm:::U'J'Un1m~(;lLLil..:J~I~Ij'C1vlI1~tnu n1nL-DL~'fln1'U~I~:;'flltnLtl'UL'Jftl 

24 i'JL~..:J ~..:J~I~ln1fttnm~lru calcium oxalate 1~~..:J 43.3% (Iwuoha LLft:; Kalu, 1995.) 

Ltltlnc;lI..:J~'Ufn'U~:::iJm~lru'lltl'ltl'lr1Uj':::n!lULL(;lnc;ll..:Jn'U1u LLil..:J~ftl'J (flour) ~lm~!ln iJ 

m~lru Starch tl~1'U-D'J..:J 73 - 76% (:'jLI'lj'I:;"vl1(?)u:'jfi Enzymatic Analysis) mmru'lltN1'UL(;lj'L~'U (LUd~'U) 'll'fl..:J 

LLil..:J~ftl'J~lm~!ln mJ1'U-D'J..:J 0.33 -1.35% LLft:;~(;llf'll~lm~tln tltJ1'U-D'J..:J 0.014 - 0.025% LijtnLLil..:JL~tlniJj'U
~ ~ ~ 

11..:J~n~ru:::Ltl'ULLUU"vlftlm"vl~tJ~ LLft:;iJ'll'UltnL~n~ln !l~1'U-D'J..:J 2.6 - 3.76 Jlm. iJm~lru tdnft~ 'fl~1'U-D'J..:J 

18 - 22% (:'jLml:;"vl1tnu~fi iodine affinity) LLft:;!l~1'U-D'J..:J 19 - 24% (:'jLrldl:;"vl1tnu:'jfi gel permeation 

chromatography) iJ Degree of Polymerization (DP) !l~1'U-D'J..:J 150 - 550 iJ Branch Chain Lengths 'lltl..:J !l:; 

mftLYm~'U 'fl~1'U'rl/N'll'fl..:J DP 16.8 -18.4 (~ltJ~'U) LLft::: DP 37.2 - 40.5 (~lm.l1'J) ~lnn1j':'jLrldl:;"vl1tntJH' X

ray diffraction pattern 'ViU~1 ~(;llf'll~lm~'fln Ltl'U'llUtn A-type ~..:JiJmmru1'lll1'U 0.23 - 0.52% m~lrw 

~tl~~tlf~ 0.017 - 0.025% LL~:;iJ Onset gelatinization temperature !l~1'U-D'J..:J 72 - 79 °c ~'J'U~ftl'J~ln 

L~tlniJ Onset gelatinization temperature 'fl~1'U-D'J..:J 69 - 74°C I'ilml~"vliltn'll!l..:J~(J)1f'llr.nm~tlniJrhr1'JI~"vliltn 

~..:Jn~l~ftl'J~lm~tln LtnU Taro Starch pastes iJl'ilml~"vliltntl~1'U-D'J..:J 700 - 1400 BU. (Jane LL~:::rlru:::, 

1992) 

mj'~LLU1~ 1'UU1:;LVlP11VltJ 1'l'U1VltJ~'J'U1m1.!~:::Uu~u1LnrH~'fln 1'U~U'll'U~"vl'JI'U'llUtnc;lI..:J1 L-D'U L~!lm~'fl~ 

L~tlnm'U L~'flnVltltn LtltltnlllU U'J~tltILtltln irl'JmilmL~tln 'll'U~if..:J1~L~tln 1'flP11'l~~L~'fln h~1~Ltltln LLft::: 

tll"vlldUj':;LI1Vl'llUL~m ~..:J Ltl'U'fl1"vlIj'~I..:J'llUtnc;lI..:J1 Ltl'U~'U 
if~r.pr'U~U~I~'J'Uc;l1..:J1 'lltl..:JL~tln l~LLri ,x'JLtltln rl1'U1ULtltln LL~:;1uL~tln uj':::n'flU~'JtJ~11 

'fl1"v!ld~'Jnrnfi:u1mtnj'(;l LUj'~'U :'j(;llil'U LL~:;LL1fil~c;l1..:J1 ~Ltl'UUj':::LU'll-Wc;ltl11'ln1tJ"v!ftIU'llUtn L-D'U ~ln~'J'U 

'll'fl..:J,x'JL~'fln rl1'U1UL~!ln LLft:;1uLtl'fln 'fltJl..:J~:; 100 nf~ ~U~1 ,x'JL~tlnmUj'~'U 2.5 nf~ rl1'U1UL~tln iJ 

LUj'~'U 0.2 nf~ LLft:::1uL~!lnmU1~'U 4.4 nf~ Ltl'U~'U 'Utln~lndL~tln~..:JH'L~tJ..:J~(;l'Jl~vr..:J,x'J rl1'U1u LL~:;1u 
('U1'UVlf ~~LYl~, ~ . U.U.) 

, , 
Liltl'l~ln~(;llf'll~lm~'flniJ granule size V1iJ'll'UI(?\L~n~ln LLft:;~lmdC1tJ!lu1~~IU ~..:JiJn11~1 

luH'n'U!ltJl..:Jn,)I..:J'll'J1..:J1'U'fl1\.nj'L~n LLf'l:::m"vlIj'·'h...lfu~~LL~fiC1JYl'll (Wang, 1983 cited in Moorthy LLft:;rlru:::, 

1992) 'Utln~1 n~:;~11u1ill'U'flI"v!I1LL~'J L~tl n~'l m~I:;~~:::~11u1-DLtI'U~'J'Uj;J~~1'U~~ (;li1ru'YlLrlitl..:J~I'fl1..:J rl~ltJ 

nULLlJ..:JVlI"vltJl "vl1-tl~11u1ojhtl'U~'Jm:;~IU~I"vlfuj;J~(;li1ru'Yl~LUj'U (Griffin LL~:; Wang, 1983 cited in Moorthy 

http:U'flnr.nn


124 

LLrl:;fl ru:; , 1992) LLrl:;6-.l~m ~f1i.!~i.J~1 LLU -.l L~'fl n L VI~n:;~~~"'l:;~111.J L~~1i.!Y1rll~~ n~~I~I~mjmJ~rlltJ1~~'ltJ 

(Moorthy LLrl:;flru:;, 1975 ) 
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C'WNrl iltll-J~V1~. 2538. fiQ!'lll~LL~:;Vi'll~,) . n~'1LV1Yil-J'\..nk!f1'i' : f1C'W:;LnM[1I'i' l-J~1~V1m~mnM[1IU11'i'l[1lf. 

k!~k!V1f l:J~L~l-J . n1'i'tI~m~!ln. ~~[1I'i' : ~k!tYir.rtlVi'1l'i'l,)k! 'i'lCl1Uk!~r.rtlVi'll'i'l,)k! n'i'l-J~'1l1n1nnM[1I'i' , l-J1.hJ. (1lJ1M 

~l-J'If) 

Yi~1V1 Yi'i':;mPl~~filk!ilLV1P1. 2511 . L~!ln. 'i'l1'i'1'4n'i'l-J1V1t1~1~fuLm,)'Dk! 5: 163 - 168. 

~'1l1n1nnM[1I'i', n'i'l-J. LL~k!~~k!lVi'1l LL~k!~WJ'W1LP1'i'Mfin'"lLL~:;~'1f1l-JLL'IA'I'1l1~ 'ilUU~ 7 L~l-J 1,2535-2539 . .. 

370 - 376. (tlVl~lLk!l) 

Iwuaha,l.C., and Kalu ,A.F. 1995. Calcium oxalate and Physico - Chemcal properties of cocoyam 

(Colocasia esculenta and Xanthosoma sagittfolium) tuber flours an affected by processing. 

Food Chem. 54: 61 - 66. 

Jane,J. , Shen,L., Lim,S. , Kasimsuwan,T., and Nip,W.K. 1992. Physical and Chemical Studies ofTaro 

Starches and Flours. Cereal Chem. 69(5) : 528-535. 

Moorthy, S.N.; Thanuamma Pillai, PK , and Unnidrishnan, M. 1992. Variability in starch extracted from 

taro. Carbohydrate Polym. 20 : 169 - 173. 
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3.10. lJ::;l1"N (Mangifera indica, Linn) 

~'\.uhlu~ Im~£Jl'1d\.jBBmi'i£J.:JM 

um;.:JI'Vn::aJ\lfl '!.l';i::;I'\'lrYhHBI~£JI'1d''UBBmi'i£J.:JM il'UI~£J L'\'l£J vH;'!.lll'Uff il'U h1't1t9l£J !!1:l::;'!.l';i::;I'\'lrYi'UmlJ~f11hi' 

!!'ttti.:JI'Vn::;U\l fl!1'i:l::;tYl[J'tl'W~~I'V'tl::;U{I fl' 'WU";i::;Iy!I'I'Y![J 

Imti.:JI'Vn::;U\lfl: '(n::;'I..J~ 1:lVl'I..J~ 'Uf)';i';il'lffflJl ~mJiJ !1:l£J 1~£J.:J';il£J VI::;Wl ~1'!.l1.:J 
... ,

tYl[J'V't'W'I;j Typica Walt, Stemocarpa Stapf., Ma-yuen major, Mimeur 

3.10.1. 'fNrllh:;n'flu'lI'fl,,:u.J:;aJ'l'l LL~:;LLU'I:w:;aJ'l'l 

CJ~~U'lI'fl'l:w:;aJ'l'lrlfnfLu1mi?lrl?l Lth.J'fl'lrf'!.lr:;n'flU'fl~~'I1'flU~:; 16 Li?lm.h:;:W1ru (I?lr1r1'1~ 

3.10.1) ~'Ir.ri?l~lLth..!1J1mru~~'I LLj;),rU~'ILLj;)'fl~I?l'"li..!~'Ii1'"l"l1.Ti..!rl'lli..!~r.rU~L~mnUn1r~ni?l LL~:;~mn LLU'I'"lln 

:w:;aJ'l'li.('flU:W1 nvT'I1i..!1.h:;LYl V'11YlU b'fl'l LL~:;j;)l'11.Jr:; LYl V'1 

'fl'l rf1.J r:;n'flU tITmru 

rnfLu1mi?lrl?l (nf:wj;)'fl 100 nf:w) 

L1.Jr~i..! (nf:wj;)'fl 100 nf:w) 

1'lIlTi..! (nf:wj;)'f) 100 nf:w) 

L~'fl1u (nf:wj;)'fl 100 nf:w) 

~~'I'I1i..! (nLmLrl~'f)1) 

15.7 

0.5 

0.2 

2.4 

67 

~ iI I IV I!:. r iI cv 'l/ iI Q~ 
'"llnn1rYli?l~'f)'ILU'fl'lI?li..! ~U'll m:;U'li..!n1rMi?l:W:;:W'Ni..!i..!f)'fli..!'lI1'1'l!U'l!'fli..! 1?l'fl'l:W'lli..!I?l'fli..!n1r 

tJuJ'I L 'fli..!1'l!~~ri'fl1~Ln i?l1.Jljnhnn1nn i?l~~ll?ll~ri'fli..!~'"l:;C~:w m:;U'li..!n1r~ni?l LLU'I LL~:;Lij i?l a..J:;aJ'l'lrl LLYli..!UWUi..! 

'fl'l rf1.Jr:;n'flU'fl~~'I 44.8 nf:w j;)'fl m~n f:w LLYli..!Ui..!rl rl'l1:W~1a..J1 rrJ1i..!n1 nn i?l LUi..!~lr1.Jr:;n'fluL:n'loif'fli..!nu Ldfi1 [;J LL~:; 

L1.Jr~i..! vh1~rln1JrJmJ LL~:;i?li?l~:W L1.Jr~i..!1~i.('flu~'I ~'It!i..! n1rCJ~1?l LLU'I'"lln Lil i?l:w:;aJ'l'l~'Irl'lr~lil'lti'ln1rr'hr.ri?l LLYli..! 
~ 

(Agroba, 1997) 

'lIi..!li?lLili?lLLU'I (micron) r1.J 11'I 
~ 

L!ln~lr411'1:S'l 

8-10 n~:w rl1.J~lU~i?l Chaimanee LL~:;rlru:;, 2001 

http:LL~:;j;)l'11.Jr
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mj'I'1~ 3. 10 .3 'fl'lA1..h:::ntl1JVl I '1 Lf'lSJ'lltl'l LLU'I l.J:::l-h 'I 

Flour Starch 

Carbohydrates 

Soluble Starch Fiber Other Tannin as 'IUJl!JI'IWl Reference 
Protein Lipid Ash Amylose Amylopectin Protein Lipid Ash 

carbohy Cathechin 

drates 

2.75 50.0 2.8 18.26 6.6 1 9.4 1.08 2.34 - - - - - lIlh{J : % wet basis Agroba, 1997 

710 (total) 66 94 11 - - - - - - lIU 'J{J : nl1J~!lilhnl1J Agroba , 1999 

- - - - - - - - 61.75' 33.25' - - - 11U'JV : % wet basis Amin and EI -

, t1ill~tl !l::il1m'l' 65% !l:: il1(11'1'ln Sayed, 1973 

~tl 35% 
-
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Gelatinization Temperature (oC) 

64 

63.7-90 

Chaimanee ml::; 

tH,U::;, 2001 

Chaimanee 1I~::; 

f1ru::;, 2001 

~"JeJ~l'l 1 ,,:: 
'11thV wmn'j'~l'lfl'lf'I,)1aJ~1mJCl 'l.Jn1JfjaJ'W1 

d , 
!lJ~lJ::;lJ"J'l 76.0 %wt (wet basis) Agroba, 1997. 

il d ,
11 'l1l1f1llJfllJ::;lJ"J-3 190.0 %wt (wet basis) Agroba, 1997. 
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Agroba , S.S. 1997. Physical , chemical and functional properties of Nigerian mango (Mangifera 
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physical properties of some tropical starches. Paper presented at the first National 

Conference on Starch Technology. October, 2001 , Bangkok, THAILAND. 
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viPlutJ m5'r1Yi5'Yivin'; 

f1I5'. ~lm~Yl" -nmlil'llm 

f1I5'. n~tJl L~I~~~~5'I~ 

LvhmmJfl~Lih,I'Y1'll1'U')~pfTaccaceae iJ~fl~'VlmPll~l?If~1 Tacca leontopetaloides Ktze ~fl 

~'i.J1 L"1l'i.J 1.jmt} liJLVll~lft ~~tl?l~1 East Indian Arrowroot Tahiti Arrowroot LU'i.J~'i.J 
" ,J', ~ 1 .If .,J ..J " "". I ••~ :'i :':I~ 

L'VllmtJ~t}~'lI'i.JfltJm::::'"lf1lm::::'"lltJ 'i.J~ftltJYi'i.J'Vl L1J'W L'lIl?l5''fl'i.J'lJt}~'Vl,)uLLt}l''l5'n1 Lt}L"ntJ !:l1'dltJ Y1'"l 
~ 

LU'i.J~'i.J mf1l~liJri'i.JrhLilf1l~ LLVl'"l1~fl~1'i.JLLC1U Lm ~tJ 1?I::::t)'i.Jt}t} n L lltJ~1~ tf1ltJ L'ilYil::::t}£h~~~1 'i.Jm L~ b~tJ 

b~fl~'"llnLU'i.Jbmrl~~Yl'll1?11~11'i.Jl?l5'::::nft Tacca mJLU'i.J41'i.J,)'i.Jmn
~ . 

tf1ltJ~'dltJYiu~1 bVllmtJtJt}~ bU'i.J'f1'l1~YiU IJll~th iJ n15'tJ~n LU'i.J41'i.J'd'i.J'W'fltJ b~t}H'tJ5'::::ttl'llU 

b 'ilYil::::miJ 1 'i.JVlt}~ ri'i.J ~1~fUtJ5'::::b'Vl1'11Vltl b~tJiJ n15'~I5',)'"lYiU~liJfl~ ~t}'i.Jih~~'i.Jl m.l'i.J1 'i.Jthu1b 'd ru'llltJ 

Vl::::b~6~1Jl::::t)'i.Jflt}n ('!l~1..J1- 5'::::tlfl~ r.r'i.JVl1.j1-l?lJ1f11) bbft::::m~l~ LU'i.J'!lilf1lrll'i.Jlu~b~m ~~Lbl?lnl?h~'"lln~ 

YiU1'i.JJll ~ 1Jl::::t)'i.Jflt}n blltJ~ b~llt}~iJ rll'i.Jlu~tJ'd~'fl~~Il?lI~ bb~::::YiU~1 iJflultJm nuntf1ltl m::::r.rf1Im::::'"lltlt}u. . 

3.11.1.~m~ru::::Vl1~Yi~m~1'11~lJlf 

bU'i.JYl'!l~~"ln iJ5'::::U1J5'lnbbU1J5'lmlfltJ (fibrous root) iJ~I~'i.Jfl~l~~'i.J iJ~n'\j'ru::::if'tl 

~'i.J iJ,x'dl~~'i.J pHl~n~~bbU'i.J ~~bnf1l'"llm'h'i.J'lJfl~~I~'i.J~LtJ~tJ'i.JLbtJrl~ltJb~fl~::::~~fl1~I5' LU'i.J,x'd'llill?l 

tuberous rhizome iJlutJ5'::::nfl1JbLUUn'dijfl 3 LL'iln LLI?1~::::LL'ilnbbej'i.Jlu~umt)ILLUU'lJ'i.J'i.Jn rll'W1um'd 

tJ5'::::~lru 30 - 70 'l!~ . iJ~L~m~~t}tJ'd~t}~~Il?lI~ f1IflnflflmU'i.J'llmLuui~ (umbel) rll'i.J'llt}f1It}nn~')~ 
9 "" ::. J' .. 1 "", ""1 ~ ..J 9 "" 1 1 • I ~ ~b'lJm11?1~I?IN~~'lI'i.J~IL~'i.Jfl U ~f1IflntJfltJ 15 - 30 f1Ifln ~ U5'fl~5'U1Jflf1lfln''''L'lIm 6 U Lbrl:::: Uu5'::::f1IU 

5'fl~fuf1IflnufltJiJ~n'\j'ru::::bU'i.JL~'i.Jm'd ~~ltJ~'i.J'd f1Im'dtJJ::::~lru 30 'lI~ . ~~v'h1~'Il1,)ul'i.JLLriUm ~ 1Jl::::t)'i.J 

ililmlltJ~L~llflL1-tJnYl'!l~~1 "~'i.J~'i.J'df1lLLm " f1IflntJilI'JLU'i.Jf1Ifln~~\JJrubYiPl n~ulf1t}n 6 n~u t~'i.Jn~u 

b~il~~f1In'i.J iJLnMLYiI'1LiJiJtJJ::::nflU~htl 3 ~lfbYirl (carpel) b~t}~~f1In'i.J tJrlltltl'Elf1lbnMbYiI'1LiJmbtlmU'i.J 

3 bb'iln f~hibnf1lfl~l~~I'i.J5'fl~f1Ifln (inferior ovary) LnMLYiPl~iJ 6 'fi'i.J ~'d'i.J~~iJttJil~LU'i.J~I~b~~tl~ 

~1flltJnJ'dmrifltlfl'i.JiJ~L~ml?1flmLtJ~tJ'i.JbU'i.Jm~t}~t}~b~m ~~IIJl1~ bb~::::~~lbrit}LLrir.rf1l 1Jl1~~It?iU iJ 

L~'i.Jejl'i.J~'i.JUn~l~tJJ::::~l ru 1.5 - 3 'l!~. ~~bbl?lnl~brit}bbritf1ltliJb~~f1It}~mtl1'i.JLtI'i.J41'i.J'd'i.J~lmU'i.JltJhi 

(bLn~'lJ'flU'JJ'i.Jl'i.J) iJ~~llJll~ 

3.11.2. n1n"'l1Ck!L~utl?l 

~m~ru::::ilb'dI'1~Vlm~~lriCk!'JJfl~ LbW'-l~~YiU bVllmtltJt}~ ~t} ~'i.Jl~i~b~I~'i.Jl~U'i.J~'i.J b'li'i.J 

~::::Yi11,) ~::::~,h~ii~Yil'i.Ji?l 'lJ'l1'i.J bU'i.J~'i.J l'i.J~'i.J~~bU'i.JthttJi~ bU'i.J~'i.JVlJltJ ~1t} i'd'i.JVlJltJ ~1il~'i.J~~ 
~~ltJ~'i.J'Vlntl'llltl'Vl::::b~ n1n"'l1Ck!b~utl?l'llt}~~'i.J'"l::::L~~1'i.J']h~~~r.J'i.J n,)L~fl'i.JYi~~m~~tf1ltJ'"l::::iJn1nLl?ln 

~'i.J1mJ"'lln,x'dbril~~t}"'llm~~f1I~~~'i.Jfl~1~~'i.J n1n'"l1Ck!L~utl?llih::::tJ::::b'd~ll.h::::~lru 7-8 L~fl'i.J "'lIn 

http:LLI?1~::::LL'ilnbbej'i.Jlu~umt)ILLUU'lJ'i.J'i.Jn
http:t}'i.Jih~~'i.Jl
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,r'tJ~:::ilm)'~n~'"ll'tJ·Ih.:J~'tJ~~LL~.,j m)'~n~'"l~.,jLnI?11~~ln~'"l'tJ'lIfl.,j~'tJLVI'Wfl~'tJL~m LLrl:::LL~.,jl?11tJhJ 
LVI~t1 LL(1hX'"ll~~'tJ 

~lnm),'VlVlrlfl.,jU~n~'"lmlJ~VI~~'tJ8~mnm)'~~'tJl'fll'"l~.,jm:::LU'tJ ~.4''tJ'Vl'4~ Lri'flU 

2539 LVltJu~nmtJl~1?11'ihmr.,jLL~.,j 50% )':::tJ:::u~n 30x30 L'l!'tJ~LlJl?1),'WU~l LlJ~VI.,jflnVl~'l~lnU~n 1 

L~t1'tJri~.,j mn~1OJL~ULI?1'Vl1.,j~1~'tJ~.,j~VlLLrl:::b~lJrl.,j,x'"lLri'fl 4 L~'fl'tJVI~.,jU~n~'fl),1'"lL~'fl'tJI1'tJmtJ'tJ Lritl 

~.,j,x'"l1~'tJ~'tJ LLrl:::U'tlfltJl~ilmn~1C11L~ULI?1~t1hn'tJu~ 2 LLrl:::U~ 3 'WUt)lLL'Vl.,jLu'tJ~'tJ1V1~lwrl'"l'l 
b~fl'tJ'W~~mf)lJ ~'"ltltll.,j,x'"l~Lnul'tJb~fl'tJfi'tJ'"llf)lJ il~lV1,rm'a~tJ 134.6 nflJ LLrl::: 295.15 nflJ 

1?11lJ~1C;)U l'tJu~ 3 ~'tJbVllmtJ~t1lJilmn~1C1!L~ULI?11~f),u'"l'l~rn~1?1 Ltitl'l~ln1~ilm)'~~'tJ1LU'tJ~t1n 

~rl bLrl:::LlJ~Vl1~ )':::tJ:::mn~1C1!L~ULI?1'l1fl'l~'tJ~:::Ui?lm'"ln~11'tJu 1 LLrl:::U 2 u)':::mru 1 L~fl'tJ LLrl::: 

Lri'flLnULMm,x'"ll'tJ'rl,)'lL~'fl'tJfi'tJ'"llrllJ l~~rl~~I?1,x'"l 4,034 ntrlnfWh 

3.11.3.'~im;!rlm)'~4'tJm),~1)'~nVl 

~l),),~'lIlJ ~~n~1~~ln,x'"l ~'lil),ltJ'll'tJ~lilu),:::lJlru 2.2 % U)':::nflU~'"ltJ~l),VlrlltJ 

'llQ~ 1~uri sitosterol, cerylic, alcohol, taccalin, alkaloids, steroidal, saponins (Elsheikh LLrl:::mw:::, 

1990) 

~l)'~n~~lnlu ~fl steroidal saponins il~'Vlt~hVlfltJ1~'fltll'lilu),:::~'Vlfim'W~.,j~~ 

b~flLmtJUbVltJunu~~nVl1~~lnyhll~''lVllJ~ 42 'llilVl (Elsheikh LLrl:::rl CW::: , 1990) 

3.11.4. m)'1il'U),:::LtJ'll'W 

3.11.4.1 ~1'tJ'fl1V11), 

1il',x'"lvh LU'tJLLU'l LVllmtJ~'fllJLVliJ eJl'tJn1)'~nVl ~')tJ~1V1rlltJ1 f)f.,j LYl'Elf114'~ 
~1),),~'lIlJ~1.,j1 LL~'"l~.,j-WllJlI?11mL~.,j LLu.,j~1~~llJl)'()-Wlm1il'u)':::nmJ'fl1V11),rll'"l L'll'tJ vll),l~Vlih ~lJ 

m:::Lvn:::Urll 'lI'tJlJ.fl''tJ 'lI'tJlJLVltJ'tJLLrh 'lI'tJlJU'"lrl'fltJ 'lI'tJlJ~lJn~'tJ rlflWrltl'l~'lf)LUf L:W~~U~lJ 'lI'tJlJ 

n:::rl:::LLlJ LLU.,jVl'fliJ'Vl'flVl 'lI'tJlJ,x')trnm~ 1il'~~lJnULLlJ'l~l~vll'l1'tJlJU'l 'lI'tJlJL~n ~~lJnuLdfl~rl1~Vlj-fl 
n:::~ vll'l1'tJlJU),:::I.fl'Vl'flUVlj-fl~'l il),lml'tJ~l LLU'l LVllmiJ~fllJ~lmn1'rl'"liJvll1~fllV11)'il rl'"lllJfl~ ~'"l1~ 

LLiJn~'"l(syneresis) vll1~ilrl'"lllJii'tJ'tJl'tJ~'tJ LLrl:::'WU~l LU'tJbLU'l~il flru~lJU'11tlfltJ~ltJ~.,jiltJlJ1il'LU'tJ 

'fl1V11),~1V1fUf)'tJlhtJ'fl'fl'tJL'W~t.l1~ilnl~.,j L~m~n Vlj-t1f)'tJtl'"ltJ~ilu()JVllLMmnu)':::uum)'tlfltJ'fl1V11), 

(~mmru .n'Vl)'~'Vlfi. 2543) 

3.11.4.2 ~1'tJ~~'tJ1'W)' 

1?11lJ~lfum1'VltJ 
0

nn : il~)')''WflruLU'tJmLLrltii'VJn'llil~ LLn~~~'l LLlJrl'l~'fltJ LLn~~~ 

,x'"l : il~n'WrlrubLn'tlfl'tJL'W~tJ thN,x'"ll~ LLnLn'fl'fl1V11),~lnm)'~'tJ1ii 1il' 
q q 

bLi:l.,jLVllmtJ~fllJm'tJnu~11?11rllojhu'tJfllV11),rl'tJtI'"liJ~'flfl'tJL'W~iJVllJVlnl~'l VI~'flL~m~n L~n'fl'fl'tJ 1?11lJ 

~1 fumLmlCW'llM'l!l'"l Lm:::~ilVll'"lmiJ~t1lJ~'tJ'fltl ~:::ilm)'1il',x'"l LLrl::: LLU'lvllmfn~lhrluVI hrlVlfl'li'"l'l 
~ 

~l)'~n~~lnlu: il~'Vlt~.hVl'fliJ 
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" ..3.11.4.3 ~1U'ElU 1 

rhULL'tl:::1urhu~tln : H'vh"uJ'ln ~tlm'rul1lmJ'tl1 m"llu:::~m'llw?h~ 1 

m':l~ : vhm'l bb'tl:::H'vheJl~ubl1tl'l"'l1mtl~tlnl~ (UUW)U UrutJ:::tl1:::.nPl1, 

3.11.5.m1vhm':l'lbYhmmJtl~ 

11l1~1fi1Jnuryryl"llI'lthu il.rrul1ltlw?h'l1 r;)~il 
1) ~1~,r'l1lX~:::m'" bb~'ltltlmtl~tlnU1~1 tl'Eln 

2) 1Jl,x'l~tl'Eln btl~tlnbb~'lm ~IUm':::U'lUm11lli~m':l'lt~tJH'~I~:::m ~bUUl'hv'h 

'tl:::'tlltJ t~tJ1-if'ifi1~1fi"'~'1r;)~i?l'Elltlil 
3) bm,x'l~1~"'Ilnif'El1 ~UUUbL~U~'1n:::~~L"'Il:::Z~'ltJl1l:::~ H'm"llu::: b'llU t!l~ ",1'Elcl'l 

y/'tll~ ~n 1~~1 LL~'l1Jl1tl1tl'lfu Lm~'lU~ ~ul~,ru1t) t'hil,x'lvll LLiJ'I"hu'lum n nm"'l r;)'" bLtl'tl~ LUUbLUU 

r1~ltJm1~~~:::y/~1'l t"'mr1itl'lll"'~:::y/~I'lLLUU~ LL'VlUm111~,x'lUULL~U~'1n:::~L"'Il:::Z ",1tl1Jl,r'l~1~ 

"nniftl 1 ~utJtlmUU~UL~n ritlu~u1lX'tl:::LfhJ~y/~!l~nU~1b~ni.i!ltJ 
4) 1Jl~'lu~l~"'Ilniftl 2. L~~~11um~lru~mu1lXLiflnul~~tJ~ltJ Lritlmu1lXLif1nu 

~LL~'l 9'1m'!l~~'ltJeJl'l11'lUl'1 2 -B'u bL'll~'lu~m!l~l~um"llu:::ulu 3 i'lt~'1 L~tl1lXLLiJ'Il1lnl1l:::ntlUL'VlJl 

~'lUUU~~ LL~'lL~~Jl'tl'l1ULLiJ~~l1lnl1l:::n!lU LL~'lmu1lXLiflnu LL~'lm'!l~~'ltJeJl'l11'lU1~~nr1f~ LL'll~'lU 
~m'El'll~H~n 3 i'lt~~ L'VlJ1~'lUUU~'1 L~~J1'tl'l1ULLiJ'I~l1lnl1l:::ntlumu1lXLiflnULL~'lm''El~~'ltJeJl'l11'l 
U1~"'UI 4 -B'u L~!lL!lI~'lUmntl!ln1lli~~1n~~~ LL~'l~'1LL'll~1LLiJ~~m'El~1~Hfln 3 i'lt~'1L~'El1lXLLiJ'I 
I1lnl1l:::n'ElU L'VlJl~'lUUU~~ LmbLiJ'I~l1lnl1l:::n'ElUmI1l1mL!?l!?l1lXLLlX~(11l1mL~~U1U3-4LL!?l!?l) "'I:::l~LLiJ~ 
LYrlmtJ~'El~~'lI1'l~:::'Ell~ t~tJl~bLiJ'Itl1:::~lru 1 nt'tlnf~ "'Iln,x'l~~ 5 nt'tlnf~ 

m m'llJl Luum1'tl:::'tlltJ Lm~lm~~iJtl~lu,x'l'El'El n~1 'U:::,ru~~ r1'l11:::,j~1:::rr'lm1~'1 
mn ",1!l~I~L'Vl~~r:::"'~I'1vl1LLiJ'Im"'lLuuYl~nu~11l1L~tJ~~~lnul~ chLuu~'luJlnl~r1'l1tl~'fltJ'tl~U'fl 
L~tJ'Itlm 

3.11.6. mr~n~ILLiJ'ILYrlmtJ~tl~ 

mn'ln~ LLiJ~"'Iln,r'l LYrlmtJ~'fl~ Iil'fl'l~n!?l ~'ltJJ1"''tlltJ1 r1f'l L~'flrh~~~11~iJ1~'lI~ 
tl1:::Ul'Vl alkaloids LL'tl::: steroids 'fltln ~~m~1:::~~lum1~n!?lLLuut~LtltJn LL~'l1JlbLiJ'Iltll1l1n",1tl'flu 

t~tJH't)ru"'1Jnhhnu 60 'fl'lPl1L'll'tlL:ntJ~ r;)~,ru (Purseglove and Longman, 1992) ~~m1~n~LLiJ'I"'Iln 
,x'lLYrlmtJ~!l~y/U~I~I~In1~n~1~10- 25% (Spennemann,1992) LLiJ'ILYrlmtJ~!l~~lc.i1LuuLLiJ'I~ 

~lm1b1tJtltJl~~ltJ L",m:::nu~1l'ltJ~u1ifLL'tl:::~U'ltJ~LUuhf'1'Vll~b~Um"'11 (Flach and Rumawas, 

1996) bL'tl:::mn~1~"'IlnmnJ~I1lLLiJ~iJtlr:::ttJ"llu1um1r'h~~P1I1lZ~"llLL'tl:::~l1lrfiiU1 ~rumur1u",1'1lLUU 

y/1",:::1Jlhr1~r1UL'llU ",~ "'!ltJ LL'tl:::LL~'tl~ (Elsheikh LL'tl:::r1ru:::,1990) 

Lil!?lLLiJ'ILYrlmtJ~tl~iJ~n~ru:::LuuZtll"ll 'lIU1I11tl~lu'll'l'l 13 - 70 l~r1rtlu (Maningat 

and Seib, 1992) mtl1~U 5.1 % l"lJ,ju 0.2 % mflulml1lrln 89.4 % L'll'tl~t'tl~ 2.1 % dh 3.2 % 

LLr1'tlb~tJ~ 0.27 % LL'tl:::yJ!l~yJtlf~ 0.2 % (Flach and Rumawas, 1996) ~n~ru:::'lItl'lLilVlLLiJ'I 

I 
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bvhml'.nJtl~~'l1~,,'mb'wtl'l~~rl'\.n..htJ1'WLJd~b'VlPl iJ'll'Wllf1bl1lf1bbU'l 6 - 221~f1dtl'W dLJ11'ln~~ LJ~ltJ-iJl'l 
" 

4010' 'i.I' 'i/ r .Gf 'l,.f I cI"'~ .q .J;
~'W'lI?!IM~ltJmtJ bb~~tl~f11.h~ntlU'Vll'lbrl~'lItl'l bbU'lb'VllmtJ~tl~~If1'l'W bLJdl?!'W 0.23 % rl'Jl~"ll'W 14.7 % 

rllflulmlf1dl?! 94.25 % (blf1tJiJtl~m~~ 14 %) be!li 0 .12 % b~'W 0.1 % (m"l'mru ~1''lm1~ LL~~ 

'W~flmr bb'llt'l , 2528) Lb~~iJ~~U'1i~I'Wrl'dl~WWIf1~'l~ md~~~ltJ~'l~1f1 28 % ~tlruWliJ 95 tl'lf'11 
ttl ~ q 'tI 

swelling power byilriu 54 ~tlru~lliJb~mri'W (Leach bb~~rlru~, 1959: Swinkels, 1985: ~d"tmru , " 

~1''lm1~ bb~~ 'W~flmr LL'll~'l, 2528) bL~~iJ gelatinization temperature ~'l1'1f1blf1tJ~fiH' Kolfer hot-

stage microscope tl~1'W'1l'd'l'flru~JJiJ 62-66-70 tl'lf'11L'll~L~tJ~ (Swinkels, 1985) 

3.11 . 7 . mdl?!~IIf1'l1tl'lLLUwihmmJtl~ 

ti'l hjiJ 1?!~llf1mtJ'Wtl nLJd:::L'Vl Pldtl'lru iJ LLI?lI?!~IVlmtJ1'WLJd:::L'Vl Pl~'lU~"lU'WI?!~11f1 rltl'W-iJl'l 

LLrlU ~tl Ltl'Wl?!mlf1'llltJLLU'l~I~fuyh'll'W~1?l1'l1 blf1mJh.nru~H'''1'lti'lLtl'W~LJnilIf11'W'Vll'lmdfh LLfl::: 

U""lU'WbbU'lLVhmmJtl~iJd1rll~'l~'l 80-130 / n'L~nf~ b~dl~iJmde.J~IfILlU'l~l~illmruutltJ L~tl'l,,'n 
1'1?! (l ~U~'d bVllmtJlJtl~1'Wn~~'l1 ti'liJUtltJ LL~:::ti'lllJiJ mnJ~nY1"ll"llUIf1~dj'Wmd~1 ~1tlm",,:::iJLJ~nUl'l , " " 
nutltJmn ~mh~md~~'l ~tl mde.J~IfILlU'l"'n~'dbVl'mtJlJm.J~tl'lH'~'dLVl'mtJ~tl~~iJtl'tJ~'lbbl?l 2 U, 

~'W1LJ nfll'd ~tl L~tl1Jljn tlf1tJ1'ifL~~1f1 b~tl1tn~~'d~~lmd(le.J~l?ILLU'lLVllmtJlJtl~1~,,:::1ifL'dfll~'l 2 11 

LLI?l~~'l"'nn~ 2 LL~'d~I~ldr1LJ~n~~'WL~tJ'Wl~ L~tl'l"'n1'Wn~ 2 ~,,:::l~~'dLVllmtJlJtl~~iJml'J 2 11 

~~'l~'d LLfl:::~'dl'.ltltJ~iJmtJ 1 n~n~tl'l~'l~I~~'d ~'l'l11~'d~iJmtJ 1 1I~~lufln~~'WL~tJ'Wl~lfitlhJ
q q 'lI q 

1'Wu,,"lu'W LL~~ILVllmtJlJtl~"~iJ~ntJm~'Vll'lLPld~~fi,,utltJ LLl?lllJrl'Jd~tl'l-iJl~mdl::: 

lh~1niJmd~n~~{tJL~tl1,xiJmd1ifud~btJ'IIoJ",n ~'WLVllmtJlJtl~~1 n~'W L'll'W md1ifLLU'l LVllml'JlJtl~ 

1'Wmn11e.J~I?!Jlru"Lflitl'l~lm'llJd~L1l'Vlrl1~1?l1'l1 ~iJrJrum~~'l~'W ~1tl~ILtl'Wm~ld~IL1"tLJL~tl~'ll 
m~ L~tl'l"'niJ L~tl LLU'l~~~ L~I'J If1 LLfl:::iJ rl,ru~~U'1itJtll'J~l tJ ~,1mifLtl'Wm~ld~,~fu f1'Wthl'J blf1tJL'il~I:::~ 
L~m riubdrl'Vll'l L~'Wm~ld ~1tl Ltl'Wm~ld~,~fu L~n'Eltl'W1~btl'Wmh'l ~ 'Wtln", n~1ifLJJ~btJ "ll oJ"1nm n~ 
Hl"'nmde.J~I?!LLU'l1'Wmdn'{If1~l?!tY1"ll ~1'El~1fJ1~'W1 ~mdum'Wrl'W ~1tlLtl'W~I~~'I11hl'1~l~rl'W L'1l'W 

~ILtl'Wm~tl~h~~ ~tll'J ~1tl~I?!'d1'W1 

I 
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i/ r q ~ Gil., ..... Q. c;~.J
ntllruNrl ~j'rtl~ LLtl::; LntlQtl titJ::;"ltll-J'lJ'JC\j. 2543. L'M1t'WttlmLU'I. ~l-J~rlNYl 2. n~'1LYl~l-J~l'Wr1j' : 

~l'l!n~l-Jvrl-J~l~Ylmftmn~~j'~l~l?1f. ~ill 292. 

~j'::;'Jj'j'ru m'Wlm'l~. 10 ~~~~mtJ'W 2544. ~4'tJ'Il'W~'ll1mJLn~~r ~'WtJ~n~lmn'~'I?J,J'Wlrll'J~'1 

m::;LU'W 'fi'WLtitl'l1'W~j'::;n'l!~1~ tl.vh1~iJ "l.4''WYlul ~l-J1l1~ru, 
~ ~ I ~ 'i' ~ Q ~ ~ ... J' ...0

'W'WYl'J'W lJrutJ::;ur::;lH'lr LL~::; tlr'\1'l! b'l!r1'l!m"lj'C1J~j'. 2541. ~~'Wb~j'- bl-J~'WU1'Y(2). n~'1LYl~l-J~l'Wr1j': 

~l'l!n-ifmqJtl~~'Wl~r r1ru::;IJ1~Ml~~{ l-J~l~YlmfttJl-J~"'~. 

m~j'j'ru ~-r'lm~tJ LL~::; 'W~f~-w LL'lit'l. 2528. mj'~n~1;r'El~flL~mnULLU'I~f.J~~1'Wlh::;LYl~. rltJ'Il'W 

mj'~4'tJ~ll-J~ftn~l?1rmC1J C1Jl~Ylm~l~~j',rru.yj~ 1l1r1LYlrlt'WttlUYll'1'El1~lj' , -,'rlltl'lmru 

l-J~l~YlmfttJ 

~1l1mru JlY1J~Ylfi. 2543. Lvi1mtJiJtll-J Y/"ll,x'J~l.h~'W1"l. -ifl'J~'l~~l~l?1fLLtl::;-r'l!Y/"ll. n{'1LYl~l-J~l'Wrlj' : 
r ev4 ""'" IV r i.I 
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'E}.l.J.~. m~~l?Jn'll~'Ui?l 

c.J~. V1d. ~1~':l~ lh::;vh.J::;b~'U 

"1n rl':l1l.J iX'E}'l n 1 d-n'E}lqj~~l'Utn'll'U1 mn~l.J~'Uvh1'LXi1 r1':l1l.J~1 btl'U~,,::;iX'1l'l i1 md~ Lrl:i'1::;~mV1 

'1l::;m'U1'Um1-1 1d'1l th'l ~n iX'E}'l~'l ~l'Ufl CWl1~ bb~::;ml.J1ru hh~'Ubtl'Um1-l1d~~1btlw;lflmn"1'l! b~1JLI?J 

'lJ'E}'ll.J'4~ULb~::;~1?J1 fl rur11Y11'l tn'll'U1 m d'lJ fl'lhh~'UJ'U~'Ufl~nUtl'l r1Ud::;n'1l1J mVl!l::;m'U LL~::;mVl!l::;m'U 

~~1 LU'U LlfltJLU d~'U~i1fl rur11Y11'ltn'll'U1mn1-ll.J1::;'i'll.Jn1J md~~'U1 LL~::;L"1'l! L~1JLI?J'lJ!l'll.J'4~ULL~::;~1?J1 
, , 

,,::;iXfl'lUd:;n'E}1J ~':ltJn dlflfl::;m 'UVl'i'll.J IfI~ULL~::;i1 n dlfl!l::;m 'UVl~1Ltl'UbVi tJ'I~'fl, 

mlfl'fl::;m'U~~lLtl'U~fl Ll.JYl1Y1LflU'U, :n~Vl'U, Y11L'flU'U, ':l1~'U , 1'flL'I!~~'U, ~~'U, YlU~'1l~lU'U , 1Y1L:r 

~'U LL~::; Y11ULYlLLyj'U ~1fI~':l'ULL~::;ml.J1ru'lJ'1l'lmlfl'E}::;m'U~~lLtl'Umfh;j,,::;1ifl.'Umdrh1-l'UMrum~'lJ'E}'1, 

LUd~'U LlfltJ b mtJ1J L VltJ1J n1J Lmfl'lLUd~'Ul.J1l?ld.l1'U~i1'fl~ 1?J1l.Jn:i':i'l.J'll1~ 

LC'fl'l"lnLUd~'U~':lL;mLL~::;LU'j'~'U~':lL;mviIflLLU~'1~c.J~I?l~'U"ln~l~'l"ll!l'lLN'll'ULLiJ'l~':lL;m 
1'U'I1'U~r.rtl;j1~eJ1'U.rrW;lfl'UmdLLUdlU~'1Y11'lmtJm~LL~::;brli11-1~ltJnd::;1J':l'Un1d~'1m"i1c.J~nd::;Y11Jr;l'fl 
flrur11Y11'1tn'll'U1 mdLlfltI:i'':ll.J'lJ!l'l c.J~I?J.nru'Vl1~ vi'lJ'U~'l~l Ltl'U~,,::;iX!l'li1~ Lrld1::;~mlfl'E}::;m'U1'ULUd~'U 
~':lL;mLL~:;Lu'j'~'U~':lb;mvilflbLU~'l~c.J~I?J~'U"ln~l~'l'lJ'fl'lLN'll'ULLiJ'I~':lL;mL~mj'l~flrur11Y11'l 

tn'll'U1md'lJ'fl'lLU d~'UJ'U 1 vi'lJ'Urlru::;0r.rtJ~'l1~'j'':l1J:i'':ll.J~fim'j'~ Lrl:i'1::;~mlfl'fl:;m'U1'ULUd~'UL~flLtl'U-n'fl 

l.J~1'Umd~n~ rl,ru~l.J1J1iYl1'lLrli1 LL~::;rl,ru r11Y1 1'1tn'll'U1md'lJfl'lLU'j'~'ULL~:;LUd~'UviVl LLUdr;lfl1U 
~ 

4.2. ~fimd~Lrld1::;~mV1'fl::;m'U 

~fimd~Lrl'j'1:;~'"lrum~"llfl'lLUd~'ULVltli':l1uLU'Um'j'1-I1ml.J1ru'J'E}'l1'ULl?Jn"'U LLr;lm1-l1'j''fl1"i1 

'fl'lr1u'j':;nfl1J~'U 1 ~bU'U~ldu'j'::;n!l1J1'ULl?Jn,,'U~hn'llmV1!l::;m'U L'll'U ~1'j'u'j'::;n'fl1J~':l1'U, ~1'j'u'j'::;nfl1J1~ 

1~~'U, mlfl!l::;m'UtlM::;, ~I?J::;~'U, rl1L'fl~'U, r11L'fl~U'U, ~L1tJ Lb~::;~l!?l1~1J1'l'llUV1 vi'lJ'Uc.J~md~br1'j'l:;~ 
~'liX'fl'li1mduf1Jr11L~'fl1mn~b~tJ'lrl':l1l.JLtl'U"1'll.J1n~~1fI (1) 

LU'j'~'UUd::;n'E}1J ~':ltlndV1'fl::;m'U1-I~ltJ'!lUIfI~'1mr1N'i'l¥l'1 LL~::;f'l ru'i'll.J1J1iYl1'l Lrli1 Lbl?J n~h'ln'Uvh 1 ~ 

md~br1'j'1::;~mVl'E}::;m'UJ'U'n1Jejffl'UL~:i'1::;iXfl'lrhw'l[)'lm:i'L1?l1t1l.J!Jl,)'fl~1'l mdLLtln LL~::;mdl?Jd':l"flfl ~ 
L1-Il.J1::;~l.Jn1JmV1fl:;m'UV)n !Jl':l~iJ fl ru~l.J,m LLI?J nr;ll'l n'U 

L'Ud:;tI::;L':l~1 50 iJ~ eJ1'Ul.J11~i1 md~r.rtl bL~::;~OO-J'U1~fimd~ Lr1d1::;~~ld1'Un~l.J;jl.J1'fl~1'l r;l'fl LCtN 

"'UL'Uif",,u'Un~fimnI?J1tJl.J~ld ~fimd~Lr1d1::;~~fim'j'~Lr1'j'1::;~LL1J1J'tl'U~wf LL~::;~iim'j'l?Jd':l"fV1 L~'fl'I11, , '\ 

l.J1Lifl.'Un1d~brl'j'1::;~n'j'V1'fl:;~L'U1~1-I~ltJ~ii 
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bui,l~fi~ilu d:::~VlfimYi bUi,l~tltl).J fu bb~:::UtI).J1ifr3 brl dl:::",1u d~i,l bb~::: n dlntl:::m i,l 1 i,l 

tl1"'ld).J'LUi,lL,)~Ii,lIi,l ",~nnrd~Lml:::,x~tlnrdr)lnm).Jlru1i,lll?1n"i,l-0''1''').JlnbL~,)ulrh~Hl).Jlufu1~bui,l 

m).JlrulUd~i,l",1-tlnJlntl:::mi,l1i,li1"'1Ji,lil~fi';j brl n:::",1"'~"'~ltI';jfi~ ~:::In'J n d') In b~') bb~:::Qn ~tl'l).JInnr), 

';jfi.n ~'1v'i11~rl')I).J~'rit1!'lltl'l';jfi Kjeldahl ~1n~'1 bb~:::1~bUi,l~UI'J).J).Jlmrn1i,li1",,1Ji,l (2) 

4 .2.2. 	 nrd';j brldl:::,xnJlntl:::mi,lllntl';jfinrdV\1'1~bun ll?1d~lrltJ 

nrd';jLrln:::,xVll'1~LUnll?1d~lflth1i,lilii'ElLI1li,lnr)I';jfi Kjeldahl mj"'~II'JUd:::nrd mh'lhn 
~ 

~';jfi.nbUi,lnrdr)lnm).Jlru1i,lll?1n"i,l-0''1''').J1n1i,l~ldlli')mh'lb-rli,lb~mni,l~'11~b"').J':::~).J nunrd';j bfln:::,x 

tl1",ln~tl'l",ntl1"'ldil'El'l~ud::;ntllJ~i,l1).J,n).J'I'J~tl1"dUmi,lnrd';jLr1d1:::"'1~ tlth'lhn~":::'lltl~~u';jfi 
nrd';jLfldl:::",1ud~i,l-0''1''').JlnllnmVlflUrlVl''l~Lunll?1d~lrltJHrl~',) 1 ~'1.n (3,4) 

4.2.2.1 	 nrd';jbrldl:::,xbLUU Biuret 

LUi,lnrd';j Lrldl:::,xnrd~ ~ n~'WLL~'1'li,)'1~il~'ll'El'llUd~i,lIli,)'ilth'lllntlLml'JU LYitiU 

nU~ld~:::~11'J1Ud~i,l).JIl?1d~li,l l~tl1~~ld~:::~ltllUd~i,lv'ilu5mmnu~ld~:::~11'J Biuret LnlnLl'ji,l~ld 

ud:::n'iluil~~~I).JldC1l?1d,)"'l1'lnnrd~lnn~i,lLL~'11~ 

4.2.2.2 	 nrd:=jLrldl:::,xLLUU Lowry 

LUi,lnrd:=jLrldl:::,xnrd~~n~i,lLL~'1'li,)'1~iJ~'lltl'llUd~i,l~Lnln"'llnnJln'El:::mi,l 2 

'llUIn~'El1Vlh:ni,l LL~::: Vl1UlI?1LL~i,l 

4.2.2.3 	 nrd:=jLrldl:::,xml).J~i,l (Turbidity) 

LUi,lnrn",rimt1,1mUd~i,l1i,l~ld~:::"ntll?1n l?1:::n'il'W'iltl n).J' Lb~,)Ul~ld~:::~ltI 

1u1'lnrl,)I).J~i,l",1'Elm).Jlrunrmd:::b~'1LL~'1 

4.2.2.4 	 nrd~Lrldl:::,x'Wi,lfi:::LUu1Vlr;l 

1-if",~nnrd~r)I'Wi,lfi:::bUu1Vlr;llnlnn~i,lLL~'1'li')'1 195-225 nm li?ll'Jnrdln(p\n~i,l
~ 	 ~ 

LL~'1LLUnri,ll~I'JI?1Nnum).J,ru'Wi,lfi:::LuU1VlIn1i,llUd~i,lIli'"ltltJ,'I 

4.2.2.5 	 nrd:=jbrldl:::,xbLU1J Warburg-Christian 

LUi,lnrd';j Lrln:::,xm).Jl ru lUd~i,l1'W~ldlli'"l'fltJl'1 ~'"l1'J LVlflUrl L~Unbl?1d~brltJ",~'1 

"'llmLI'Jn'il'lrlUd:::n'ilU~i,l 1 tl'iln"'lln~ldlli'"ltlth'lL(p\tI';jfi~n(p\",1'il dialysis 

":::L~i,l1~r)1nrd:=j brl dl:::",1ud~w~h l'J:=jfi nrdVl I'I~Lunll?1 d~lrltJ.nL,ji,lnrd';j Lrl dl:::,xmm rulU d~i,l-0''1''').J 1n~'1 

1~~).J'Wi,lfinu rJ rum YiVl 1'1L.n'lli,ll nrd'lltl'l bU d~iJ1ri,l 1 

http:lrltJ.nL
http:Lrln:::,xm).Jl
http:tl'l).JI
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~mJ'UlIV1f1ilrmn'l!lflJ'J-i11111nn"liYlJ..n11f1J'I:;~m'Vlt):;m'Wth:;~nruti f1.P!. 1955 1,.\~nmJ' 

1 Ifln:;~"'l:;rXt),rvi1L,x~IJ'I1i')t)th'l montJ IU'W1t)L~t)L,x f1'l1 J..J~t)'WI1i'lJ'W~'1 rX'El'l ~ nJ::;u'l'WmntJ~El'WmVl'El:;il 

l'WLU'W~IJt)~-w'Wf~J:;L1,.\El~IEllVlElmJrh4'Vl'fl::;l11'el J..J 1111Vln"'l'W~~'El'l1'l (active) 'iJ'el'l1,.\~Yl"'1ni'Wl!fl~~.r'l 

L'll'W -NH, -OH, -SH 'El'Eln1tJ~l'lEJ-rr'W111'El'WVI1'1LfI~ I1i'lJ'WmJy]I'El~-W'W1r~'1IU'W~'1~~Ir1C1JJ..Jln lVlEJ"'l:;~t)'1 
L~'ElntJDmEJ1nlnnVl'El~-w'Wf~~tJJ:;~VlfiI11YllnVlLU'W'fl~-w'WfmVlt)::;m'W~~f1,)IJ..J~1J-i1Jr:lL'WnlnnVl 

-W'WtdlllVlJI"'l'W~IL~'flL,xlnVlmmEJn~~~~VlL'WfI'fl~J..J,r (5,6), 

tJlimEJ1t)~-w'Wf~1ifri'WJ..JlnL'WmJ1LflJl::;~mVl'El::;m'W~~ 2 LLUU~'El LLUU~Wn'lLiftJDmEJ1I'fl~ 
LYI'fl1YlLfli'WLLfl::;L'El~lfli'W 2 -rr'Wl11'El'WL'WI1i'lnfll'1 2 'l!ilVl tJlimEJ1IIUU~~'El'llu'WtJDmEJ11'l!lfli'W 1 -rr'W111'fl'W 

~fim n~''1~'El'l~~IJ-i1Jr:lL~ Ifl n::;~mVl'El::;m'W1~~'1L'WI1i')mh'l<hJJ'~'W1,.\j-'flL'W~IJ'I1i'l'elth'l"llilVl~'W 1 ~~ 

mVl'El::;m'Wrs~J::;lu'W'El'lrftJJ:;n'flu 'flUl'1hM1fimJ11f1n:;~~'1 2 LLUUU'lfl'l~ifC1Jml~EJ'lriUfI'llJ..J 
~1J..J1J'r:lL'WmnnVlt)~-w'Wf'lJ'fl'lmVltl::;m'W~1~Lvhri'WVJn'l!ilVl (7) 'W'Eln"'llnJ'WtJDmEJ1mnnVlm~-w'Wf~'I 
~t)'ILLuurX'fl'lv'hL'W~l11'l::;~m~'1~ilVi ~'El'l1if'tlruwJil~'1 LLfl::;1ifL'l~I'Wl'W~n~'lEJ ~qnEJ'Il'W~ltJDmEJ11'l1 

L~i'W'lJ'el'l mVl'El:;m'W~~ fI ru~ J..J m; dj'Wv) 1'1 ~1 J..J 1 mIn Vl'el1l-W'Wil1~1,.\~ lt1IIUU 11~::;'El'W-W'W1f~ In Vl;'Wu'l1~ 
'I " 'I 'I 'I 

1~~EJJ~n~'lEJ (8) mh'lhn~mJ~LflJl::;~mVltl:;i]l'W1VlmVlflilflLln'l!lflJJ..Jl1111mlyJwn~mJ'-Wj;J.J'W1J..Jl 

tlih'l (;]'iHtitl'llVlEJ'fl~-w'WfmVlt):;i]l'W~ilm.JL ifL'WmJ1 LflJ'I::;~J..Jl n~~Vl ~'El trifluoroacetyl butyl ester LI~::; 

heptafluorobutyryl isobutyl ester lVlEJ~mJ~LflJl::;1,.\1'WfI'El~J..J,rLIUUilJ'JJ..JVll1,.\j-'ElIIUU capillary mJLL(;] 

~fimJ1LflJl::;~~iuif'El'WJ..Jln1 L'll'WmJY]I'El~-w'Wf 3 f1f'lI~'elIIEJn~Lfln:;~ 1,.\~'fl:;m'W 1,.\~mVl~'WVl1u LI~::; 

1,.\~IL'Elflntlll'fl~~ nU'l~mJ1if'El~L'Wif"'l"u'W (9) rlqntl'lI'WfI'llJ..Jlu'WhJ1~'WmJy]It)~-w'Wf'iJ'El'l1,.\~tl::;m'W 

1,.\~mVlrs'WVl1uYl~t)J..J 1 ri'WL'WI1i'ln~I'1 1 ,3-dichlorotetra-fluoroacetone 1?l1J..J~'lEJtJDmEJ1 acylation lVlEJ 

nEJ'Il'W~I~IJ..J1Jr:l11f1Jl::;~nJVl'fl::;m'W1~ 20 'l!ilVll11EJL'W 30 'W1Vi~'IJ'lJ..JL'l~IL'WmJy]I'El~-W'W1ft1ILih 
(10) 

~fimJ~ LflJl::;,r~J'l Vl Lr'l~ n'Ei''W1,.\ti'l ~'El mmJ~EJ'W1,.\~tl:;i]l'W~'lEJ isobutyl chloroformate L'W~IJ 

fl ::;fllEJu"li L"Ii'El f'lJ tl'l fI1 futl L'W111 "'l1 nJ'W~ riVl~IJ~::;fllti ~'ltl~ Lil'ElfLL~'lUli'W~ Liltl fltJ y] ltJ li mEJ1 (;]t) riu 

diazomethane ~'I"'l:;y]It)~-w'Wfiriu1,.\~ mVl~'WYl1u 1fimJ1 LflJl::;,rJ'lJ..J-rr'W111'El'WmJy]It)~-W'W~1if L ,)fll 

th::;J..Jlru 30 'W1Vi (11) 

mJl11J'l"'l.rVl~IJ-i1JrlLifLfli'El'lI?lJ'l"'l.rVl1~1,.\fllEJ'l!ilVl~'1 ILUU Flame Ionization ~Lifri'Wvf'l1tJ 1,.\1t) 

'El'l"'lLifLfl1tl'll11J'l"'l.rVl L'ilYll::;~ 11,.\J-i1:;~J..J riut)~-w'Wf~ rX'fl'l mJ1 Lfln::;~n1~ "'l::;'iJ!lLlJ'WH ru ~~~1mJ 

~ Lfl n::;,rmVlt):;i]l'WL'W!l11,.\IJlVltl LVI f1ilfl LLn'l!lflJl.Jl1111 ml"1iw~~1 LU'W~t)'I~1fimJI1?l1EJ J..J 11i'l'Elth'l~ ~ L~'El 

~VlmmVlJ'mL'l!'1"'lln~IJ~'W 1 ri'fl'WmJY]It)~-w'Wf 'W'fln"'llnJ'WfI')J~lil'lH~lmJ~LflJl::;,rmVl'fl::;m'W~'lEJ 

LLn'l!lflJ'J-i11111ml"1iw~rX'El'l mJ'fI'll J..J'llI'W1 C1J~'1 LL~::;LU'W~ilEJJ..J L'ilYl1::;n~J..J:S4'EJ~'ll1'W1C1JL'WLVI f1ilfl~"'l1'11 

4.2.4. mJ:S LflJ'I::;,rmVl'El::;m 'WlVl EJ IVI f1ilfl1t)t)t)'WL~niL'l!'W"'l1f1J'J..Jl1111 nnw 

~mJ-w~'Wl:Sfi:S Lr1J1:;~m'Vlt)::;i]l'WlVltl LVI flilfl1tlt)t)'WL~ nil'l!'W"'l1f1JJ..Jl1111mlW (I Ee) 

LLuu'Ei'!?11'Wmhu'Wflf'lLLmL'Wu f1.P!. 19581VlEJLiffl'El~J..J,r~vh~'lEJ1Yl~~11?l1'W (sulfonated polystyrene 

resin) 2 f1t)~J..JoJ ~1J..J1J'r1f1'lUf)J..JmnLtJn'lJt)'1mVl'El::;i]l'W'l!ilVl(;]I'1 11VlEJtJfufh pH LI~::;f1'lIJ..JLiiJ..Jii'W'lJt)'I 

~IJfl::;fllEJUyJ L"Ii'flf'lJt)'1 Ln~'Ell'l! L~EJJ..J1,.\j-t)~LfiEJJ..J~ LU'WI"Ii~LfI~'El'W~ 4-5 'l!ilVlL~t)Lm~mJLLtln~~M.!Jru 
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md~Lfld1::,xrJirel'I m::Vl1Vif1::,j'WLLf1::[?]rel'Wrel1"lHfL'df11'W1'W~'1 24 -B''d L~'1 [?]tl~lJI1i'dmh'l 1'WU"l'1U'WLflitl'l 


~ Lfl d1::,xnJ~tl::m'WL~ tJ LVl fl Qfln1tXiJn 1 d~I?J-J'W 1"l'W~1~1Jtl~LflJ1 ::'\..I1tXJ') In L~,)~'Wl-J1n LLf1:::LVl flQflnr'itT'I 1 if 


nf11nmJLmn1'Wfltl~~-J IEC Lnln~'WltX'\..I~lmLUU'Y'l¥tll-J 1 rl'WL'll'W ion-exchange, 

partition , adsorption , size ion exclusion 11i'lt!'W~'1~1l-J1dCltlfuMl1,):::[?]l'11 'll'il'lmnLtJnL'll'W m1~Lii~ 

ii'W'llrel'll'ilrel'Wu'dn'lltl'l~ld~:::~ltJUyhy.jrelf. pH, ~(;\nmdl'\..1~'ll'il'lLy.j~Lfl~tl'W~, !Jru'\..l1Ji11tX'Y'l¥rel~ 1 n'W 

L~!l'll'dtJ1~LnlnmdLLtJn~~~~1n Ltirel'l"llniJl1i,)LLtldmn~ltJ~iJt:J~[?]!lmJLLtJn1'W~fi IEC mJ~Lfld'l:::,xLLUU 

manual ~'1Vl11tXmn L~m~'')ltlmd'~Lfln:::,x"l::: 1 ifLflirel'l~(;\L'Wmi~~l~ldCl fl'dU flU~Jl1'd::Vln,j'W[?]rel'WltX, , 

LlntJ-i')1tlm~~'W(L!liJ'W'll!l'l m~'fdn'W"l:::iJrel~tld::~l ru 40-60 'llQ~ ~'1~1 LU'W~"l :::rJi!l'l1if 

~ld'~:::~lmjy.jLy.j'ilf 2 d':::UU~'ilLn~relL'llL~tJ~LLf1:::Ln~!l~LfitJ~ 'Wreln"llnt!'WtJ'ItX!l'l1ifmdtlfu pH 'lltl'lLy.j~ 

Lfl~tl'W~L~'il'll'dmmnm~tl:::m'WreltlnltXdJ'Wn~~[?]l~'llQ~'\..I~Yi'l-B''W tld':::'1 LL~::: f11pKa ~'1"l:::iJ~'W(;\Jrnm 
rllJ Ly.j~fl'l~ LL(;\ n t?l1'1';h1~l:'ll~ld'Cl LLtJn m~rel:::m'Wtlrel n"llnrl'WltX 1'Wn nUVliJmn[?]~tJ ~l:'lld'~'d'ilLh'l tX'dtJ 

min (hydrolysis) "l:::iJm~~'W(LreliJ'W'llrel'lm~rel:::mwli1tJ'I 20 'llil~ 1'Wmd'~Lfln:::~"'l:'llmd'tl1if~1d' 

~:::f11tJUy.j Ly.j!lf'llrel'l Ln~tl~ LfitJ ~ Lli1tJ'I'llilVl L~m ltXLLf1::: L'df111'Wmd~ Lfln:::,x"l:::~'Wf1"'~ln md'Ltl~tJ'W'llU~ 
'llrel"'l:'lldf1::~ltJUy.j Ly.jtlfnLrel'l~Vl11~md~ Lfld1:::,xm~!l:::m'WL~tJ~fi IEC 1ifL'd~1'W1'W (13) 

md(;\d''d''l1'InVl11mVltJmd'Vl1tl~~'W('\..I~.,,&J1'Wfltl~~-J (post column derivatization) rlU 

Ninhydrin ~ 130-135 °c ~'1"l:::Vl1tl5rnmnUmVlrel:::m'Wtl~~1Ji1LL~:::'Vl~tJ1Ji1nf11mU'Wrel~~'W(~':]lnn~'W 
LL~'1~m1~m'dfl~'W 570 nm LL~::: 440 nm (;\ll-Jihl1iu f11fl'l~'llrel'lmd'':]~n~'WLL~'1'llrel'lrel~~'W(tl~~.lJi1 

LLf1:::Vl~tJl1i1nf1rI1n~\~tJ"'rl'W~ 405 nm !lu1'1hMm"liJmd'dUn'd'W"lln~ruru1ru~'Wii1'W (baseline
q \l "" Q,I c/r3 

noise) ~ln~m1~m,)fI~'Wn md'1ifLVlflUflmd~n~U~C1!C1!1'WdUn'd'W (background noise) ~ 

m1~m'dfl~'W 690-750 nm m'll')m~~fl,)1~iVl'llrel'l~ruru1'W( SIN) 1tX (14) 

1·AMINOAao NNH'tORtN HYORINOAN1lH RUHEMAhW'S PURPLE 

0 0 
130" C 
50 SEC~Q 

002H 

©Q<: - ~Q
00 COZH 

r "MHO AC'J:) NINHYDRIN 

~'1UtJ~(;\d'd"l1'~ tX'dtJ Lflitl'l(;\d''d''l1'~'llUVl L~rel'l LL~'1 ~'1bn~l Lfli'il'l(;\d',)"lr)'Vl LLUU!J~(;\n1'dLrelL~l'I relU1."hri~ 

1'Wmd'~Lfld1:::,xm~tl:::m'WtX'dtJ OPA "l:::rJi'il'lL~~m::U'd'Wmd'iltln:nl~'ll~ldl1i')mh'l~w~'il1~mVltl:::m'W 

Yl~tJ1Ji1U1'1I1i'dL'll'W Ltld~'WLL~:::le:!L~d'Ltld'~'WLn~Lu'W'il~~'W( isoindole ~L~'il'lLL~'11tX (15) 

1'WU"l"lu'WiJ Lfli!l'lilrel~ Lfld1:::,xn d'Vl'il:::m'WLVltJ L VlflUfll ECtld:::~VlfiJl1'Y'l~'"1~L~tln'\..l~ltJ, ~ 

'llilVlL~tJn~l Amino Acid Analyzer L'll'W Beckman System 6300 LU'WrJi'W ~'1LY1~1:::rlU~!l'ltl5u'1imd~ 

~ Lfld1:::'\..I1tld'~WL~:::m~'il:::m'WLU'W~l'W'd'W~ln 'ilU1'1hMmd'1 Lfld1:::Y11ifL'd~1'W1'Wn~1LVl flUfl~'W 1 
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lWU9,U'W~Il-Jl'j'C1'l'J.lbfi~'El'l HPLC vT') 1 hJ~~lmlC1tlfutil1ln~,)'W'lJ!l'lbvi~u'I~'fl'W~ 

(Gradient) m 1fl'WmI1Lr1Il:::,..nVlmVlfl'nfi IEC 1~VltJtlfutil1l'j'I~,)'W'lJ!l'l?lII~:::~lmvi~LfI~'El'W~ 3 'llil~ 

LLUU tii!lLti'El'l L~!l1~LnVl mmtJn~~~?lVl. LL~:::L~!l~VI~ru rul'WIU n'l'W1'W'j':::uu !lih'llin ~mlH?lI'j'~:::~ltJ
~ ~ 

uvi Lvi!lf~ rlVl n1!l'WL~"':::I,)l-J~'1m11if~lln'El'El1i~'WfU1'1'llilVl'El19 n'El1~Ln I?! fI'"lll-J L~tJ"'ltJ LLn Lfli!l'l HPLC 

bL~:::Lfli!l'lI?1'j',)9r)Vl1~ 

1fim'j'1Lflll:::'L-fl-Jll1ll~I'W~I"'funI~'El:::m'W1'WU9,U'WLu'W1flm'j'1Lflll:::'L-fLLUl.J IEC Ll?!tJ 

1,)l-J1flml1ll~I'W1'Wm'j'tJ!ltJ~~ltJLtl'j'~'WI'l,)!ltJl'1LihH~')tJ -ii'El~'lJ'El'lL'Vlflilfi IEC ~'ElmIL11l1tJl-JI'l,)'EltJl'1hj.... 

l'J'ImnLY'ln:::!l'lr1,J'j':::n!l1.J~')'W1",C1j~hj~-B',)9:::~n'll:::!l'Eln1tl91nfl'El~l-JoJn'El'W9:::LnVlmILLUn'lJ'El'lnIVl!l:::i1 
L'W 

4.2.5. 	 mI1Lflll:::'L-fn'j'~'El:::m'WLVltJ L'VlflilflVi'WL~LtJ'ElfLfI'j'l-J1Ll1lnnYl 

Lti!l'l91n~tlnlru1'Wm'j'1Lflll:::'L-fnl~'El:::m'WL~tJ1fi IEC ~llf11~'1 1~iJ~'VlVl~'El'l,jl 
L'VlflilflVi'WL~LtJ!lfLfllmLl1lnllYJ (TLC) l-Jl1fl'WmI1bfln:::'L-fnlVl'El:::nL'W Y'll.J~liJrhHr.htJ~1 LL~:::LL~~1 

9:::~!l'l1ifLLc.j'WLLtJ n'lJ'W1 ~1'v1 C1j bb~:::m') ~-B''WI1l!l'Wofi'uif'El'W LLt;i r.J~m11 LfI'j'I:::'L-fLU'W~'l..hY'ltl19 LL~:::1n~L~tJ'l rlU 

r.J~m'j'1bflll:::",LVltJ IEC 9'W?lIl-JllC1,jl1tl1fl'Wm'j'1Lfld'l:::'L-fU'j':::411~ (16. 17) 

4.2.6. 	 ml1 Lfld'l:::'L-fnll?!!l:::m'WLl?!m'Vlflilfl1L,)!lf~Lvi?lLfl d'l-J 1Ll1lnd'lYl 

91mJft'lJ!l'lm'j'~~'W1LviM'I~ (Stationary phase) 'lJ'El'lfl'El~l-JoJtll:::IJ1'Vl reverse 

phase 9'WiJtll:::~'VlfiInY'l1'Wm ILLtJn~ll~~'Wl-J1 n LL~:::r.J~'l1'El'l ml~~'W1 ~1'Wm~"Vl1'fl1i~'Wlf 
(derivatization) 11l~'El1?!9'W!lUn'j'(U HPLC vh1~?lIl-Jl'j'C1HL'Vlflilfl~L,)!lf?lLvi?lLfld'mLl1lnllYl (RPLC) 1'W. 
m'j'1Lfll1:::'L-f~1'j'1~LL'Vll.JYJnU'j':::U"I'Vld',)l-JvT'InlVI'El:::nL'W~')tJ 1flmd'1Lflll:::'L-fnl~!l:::nL'WLl?!tJ RPLC ~'W'Eln 

91n9:::d',)I?!L1')n~1 IEC l-JlmL~,)U'l~lm'j'C11fl'WmI1LfI'j'I:::'L-f~ld',El-Jlru-W'EltJ1~~~n~')tJ (18) 

b.n!l'l91n nll?!!l:::nL'WLU'W~ll~ iJ-B'') ~'141 LU'W~!l'l~ I?!fI')ll-J Lu'W-B',)'lJ'fl'l'vl~Yi'li'Wt;lI'1 1 ~'1 

L~!l1~Ln I?! mmtJ n~'W1~'WfI!l~l-JoJLLl.Jl.J RPLC ~'1m9vh1~l?!tJmd'H?lld'~:::~ltJuviLvi!lfLU'WLvi~ LfI~!l'W 

~ L~!l fI') 1.J fll-JU 'j':::9'l1!l'l"''liYi'li'W,r~ LLt;l1fl md'~r1!l'W-iil'1 tJ'I m n L Y'l ~n:::n II?! 'El:::nL'WiJ"'~1 tJ'llil~ LL~::: t;l 1'1 iJ-B'')
q 	 q \1 q 

hlwhrl'W ~nvT'In1I~:::~ltJ'l1'El'l~II~:::~lmjviLvi!lft'Wt;h;h~:::~ltJ:S'W'Vl~rriJ~1?!41rl~ mlL~l-J~lllon

pairing L~!ltlfl.J-B',)'l1'El'l"'~Yi'li'W'lr~1~L,j'Wn~I'1nLU'W 1fi~iltJl-JHL",Sj'El'Wrl'W 
1fi~iltJl-Jrl'Wl-Jln~~I?!~'ElnlILtl~tJ'Wn'j'I?!!l:::m'W1..xLU'Wtl1i~'Wf~LU'Wn~I'1n!l'Wc.jl'W~1'j' 

L-iilf1'El~l-JoJ (pre-column derivatization) 1fl1Lfld'l:::"'Ll?!tJ RPLC ~~lmIC11if1Lflll:::"'Ltll~'WI'l,)'EltJl'1~ 
c.jl'Wmnj!ltJ~~ltJ (Protein hydrolysate) LL~,) Lvht!'W 'W'El n91 nt!'Wu'l ~'El'liJ m 1L11l1tJl-J l?T')mh'l~ ~ L~'fl1~ 
Lnl?!mnl.Jn'l'W91n!l'lr1uJ:;n'El1.J~'W 1 -W'fltJ~~1?! ~lnLu~mJ~!ll-J~'W 1 LL~:::I?T')n~I'1t;lI'1rl'WI:::"'~I'1?lld'l?T') 

'EltJl'1'llill?!t;l1'119:::~r.J~t;l'Elmd'1LfI'j'I:::",Ll?!tJ RPLC vT'I~'W 

Lti!l'l91nnll?!'fl:::m'W~')'W1",nJl?!l?!n~'WLL?l'l~fI,)ll-Jm,)fI~'W 200 nm ~'1bU'W'll,)'1~iJm'j'
~ ~ 

LL'Vlmif!l'W91n~11"'~ltJ'llilV1Ll?!tJ L'ilY'll:::I?T')vh~:::~l tJ ~'1t!'W~'1iltJ l-J Ltl~tJ'Wn 11?!'El:::m'WLU'W'El1i~'W~1mJ~ 
~1l-JllC1I1lI,)9r)V11~mJ'W~l LL~:::~ n ~!l'l LV1tJvT')l.tl9::: 1 if1~vll!l1i~'W~1"'~Ll?!tJ L~m'l Lm,)'WLl.J'W~'WL-iil1u1'W 

nlV1'El:::m'Wb~l-Jn~ltJ LU'W'El1i~'W~1'vI~~~lmlC1I1l'j',)9r)1?!1~V1tJ Lfli'fl'll1ld',)9r)V1 LLUl.J~~l1ln1')Lm~11l LLl.Jl.J 
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L1!l"LL~N V11!l LLUU voltammetry n1nhm{w'Wf,r'W!ll"Llhmuuri!l'WLiflf1!l~2-J~ (pre-column 

derivatization) V11!lV1~"cJl'Wf1!l~2-J~ (post-column derivatization) fi1~ ~l~ri!l!l~~'Wf~ilim1-ifrlr1l"~ 
(19,20) 

4.2.6.1 Ninhydrin 

LlI'W~1~ri!l!l'W~'\..Ilf~~12-Jl1C11-n~nULVlrlilrl IEC LLrl~ RPLC LLUUV1~"cJl'W, , 

f1!l~2-J~LL~'ltlfliJmlfl!l~m'WVJ n r1l'l"~m'niJ LlI'W!l~~'W~1mJ~ LV1~mJn'W U{jrniJ1~Ln 1fl~'W1'l1fl L~'l2-Jl n !l tll" 

hM sensitivity 1'Wm1(;)1'l"r)Ifl":-;rlfllIflLf1~!l'Wmnmru~rl'l12-JLif2-Jif'W~'mrJl100 pmoll'Wtl"lu'WrlC-l~(;) 
, " 

Q,.o" iJ""Q Qj I. • I Q ••• 0 , a i/ 0::::010::11 'V" I Q..o' tr 

[H1J'VlVlL~C1iJm'll Nlnhydnn LL(;)2-J sensitIVIty (;)1n'llLfln'W!liJ2-J'll!lVll"m~f11'l1 Tnone ~lm'fl'fl~~'W~ 

V1~"cJl 'Wrl'fl~2-J~~'W1~iliJ2-J1-if~!l fluorescmine bLfl:-; o-phthalaldehyde 

4.2.6.2 Orthophthalaldehyde (OPA) 

OPA bll'W~I~ri'fl'fl~~'Wf~iliJ2-Jlfl'Wm1CjLf111:-;1Xmlfl'fl:-;m'WL~il'l (free amino 

acid) LlfliJ RPLC mn~~1fl OPA ,,~yhUnrnil1nUmlfl!dn'Wu~Wlm'W~Jl1'l:-;~rl thiol (2-mercapto
'I :w U \I 

ethanol V11!l ethanethiol) 1~~11!l1i~'Wf~L1!l" LL~" u{jrnmnumlfl!dn'WVJ~tJ1JiJ-':-;Ln 1fl~'W1~V1~'1"ln 
mlfl!l:-;m'WVJ~iJ1J~~n!l!ln:n11fl'lfri!l'W~'liJ sodium hypochlorite 1'WM1'l~~I" ~12-Jl~C11-if OPA 1'Wm~v11 

'fl~~'W~'1~~" LLUUri!l'WLLfl:-;V1~"~11cJl'Wrl'fl~2-J~ m1v11'fl~~'Wf~'liJ OPA ~1,x sensitivity ~"nrJl 
Ninhydrin D'l 10 Wl1 (21) 

R.T. 
0.1 min.-

1# AMINO ACID OPA THfOfLUOR ISOINOOI.E 
~. _33Onm 
~m=465nm 

v ... 

nt~v11'fl'W~'Wfi~'liJ OPA LLUUri'fl'WcJl'Wrl!l~2-J~-W'WLnlfl~'W1'lIflL~'lmmLfl:-;, . 
~12-Jl1C1c;l1Lil'Wu{jrnm1~'Wr1l'l nrll"~Lll'WJl rl~I'W'"l'Wi''W(;)!l'Wi('fliJ LLfl:-;1,x~11'fl1i~'Wf'll!l"mlfl!l:-;m'W~ 
L1!l"LL~"bbN 'W!ln"ln,r'Wm~CjLml~V11IfltJ RPLC -,:-;J''W L~iJ"(;)~"mnnrJ1Cjfi IEC LLfl:-;ilrl11-if~liJi('fliJ 

nrJl 

m~v11!l~~'Wf~'liJOPA bbUUV1~" cJl'Wrl!l~2-J~rlif!l b~iJ ~!lrl rl1~C1J C1Jl'W(;)'flU 

~'W!l-1 (response) ~1V1fu :n~L(;)~'W , 1fl~'W LLfl~ 1fjlfl~'fln~1fl~'W ~1 m1CjLrl11:-;1Xmlfl'fl~m'WU~Wl~LLfl:-;... ~ 

VJ ~tJ1J~ ~!l"v11 LLiJ nn'W LLrl:-;!l~~'\..IlflV1aJ~ Ln 1fl~'W1aJ L~ ~ iJ'i' 

4.2.6.3 Phenylisothiocyanate (PITC) 

PITC LU'W~1~ri!l!l~~'W~1'Wu{jrnm Edman degradation l'Wm~ sequence 

hh~'WLLfl:-;Luu1(;)(;) l'WtI rl.Y'I. 1982 b~2-Jrl~"JI2-Jl1fl'Wn11V11m2-Jlrumlfl'fl:-;m'W (22) ~'fl2-JlniJ-11'WrJl 
~ 

nt~v11!l1i~'WifLlfliJ PITC ~~I2-Jl~(11;nLrl~I:-;,xmlfl'fl:-;m'Wl'Wm2-Jlrui('fliJ11~mjl"L~iJ'l(;)N (23, 24) if!l~ 

1'Wnt1~hml~1Xmlfl!l:-;m'WtlfliJn11v11!l1i~'Wf~'liJ PITC ~!l~lm1(11-ifLf11!l" HPLC ~rl~Irl1~nnrJl 
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Amino Acid Analyzer ~nvT-lm~th~-lfmtILL~:;fh1-ifr.lltJ1'Wmj'~Lml:;"nl~nn~I~'.ltJ 'W'flnr.nmJ'W 

PITC U-l Ln l1luDmm LLtJtJ~~-l [;]'fl~~-lntJ ml1l'fl:;m'WLn'flUVl n ~'.ltJ n L ~'W~~ ~'WLL~:;1~~'W 

, R 

IN=C=S H2N-CH-COO·0- PITC Amino acid 

S R< )--~-~-~-C!-COO 
Phenylthiocarbamyl (PTC) Amino acid 

.... 1>' I I 

Q\, v .. ,- 1 "'1 "'1 ' "',-.. .. 1"QLL~:;ml1l'fl:;~ L'W'W'WLnI1l'll'W~~\iJruJlltJ 'W 10 'WIVl 'W~m'.l:;Vl ~~'WLLN LL~:;j'L'flL"'WI1lVlL~~'fl":;J:;L~tJ 111 

~ltJ~-lhiri'fl1~Ln 111 mnLVlm LL'M1'WmJ~Lfm:;'v\ 

'eltJl-lhM'el'W~'Wlf'll'iN PITC ~'WiJmtJUj':;~lru 1 '!l~. ~'elru~Jli1~'el-l ~-l~'W 
q q 1 .. 'lJ 

mj'1Lrm:;~~-lf1'.lJ";h~~-lmj''V'iI'fl'4~'Wfvi'W'Vi~~'elLii1J~Ij'~'.l'eltJl-l1~~!lru~.lJn~1j':;~~I-lJ'flmj'~Lf1j'I:;'v\ 

~lmj'C11-if Lf1i'el-lI1lJ'.l"1'I1l'!lilI1lL~'fl-l LL~-l~~'el!l~I1lJIb t'elLrl"11'Wmj'1Lml:;'v\'el'4~'Wf PITC 'lI'fl-lml1l'el:;m'W 

1~ LL[;] sensitivity 1'Wmj'I1l~'.l"1'I1lLL1J1J!l~I1lJlbt'elL~I1l":;~ln~1 PITC LtI'W~IJri'fl'el'4~'Wf~HLLl~1~~ltJ~ 

~11l1'Wtl"",r'W (25), , 

iJmj'~mt1 PITC LL~:;~-lLml:;'v\'el'4~'W~lmJ1L~'fluf1JtJ~-lmj'~Lfln:;'v\'lI'el-l 

ml1l'fl:;m'W1~~~'W tl1ltJ'fl'4~'W~lmj~Hn'W'flth-ln~I-l'll,)1-l1~iJmj'I:.J~I1l~'W91WWltJtl1ltJ1JmYl Waters 

~~fJ'elL~1mmtJ1~~'flYlI-lmJfh~1 AccOFluor (ACO) ~'1LtI'W~IJri'fl'el'4~'Wf'!lilI1lL'eliJ'W~iJtf1N~~I-l~-l 

~u (26) 

Waters AccQ'Fluor Reagent 

(6-aminoquinolyl-N-hydrozysuccinimidyl carbamate, or ACQ) 

NooC-S N"lN Hr' ~ 6 s 1HC)()H
+ NH'1" CpS)

OOH© 
prrc Aminoackl PTe-Amino ICid 
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ACO L'I,nn:;~"1'\"f1Jmd1Lr1d1:;1Xnd(?l!dJL'W1'Wt?T'"l'ilth'l~~'il'l~1'Wn"mJmJ 

(hydrolysis) Lti'il'l"lln~~I?l.nrw'Ylr.nnnd:;1J'"l'Wmnj'iltJ1!lr:lltJ'lI'il'l ACO h.ld1Jn'"l'Wmd1Lfldl:;Vl1(?ltJ RPLC 

1!l1~ldrJl?ld'"l"lrr(?l1~'iltJl'1rJn ~'il'lL(?ltJ Lfli'il'll?ld'"l"lrr(?l"llv'(?l L1-'il'l LL1!l'lVl1-'il'ilr:ll?ldl1'"lL'ilLr:l1?l 
~ , 

/Rl /H 

'R2 
+ CC("'1t'OC co'~():)O 

'H 
HN 

~ 0, .... .-:: 0 + 0 

N 0 N 0 

t a 2' Jlrrino .Add ACQ ACQ 

R1 
I 

NH N 
HO, I

0 

CONH HO.... /f 
0ocr ~('R2 ~ 1-":+ CO2 

..-'l 0 + ' + 
N r?O #0N h 0 

Dertvatized Jlrrino .Add NHS AMQ NHS 

4.2.6.4 9-Fluorenylmethyl Chloroformate (FMOC) 

FMOC L~Wtl'W protective agent 1'Wmd~'1Lfldl:;1XLthJ11?l(?]Vl1-'il1fl'Wmd 

label nd(?l'il:;mmJ iJWlij LLr:l:;VI ~tJllij jJc:rL~:~"Jl FMOC m 1fl'Wmdv'il'il'1~'W1fnd(?l'il:;mWL1J1Jri'il'W~1'W
d.9 '\I II 'IJ 'IJ "1( q 

L'Wi.l~~1Jij LLr:l:;'VJ~HlJijj;]1'11~~C1d C1dln.lI?l'il1J1!l'W'il'l (response) 1n~\~tJ'In'W i.lDrnmmdv'il'il~~'W{Ln(?l 

~'Wd'"l(?lL~'"l1l1tJ1'W 1 'W1Vi~tlrwVlllij~tl'l LLr:l:;'iljJ~'W1f~Ln(?l~'WjJL1!l~m1l1~~"'lI "1{ 'I 

I t i-' t,... 

~ ell """ Q.' ~ I ,""",.o::::Ito '"" "" .o:::IiI IV

L'W'il'l"lln FMOC Ld'il'l LL1!l'll?ll~fidd~"llrll?l 'il~~'W~1?l1'11VILn(?l'll'W"l'lLd'fl'lLL1!l'lVl'l 

VI~(?l ~'1~'W~'1jJfI'"ll~~lLtI'W~"l:;~'il'lv'ilmd1!ln(?l~~I?l.nn.l'Yl"llnmd hydrolysis 'il'ilnri'il'WL~'flr:l(?lmdLLVIm 

LL"ll'l1'Wmd1Lfldl:;1X L(?ltJi'"l1i.l1;nfi1!ln(?lVl~'1mdv'il'il~~'W{~'"ltJ L~'WLVI'W 

R 

Irrill H2N-CH-COO 

Amino acid ~ + 

H2C-O-~-CI 

o 
FMOC-CI 

1
rr-----lIl
~""H,C-O-~-N-I-coo- + H' + cr 

o R 

4.2.6.5 Dansyl Chloride LLr:l:; Dabsyl Chloride 
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Oansyl Chloride (Ons-CI) ~,~,~mn(1\'il\f/~''W~1&\'num(1\'il:;m'WU~~1JijLL~::; 

VJ~tJ1Jm~C.Jftf1111ru'V1~L1tl'lLL~'l~ 360 nm LL~::;~(1\n~'WLL~'l~ 250 nm ~1~1~C1f11~'"l"lf(1\1&\'~~r1'"llWii~ii'W 

~1 UDmm'il~~'WfLn(1\~~\!~ru1'W~J11'"l:;nLL~'l~!lru""1Jij~'il'l1'WL'"l~lU~::;~lru 35-50 'W1Vi LL~:; 

UDmm"l::;Ln(1\L~'"l~'W~ 1 00 °c 1(1\tJ~'"l1um(1\'il:;m'W"l::;vllUDmmnu Ons-Cll'W'11f11~l~'"l'W 1: 1 tJm~'W 

1~~'W, 'il~ilVi'W, i9~~~'W, 1Vlh~'W LL~:;;n~~'W "l::;vllUDmmLLUU 1:2 nu Ons-CI1'WU1'l~J11'"l:; i9~~~'W 

m"lLn(1\'il~~'W~1&\'mn~ltJ (29, 30) 

~ 
vy 

/N,,,

H3C CH J 

Dansyl chloride 

Dabsyl Chloride (DABS-CI) L~~LtI'W~l~ chromophoric label ~l,..,fum(1\'il:; 

m'W 1U~~'WLL~:;Luu1f11vl i1flru~~U~LVi'WA'il'il~~'Wf'll'il'l DABS-CI ~1~1~C1~(1\n~'WLL~'l1&\'~~ln~ 420 

"" .. 1""""nm (Emax =40,000 I/mol) ~L~C1m[ll'\,'i~'lLL~:;~l~l~mLtJn (1\(1\(1\'"ltJ RPLC 

DABS-CI v'hUDmmnun ~(1\'il::;m'WU~~1J~ LL~:;VJ ~ tJ1Jij'il Ell'l LtI'W~(1\~'"l'Wvll1~ 

~,m~C1vlltfhn ru'i Lr1~,:;,..,1&\''ilEll'l C1 n ~'il'l LL~'Wih 'il'l~'Wlf~ Ln(1\~'Wi1 L~nmJllYi~'l~~(1\Lri'il LVitJunu 
fij '1 , ~ It 

UDmm~'W1LL~:;~'~'~C1~'lH~'flru""1Jij~'il'l1&\''Wl'W~'l 1 L~'il'W ii'il~,n(1\~lr1C1,.!A'il~J11'"l:;'lI'il'lUDmm~'W 
'il~nurh pH 'lI'il'l~'"ln~1'lmnu~tJ'W~J11'"l:;1(1\1~i1C.J~Iii'il pH "l:;.yhl~UDmmLn(1\1~~~\!~n1LL~:;~'lC.J~ 

~'lm~'iLr1~l:;~ (31) 

H'C",,/ -o-'_ ~ N=N~S02CIH,C 

Dabsy\ chloride 

o IV a-~ 

4.2.6.6 ~l~Vll'il~Yi'W~'il'W 1 

'W'iln"l,n~l ~vll'il~~'Wf~lifn'W1(1\tJ~'"l1u ~'l~1&\'mh'"l1~LL~'"liil'l ~'WtJ'li1~l~vl' 

'il~~'W1f~'W1~1ifn'WU1'l'ilEll'l1aJn~''l'll'"l1'1~'1d (32) 

2,4 ,6-Trinitrobenzene-sulfonic acid (TNBSA) 

Ammonium-4-chloro-7 -sulfobenzofurazan (SBF-CI) 

1-Fluoro-2 ,4-0i methylami noazobenzene-4' -isoth iocyanate (DAB ITC) 

N-succinimidyl-p-nitrophenylacetate (SNPA) 

1-Fluoro-2,4-dinitrophenyl-5-L-alanine amide (FDAA) 
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1-Napthylisocyanate 


1 ,2-Diamino-4,5-dimethoxybenzene (DDB) 


Phenylthiohydantoin (PTH) 


Phthalimidylbenzene sulfonyl chloride (Phisyl-CI) 


4-Chloro-7 -nitrobenzofurazan (NBD-Cl) 


4-Nitrophenylisothiocyanate (NPITC) 


S03H 
S03 NH4T 

0 2N 
~ 

N02 N 

\ 
~o 

#' N 

CI 
N02 

SBF-CITNBSA 
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DABITC 

0 

0 

02N II 
CH2-C-O-N 

SNPA 0 

F 
N02 

N02 H H 
~ 

~ N"" / 
C"" / NH2 

#' #' 
/ 

H3C 
C 

II 
02N 0 

N02 
F 

FDNB FDAA 

s 
NCO II 

C 
C6HS _____ / ""'NH 

N~ ~ 
\ /

C-CHR 

~ ~ 
0
/ 

1-Napthylisocyanate 
PTH-Amino acid 

o 

cCN-O-so,e, 

Phisyl-CI CI 

NBD-CI 
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4.3. 

n 1 dU!l U ~'I'11U~1 ~IL1J d~U"f~!l L1..hJ11il GYfL~tll,xtl'l r1U d:;ntlU n d~!l:;mUtl~lU~fl1Ylfi~d:::,rULUU~,)U 
~ll'i''1.!lumd'lLrln:::'I-Ind~tdnlJ'~'I'VIl-l~ mdU!lU~iJud:;~'Vlfifl1Yl"'l:;~tl"l~1l-llnlY'h'l'11U~Ufi:;LUULIilGYf 
VJntiulu~lutud~UL~!lU~!lUnd(?l!l::::mul,xtl~lu~UtiM::::LL'I'1::::~fl1'J::::lumdutliJ"'l::::~!l'lhJVh~liJnd(?l!l::::il 

LUti~d:::: L'VI~lil~hiJ L~'tllm~~~md'l Lrldl:::'1-1~ nn ~tl'l~~ ~ 'lBmdutlu~liinutlUl'1n11'1'1J,)1'11UiI"'l"'lUU\I , 	 , 

~tl u!jmm hydrolysis lu 6M HCI Yl'Ejru'VI.t;]il110 °c LUUL'J'I'1118-24 'lll-l . 'tlUl'1hfi~'lflnldilhJml-ll::: 
~lJlumdLlil~ulJ1'l'J'tlUl'1 L~'tl'l Lrl n::::'I-I'Vl1'uLIil LLvJU (33) Ltitl'l"'ll n nd~!l:::muiJ f'l ru~lJu'1i LLIil n ~1'1nUlJl n 

lJ1U mdUtliJL~U HCI ~'IiJiitl"hn~~'Iil (34) 

1. nd~tl:::mU1tlL'l!~,)~ULL~::::,)l~U"'l::::Q nU'tliJ'El'El n"'ll n~liJLUd~U'VI1'tl LUULIil (?l1~~liJ~~ (?l 

2. nd~'El::::mU'Vl~LtliluLL~::::mU"'l:::r;1n'vh~lulumdutliJ~hU HCI 
~ 

3. 	 nd~!l:;mU:n~~U :n~LIil~ULL~:::LlJ'Vl1'VlLtlilu m"'lQm11'1'11iJLUUU1'1~,)UL(?liJ;u'tl~nu'llil(?l'1J'tl'l 
l'l')n~l'1 (sample matrix) 

4. nd~'El::::mu1'VltJ~um"'l\Jn'El'Eln:n1~~(?liJl'l,)'El'tln:n1~~LL~'Jn~liJL{jUtl11~ufrl~!l~UL'lIU 3

chlorotyrosine 

5. 	 nd~tl::::mU'Vl1'ULIilLLvJU"'l::::Qnvll'1'11m~''I'VIlJ(?l ~'JUnd(?ltl::::mULLtl~Ylln~ULL~::::n~lilliJum"'l 

n'l'11iJ LtlUtl11~UfndL1lU1'1~,)UL'llU ndL1l LLtl~Yll ~n LL~::::nd~n~lilliln 

4.4. mdLlil~m.jI'l'J'tlUl'1 L~tlnld'l Lrldl:;M~~ULL'I'1::::L).J'VlL'VlL!lilu 

LL1liJ~,)1U'lB nldU'EliJ LUd~ULL1liJ HCI hi L'VIlJl:::~l-llumd'l Lrldl:::'VI-:n~~ULL~::::LlJ'Vl1'VlL'tlilu~'I LUU 

nd~tl::::mu~iJ rlllJ::: c1U LUUtl 'I r1Ud::::ntltJ LL'I'1::::LU'WndL1ltl::::mu~"h LU'Wtl n ~,)iJ ~'Iil'Ell"'l Ltitl'lm"'l1n:n~ ~U 
LL'I'1:::: LlJ'VlL'Vl b'tliluiJmlJl ru~11'WbUd~ULL~::::~Ufi:::: S-S ~vll1,xrl,ru~lJtJ'1i'Vl1'1 LrliJ'1J'El'l:n~ ~ULL~:::: LlJ'Vl1'Vlbtl 

ilU~1'1"'llnndL1ltl::::ilLU~U1 
'lflmdlumdUtliJ~~liJbUd~U~ L'VIm::::~lJlumd'l Lrl dl:;'VI-:n~ ~ULL'I'1::::L).J'Vll'Vl b'EliluiJ ~'Iil~'tl nld 

'El'tln:nlL1l~L1liJmL1lLYl'ElfvJ'tldiln~'IL'VIm::::~).Jlumd'lLrldl::::'I-Im'VIlnL~:;m'VIld~lilf (35) mdtltln:nl~~~iJ 

ndL1lLYltlfvJ'tldilnlil1).J~')umdU'EliJb~iJ 6M HC) (36, 37 , 38) mdL~lJ Mercaptoethano) ~'Ilu 6M HC) 

ritllJL~tlil'El'lnUm,xLlJ'Vl1'VlLtlilurmtltln:n1L1l~LUULlJ'VlL'Vl btlilusD'I'1vJ'El n1'l! GYfUtl n"'ll n,rumdLlil~iJ).J 1'l,)'ElUl'1
" 

4.5. m dLlil~iJlJ1'l'J!lUl'1 L ~tlnld'l Lrldl::::'I-I'Vl1'Ublil LLvJU 

Lti'El'l"'ll n nd~tl::::mU'Vl1'ULIil LLvJU"'l:;~'I'11UI'l,)lU~fl1,)::::nd~ ~'I,rumdU!lU~lULUd~U~hu 6M 

HCI ~'Ihi L'VIlJl:;~lJ L~iJUdn ~mnlil~iJlJ l'l')tlUl'1 L~tlf) Lrldl::::'I-I'Vl1'ULI?l LLvJU"'l::::vll L(?lU~ld'l'1::::'I'11iJ t?l1'1'V11!l 

L'tlU1'l!~LL'VlU U'El n"'lln,ru~'Im"'l1ii~lnrliJU1'1'llil~ L~).J'I'1'11u L~tlil'El'lnumd~~liJ 1'l'J'1Jtl'l'Vl1'ULIil LLvJUL'llU 

dodecanethinol (40) , Thioglycolic acid (41) 
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~11~::;~ltlvh'l~H1.'Wmlt!fltJ~'il 6M NaOH bb~::; Maltodextrin (42), 4.2M NaOH (43,44), 

4M UOH (45) Lb~::; BaOH (46) 'tlt!I'1hn~i)~mJbl?lrm,Jl?l,)flt!I'1~ill'1~'1el?ll '1 l1-iffl~bb~::;-if'tlb~tl ~'1J'W~'1 

, , , 
dI .. I '" r" I .::II q ..:::" r A~

b'Wfl'l"'l1 nfll~11l.JI::;nmJVI')tJfl'l rll.Jl::;m.lu'tl'W1Y1 bbYlJn bb"ll'l ml,) LrlI1::;~ nlV1'tl::;l-J b'W nJ::;u')'Wm 1 

t!'tltJ~~ltJ ~'1~l~nfil,):J.n-ifl'1 ~'Whi L~tJ'I'V'lfl1'Wm ILl?lrm,J~111?l')'tlt!I'1~~ ::;fl1 VI'V'lfl b~flmli) brlJ1::;,rnJVI'tl::; 

m 'W Lb~::;"'l ::;~'tl'll11fi ml4'VI m 11?l'tl L~tl1~1?l')tlt!I'1~::;m VI~ ~ VI m Ii) brl 11::;,rI?l')'tl t!1'1~hJ~::;m VI'V'lflJ'W'Wfl n 

"'l1 nfll"'l bn VI m JbbYlJn bb'l!'11'Wm Ii) brl J1::;,rLL~')tT'I"'l::;v'h1~~UnnUL~'ill-J~.rn'V'l L'll'WLnVl ml~VlI?l'W'lJfl'l 

rl'tl~l-J,r mn~tll-J~.rn'V'l'lJ'tl'lLyjM'I~'lJ'il'lrlfl~l-J,rb~')nrhuJn~ ml~ flow cell "lIfl'lLrl"4tl'll?lI,)"'lrjVl~nuJn 

v'hl~til'W~'1d'1dl'Wl~~lnrh~ml LU'W~'W ~'1J'Wl'WmlfjLrlI1::;,rfl1mI9'1~ILU'W~fl'll1i'Wl?l'tl'Wml 
Clean-up ri'tl'WmlfjbrlI1::;,r"'l1'1 

U'1d~lml,j'Wb~'tl'W~ nJ::;U"l'Wmlt!fltJ~1 11?l,)'Elt!1'1 Li~''El'l ~'W1:J.-Jfl1"'l LUlU '1d~11~~"l'WL~q}LnVl"'lln 

'El'lr1UI::;n'tlU~iJ"lI'W1VlL~C1iL'Il'W LUI~'WLL~::;l"l1,r'W ~'1~lmlmll4'Vll~~flltJi)~b'll'W mlvllL~l?lnl?l::;nfl'W'VI1'1 

Lrll1LLtln'ElflnmLvltlnJVlYln1n~1'tlnJn-n~Lyj'1l1~:n~n (SSA) -if'tll~LilltJu'lJ'tl'l SSA ~'tl~I:J.,Jl1(1-Wl~11 

fl::;flltlL~1.ui)LrlI1::;,rnJVI'El::;m'Wl~L~m'V'lJ1::;SSM::;1:J.-Jlum'Wmli)LrlI1::;,ri'lbLUU IEC LLfl:: RPLC l1ml 

-Wll?l"lvllfl::mtlti'Wvis-UL'll'W L:J.,JYll'W'tl~ L'tl'VI1'W'El~ LL~::; 'El::;~Ll?ll'W1'VI Iv) :J.,J lL-if l?l n l?l::;n'il'WLU 1~'Wb~~'El'W1'1'W 

(47) 

mnLtJn'Vl1'1mtJ.rn'V'l~Hn'W:J.,JlnL'Wml clean-up ~fl ml~l-J'WL~~tl'l ~'1~lml(1Hl~i'lLLUU 
high-speed centrifugation ~1'tl ultrafiltration nl~ 'W'tln"'lln~'WtT'Il1ml-W1L'VIrlUrl IEC :J.,Jl'l1'ltJL'Wml 

clean-up ~1'ElmI1-ifrl'El~:J.,J,r~lb~"'l~UL'Il'W Sep-Pak C18 'lJ'El'lu1';Y1 Waters ,jJ::LYlf'l~~fJ'ElL:J.,J1m L'Wml 

bLtJn~l:muflnUfl'El:J.,J~'W1fl'i.lnl,j (48) 
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rn'i'. ~'i'lf"rw I1I?l~tJfJ~ 

rn'i'. ~1~'J~ l..JJ~vh.b~'W 

5.1. m'i'~1.Jb'Eln~l'i' 

~~1.J'1iVI1'l m j' 1 v!~'lJ'El'lJ1 bbil'l~n1 'WIn'J :::~ij fI'J1 ~ b-ii~-ii'W~1~'Wfi1.J~~1.J'1iVl1'l bflijmwI1~'lJ'El'l 

bbil'l b"l!'W 'lI'W1rnbi1rnbLil'l ~rn~'J'Wj':::V!~l'lm~lru'El~m~~LL~~'El:::m~L~n~'W mj'4'rn'J1'l1li'J'lI'El'l~'El~L~'Elfvr'l 

~'El'l LL~:::~~1.J'1il'Wj'~~1.J'~~In fI'lI'El'l~'El~ L~'Elfvr'l~'El'l L"l!'W J1V!'wn'i:~ L~fJ~ mj'1'rn~~1.J'1i'll'El'lJ1 LLil'll'W 

j':::V!~1'l~ bn rn b~~~'l~lmj'(11ifLU'W~'ll'il~U'l fI 
q 
ruIn~'lI'El'l LLil'lHi bfli'El'l:W'El~lif1'Wmj'~ mn~~1.J'1il'W 

j':::V!~l'lmj'bnrn b~~'lI'El'lJ1 LLil'll'W'flI?l~lV!nn~ LLil'l~'El viscometer LL1.J1.J 1711'l1 ~ LU'W~UtJ~~ln ~'El 
Brabeder Viscoamylograph (Brabeder Duisberg, Germany) (Dengate, 1984) LL~~ Rapid Visco

Analyzer (RVA) (Newport Scientific Pty. Ltd., Warriewood, Australia) (Deffenbaugh and Walker, 

1989) 

irn~4'tJV!~luvh'W1~v'hmj'Vl rn~'El'l L~'ElV!l fI'J1~~~-W'Wlfj'~V!~1'l~~1.J'1iVl1'lmj'1V!~1'Wj'~V!~1'l Ln rn 

L~~ Lb~:::~m~ru:::r.h m1:::'lI'El'l Lbil'l LL~~1~-ii'ElM1J~1 fI'J1~ bbl?ln 1711'l'll'El'l f11 fI'J1~~1~1j'(11'Wmj'~'El'lIli'J'lJ'El'l
q 

bi1 rn bLil'l~~'l eJ~n'lj':::~1.J fI'J1~V!ilrn 'fl ruV!1J~~ Ln rnfI'J1~V!ilrn~'l~ rn fI'J1 ~V!ilrn~'l~ rn LL~~m'i'~ rn~'l'll'El'l 
fI'J1~V!ilrn1'Wj'~V!~1'lmj'n'J'W 1 'WbLil'l'llUrn 1711'l1 bU'WeJ~Lti'El'lm~1 n fl'J1~ LLI?l n 1711'l'll'El'lmmru'El :::m~ L~ n 

~'W (Ring LL~::: Stainby, 1985; DoublerbL~~flru~, 1987; Hoseney, 1994; Bahnassey LL~~ Breene, 

1994) 1'W'lIru~~fI'J1~Lbl?lnI711'l'll'El'lfl'J1~V!ilrn~rnvhmL~~f11 setback l'Wj':::V!~l'lm'i'Vlrn~'El1.J LL~~fI'J1~ 
q 

LL~'lLbN'lJ'El'lb~~LLil'll'Wj':::V!~l'lmj'brl1.JLU'WeJ~~1.Jbti'El'lm~lnmmru'El~m~~bb~:::'El:::m~b~n~'WI?l1~~l~1.J 

(Ott Lb~::: Hester, 1965; Leloup LL~~flru~; 1991; Vasanthan LL~~ Hoover, 1992) 

Mua LL~~ Jackson (1997) 1~v'hmj'Vlrn~!l'lL~'ElV!1f1'J1~~~-w'Wfij'~V!~1'l~~1.J'1iL~'lV!i.h~'lI'El'l 

b~~bbil'l~~Lfln:::V!1rntJ RVA Lb~~'i:flN~~1'l1'Wj'~~1.J'i:~L~fJ~'lI'El'l'El:::m~'i.'lbb~:::'El~m~b~n~'W'lI'El'lLLil'l'iJ1'd 

'i:~rn ~1.J~1 'El~m~~~ijJ1V!irn'i:~L~fJmb'il~tJ'i:rntJJ1V!irn (Mw) 1.36-2.47X 1 0
5 

number average 
, , 

Degree of Polymerization (DP) bvhri1.J 500-1 000 bL~~ijn'l (branch point) 0-1 n'lI71'El 1000 glucose 

unit l~L~~~hjij peak viscosity bbI71L~~~1~ijf11 setback bb~:::f11f1'J1~V!ilrn~rnVi1tJ~'ln~1 j''J~vr'ltT'lij 
fI'J1~bb~'lb~~~'Wl'Wj'~V!~1'lmj'brl1.Jmnn~1'El~m~~~ij Mw ~ln~l ~'J'W'El~m~L~n~'W~ij Mw ~1 (7.08

, , 
7 I <V -=-1.::0. I """ I

7.89X 1 0 number average Degree of Polymerization (DP) bVl1n1.J 15-18) ~n'lmnn'J1 1.5 n'lI?l'El 

1000 glucose unit bb~~ijf11f1'J1~bU'WeJ~nmnn~1~'EltJ~~ 28 ~~l~b~~~ij peak viscosity -nrnb~'W bLl?iij 

f11~ln~1 bL~~'ElruV![]~~L~~ijfl'd1~V!ilrn~'l~rnijf11~'ln~1'El:::m~b~n~'W~ij Mw ~'ln~l b~~'lJ'El'l'El~m~ 
'I 'lJ 'lJ q 'lJ 'lJ 

L~n ~'W'El:::m~b~n ~'W~ij Mw ~1~~ijfl'J1~ bb~'l bbN~ln~l bLl71ijfI'J1~ b~ nml71'Elmj'n'J'Wmnn~lb~~'lJ'El'l'El::: 

mm~n~'W~ij Mw ~'ln~l L~mJ1~lLmtJ1.JbVltJ1.Jri'Wl'Wj'~V!~1'lmj'brl1.J ~1.J~1 b~~'lJ'El'l'El~m~mn~'W~ij 

Mw ~ln~l~:::bnrnmj'~'WIIi'J (retrogradation) ~lnn~lb~~'lJ'El'l'El~mm"tm~'W~ij Mw ~'ln~l (1?l1j'1'l~ 5.1) 
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IW)~l'l~ 5.1 ~~ti~Y11'lf1'Jl~~ill?l1'W~:;~rjl'ln1dbnl?lb"~ fl?ltl?lu1if Rapid Visco-Analyzer (RVA) 

~1()th:j 

Amylose2 

Mw Branching 

ratio H~n (%) 

I rilmllJL~'U 
(RVU) 

I Peak viscosity I Breakdown (RVU) Final 

viscosity 

(RVU) 

Setback (RVU) I Peak 

time 

(min) 

Peak 

temp CC) 

4 . 89X10~ 0.3372 24 500.45 500.45 

Amylose4 2.47X10
S 0.8456 13 211 .89 176.03 

Amylose1 1.36X10
S 0.3350 22 129.57 129.57 

Amylose5 1.15X10
5 0.6848 18 * 41.40 22.47 

Amylose6 1.06X10
5 0.7339 15 47.26 30.58 

Amylose3 1.03X10
5 1.0480 18 31.98 22.69 

Amylopectin 1 9.88X 1 0
7 2.0182 21 435.53 364.36 28.69 23.57 1.53 50 .17 

Amylopectin2 8.94X10
7 1.4907 17 444 .83 430.39 93.75 10.75 1.74 50.22 

Amylopectin3 7.98X107 4.3483 28 195.87 51.43 268.01 123.57 9.00 95.00 

Amylopectin4 7.63X107 2.9391 30 220.04 153.34 249.83 138.17 7.62 95.21 

Amylopectin5 7.08X10' 1.5770 36 274 .65 108.39 367.01 245.70 7.33 93.57 

• ~lmh~ '1lili peak •• ~~L~'U~()tJfl~"'()~ peak viscosity ••• fi~L~'U~()tlt1~"'()~ through viscosity 
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J' " 5.2. m1'VlV1~tl"'L1J'El"'I?l'W 

m'J.., LL~:;~ l?l,f'll~c.J~1?l1~~1nV1'lll,xLLU..,~ilmJ1'W'\.h:;L'Vl f'l1'VltJ 1~[l ml,mfl Lr11,:;,x~t-l1J'1il'W 
~ ~ 

'j':;vd,..,mnnV1L~~tV1tJl·ihri~'El'l RVA 1?l,t-l~m'd:;m'j''Vli?l~'El'l1'Wl?lln..,~ 4.2 l'i'd'EltJ,..,~1-ii'l'Wm'j'1i?l 

l.h:;n'El1J~'dmLil"'LL~'l 3 nft-l LL~:;Jl 25 n~~~I?l'j' 

11(11 ~'JUtJ'.i ~fl.:j!fl~ fl.:j:ijfl ri1 

00:00:00 Temp 50°C 

00:00:00 Speed 960 rpm 

00:00 : 1 0 Speed 160 rpm 

00:01 :00 Temp 50°C 

00:04:42 Temp 95°C 

00:07: 12 Temp 95°C 

00:11:00 Temp 50°C 

Idle temperature: 50 ± 1°C 

'.i~t1~mnlum'.i'Vl~t\'fl'\J: 13 '\.nYi 
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~ln'l~ 5.3 ~l-J1J~Vl1'If'l'JIl-J~'il1n1'WJ':;~~I'1mnnInL'"l~rflntlntJ1-!f Rapid Visco-Analyzer (RVA) 

~1'el!h-ll 

Peak 

viscosity 

(RVU) 

Trough 

viscosity 

(RVU) 

Breakdown Final 

viscosity 

(RVU) 

Setback Peak time (min) Pasting temp 

(OC) 

(RVU) %** (RVU) 0/0*** 

B234 LLU'ILVhtnmJ!ll-J '"llnh'W~C1'W 21±1 6±0 14±0 66.7 12±1 6±1 100.0 3.50±0.02 75.15±0.00 

A123 LLU'I LYlltntJlJ!ll-J ~'W~rll'WlJ'1'1 340±3 124±3 216±7 63.5 223±2 100±2 80.6 3.50±0.02 72.25±0.21 
I 

C345 LLU'ILYlltntJlJ!ll-J ~'W~rl1'WL~m 308±6 109±8 199±2 64.6 216±5 107±3 98.2 3.44±0.02 69.73±6.61 , 

0456 LLU'IYlI'1(rough 5%) Y1'11'1'lJltJr1'J11.J 202±1 62±1 140±0 69.3 101±1 39±0 62 .9 3.96±0.02 72.70±0.28 

A23 LLU'Iil1'JLWnm~'W~n'lJ6 '"l1nmJ'tlJdjtJn ~1v)1 267±4 139±2 128±2 47.9 160±1 21±0 15.1 3.57±0.02 68.35±0.28 

B68 UU'Iil1'JL~ilm~'W~n'lJ6 '"llnmJ'tlJLUtJn ~1v) 2 270±1 142±1 128±0 47.4 163±1 21±0 14.8 3.52±0.09 68.15±2.19 

C57 LLU'Iil1'JL~ilm~'W~n'lJ6 '"l1nmJ'tlJLUtJn eDlv) 3 266±2 137±3 130±1 48.9 158±2 21±1 15.3 3.58±0.05 68.60±0.28 

C011 LLU 'Iill '1 L~ilmhhl1Vl1'ImJ'f11 ~n-n1'1~1l-JL~m 
...· , 

...'D1V1 1 

272±5 141±0 131±5 48.2 180±2 39±2 27 .7 3.58±0.00 67.03±1.03 

C022 LLU 'I il1 '1 L~ilmtlJ~lvl1'ImJ'~h ~n-n1'1~Il-JL~m 
...· , ...'D1V1 2 

223±2 109±3 114±1 51.1 143±1 35±1 32.1 3.60±0.O7 68.25±0.07 

C033 LLU'Iill'JL~ilmtlJ~1Vn'lmJ'f11 ~J'I-nI'1~ Il-J L~m 
...· , 

...'D1V1 3 

288±1 149±2 139±0 48.3 193±1 43±1 28.9 3.58±O.14 68.70±O.49 

A89 LLU'Iil1'JL~ilm~'W~n'lJ6 '"llnmJ'tlJ~~l-J sDlv)1 234±2 162±2 71±0 30 .3 186±4 24±2 14.8 4.07±0.OO 63.03±9.93 

B53 LLU'Iill'1L~ilm~'W~n'lJ6 '"l1nmJ'tlJ~~l-J sDlv) 2 227±3 158±O 69±3 30.4 183±1 25±2 15.8 4.11±O.05 71.70±0.57 



160 

j;11~1..:l~ 5.3 ~1-J'lJ~'Vl1..:lrl'l11-JVlili?l1'w~:;VI~1..:ln1nni?lL~~r)i?lLi?ltJ1if Rapid Visco-Analyzer (RVA) (I?i'fl) 

I 

1 


Peak Trough Breakdown Final Setback 

viscosity viscosity viscosity 

~1'!1!h.:j (RVU) (RVU) (RVU) 0/C,** (RVU) (RVU) ':10 *"* 

C80 LL{J..:l-ifl'lLVlilm~'Ufn'lJ6 ~lnn1~hjtJ~l-J ~lVi 3 224±1 160±1 64±0 28.6 182±1 22±0 13.8 

A41 LL{J..:l-ifl'lLVIilm~'Ufn'iJ6 ~lnn1~bJLL~..:l -D1Vi 1 170±1 123±0 47±1 27.6 145±0 22±0 17.9 

B30 LL{J..:l-ifI'lLVIilm~'Ufn'lJ6 ~lnn1~L).jLL~..:l -D1Vi 2 171±2 123±1 47±1 27.5 144±1 21±0 17.1 

C96 LL{J..:l-ifI'lLVlilm~'Ufn'iJ6 ~lnm~L).jLL~..:l 41Vi 3 170±2 122±2 48±1 28.2 143±3 20±1 16.4 

AB111 LL{J..:lti'lL~m ~ln'lJ.1Vlml~i?lLthtKnt ~lrii?l 
~ 

251±1 217±5 34±6 13.5 377±2 160±3 73.7 

AB112 LL{J..:lti'lL~m ~ln'lJ. ~Vl~t1'Uvl ~lrii?l 347±1 235±0 11 2±1 32 .3 469±4 234±4 99.6 

AB113 LL{J..:lti'lL~m ~ln'lJ. ~Vl~t1'Uvl ~lrii?l 235±1 117±1 118±1 50.2 253±3 136±2 116.2 

285 ~~l'l~lnn~'1ltJojJlfH~1 351±3 302±5 49±7 14.0 378±2 77±3 25.5 

316 ~j;11:f'll~lnn~'1ltJojJlfH~1 359±2 298±2 61±1 17.0 390±1 91±4 30.5 

463 ~~l'l~lnn~'fltJojJl,)LVlilm 375±3 301±0 74±3 19.7 398±2 97±2 32.2 

527 ~mfn~lnn~'fltJojJl,)LVlilm 361 ±1 285±3 76±1 21.1 377±3 92±0 32 .3 

TDF044 ~m'l~lm~'1ln (hlLL~..:l) 133±4 101±2 33±2 24.8 137±2 36±0 35.6 

TF114 ~~I,)~lm~'1ln (L).jLiJtJn) 269±6 141±2 127±4 47.2 202±3 61±2 43.3 

TSB224 ~j;11fnr.nm~'1ln (L).jdjtJn) 235±0 142±O 93±0 39.6 194±O 52±0 36.6 
- - ~ -

Peak time (min) Pasting temp 

(OC) 

4.10±0.05 62.40±13.36 

4.15±0.07 70.90±0.64 

4.22±0.02 67.75±1.06 

4.12±0.07 66.90±5.87 

5.12±0.09 79.58±0.04 

4.20±0.00 73.93±3.57 

3.81±0.05 73.40±0.07 

5.80±0.09 79.25±0.00 

5.50±0.05 79.63±0.53 

5.40±0.10 79.08±O.O4 

5.63±0.05 78.33±O.O4 

4.87±O.19 83.20±1.13 

4.70±O.O5 81.60±O.07 

4.77±O.05 83.13±O.04 
-
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1?l111..:1~ 5.3 ~:wu"iY11..:1~'dl:w~il~lu1:;~r;il..:1mnn~b~'1'1rj~b~tJ1il Rapid Visco-Analyzer (RVA) (I?l'fl) 

~'J'el!h{j 

TSF145 Mnf'll~lm~'Eln (hlb1jtJn,bbtJnhh~'Ub~tJ 0.1% 

NaOH) 

TSR145 ~l?llf'll~lm~'Eln (hJdJtJn, ,bbtJnhh~'Ut~tJm1 
1/ 

~1'l,Jl) 

101 LLU'lifl'Jb~I~'U~~Yi11ru'1..[11 

423 LbU'lifl'db~I~'U~ n'll.23 

207 bbU..:Iifl'Jb~I~'U~ n'll. 7 

1 05 bbU'lifl'db~I~'UlfWel:J..J:W:;~ 105, 

305 LbU..:Iifl'dbYi~ 

512 LLU'l~lm~'EI:w:;).h'l 

547 LbU..:I~lmij~:w:;aJ'd..:l 

629 uU..:Iarw.Jf..:l 

728 LbU..:Iifl'dvh'l (hlLUtJn) 

733 bLU..:Iifl'dv11'l (hlbbi-f..:l) 

Peak 

viscosity 

(RVU) 

189±5 

245±1 

119±1 

176±1 

211±1 

218±5 

209±2 

129±3 

73±2 

287±3 

167±3 

94±0 

Trough 

viscosity 

(RVU) 

116±3 

128±2 

75±1 

107±1 

110±1 

129±3 

148±3 

124±2 

57±1 

110±0 

141±5 

67±1 

Breakdown Final 

viscosity 

(RVU) 

166±4 

183±2 

184±1 

277±2 

252±1 

243±1 

213±1 

212±4 

77±1 

158±1 

210±2 

144±1 

Setback Peak time (min) 

4.57±0.05 

4.87±0.00 

5.20±0.00 

5.33±0.00 

5.27±0.00 

5.33±0.00 

5.23±0.05 

5.77±0.24 

6.97±0.05 

3.90±005 

5.77±0.05 

5.07±0.00 

Pasting temp 

(OC) 

81.60±0.00 

81.50±0.00 

76.33±0.60 

81 .55±0.00 

80.30±0.57 

76.30±1.84 

78.43±0.04 

67 .53±13.05 

94.45±1.27 

71.48±0.67 

85.93±0.46 

79.60±1.70 
-

(RVU) 

73±2 

117±1 

44±0 

69±3 

101±0 

88±2 

61±1 

6±1 

15±0 

177±4 

26±2 

27±1 

%** 

38.6 

47.8 

37.0 

39.2 

47.9 

40.4 

29.2 

4.7 

20.5 

61.7 

15.6 

28.7 

(RVU) 

50±1 

54±0 

109±0 

171±1 

143±0 

113±2 

64±5 

88±1 

20±0 

48±0 

69±7 

77±0 
-

0/0*** 

43.1 

42.2 

145.3 

159.8 

130.0 

87.6 

43.2 

71 .0 

35.1 

43.6 

48.9 

114.9 

** fi~!ll'\.,!ffltl,,~~tJ{j peak viscosity *** fi~!ll'\.,!ftJfm~~tJ{j through viscosity 
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r,nnm1'Vll?)fl'el'lLi~''el'l~lJb~'el~bI'l11:;imnnv)b~fl'll'el'lbbU'I'll'W1?)1111'11 ~e.J~(JI1~lJlh:;b'Vl1"11'VltJ ~1J~1 

~1a.Jl1C1~1 bblJmbU'IbtllJn~a.J 1111'11 tl?)tJt)'1(J11a.Jn11~1 bblJn'llf.l'l Schoch bbfl:; Maywald (1968) 1cil~'1ii 

bbU'I'llill?) A bUlJbbU'I~iJn11~f.l'lI?T'J~'1bbl11iJf\'JllJ'VllJl11mb'j'':lb~f.llJ~1 ~'1t!lJ ~'11~ hot-paste viscosity 

pattern ~iJ peak viscosity ~'1 bbl11iJn1'j'flv)fl'l'llf.l'lf\'JllJ'VIill?)mn1lJ'j':;'VI~1'1~1~1'l'J1a.J~f.llJ'VI~'1~ln~bnl?)b~~m~'d 
bbU'I~vhn1'j''VlI?)~'el1Jbb~:;1~ hot-paste viscosity pattern bb1J1Jii 1cilbbrl bbU'IbvhmmJTm~~nl?)b'el'ltl?)tJ~fin11hj 
djtJ n'VI1f.l hJtlntJHfJl bbfl:;bbU'I bVllmtJlJ'ela.J~'Jl'1'llltJi'dhnlJVlf.l'l (JIfll I?) blU'Iifl'd b'VIiltJ'd~1cil~1 n m1tlJ bUtJ n bbfl:;tlJ 

e.J~a.J lbiJ'I ~(JIlf"!!~lmtJf.ln~1cil~lnm1tlJlUtm llU'Iifl'dL~l~lnifl'dl~l'WlJ~ n'lJ.7 n'lJ.23 bbfl:;'VI'1la.Ja.J:;~ 105 ~'1LlllJ 

'WlJ~~lhfilJlrufd1t~~'t.hlJnfll'1~'1~l LLU'I~lJ~f'l 

bbil'l,,!!'W1?) B LlllJLLil'l~iJm'j'~'el'lI?T'dlhlJnfll'1 ~'1t!lJ ~'11~ hot-paste viscosity pattern ~iJ peak 

viscosity 1lJ~'1a.Jln LLfl:;iJm1fllnfl'l'lJf.l'lI'l'Jla.J'VIilI?)Ul'1 bbi?l1lJmmvh LLU'I"!!ill?) A 1lJ'j':;'VI~1'1~1~1'l'J1a.J~'ellJ'VI~'1~ln 

~Lnl?)b~flLL~'J LLU'I~v'hm1'Vl1?)~f.l1JbLfl:;1~ hot-paste viscosity pattern Lb1J1Jii 1cilLLrl LLU'Iifl'db'VIilm~1cil~lnn1'j'tlJ 

bb~'1 'V'lfll'd'11n btJf.ln~1cil'11nn1'j'tlJ bb~'1 'V'lfll'd bLfl:;~(?nf'!l~lnnfl'eltJifl'J b~l bbfl:;n~'eltJifl'dL'VIilm bLU'Iifl'JL~l~ln 

ifl'd b~l'WlJ{~~mlJ 1 ~'1 blllJ'WlJf~iJmmruf.l:::m~~~'1 bbU'Iifl'Jyh'l~1cil~lnn11tlJbljtJmL~:::tlJ bb~'1 bL~:;blU'Iifl'd 

b~1?) 

LlU'I"!!ill?) C blllJbLU'I~iJm1~'el'l~'d~lnl?) ~'1,rlJ ~'11~ hot-paste viscosity pattern ~iJ peak viscosity 

1lJ~'1a.Jln bLfl:;1lJiJn1'j'fll?)~'1'lJ'el'lI'l'dla.J'VIill?)bfltJ1lJ1:;'VI~1'1~1~fl'Jlj.J~f.llJ'VI~'1~ln~LnI?)L~~LL~'d LLU'I~1~ hot-paste 

viscosity pattern bb1J1Jii 1cilbLrl LLU'I~1cil~lnn1'j'~lnLL'th tl?)tJL-Uvn:;LLU'I cross-bonded LLil'l~v'hn11'Vl1?)~'el1J bbfl::: 

1~ hot-paste viscosity pattern LL1J1Jii 1cilLLrl Lbu'I~~nI?)1cil~lm~f.lLL~:::Li1lna.J:;lJ'd'l ('WlJ{a.J:;lJ'd'lLbrh) 

LLU'I,,!!'WI?) 0 djlJLLU'I~iJn11V'1f.l'l~'d~1j.Jln ~'1,rlJ ~'11lJiJ peak viscosity LLfl:::tn'11lJv'hl~bnM'dla.J'VIilln 
L~tJ'VIln1fl.lJmmrulvi11n1JLLU'I,,!!'WI?)~lJ LbU'I~1~ hot-paste viscosity pattern bb1J1J~ 1cilbbrl bbU'I~iJma.Jlru 'el:;:iJ 

tfl~ ~'1a.Jln b'lllJ Amylomaize LbI111lJn1'i"Vll?)flf.l'lb~'el'l~lJii LLU'IbVllmtJlJ'ela.J~~'el~ln~llJ~1'V1ii'l1~ hot-paste 

viscosity pattern bL1J1J 0 

~l'V1f1JbLU'I~'JL~tJ'd~-Wlm'VlI?)~f.l1Jb~'el'l~lJ bL~I?)'1~n~ru::: hot-paste viscosity pattern vT'IbL1J1J A bLfl:; 

bb1J1J B ~lJf.l~n1J1Jm'Vl~e.J~(Jl iJiff.l~til~'1bn(Jl ~'el bbU'I~1cil~lnn11~nl?)tl?)tJ1lJ1-ifJl (tlJbb~'1) ~n~:;iJrh peak 

viscosity ~ln~l bLil'l"!!'Wlnb~mnlJ~1cil~lnm1~nln tlntJHJl (tlJ bUtJn) bbfl:;iJm1fll?)fl'l'llf.l'lfI'Jla.J'VIill?) 1lJ'j':;'VI~1'1 
m'j'1~I'l'dla.J~f.l'\.l (breakdown) ~ln~lcil'dtJ bbi?l1lJ'Vl1'1(JlNnlJifla.J n1'j'1mfin1'j'~nl?)bbU'I~1111'1nlJ1lJiJC.J~m:;'Vl1JI11f.l 

'f.)ru'VIJ;)inlJn1nnl?)b'1fl'lJ'el'lbLU'I '11nm'j''Vll?)fl'el'l ~1J~1 bbil'l'11mi1I?)a.J:;lJ'd'liJ'f.)ru'VIJ;)mlJn1nnl?)b~fl (pasting 

temperature) ~'1~~1?) (94.45 DC) 'j''el'lfl'lm~f.lbbil'lifl'dvil'1~1cil~lnn11LlJbUtJn 'V'l~l'Jbbfl:;~l?l1f"!!~lmtJf.ln (JIla.J 

~1~1J 

~'dlJmnnlnm1~lJ~'d'VIr'el Retrogradation ~~lm1C1~'1m(JI1cil~lnfh setback 'lJf.l'lLLil'l Ll?)tJ'VIlniJ"h 

setback ~'1bb~I?)'1~lbbil'l,rlJiJl'l'Jla.J~1a.Jl'j'C11lJn1nnV) retrogradation 1cillJln,rlJ V'l1J~1 LLil'liJl'dL~l~iJma.Jlruf.l::: 
~ 

http:V'l~l'Jbbfl:;~l?l1f"!!~lmtJf.ln


163 

Bahnassey, YA and Breene, W.M. 1994. Rapid viscoanalyzer (RVA) pasting profiles of wheat, corn, 

waxy corn, tapioca and amaranth starches (A. hypochondriacus and A. cruentus) in the 

presence of konjac flour, gellan, guar, xanthan and locust bean gums. Starch/Starke 48: 134

141. 

Deffenbaugh, L.B. and Walker, C.E. 1989. Comparison of starch pasting properties in the Brabender 

Viscoamylograph and the Rapid Visco-Analyzer. Cereal Chem. 66: 493-499. 

Dengate, H.N. 1984. Swelling, pasting and gelling of wheat starch. In Y. Pomeranz (ed.), Advances in 

cereal science and technology Vol. IV, American Association of Cereal Chemists, St. Paul , MN, 

USA. Pp 49-82. 

Doublier, J.L., Paton, D. and Llamas, G.A. 1987. A rheological investigation of oat starch pastes. 

Cereal Chem. 64: 21-26. 

Hoseney, RC. 1994. Cereal starch. In RC. Hoseney (ed.), Principles of cereal science and 

technojQg,y. American Association of Cereal Chemists, St. Paul, MN, USA. Ch.2. 

Leloup, V.M., Colonna, P. and Buleon, A. 1991. Influence of amylose-amylopectin ratio gel properties. 

J. Cereal Sci. 13: 1-13. 

Mua, J.P and Jackson, D.S. 1997. Relationships between functional attributes and molecular structures 

of amylose and amylopectin fractions from corn starch. J. Agric. Food Chem. 45: 3848-3854. 

Ott, M. and Hester, E.E. 1965. Gel formation as related to concentration of amylose and degree of 

starch swelling . Cereal Chem. 42: 476-484. 

Ring, S.G. and Stainby, G.JA 1985. A simple method for determining the shear modulus of food 

dispersions and gels. J. Sci. Food Agric. 36: 607-613. 

Vasanthan , T. and Hoover, R 1992. Effect of defatting on starch structure and physicochemical 

properties. Food Chem. 45: 337-347. 



164 

..I 	 ... ....... .... 'i't1 .... ~.:' 'i' -"1 'i' .....
0 

'IJ'VI'VI 6. "ll'el~a~1nn1i'VI~a'eHI~'IJ'eHIIJI'U : n1i'U1na'IJ ~ ilJl'U L'U'U1'V1-1~1nLH.:I1'U~~Uh~!J1fi Progressive 

Freeze-Concentration 

1.,n,nJj':;Jl1~~ LVlVifm~n 

V1j'. =nV1Vi'l~ 'I.h:;~1!t,S~'lj'j'ru 

6 .1. fl'l1~JL1j'U:\.J1'l1!l'lbflNmj' 

firu~'llL"'W~fl~~I11Yl1'1mnn1!tI11j''VI~n'lltl'ltJj'::;LVl~ mj"\.JHllfl~1:\.J1j'Clu1tnfl~'l1'Wj"I.J'lItl'lLa..J~V1firu~'llbV1t1
~ 	 ~ ~ 

I11NLLfl::;fi'l!~'ll~eJ1'Wnj'::;u'mnlj'LLtJj'~ bV1t1m::;U'l'Wmj'LLtJj'ltJ~'l'Ul'V1C1J"::;Lu'Unj'::;u'mn1j'~LtJ~tI'WLa..J~V1fiC)J~'ll 

LU'WLLil'l ~'l.rr'Wl11tl'W1'Um::;u'l'Wmj'~"::;~tl'lHJ1 LUi.lI,hn::;ft1'l L~tll~LLil'lu1~Vlif LUi.l~fllmtJ j'~'W~mJl'Wfiru~'ll Cln 
q 	 'l.I Q,t 'll 

'll:;ft1'lltJnuJ1 ~'1btJj'~i.l~ LUi.ltl'lrltJj':;ntlu'VI~nli.lfiC)JY1'll dJi.lbtJj'~i.l~~~a..Jm1 LLI11 n 1?l1'lltJ~1nbtJj'~'W~l~i'lhJ 

~1n~1?l1 ~ ':!L~'1L~i.lfl'l1a..J~1 ~'l!li.lmj't11btJj'~i.l~'1 nfh'l~:\.J1HtJj'::; btl'll'!! bV1t1 fI'l1a..J~i.lh LLfl:;fI'l1a..Jl~t11a..J1 
t.-	 I \of '" 

tJ j'::;~ n 1111-iftltru LUi.l'VIi.lYl1'1 LLfl::; d'i V1~Yl1'l1i.lm j'tJ~ 111~1 j'~ fl ~1 LVi a..J LLfl::1ojftJ j':; btl'll'!! nut11Yi'l~1 n'Q 111 ~1'V1n j'j'a..J 

!l1'V11j' j''ll-J~'1'lhtlfl'''l-JflJl1'l::;LLfl::;fn1!t1~'1 LL'1 Vlfttla..Jli.lm j'~V1 mj'nuJ1~'1 L'VI~1~tlth'l LU'Wj':;UU ~i.l~::;~'1 ~fl I?ltl 

Ltitl'l1~iJmj'HtJj'::; btl'll'!!"1 nYlf'Wmmfij'j'a..J'll1 ~tlth'lL~a..J~ LLfl:;~a..J ~1 ~'1 C1tl~1 Lu'Wmj'~1?J.Ji.l1 L~ j'1!t,Sn,,'lI'El'l 

tJ j':; L Vl Pltl£h'l'VIti" 

6.2 . t)111~tJj'::;~"rl 

L~tl~n1!t1f1'l1a..JLUi.lltJl~i.lmj'1ojf Progressive freeze-concentration 1'Wmj'vl11~L-iia..J-ii'WLLfl:;t11n~u 

btJj'~i.l~lnJ1~"li.lbN"1i.l'Q1?l~1'V1mj'a..J LLil'lbV1t1 L~tl n l-ifJ1ft1'l LLil'l6'l L~m LU'W~'W LLUU 'W'Eln~1 n~iJ'lvllmj'~n1!t1 
LmtiuLVitiunumj'vl11~L-iil-J-iii.lbV1t1~fi Ultrafiltration 

6.3.1. 	 t:1'lL~m 

6'lL;mLui.l~'llLPlj'1!t~n"~~1~Cl.J'lItl'ltJj':;LYl~lYltl (1 ,2) ~~fl~~l11tJj'::;:\.J1ru~1a..J LL~'W~'WI?l!lil (3) 

6'lL~mLU'W~'ll~il~n1!tn..d)'VIfl1t1tJj'::;mj' ~tl ~1a..J1j'CltJ~n~'W~1t11i.l~'Wbn'Elu'YJn'llilV1, ~'El'lmj'J1U'Eltl, Vl'WLL~'11~ 
~ , il!l1~mnfiuL~m~i.l(65-70t)i.l) LLfl::;~~1~Cl.J~mu'W~'ll~'ll'lm'h~'1~'Wl~~~'W~'lti (2) 6'lL~m~1:\.J1j'CltJ~nl~ 
YlnJl1f1'l1tl'ltJj'::;LVlPl bV1m'UVi1::;1i.l~'1v6V1Jl1flnfl1'l1?l'El'WU'W L'lli.l LVi'll j'U

~ 
nl1, i.lflj'~'lj'j'rf LLfldh LLVi'l LVi'llj' LUi.l~'W(3).. 

, 	 , 

• 	 t:1'lL~mfij'j'a..JV11 'VI1tlt:1'lL~mLa..J~V1~h'W (Vigna radiate) LtJ~tln'll'El'lLa..J~V1~~L~m~1'W ilEmHvl11i.lL~i.lLLfl:; 

LVi1:;t:1'l'l!l n 

• 	 6'lL~m~'WLa..J~V1l~C1J (Vigna typica) LtJ~tln'll!l'lLa..J~V1il~L;ml-1''WbLfl::;ilLa..J~Vl'lJ'W1V11'V1C1J 

• 	 6'lVl'El'l 'VI1tl6'lL~m~Vl'El'l (Phaseolus aureus) LtJ~tln'lltl'lLa..J~V1m~L'VI~tl'l 'VI1tl~Yltl'l ilm.JHvl1'l1i.la..J LVij'1:; 

il~ L'VI~tl'l'\..hfutJ j':;Vl1'W 

• 	 t:1'lL;m~h~1 (Vigna gradis) LtJ~tln'lltl'lLa..J~Vlil~~1 iltla..JHLm::;LUi.l6'l'ltln 

http:ilm.JHvl1'l1i.la
http:1?J.Ji.l1
http:nfh'l~:\.J1
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6.3.1.1 ~rurhVn.:Jtn"ll'Wim),"lJt}.m-JftVl~('H~m 

bl-Jftlfl~,)b~mbbti.:Jbtl'W 3 ~,)'W ~!l bu~'tln'W'fIn (Seed coat) lub~'tJ.:J (Cotyledon) bb~::: 
W1'Wtl'fl'W (Embryo) ~.:J~u),:::l-Jlruffi'tJ~::: 12.1 85 .6 bL~::: 2.3 LVl'tJJi\nrnunl-J~i~U mmru~i1m~i11'W~')'W 
~i.:J1 'lI'f1.:Jbl-Jftlfl~,)L~m LL~Vl.:JWl'Wl1li1i.:J~ 6.1 

10.6 26.9 52.5 

0.6 3.3 9.4 

3.0 3.1 4.4 

25.6 0.5 0.4 

60.2 66.3 32.3 

0.036 0.341 0.756 

0.812 0.115 0.492 

0.017 0.006 0.023 

bu)'~'Wl'Wfit1!,w"ll~~mlfl'fl:::m'W1~~'W!l~-W'fl'tJ (5) r.nnm1~m~nbU1~'WLn~\l~'Wl'W~')LIfl'tJ1-if Ultracentrifuge ~U~i 

u1:::n't)u(~h'tJLU1~'W"Ilillfl~rl:n~'W (vicilin) bb~:::b~nfJl1'W (legumin) l'Wml-Jlru~l-Jinn~i~'t)'tJ~::: 70 'lI't).:JbU1~'Wi.:J 

~l-Jifl LL~:::ijrh sedimentation coefficient Ltl'W 75S bL~::: 11 S l1lil-J~i~U (5) 

bU1~'Wl'W-W"llI1l)':::fJ~~')~')'Wl~rYbu'WLu1~'WLn~\l~'W ~.:J~'1fl1't)b'l1tiLMI1l1n'fl~1'W'h.:J pH 

4-5(4,6,7) ~'ll,).:J pH ~ LU),~'W~,)L~m9:::~:::~i'tJJi1Jl-Wtl'tJ~~l?\ 9in~ru~l-Ju'1iil'fl~~.:Jl;htl'W~~nl'Wm)'~nlfl 
Q';'q q ~';'Q ~ I d IV oCIII';',q 

hh(;l'W91nmL'lIm bl?\'tJm1LL'tJnLU111l'W9im'W'flmL"lJml'W~m,):::VILU'WIflI.:JbL~:::Ll-J!lU)'U pH Ltl'W 4.5 LU111l'Wmb'llm 

JVl~nVl ~ 1"l?\9:::l1lnl1l:::n't)'Wbb'tJn'flfJn9in~i1~:::~i'tJ 

6.3.1.2 m11ifu1:::b'tJ"ll1.hin~,)b~m 

U1:::bVlPl1Vl'tJ bL~:::U1:::bVlPll'Wbb(1Ub'flb~'tJ b'll'W ~~'W bL'tl:::~'WbU'WWI'W il'tJl-J1-ifm':l.:J~,)b~ml'W 

m1CJ~11l1'WL~'W ~.:J9:::vhl,x1'WL~'W~1Jlij~rum~~ ~tliJ~n1j'ru:::l~ Lwwm Ltl'W~ilEJl-J'lItl.:J~u1tnrl ~.:J'lIiEJ1;-['W 

),ir1i~.:J (8) 1'Wil"9u'W1JlijmnJ"1bLu.:Ju1tnrl"llillfl~'W b'll'W bbU.:J~'W~iU:::~~.:J LL~:::bbiJ.:J~'WeJf.:J~1.Jibili9in~l.:J" , 

U1:::bVlV'1 l-Ji1-ifbbVl'WbbU.:J~,)L~m ~.:J~U~i~il-J11(11-ifLLVl'W1;-['Wmmru~'fIEJ~::: 10 (9,1 0) bL~:::~'t)EJ~::: 20 (8) l1lil-J 

~1~U 

1'Wm1CJ~11l1'WL~'Wblfl'tJi')1UVli.:JbN.:JI'WilEJl-J bl1lr'tJl-J bLU.:J cr') L~m b't).:J ~.:J91n m),l-J~fim)' 

bl1lr'tJl-J m':l..:l cr') b~m,r'W9:::W1'tl..:l Lb'tJn LU),~'W~,) b~m't)'t)nm ~.:J L~'t)Y;9i1rui eJ~eJ~ I1l cr') b~mm'tJl'Wu),:::bVl Pll'Wbb~~:::tI 

~U~i ~'t)'tJ~::: 50 ~1't)U1:::mruLL~'W,xi~~'W~'W~nlif1'W~(;l~I~nnl-J1'Wb~'W (4) ~.:J,r'W9:::1~,J),~'W~,)b~mtl~::: 
U1:::mru~Il-J~~'W~'W 
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mn.J~1?I bl1J~6':lL~iYl1lJuj':;L'VlP11vlrJ1mfiLLUUU~LUtin (wet-milling) ~~~ (11) 

'l116,)L~iYll,I1LL'll~11lJcl~ 

l 
hir ,,,",~ii"n 

LLtln~lLUj'~lJ'1l'elnr.nn~lLLiJ~ 

~~'fll"'l1mfi''lJ'fllJj'1~'' "i~tl1ifLfI~'fl'l4'm~L~tln~l decantor 

0filJ'ellJj'1~: V11LVlm'Vl~lLLiJ~rl~1lJj'1~tI1')Uj':;l-JlnJ 20-100 Ll-Jl?lj' ~~':ll~Ltltl~rl~L~m:r'eltlUj':;l-JlnJ 5 

'fl~P11nU LLlJ,)j':;lJ1U( 15) L~tlUrllml~~llJrh~"'l:;LtI~'el'eln L~'elL'Vl~l LLiJ~1,nVlrl1UI?I1l-Jj'l~'elth~if111lJ 

~l-J1~~n 

""n~1""n1""1, fiI,", peess 

6.3.1.4 mj'~n~LUj'~lJ"'lln6':lL~iYlLLrl::;mj''l11l-Jl1iiuj':;LtI''!nr 

Shehata LLrl::: Thannoun (1981) 1~~mnil"'l4'tll?h~1 ~nr.Jrll71'fJnlj'~n~LUj'~lJ"'lln6') 

L;iYl H1LLr1 pH, 'elnJVll1iJ, L':lrll~1if~n~'i:uj'~lJ, 'tl1?lj'1~':llJ"lI'el~LLiJ~6':lL~iYll71tll?i':lVllrl:;rllti LLrl:;"llU~nUfl')ll-JLiil-J
q ~ 
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~1V1fu'll'J~ pH 8-12 ~hmj'fl:::~ntJ'lJtNlwLl11n,,'Uritl'U'h~~~~tluj':::~nru¥tltlfl::: 81.84 - 85.28 bbfl:::~ pH 11.05 

rilmn'l:::rntJ'lltl~1'ULl11n"'U~~~~l1I~tlUj':::~.nru 85.28 britlYhlj'rul~ruVl.1Jil~b~2-J~'U"ln 25°c bU'U 60°c il~'l'lVh 
1~m2-JlruLUj'~hl~~nl1l1~L~2-J~'Ub'~nilmJ'l.h:::mru¥tltl'l'l::: 2.22 Lbfl:::~~ruVl.1Jil80°c mmruhJj'~'U~~nl1l1~fll1l 
fl~ Ltitl~"1nLUj'~'UU1'l~'J'U4'U!?i'J bUWltl'U (coagu lation) britl~"Ij'rulj':::tJ:::L,)'l'lI~l-i!lhlmj'~nl1lhh~'U"lmf') 

b~m Yf!J~I~ 25 'UIVi rilmj'fl:::flltJ'lltl~1'ULl11n"'U~~~~l1I~tlUJ:::2-Jlru¥tltJ'l'l::: 79.54 Lritl~"IJrul'fiI11JI~,)W'lltl~ 
Lbi1~~'JL~ml7itl!?i,)vllfl:::flltJ~~lmJCl~nl1lLUj'~'U1~~YlU~I'fil11n~,)'U~LVf2-JI:::~2-J~tl 1 nf2-Jl?itl 1 0 ilfl~~I11J LLfl::: 

Lritl~"IJrul"llill1lnUml2-JL-ii2-J-ii'U'lltl~~Ij'fl:::fllmn~tl~H~nl1lhh~'U1~mn~~l1I~tl Na2C03 0.1 N. (12) 

Thompson (1977) ~m~l~m,):::~LVfm:::~2-Jl'UmnLJ1~tJ2-JLUj'~'U~,)L~m1tlL'JIL'l'lVl"ln 

LLi1~~'JL~mUl1lLL~~ YlU~I~m'J:::~LVfm:::~2-Jil~~~ 'fil11n~,)'ULbi1'1~,)b~ml1itl~lbU'U 1: 1.5 (~IV1'l!n!?lmn2-JII11J) 

b,)fll~nl1l 20 'UIVi ~~ruVl.1Jn 25°c bbfl::: pH bUhl9 ITInlTl:::ntl'ULuj'~'U~~nl1l1~l1ItJlif 1 N HCI ,Jfu pH 'lItl~~ld 

fl:::flll'Jhh~'ULU'U 4 "lmr'UvllLL~~Ll1Itl1fi freeze dry t:J~I11Jiru"Yl11.h~'U~,)b~tI')1'ElL"llbflVl~1~~lmj'mJlhJ~~2-J 
nULb'!J'I~lft L~tlHvll'l1'U2-Jil'l1~'Ummru¥tltJfl::: 1 0 Ll1ItJ~IV1'l!n'lltl'l~,)'U~~2-Ji~Vl2-Jl1I LVltJhJvll1~'lI'U2-JU'lil 
mml11j''l'll1lfl'l bbfl:::il~rumYlbU'U~tJtl2-Jfu'lltl~~u1tnr1 (6) 

~1V1fu1'UUd:::bVl Pl1VltJ ~Cl1U'Uf)'Ur1t)1 bb'l'l:::~[?j,J'Ul~~ITIJiru'YltnVllj' 1~b~'UtlbVI r1L'ULfl~~'U 

~1'U'lItl'lmd~~I11Lud~'ULVltJHLr11tl'ljjtltlth'l~It1 Ll1ItJL~~'lb~m(bL'll~1 8-10 i'lL2-J'I)~'ltJL~M'U b~2-J~1 3 ~'l'U'l'l~1'U 
~'lb~mUl1l 1 ~,)'U bL~,)bLtln~lhh~'ULl1ItJHLr11tl~L'll'U1TI1Yhr.f(Bird Centrifuge) I11nl11:::ntl'Uhh~'U~'ltl1fiufu pH 

'lItl'l~llUj'~'U~~.h'Umd~2-JL~tll1lLU'UL,)fll 20 'U1Vi ~,)tJnJl1Itl:::on~m-ii2-J-ii'U,,'U1~ pH 4-5 mtl'll11:::ntl'U'lJtl'llUd~'U6') 

L~m~I'U~1'l11'lU1'1 LL~,)~I~LUj'~'Utf'lb~m~,)tJ~1 1-2 r1f~ ''In,rhltlULL~~l'U~tlUfl2-J~tl'U t:J~I11Jiru"Yl1Ud~'U~'J 
L~mL-ii2-J-ii'U~1~ilm2-J1 ruLUd~'U¥tltlfl::: 79 lVltl~IV1'l!mL~'l bLfl:::~I2-Jlnl'Wl1u ~~ I?l bU'UlU j'~'ULn't:tl11j' Vl1f1L.ntl 

LVitJ2-J1~ LLI7it:J~tnJiru'YlL.ntlbViI'J2-J~1~iln~'UbVlij'U'lItl~~'J L~mt'UbLN ~~hhu'U~tJtl2-Jfu'lltl~~u1tnr12-Jlmrn (4 .13) 

~'l!'UVlI1!~~'l'l (Yl. PI. 2519) ~n~lmj'vll'U2-JLU¥m"ln mung bean extract bLfl:::~~U 
~1 ~~I11Jiru'Yl'U2-J bU¥m~ bl11~tJ 2-J 1~il r1 rumYl1~ LU'U~tJtl2-JfU'lltl'l~u1tnr1 Ltitl~"1n b~tldl~1if1~~Yltlbbfl:::m2-Jl ru 

q ~ 

'lItl~ LL;~1'U~ldfl:::flltJ~nl1lililtll'J~'1vlI1~md[;l nl11:::ntl'U'lltl'llUd~'U~~1~ LVfm:::~2-J (14) 

'fld~1 ~1m~hlfi (Yl.PI. 2531) ~n~r1'lI2-JLU'U1.u1~'Umd'LJllUj'~'U~'Jb~m"lntl[;l~IV1
, q 

nJj'2-Jl'UL~'UmI'J1w,Jd:::LVlPl2-J11-ifbU'U~[;l~~u1'l2-Jnumn~'lbVl~tl~1'Umd~~I11~16J!tl~Ut~d~ Ll1II'JYlU~I~I2-JIj'(l'LJ1 
LUd~'U6'l L~m~tJtltJ ~,)tJml1l2-J1 ~~2-J riu mn ~'l LVf~tl'l~ ~1'Umj'tJtltJ ~'ltlml1l1'Um2-J1 ru¥tltJ'l'l::: 10 Ll1Itlm2-JllT1j' 

ll1ll'JhJvl11~~ rumYl ~1'UUd:::~IV1~2-Jcr~'lltl~mn ~'lLVI~tl~~tJtll'J~'ll'JmVl~I'l'l'l bbfl:::VI~'l"lmr'U'LJI2-Jl,Jt'l bbl?i'lJ'~ 
'JIl~~,)tJ~11111flVlnl'J LL'l'l:::~'11!j'~ YlU~1 ~Vll1I~tlU1~mj'tJtl2-J ru ~~ I?lJiru'Yltl~1'U'll'l'l"lltlU L~niltltJ ~'1UI'Unfll~ 
Ltitl~"'ilnlUJ~'U~') L~mtJtltJ ~'ltJml1l~ blTl~tJ2-J1~il n~'UL~2-J bLfl:::r11'J r1~ltJ~IUfll ~4'tJ~'l'll4'l1In~'U~'JtJ'lfimJ' 
d:::LVftJmtJ1~~Cl.JCl.JlmPl~~ruVl.1Jil 50°c LU'UL'Jfll 45 'UIYl LLl?in~~iln~'U~'1mh'Jtl~ ~'1,rhl~4'tJ~~L~hltlLL'U:::1~ 
Ufuut'l1fimj'l?lnl?l:::ntl'Uhh~'U Vl1tlufuut'l1fimj'tlULb~'1lUd~'U L~tl'l'lVlmnnVln~'ULVfij'U~~n~I'J (11) 

~~,r'U":::b~'U1~~1 ~rumYl'lltl~~~ITIJiru"Yl1Ud~'U~'JL~tJ'J~1~'UnundJ'2-J'lfimdbLtJn 
lUd~'U ~~,r'UCi'I~tl~mrufuut'l ~rumYl'lltl'llUJ~'U~'J L~m~'J'U~ bVl ~tl1~il ~ rumYl ~~whbU'U~tl~ufuut'ln j'J'2-J 

1fibLtJ nlUj'~'U1~iluj':::~VlfimYl ~~'U ~~Ll1ItJ'*'J1u1'Uh~'11'U~ 111~1V1 mJ'2-JmJ'~~1111'UL~'U":::vllmd~nl1llUd~hltltln 
"ln~I~I~LLi1~~'Jb~mb~tl1~1'UL~'U~il~n~ru:::1~bbfl:::bVf'nm Ll1Itlmdl11nl11:::ntl'U~'ltJ~I'1 Lb'l'l:::mJvllbb~'1ll1ltJ1-if 

r1'JI2-J¥tl'U~'1~ ":::vll1muJ'~'Ub~tlM1Yl bb'l'l:::~'1~'1~fl1~bnl1lU5mmb2-Jflfllfl1l (Maillard) 'lItl~nJl1Itl:::m'U1'U 
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bU ~~'W Lu~~'W~1~"1nh'l'l1'W~'141V1ti1t1 b~'fl1-ndj'WmVl1~~IWrd:I'W~'d'W1VlCJd bbr?l 'h ~'fl'l mnJ11u bbU~pJ bUW,J~ ~ 
.nru'Yl~iJl;j'i'l rh~'1~'W":::;~tl'lVl~n b~tI'ItiC1:!Vl1 mn~m'H11Yi'll'fl'lbU~~'W b!Piti m ~uf'Uu~'1~fimnbtlntu~~'W"1nJ1 
~1'1 mJ'I6'd L~tI'd~'1~1mn1'vh1~VI'i'l1t1~fi b'li'W m~vh1,x~1~'i'l:::;'i'l1mojf~ojf'W~'Wt!Pitlmm'li L~'fln Lb~'1 (Freeze 

concentration), m~YhLL,x'lLL'U'IJJ:::;bilVl~'!Pib~'flmL~'1 (Freeze drying) Vlj.'flmm~'fl'lLL'U'U Ultrafiltration bU'W~'W 

6.3.2. m~'IJ1'\.lfln Ultrafiltration (15) 

m:::;'U'l'Wm~ Ultrafiltration iJmJH'I1'W'fltJ1'1n'h.:l'lJ'd1,,1'W~lJl~1V1m~~r?l1'11 L'li'W m~";hJ1~'i'l 

1mm~, mn~~f1'l1~Lojf~ojf'W'lJ'fl'ltu~~'W1'WVl1'1'W~, mnbtlnVlj.'flmn~~f1'd1~Loii~ojf'W'lI'fl'l~~lJl.nru'Yl~1~"1nm~ 

Vlarn, mn~~f1'd1~Lojf~ojf'W'lJ'fl'lL"'i'l1&l'W, mJD1U!PiJ1L~tI LL'i'l:::;mJ~~lJlJ1~:::;m!Pi LU'W~'W bVlmu'Wm~lh 
bVlf1L'WL'i'lU'lJ'fl'l membrane mH bLr?ltlC1:!Vl1V1~'1~bn!Pi~'W1'W~:::;VI~1'1mm~'fl'l ~'El m~~!PiI?i'W(fouling) ~bn!Pi"1nm~ 
~:::;~lJ'lI'fl'llJl:::;n'fl'W'U1b'dru~'dVl,J1'lJ'fl'l membrane ~'1~'i'l1,xfilJl~1 b1'dmm~'fl'l(flux) 'i'l!Pi'i'l'l1'W'li'd'l~:::;tI:::;b'd'i'l1m~m'fl'l 

~m'd'W1'W ~"vl11,xu~:::;~Vlfi1l1Yimm~'fl'l~ !Pi'i'l'l r;p34'tI~'11~'fl'fln bb'Utl bf11'fl'l m'fl'l b~tl'i'l"'UC1:!Vl1 ~'1 n~1'd t!Pitl~~'W1 

~'WbU'Wbf11'El'lmtl"bb'U'U upward Yi~tl~bbvi'lbL).hVl~nm'W b~tlHVl!Pi~'El'U~~'U1imm~'El'l Ultrafiltration 'lJ'El'l~1~ 

mtl'l'l!U!Pir?l1"11~tlth"~:::;"''ln bb~:::;iJn f11 Qn L!Pitim ~tlVI~nm~'lJ'El'l LLN Liil'fl 'W"1 n Lbvi'lm'Wbb~bVI~n L~'fl~!Pi f1'l1~ 
~1'WVl1'W'lJ'fl'l-B-'WlJl:::;n'fl'W~i1~~r?l'flfilJl~1b1'dmmffi'l ~'1t!'W'!jfi Ultrafiltration bb'U'U upward ~'1bU'W1fi~bVl~1:::;~~1'W 

m~u~:::;tJnlJl1-nn'Umn~~f)'l1~ Lojf~ojf'W'lJ'fl"~1~~:::;~1t1LU~~'W"1 nJ1~1'1mJ'I6'l b ~tI'd L!Piti LU~~'W~mlJ b~~'i'l b~n bb'i'l:::; 

l?i'lvl1~:::;'i'l1t1tltln1u b~tl1,n~u~~'Wilm1~'U1tjVl~~1n~'W 'W'fl n"1neti'lVl~n b~tI'ItiC1:!Vl1mn~tlM1Yi'lJ'fl'l 
hJ~~'Wb-W'fl'i"1nn1~1-n~1nf1m'Wn1~lJlnlJl:::;n'fl'Wbb~:::;m1~~tl'W~n~'lti 

Ultrafiltration bu'Wm:::;'U'l'Wmnbtln~1~L~b~~~1V1CJd b'li'WLU~~'W, btlu1'll\J bb~:::;bL1J'I 'fl'fln"1nJ1 

Lb'i'l:::;~1~t~b'i'l~~~'W1 L'Wm~~1bU'W'I1'WHf1'l1~~'W1'Wm~utl'W~1~'i'l:::;'i'l1t1eJ1'W membrane 1'W'li'l'l 2-1 0 'IJJ~tI1m~ 
0

t!Pim:\''l1u membrane il-B-'WtJ'lVl'W1 0.1-2 J..lm. i1tYi~'W 20-200 A Vlj.'flbYltl'UbU'W Molecular Weight Cut Off 

U~:::;~1ru 500-300,000 Da. 


tI 1) ~/J~ii ~(1CP)tJ 'i:YlJn i:I'\.J~'IJ tJ ~ Ultrafiltration 


1) f1'l1~ ~'W ~1V1f'U~1~~:::;~1t1~u~:::;ntl'U~'ltl~1~L~ b~n~LVlru~~1lJ1~mn!Pi L"~1~~f1'l1~ boiilJ 
q ~ 

ojf'W~" ~~'lJ'fl'l f1'l1~ ~'Wr?l'flyJ~n'1r,,:::;il~n~ru:::;~'11l1Yi~ 2.1 ~'flyJ~n'lfL~~~'Wfi'Um1~~'WL'W'li'l" bLmVl1tlri'fl'Wm~ 
~ 

bn", b"'i'l bb'i'l:::;1'W'll'd'l bn!Pi b"~ LbNi'U~'W~b~~~'Wvl11,x-B-'Wb"~fi'" bbti'W ~"t!'WyJ~n'll1,,1~b~~~'WLLr?liJLb'W'lL,JlJf1'1~ L'W 

~'lU'lltl'ln1~rinriu":::;~U'fl~n'U~n~ru:::;'lJtl'l-B-Ub"~ bL~:::;'fl1"~'W'fl~n'Un1nn!PiyJ1'l~'1(fouling)~'dti ~1V1fu~:::;'U'U~ 
f1'l1~ bojf~oiiu~1 bb~:::;I?i'l Qn~:::;~1t11~~1~1 ~Cl bn!Pi b"~1~ m~b~~ f1'l1~ ~'Wvl1L,xyJ~n'lfb~lJ~'W Lbr?lfilJl n mn~~arn,,:::; 

-n1~'1L'W'Il'l'lf1'l1~~U~'1~'W ~'1Ltitl'l"1n~~'lI'fl'lmnn'" concentration polartization ,J'WLtN 
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Permeate flux 

Slope =-k 

o log Cg 

m'Vi~ 6.1 n) f1'lll-l~l-l~'Wfij'~'\,\~l'l~~n'lfn'lJf1",m.JL'ifl-lir'W '11) f1'lll-l~l-l~'Wfij'~'\,\~l'l~~n'lfn'lJf1'lll-l~'W 

vh.n f(?l'Wl ~j'~f(?l'Wl'W'W~ (2543) 

2) 'El(?lj'1 mj'1'\,\fl'IJtl'l~lj'i:ltl'W m n~l-lti(?lj'1 mj'1'\,\fl'\,\1tl f1'l1l-l L~'l1'Wmj'i:ltl'W~1j'fl~~1t1":::'1htl 

~~mnn~ concentration polartization LLfl:::~l'l~'l '\,\1!lfl~f11Wnl-l~1'WVll'W'IJ!l'li'Wt'Vifllh'lf ~'l'lhm~l-lf11~ 
~n'lf 

3) ~ruWJ~ mn~l-l~ru'\,\1J~vhl,x~~n'lf~'l~'W LLIPi~'l~n~~fllt1~'l'W1'\,\C1J L'll'W hh~'W '\,\1!l~1j' 
~'WVl1tJhj~lmj'tl'VI'W'1lru'\,\1Ji1~'l1~ ~'lt!'W~'liJir!l~ln~~f1'ln:::r)'ll'WVI1~UD'lJ'1i 

4) f1'l1l-l birl-lir'W ~~n'lfLLUj'~ncr'Wn'lJf1'lll-l Lirl-lir'W L'Vin:::l'Wj':::'lJ'lJ~f1'lll-lbirl-lir'W~~ ttlm~~.,::: 

bn~ concentration polartization, ~1'l~'l LLfl:::b.,fl .,:::~~n~11'Wj'::;'lJ'lJ~f1'l1l-lLir:I.Jir'W~1 

5) Y1 btl'll f1'l1:I.J Lu'Wm~vil'l'IJtl'l~l J'fl~flltJ:W ~fllPi!l~~n'lfLLfl::;mJ'nnn'W'IJ!l'l L:l.Jl-l Lm'W'Elfl(?lj'lYJfl 

L(?l rl'W1~tltJl'l:I.Jln t~tI L'U'Vil::;tltJl'l~~ {h~'lQnfl:::fllt1 LU'WtUJ'~'W~'l~l:I.Jlj'f:1 LL~~'lUj'::;''lJ'l n (N H3 I ) '\,\1tlUJ'::;,fl'lJ 

1~ (-COO-) vr'l~~'Wtl~n'lJY1Ltl'll'IJ!l'l~lj'fl::;flltJ ~ pi (isoelectric point) tl-lLflfJfl'IJtl~tUj'~'W.,:::iJuJ'::;'~'VIfiLU'W 
~'WtJ tUJ'~'W~'lfl::;fllt11~ii!ltl~~~ ~, ~ pi tuj'~'W~'l Ln Vl mJ'J''l:I.J ~'l n'W ~'lt!'W~ ~n'lf'IJtl'l~lJ'fl:::flltituj'~'W~'l:W f11 

~1~Y1 L'il"llln~n'lJ'\,\ll!l L'I'h n'lJ pi mj'~ VloD'lJ'lJtl'ltu J'~'W'lJ'WEJ'l L:I.J:I.J L'lJj''W'\,\1!lmnn Vl~l'l~'l~'li1 f11~'l~~ Vl~Y1 L tl'll ~'l 

nrh'l~'ltl 

6.3.3. Freeze concentration 

freeze concentration LU'Wmj'Vll!l1'\,\ln'\,\fl'l1,xLir:I.Jir'W~'WtVltl';jfiLL'Ilb~'ilmLii'l uj'~n'il'lJ~'lti 2 .rr'W 

I?ltl'W~tl crystallization ~'lVll1,xLnVl ~~nJl bL~'l tVltJmJ'flVl'Qru'\,\1J~!l1'\,\ln'\,\fl'l1,x~ln~1"Vl b~!lmbii'l(freezing 
point) bbfl:::.rr'WI11'il'W'lJ'il'l ice-crystal separation ~'l"::;Vllmmtln~~nJl LLii~!ltln Vll1m~~~(?l.nru'Vl~Lirl-lir'W~'W 

';jfimj'Vll1,xbirl-lir'W~'ltl';jfiLb'llbu'ilmbii~:w 21fi~!l 

http:1~tltJl'l:I.Jl
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6.3.3.1 	 Conventional freeze-concentration 'I-1~tl Suspension crystallization method 

ij~'WI?I'fl'W'lJ'El'.:mI~~h'l nrnjlJ LL'i'l:;nrnLtJnr.J~nJILL~'1 LLl?l~fidij'ii'f)~lni?l~'El1if'W~'1'11'W 
lJlnn~1 reverse osmosis, capital investment ~'1, rI,)llJL'iilJ'ii'W'lJ'El'l~I~'i'l:;'i'lIU~i?lViluij~I~lni?l(50-55%), 

feed material !X'fl'lijrlruJ11'W~'1 LL~:;~ruL~U solid hJnu~'Wl?ltl'WnrnlUnJI U~'1 Lti'El'lr.nn r.J~nJI LL~'1~ Lni?l;'Wij 
~ ~ ~ ~ 

6.3.3.2 	 Progresssive freeze-concentration 'I-1~tl Normal freezing 'I-1~'El Layer crystallization 

dJ'W~fi~~1M-J'W1 LL'i'l:;uflJ1JN;'WL~'El1~Lni?l r.J~nJI LL~'1'lJ'Wli?11'1-1nJr.J~nL~mL'Yht!'W ~'1vil, ~ 

1~~llJl~Cl LLunJI LL~'1'El'Eln~lnr.J~I?I.nru'Vl1~~IU;'W LL'i'l:;'i'li?lnr~~'1d L~U solid L~'El1m~~I~'i'l:;'i'lIU~i?lVilu~iJ 

mllJL'iil.J'ii'W~'1 

'I-1~nnr~ 

1) nr~LL'lhiitlmL~'1~:;utJ'Elt.ll'1ifl1 L~'fll~Lni?lnr~'W'fln'lJmU'lJ'fl'lr.J~nJI LL~'1 LLUUij~:;Llluu1'WViP1 
'Y11'I L~m'Elt.lI'1l?l'El Lti'El'l r.J'i'l ~'El Ln i?I nr ~ LLU n L 'V'l~Jl LL~'1nU'lJtl'l L'I-1~,)1'W~mj'ru:;~Jl LL~'1'lJmU j;]')1'1-1qj;'WLUW1'El'W 

2) nr~nl~i?lLlJL~fJ~ solute tltln~ln~,)wwlJ1LL~'1 Li?luijn~ln~'1d 


2.1) n~ln~lnJl1u1'W ~'flnrnL'W1'lJ'El'lLlJL'i'lfJ'i'l'lJ'El'l solute ;'WnU~1 diffusivity (0) '1J'El'l~lnLl?l'i'l :; 


2.2) n'i'lln~lnJl1HW'fln L'll'W nr~~i?lm'W ;'WnU'fil?l~IL~')nr~m'W ~'1~'1r.J~l?l'El~lJlh:;~Vltnr~ 

cilUL'fl'Wm'i'l~I~(k) 

u~:;~Vlfinl'Wnl~vil1~L'iilJ'ii'W ~llJl~ClUUllJLi?lU 

Kc (1) 

..: 
LlJ'El Kc ~'El u~:;~VlfiJl1'Wnrnlun (effective partition constant) 

Cs 
.. 
fl'El fl,)llJL'iilJ'ii'W solute 1'W~')'WJ1LL~'1 (%wt) 

CL 

.. 
fltl mllJLiil.Jii'W solute l'W~,)'W~I~~:;'i'lIU (%wt) 

Kc = LL~i?I'I~1 hlLni?lnrnlun 

u~:;~VlfiJl1'WnrnLun(Kc) 'fl1~'I-111~~ln~lJnr~(2) 

Kc =Ka [Ko+(1-Ka) exp (-u/k)] (2) 

Li?ltI u ~'f) mll.JL~')1'Wnrnni?li'WJILL~'1 (rate of ice front) 

k ~'El ~lJU~:;~Vltnr~cilmVllJ,)'i'l (mass transfer coefficient) 

Ko ~'il 	 limiting partition constant 

~'1~llJl~Cl'l-11~1 k1~~ln (16) 

k =aNro 
2 (3) 

Li?lU a ~'f) experimentally determined constant 

N
r 

~'El fl,)llJ LL~')~'f)u'lJ'fl'l1um'W 

http:Lti'El'lr.nn
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nl1~mll-JL~'ldtlU'lJ'fl~lun'JlJfI'I~ (16) ~~JlJtl5':::~'Vlfim~n1nLt.ln (Kc) hkvhnurh limiting partition constant 

(Ko) 

Ko = I Cj (4)Cs 

t(?1tJ~ CS LL~::: C; ~tlfl'lll-JL'iil-J'iilJ'iJtl'l~'lQnfl:::flltJllJ'lJtl~LLij~LL~:::'iJ'fl~LVI~'l ~u1mu boundary layer 11l1l-J~1~U 
"ln~l-Jn15'~ (2) LLfl:::(3) ,,:::Mrilf1~~'lJ'fl~lh:::~'Vlfim~n1nLtJn(Kc) 

In [(1/K ) - 1] = In [(1- ~)I KJ-(1/a)[u I (Nr
o 

2)] (5)e

"ln~l-Jn15'~ (5) ~ll-J1drlVllril limiting partition constant (Ko) l~"ln y-intercept 'lJ'fl~n5'1'W~l-Jn15' 

L~lJl1lN~ plot 5':::VI~l~ In ((1 IKe) - 1] Ll~::: u I (Nr
o 

2) 

,- Hot wire, ,-

Cooling bath 

m~~ 6.2 !lunnll'n1dv11L'iil-J'iilJLLUU progressive freeze-concentration 

~mt1 : ud:::~'Vlfi[n~n15'LLtJnrW~'lJtl~m:::U'llJn1d progressive freeze-concentration 

~'lLLUd : 1~~'lLLU5' 4 'llQ(?1 

" 1) 'JfI1fl'IJ'fl~1:Yl'jt'1~mV ti'fl 'I.1Wllt'11$l1lr1 ribose, glucose, fructose, lactose, lIt'1~sucrose 

!f)ft'fl i$lur1 LiCI , NaCI , KCI , ut'1~CsCI 

2) mllJl~11lJf)mnfl~lJ"hl~.:j (u) 'j~'1111.:j 0.12-2.67 cm.lhr. 

d 9 ' 3) mllJl'j1'j'flU'IJ'fl~ lUf)1'U (N
r
) 'j~'1111~ 200-1,000 rpm. 


4) mllJl,j'lJ,j''U'lJtJ~1:Yl'.it'1~mv l1J'U 2.511t'1~ 10 %(wlw) 


" ,
LL~(?1'lt:J~'lJtI'l~ldfl:::~1t1-Wl11l1~LLfl:::Ln~tlVlfl'l1l-JL'iil-J'iilJ 2.5 LL~::: 10 %(w/w) 

"lnm~~ 6.3 LL~::: 6.4 LL~(?1'lmll-J~l-J~lJjfd:::VI~l'lln [(1/Ke) - 1] LL~::: u I (Nr
0 2 

) 'iJ'fl'l~ll1l1~'llQ(?1 
l'il'l1 ~fI'lll--JL'iil-J'iilJ 2.5 LL~::: 10 %(wlw) 11l1l--J~1~U ~U~lL~'flfl'lll-JL1'lblJn1nn(?1ilJ~lLL.']j'l(U) iirh~l Ll~::: 
fI'l1l--JL1'ld'flU'lltl'lbUn'llJ (N) L~l--J~lJ ":::v11b~lh:::~'Vlfim~n15'LLtln~'l~lJ(ril K ~(?1~'l) ~'lt:J~n1d~m~l.n~'fli?1 r ".,) C 

http:0.12-2.67
http:JlJtl5':::~'Vlfim~n1nLt.ln
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fl~!hlnU&.J~Nl'W~r.rtJ'll'El-.3 Miyawaki bb~::f)ru:: (1998) ~Vi1nlj''VlVl~'El-.3nU~lj'~::~ltJn~tf)j'~ !Ith-.3hn{?jl~ "'nn 
~ 

&.J~mj''Vl'''~!I-.3~hJ~l}.Jlnnj-.3~(i-.3tl'Vlfi'W~'ll'El-.3"JlnVl~l{?jl~~~-.3&.J~nj'::'VlutJimJj'::~'VlfiJll'Wnlj'bbtJn i-.3~!Il~bti!l-.3 

~ln"llnVl'll!l-.3~l (?jl~~1-ifl'Wnl j''Vl V1~'El-.3~~'ll'W1 VI t~ b~TJ~1n~b~tJ-.3 n'W b~'fl~~l j'rul;S'Vlfl'W~'lI'El-.3 fl':n~ bojj}.Jojj'Wbi}.J~'W 
'll'El-.3~lj'~::~ltJ~l[fJl~ 'WU~l rhKc ~::~fh~l"i~'Ellh::~'Vlflm'WnlmtJn~~fl'Jl~Lojj~ojj'W~l 

~lnm'W~ 6.5 bb~:: 6.6 Ll~V1-.3fl'Jl~~~~'Wjh::VI~l-.3 In [(1 /K ) - 1] LL~:: u I (Nr
02

) 'll'El-.3Ln~'El"JlnVli?l1'11c

~fl'Jl~Lojj~ojj'W 2.5 Ll~:: 10 %(w/w) [fJl~~l~U 'WU~l &.J~nlj''VlVl~!I'1~1~&.J~~'flVlf)~'fl'lnU&.J~mj''VlVl~'El'l1'W~1[fJl'Cl 

~mh'Jm bl~'J !Ith-.3hn [fJl~"JlilVl'll!l'l bn~'fl ~;S'Vlfi'W~mh'l~'1 tJi'fli.h::~'Vlfim'WmnLtJ n LVltJ~~l ~Ui.h::~'Vlfim'Wmj' 

LltJn~ln~'1hJ~l~-.3~ CsCI, KCI, NaCllb~:: LiCI [fJl~~l~U ~'1Lu'WhJ[fJ1~~1~U'lI'W1V1t}.JL'ClTJ'Cl'll'fl-.3'El'4mf)i)'fl'fl 
'WU'J n ;;i'Vlfl'W'Cl'll'fl'l f)'Jl~Lojj~ojj'WL~~ ~'W'll'fl'l~lj'~::'ClltJ Ln~'fl1~&.J~ L'1l'WL~mnu &.J'Clmj''VlVl~'El-.31'W~1[fJl~ 

6.6. ~~,J&.J~nlj''VlVl~'fl'l 

1. rilf)'Jl~b~'J1'WnlnnVl.ff-'W~lLLojj-.3(U) ~&.J~LLthcr'W[fJl~ i.Jj'::~'Vlfim'WnlnLtJn(Kc) 'llru::~fl'Jl~L~'Jj''flU 

'lI'fl'l1um'W~&.J~&.Jncr'W 

2. 'll'Wl VI t~ L~TJ~'ll'fl'l'fl'4m f);;i'fl'fl'Wu'Jn'll'fl-.3 bn~'fl ~ &.J~tJi'fli.Jj'::~'Vlflm'WmnLtJn(Kc) 

3. f)'Jl~ Lojj~ojj'WLi~ ~'W'lI'fl'l~lj'~::~ltJ~l[fJlmL~::Ln~'fl~~l ~::~'1&.J~1~i.Jj'::~'Vlflm'WnlmtJn(Kc) ~n~l~ 
i.I t.- ~ i.I 

fl'Jl~ L'lI~'lI'WLj'~ [fJ'W~'1 

4. fOil Kc ~lmj'ClHbU'W~"Jlil1'Wnlj'i.Jj'::Lil'Wu~r.rtJ~~&.J~i?l'fli.Jj'::~'Vlfim'WmnLtJn'll'fl'lm::u'J'Wmj' 

progressive freeze-concentration 1~ 

4 

....... 
'""" 0 
~ 
0 
c 

3 

2 

0 

Sugar 2.5% 

... ......
•• 

•• ..• ,.; 
• 

• Glucose 

... Fructose 

• Sucrose 

• Lactose 

0 0.2 0.4 0.6 0.8 

u/Nr"O.2 

m'W~ 6 .3 fl'Jl}.J~}.J~'Wfi'll'fl'ltl[fJnL~'JmnnVl.ff-'W~lLl1i'l(U)nUfl'Jl~..JLhi'!IU'll'fl'l1um'W(Nr) 

~~i?l'Eli.Jj'::~'Vlfim'WmnltJn(Kc)'ll'El-.3~11'Cl::~ltJ~1[fJl~~fl'Jl).Jlojj).Jojj'W2.5% 
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4 

~3 
".... 

~ 
~2 
'-' c 

0 

4 

3 

~ 

".... 

~ 
-0 
c 

2 

0 

-1 

• Glucose 

... Fructose 

• Sucrose 

~ 

• Lactose 

- .. 	 - -.. --~ 

m'W~ 	6.4 rl'l1l-J~l-J·/~\Jfi'lltl'lfil'lnL~'lmnnlfl.r\.l~ILLii'l (u) rlUf1'lIl-JL~'lJ''flu'JJtl'l1Un'l\.l (Nr) 

~i1(;]'fl1..h::;~Vlfim'Wmmtm (Kc) 'lI'fl'l~IJ'fl::;fll\'J~ll?llfl~f1'lIJ..JLoiiJ..Joii\.l1 0.0% 

Sugar 10% 

•......~.. 
• 

Salt 2.5% 

• CsCI 

... KCI 

~ • NaCI 
~~ . 

• UCI 

• 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

Ll/Nrl>() .2 

m'W~ 6.5 f1'lIJ..J~J..J~\.lfi~J'fl'lfil?lJ'1 L~'lmnn 1fI.r\.l~1 LLii'l(u)rlUrl'lIJ..J L~'lJ''flu'JJ'fl-.11un'l\.l(Nr) 
~i1(;]'fl1..h::;~Vlfim'WmnL\'Jn (Kc) 'JJ'fl-.1~IJ'fl::;fllmn~'fl~rl'lIJ..JLoiiJ..Joii\.l 2.5% 
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Salt 10.0% 
4 

• CsCI 
3 

A KCI•--.. 2 

~ • NaCI..
'-' 
.EO 

0 

-'1 

0.0 0 .1 0.2 0.3 0.4 0.5 0.6 0.7 

u/Nr"O.2 

m~~ 6.6 ml~~~~'Wfi'lJ'fl'ltl(;)nl~':lnlnni?li'W~'m-li'l (u) nUml~b~,)~'flU'lJ'f)'11U 
n':l'W( Nr) ~:n ~'flt! ~~~'Vlfim~n 1 ~ bbtJ n (Kc )'lJ'fl'l~1 ~~~~ltJ m~'fl~ f1Tl~bii~ii'W10.0% 

6.7. Ib'W':l'Vll'11'WnI~~m~I~'f)1.t! 

Iti'fl'l'"l1n~(;)~It1 nj'~~e.J~(;)1'Wb~'W1'Wt!j'~b'Vl Pl:n'fl~ dJ'W"h'W':l'Wmn dJ'W'fl (;) ~1t1n j'j'~~1ojf&':l b~m bU'W1'(;) ~ ~U 

:n nlnbtJ n tt!J'~'W'"l1 n \b1'J..j &':l b~m ti?ltl1ojf~''l1~~I'1lu'Will~lnmln 1'WU'"l'1U'W:nnlJ'111 n~u( recovery)tt!~~'W1'W~, 

~''l bbil'l'"lln m~U':l'Wm~trnmn ~tI~fimJ'(;) n(;)~n'fl'Wbb~~111hJflUt15-fl (;)1 n bbrnrn 'r111~hh~'Wb~tJ~m~ ( denature) 

e.J~(;)ilru'Vl1t! ~~'W~1.~~'l:nl;l~fh ~'~'lb~'W~1 f1':l~~'"l~111~fi u Itrafiltration II~~ progressive freeze-concentration 

~'lhl:nmJ'1ojf~lnfl:nbb~~f1':lI~~'f)'Wmt!~~~nI7l1ojfnum~111n~utt!~~'WIli''lmh':l~~'fl~i'l~m~nth{tI~I'll~:ne.J~ 
!?l'flt!J'~~'Vlfim~mmtln~'lm'"l dJ'Wt!~~ttl'll,r~fl m J'111 ttl J'~'W'"l1 n n J'~U':l'Wmnbt! J'~'lI-wrn~'Wl~11oif1.~'fl tJl'l:nt! J'~ 

~'Vlfim~ 

1'WmJ''i{tI ~''Wultrafiltration bti'fl'l'"l1 n'flt! nm.r'VlVl~'flU'lJ'W1n b~n~111 bii1'"l1n ~ l'llJ~~ b'Vl Pl:n ~1 f11 ~'l fI ru~, ~ 

fJ{tI~'l1~~I?J.J'WI'flt!mru'Vlrn~'flU'lJ'fl'lm~U':l'Wm~ Ultrafiltration bbUU upward ~~fl~bbvi'lbbJ..ht1~nn':l'W b~fl111~IH, 

1'WmJ'~ m~11'WmJ'~{tJn 
~,t1fU'I,'W~{tJ1'W'i'h'W'lJ'fl'l progressive freeze-concentration '"l~Hbfl1'fl'lilfl'Vlrn~flulli'..jm~~ 5.1 b~'f) 

~ m~IU"i{tI~:n e.J~ !?l'flt!J'~~'Vlfim~ m~bbtln ~'"l~1111ojf bu'Wii'fll;l~ bn'f)..j rX'W~,t1fu~l?J.J'Wll11'fl1t! I~'flH'lI'W1'WJ'~lli'uT.l(;) 

~1t1mJ'~ 
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'IJ'VIY1 7. i'£l3Ja"llnmi'VIl1la'e:Hlbd'£l':)~t.I : mi~~(;l~li'VIl1lbb'VIt.ll"l1irt.l~h"i'IJ~ira4''U''JIiAI1lJlirt.l''l.t.I\h"lln.. 
'hJi;'U5'Jb;'itl'J (Producti~n of Fat Replacer for Oil in Water Emulsion from Mungbean Protein) 

tl5'1!'1!1 mrJ~'lIm'U'Ul'1, m-W~(1)n'll~'Ut;l, Yn~'J~ tlj':;vh.b~'W 

Patinya Sirikulchayanont" , Siripastr Jayanta
b
, Pasawadee Pradipasena

a 

aOepartment of Food Technology, Faculty of Science, Chulalongkorn University; bOepartment of 

Chemistry, Faculty of Science, Chulalongkorn University. 

UYlrlI?lU'fl 

6'J l~tJ'J lu'Wvh ll-J~ l?l~tN..:Jl'W'fl (1)~lV1mmUll-Jl i:.J~ (1) lU,.mU..:J ri'Wtl U1'1 UydV1~It1 'Wtl n"nn LLU.,:) ll~'J6'JL~m 

~.,:)mtlj'~'WLU'U'fl":) rftlj':;n'flU [).,:) 20-24 % Lll1l1'Wu~~,r'Wh":)":)I'Wi:.J~ (1) L1U..:J 6'J L~tJ'JIi'h'W1V1nJhJijmmtlnttl j'~'W'fl'fl n, ~ 

"1 n~I~":)'lI'fl..:J tN..:JI'W ~'J'WtN..:JI'W~ijm)'LLEJ nLtld~'Un1~tld~'U~ijrJruJl1~ ~1 ":)1'W~4'tI~~..:J LLtJnttlj'~'W6'JL~m~1 n 

~1~":)'lI'fl.,:)tN..:JI'WrJhtl~fi isoelectric precipitation ll~'Jy'hl,xm~.,:)~htl~fi freeze dry 1~'flmj'i:.J~(1)~Ij'YlI'1bLYl'W1'lI 
IT'W~1 nLtld~'W6'JL~tJ'J~..:J~i?I LLtlj'Ltlj'~'WrJhiJ~fiYll":) Lflij LL~:;n1t11n~ n1j'~i?I LLtlj'Yl1":) Lflijy'h ti?ltl~fi succinylation 

~'J'Wn1d~l?llltldYlI..:Jn1t1Jl1~~'fly'hlmtld~'Wl~tI~Jl1~!ihtlfl'JIl-J~'fl'W~'flruV1.fJn 83 °c l'Wd:;tI:;L'J~l'1h..:J 5-15 'WIVi 

1'Jl-JriUn1)'L~l-J CaCI
2 

1'W1J1l-Jlru 0-0 .03 nfl-J i:.J~mdYli?l~'fl..:J~'IJ~ILtld~'W~lltln1!i(ij'fl..:Jrftlj':;n'flU~..:J~ ttld~'W 
88.93% 1eh 4.59% 1'lIlT'W 0.78% fl l fLu1mi?lj'(1)LL~:;L~'Wlt1 5.7% ti?ltl~IWWmL,x..:J Ltlj'~'W~ijn1j'~:;~It1~I~I?l~ 

PH 4.5 LL~:;L~l-J~..:J~'W1~Tl pH Tl!lmh ..:J "ln~i?I~ mj'i?lI?l-nU~1 ll~ :;~llT'W'lI'fl..:JLtlj'~'Wijr11lVhriu 2.41 nfl-J~I I1l'EJnfl-J 
~ ,~ 

ttld~'W bb~:; 5.76 nfl-J~llT'WI1l'flnfl-Jttlj'~'W (1)1l-Jftl~U r11 surface hydrophobicity 'lI!1..:J ttld~'WlVhriu 30 ['lItl..:J 

bovine serum albumin (BSA) ijr11lVhriu 1000] r11 emulsifying activity index 'lITl..:Jttlj'~'W6'Jl~mijr11Lvhriu 

83 ('lI'fl..:J BSA ijrhLVhriu 102) 

m:;U'J'Wn1d~i:.J~(1)'fl1.iJl1f1ttlj'~'W (microparticalated protein particle) d:;~u,xtl..:Jtl5u'1in1j' ~..:Jl,x 

ml-Jlru'El1.iJl1f1ttlj'~'W'lI'WIi?1 0.1-3.0 Ilm. L~'fllU'W~ldYli?lLLYl'W1'l1lT'Wmn~~i?I (0.89 nfl-J!?ltlLtlj'~'W6'JL~tJ'J) ~'fl 

• 1,xfI'JIl-J~tl'WLLri~lj'~:;~lt1ttl'l~'W6'J L~tJ'J (~1).] c.h'Wmd~I?l Utlj'Yll..:J lflij) 1 'W~ltl~'fl i?ltitl'fl'W (fl'Jll-J loiil-J 

oii'W 5% Li?ltI~lV1,rn) ~ 83°C 'Wl'W 15 'W1Vi ~~'fll-JriUn1j'~~'W~fI'Jll-JL~'Jj''flU 17,000 11l'fl'W1Vi 

• ~~'W~fI'"nl-JL~'Jd'ilU 23,000 11l'fl'W1Vi'Wl'W 15 'WIVi 

• ~'WLV1~tI..:J~ 1OOOxg 'Wl'W 10 'W1Vi 

md~i?llltlj'YlI..:JLflijlJ..:Jrh degree of chemical modification l~l-J~'W'ilUl..:Jt1i?1t1'ilmri'fll~l-Jml-Jlru~ld~i?I 

LLtlj'l-Jln~'W r11 surface hydrophobicity 'lI'il..:JLtld~'W~I?lLLtldijr11~..:J~i?lLL~:;Lvhriu 62 l~'illif~lj'~i?llltld succinic 

anhydride 0.4 nfl-Jl'l'flnfl-JLUd~'W md~l?1ll1JdL1Jd~'Wy'hl,xmd~:;~1t1'l1'fl..:JLUd~'Wijr11L~l-J~'WvT..:J~ pH 4.5 LL~:; 7.0 

~'J'Wrh emulsifying activity index 'lI'fl..:JLtl'l~'W~i?I LL1J'lijr11lU'W 11 0 ~..:Ju..:JPTntl1n~l'WmdLtI'W~ld emulsifier. 

Mungbean is a legume widely used in starch industry. It contains high protein content (:::::::20

24%) and is used mainly in the production of mungbean starch . Currently, most mungbean starch 

factories do not separate protein from wastewater, those that do only obtain low quality mungbean 

protein. This research is aimed to transform high protein content wastewater from mung bean starch 

factories into value added products such as fat replacer. This research suggusts the feasibility of 
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isoelectric precipitation method to separate protein from wastewater followed by freeze-drying process 

to produce dried mungbean protein (MBP) which gives exceptionally good quality MBP (protein 88.93%, 

ash 4.59%, fat 0.78%, carbohydrate and fiber 5.7%). Significant characteristics of MBP are: oil 

adsorption at 5.76 g oil/g MBP, water adsorption at 2.41 g water/g MBP, surface hydrophobicity 30 (BSA 

1000), emulsifying activity index 83 (BSA 102), and minimum solubility at pH 4.5. 

The lab scale production of microparticalated protein particle (Mp
3

) includes 

• heat 5% w/w solution of MBP in deionized water at 83°C for 15 min coupled with homogenize 

at 17,000 rpm 

• homogenize at 23,000 rpm for 15 min 

• Centrifuge at 1000xg for 10 min 

The resulting supernatant gives 0.8 gram of 0.1-3 !-1m Mp3 per gram of dry MBP. From SEM, 

3
this Mp3 had round shape. There for the potential of this Mp to give creamy texture and serve as fat 

replace is high 

Chemical modification of MBP is done via succinylation with succinic anhydride. The rate of 

chemical modification decreased when concentration of modifying agent increased. Maximum surface 

hydrophobicity of modified MBP was obtained with O.4g succinic anhydride/g MBP. Solubility of 

modified MBP increased significantly at pH 4.5 and 7.0. An emulsifying activity index of modified MBP is 

110, which indicates high potential for this modified MBP to be used as emulsifyer. 

Key words: Mungbean protein, Fat replacer, Chemical modification, Physical modification 

7.1. 	uVI'I:n 

1'lIlT'WLth.!~'l'WCJ~~~v'h1~Ln (;)~m~ru:-;L~!l~~ er~'lI!l\l!l1"'ld~ !?l!l\lnIn'll'W 1~fl'll~~~hi LL~\lm:-;rJi'l\1 LLIll 

nldu1'Ulfl!ll"'ld~m'lIlT'W1'Wm~lru~lnLti'WnidL~~fl')1~ L~u\l1'WnldLn(;)Ldfltl'l'W Ldfl,x'l h LLrl:-;Ldfl~:-;L~\lU1'1 

'llW(;) ~'1J'W ~'1i1fl".l1~~'Wh~"l:-;,x'W~J1H'~ldVl(;)LLVl'W1'lllT'WIl'W~ln~'W ~ldVl(;)LLVl'W1'lllT'Wl~~~U~Vl1\1n1U1l1Yi 
L",i1tl'W",1!l fl~lU fl~\lnU1'lllT'W~\I~\I CJrll1i!l~n~ru:-;Vl1\1L~tl~~ er~'lItl\ltl1"'ld L(;)U~ldVl(;) LLVl'W1'lllT'W!?l!l'll~Yi~'1\11'W 

ir'fluwh1'lllT'WLLrl:-;n'll'W1(;)!l'll1l1fl 0.1-3 1~fld!l'W ~ld~-nU~~lmCJ~[J1 Lti'W~ldVl (;) LLVl'W1'lllT'W1rJi'mi hh~'W LLrl:-; 

fl1f[u1",L(;)d[J1 '11'W~4'U~~\lP1n~lnld~lLlh~'W6'l L~U'l~lCJ~[J1 LU'W~ldVl (;) LLVl'W1'lIlT'W hh~'W6'l L~U'l LU'WCJrlYirl!l u1rJi' 

"l1 n Ld\l'll'WCJ~ 1'1 mJ\lcY'l L~U'l ~\lJ'WCJ~ CJ~ [J1~1rJi'''l1 n nld~4'u~Citl1rJi'rJ1 Lti1..!CJ~ [J1 CJ~L~tlL~~ a.J~ r11"l1 n'lltl\l L~U1'WLN 

\l11..! ~\liI"l,U1..!!?ltl\lnr111ifr.hul'Wnlnhu~ri!l1..!~'1 ",1!lCJ~[J1LtI'WCJ~[J1.nru'Vl~nl;j~r11~1 '11'W~4'u~P1n~1~~U~Vl1\1 

Lfln LL~:-;Vl1\1n1UlnYi'lltl\lhh~'W6'J L~m"llnLH:n'WCJ~[J1 LLU\l6'J L;m LL~:-;v'hnld~(;)LLlhhh~1..!i'lVl1'1Lfln LL~:-;/",1tl 

Vl1'1n1Wl1Yi L ~tlCJ~[J1~ldVl (;) LLVl'W1'lIlT'W~lwruiSlT~i'W'll-n(;)J1 dJ'W1'WJ1 L(;)Unld~~1'1!l'll1l1 flhh~'W'lI'W1 (;)1",n.! rJi''Ju 

fl')1~~tl'W1'J~nunld~(;)'lI'W1(;)rJi''JU LLNL~!l'W L~tll~Ln(;)!l'll1l1flhh~'WVlNn~~'lI'W1(;) 0.1-31~mtl'W 
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'" 
7.2. i'WI?I'El'\.Jnlj'~lbU'W'Il'W14'EJ 

7.2.1. n'WbbEJ n 'lth~'W'El'El n'"ll n~1~'1'll'El'lLN'Il'W 

~l~lm'll'J'W~'ElEJhh~'W~"H~m (u1';Y11vnlyJ~Li.h~n r.hn~ nNbYlYI'1) ~'1c.h'Wn1j'l?Inl?l::;n'El'W~
~ , 

pH 4 .5 ~'Jt.lm~ hydrochloric l-Jlbb~'J'"llnLN'Il'W l-Jl~'Wb'VI~t.I'I~ 2000xg 'Wl'W 20 'W1Vl ~ 20 DC b~l-J~lni'W~'1 

1'WI?I::;ntl'W'"l1nn1j'~'WbVl~t.I'I ~~~'J'WI?I::;ntl'Wbb~::;~lni'Wbvhnu 1: 1 L~EJ~lVl1rn bb~'J~lhj~'WbVl~t.I'I~~rn'J::;b~l-J 
L~EJVhi'WIil'El'W.n~l 2 f'l¥'1 b~'Elbtl'Wn1j'~l'1l?1::;ntl'W ~11?1::;n'il'W'lth~'Wl-J1~::;~1t.11'W~1ni'W~~~'J'WI?I::;ntl'WLL~::;~lni'W 

bvhnu 1:1 L~t.I~lV1'Wn bb~'J1.JftI1,n~ pH 7 ~'JEJ 'I N l\JaOH (l\t1erck, Darmstadt, Germany) '"llmr'W~l~lj' 
~::~lt.1L1.Jj'~'W.n 11.JVlJ.J'Wb'VI~t.I-3~ 1500xg 'W1'W 30 'W1Vl ~ 20 DC ~1~1j'~::;~lt.1L1.Jj'~'W~1~1.JVilbb~'1~'Jt.l1fi freeze 

" , 
dry (Duradry J-lP, FTS Systems Inc., New York , USA) Vlf'l'Jll-J~'W~1nr)1 500 mT bL~::;'q[wVI.1Ji1~1nr)1 -40 DC 

"l'Wbb~'1 

7.2.2.1 	 tl'lrl1.Jj'::;ntlUYll'1bf'l~ 

~ ... ~ 'i'. I "" .li 1 "' " ~"" - 'Jbf'ln::Vluj'l-J1[w\uj'I?I'W f'l'Jll-J"lI'W 'lll-J'W U~::;bcn I?Ill-J'Jfi'll'il'l AOAC 920 .87, 925.10, 

920.85 LL~::; 923.03 (AOAC, 1995) 1?I1l-J~l~U ~ll-Jl~l'W'J[Willl-Jl[w~tlt.l~::; ~'J'Willl-J1[w~'ilt.l~:::'lltl'l 

f'llfLu1m~j'l?IbL~::b~'W1mvhnu (100 - c.J~j''Jl-J'lltl'l~1~tlt.l~::;'ll'El'l'il'lrl1.Jj'::;n'illJ~1bf'lj'1::;v1) 

-111'l',jl~'I1'1fiJ~Ltn~,HlJlru'IJtJ ·m:i~tJ~mtJ'tJ lU',j~tJ~11~/J1~';W11i AccQ. Tag 

~ '" " """ ... ...,Method (Liu u,!'i:::l'-Jru:::, 1995) 'b'.:jIWfltJ'4Y1tJ1i'IJtJ.:jm~tJ~lJ LtJ~1/J':i~'lJ'lJ HPLC (Waters, Milford , MA, USA) 'If 

standard amino acid (Waters, Milford , MA, USA) ~.:j'\1lJf1 17 'lfiJ~fitJ ASP, SER, GLU, GLY, HIS, ARG, 

THR, ALA, PRO, CYS, TYR, VAL , MET, L YS, ILE, LEU Ltn~ PHE 

7.2.2.2 	 n1j'~::;~lt.1'll'il'lL1.Jj'~'W (nitrogen solubility) 

bI?lTt.ll-J~lj'~:::~lt.1L1.Jj'~'W 1 %(w/v) ~j'::;~lJ pH !?l1'11 ~'1bb!?l2-10 bb~'J~l~lj''l'l::;~ltJ 

L1.Jj'~'W11.JVll--J'WbVl~t.I'I~ 1500xg 'Wl'W 30 'W1Vl1Lf'lj'1:::v1V11illl-J1[Wl'WLl?ln"l'W~~::;'l'llt.1tl~1'W~'J'W1~~'Jt.l1fi Kjeldahl 

bb~'J~l'W,)ru (Vojdani, 1996) 

% Water Soluble Nitrogen (% WSN) = Weight of soluble nitrogen x 100 (1) 

Weight of sample 

Nitrogen Solubility Index (NSI) = % Water soluble nitrogen x 100 (2) 

% Total nitrogen 

I 
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" ... 
7.2.2.3 m~~i11-nutJ,lLLrl:;tJ,liJ'W (water and oil adsorption) 

CJ~l-Jhh~'W~'1l~m riU~l vi~!l~liJ'W (~liJ'W~') m~!l-.l[;l~l!l~'W, U~';Vl~liJ'W~'llh1tJ
q 

0.5 : 1 0 1i11t.J~1~,rn CJ~l-J1,xLojhri'W~l':lt.J vortex mixer ~-.ll~'Wl'W 30 'W1Vl LL~,)~-.ltJ,l1tJ~~'WL~~t.J'I~ 4000xg 'Wl'W 

30 'W1Vl LLt.Jn'''h'W1~1tJi-.l~1~,rm~!l~ltIhncw~1~1!l~liJ'W~~n~i11-nu1i11t.Jhh~'W (Sathe and Salunkhe, 1981) 

v'hmdVli11rl!l'lL~!l~lfh~'lI'fl'l soy protein isolate (Supro EX33 , Protein Technologies International , SI. Louis , 

MO, USA) ~l~fummnt.JULVlt.Ju 

7.2.2.4 Surface hydrophobicity 

L[;l1t.Jl-J~1~rl:;rllt.Jhh~'W1'W phosphate buffer pH 7.0 [Na2HP04 (Merck, Darmstadt, 

Germany) LLrl::: NaH (Merck, Darmstadt, Germany)] ~fl')1l-Jl-ii2-J-ii'W1'W'lh-.l 0.005-0.025 %(w/v) L~2-J2P04 

fluorescent probe [1-anilinonapthalene-8-sulfonic acid (ANS), Sigma, SI. Louis, MO, USA] ml-Jl[;l~ 20 ~I 

(;j!l~ldrl:;rllt.Jhh~'W~L[;l1t.Jl-J-iil-.l~'W 4 ml1'[1lfl1 fluorescent intensity ~ excitation wavelength = 390 nm LLrl:; 

emission wavelength =470 nm (Alizadeh-Pasdar and Li-chan, 2000) v'hn1~Vli11rl'fl'l~riu Bovine Serum 

Albumin , BSA (Sigma, St. Louis, MO, USA) LLrl:; SPI ~')t.J Al'W,)CWfh surface hydrophobicity r.nn (3) 

(3)Surface hydrophobicity 

BSA 

7.2.2.5 Emulsifying activity index 

L[;l~t.Jl-J~1~rl:;mt.J11h~w·nl2-JL-iil-J-ii'W 0.5% (w/v) 1'W phosphate buffer (pH 7.0) ~~2-J 

riu~liJ'W~')m~!l-.l1'W!l[;ldl~,)'W~!l ~ldrl:::rllt.Jhh~'W1'W~liJ'W~')m~!l-.l =30 : 1 0 1i11t.Jmm[;l~ v'h1,xLij'WL~t:lL~m 

ri'W~')t.J hand-operating homogenizer (Ystral, Germany) ~d:::~Ufl')l2-JLLN~mmrl'll 7 'Wl'W 2 'W1Vl L9t:l91'1LiJ'W 

1/1000 ~')t.J 0.1% (w/v) sodium dodecyl sulfate (Ajax, Auburn , N.S.W. , Australia) tJ,l1tJt)i11fl1md~i11n~'W 

LL~-.l~ 500 nm Al'W,)CWfh turbidity LLrl:; fh emulsifying activity index (Pearce and Kinsella , 1978) ~'1~2-Jm~ 

(4) LLrl::: (5) ml-J~l~U 'V'lrt:l2-Jri'W~i)Lfldl:;'lffh~'lI'El-.l BSA LLrl:; SPI L~tlLmt.JULVlt.JU 

T = 2.303A11 (4) EAI = 2T/0c 
............ .. _ ... ........._...._-_......................_-...... 

(5) 
........ --- .... __.. _--

,.j 
IlJ6 T 

, 
= m turbidity Ifl6 C = mllJl.ulJ.u'\.J'lJ6~ l1h~'\.J 

T = til turbidity 

I = mllJf)~l~'lJeJ~ cuvette 
•o = til oil volume fraction 'lJ6~l11l:r'\.J 

I 

http:L~tlLmt.JULVlt.JU
http:l~fummnt.JULVlt.Ju
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7 .2.3. nld~VHLUdYll~LrI~ W~:;nld1 Lrldl:;"'~'nJlJ1ij;Jl~1 '1J'El~lud~'W~VI LLUd 

~VlLLUdLUd~'WYll~LrlmVl£J1fi succinylation ~~~VlLLUd lysine 1'Wlud~'WLtI'W,..,ftn (Franzen and 

Kinsella, 1976) L(;)~mJ~ldt1:;t11tJlud~'WLiil-Jii'W 1 % (w/v) 1'W phosphate uyhvJ'Elf pH 8 LVimlUnnl-Jlru 

succinic anhydride (Sigma, st. Louis, MO, USA) 1'W-D'l~ 0.2-1.2 nfl-Jj;J!lnfl-Jlud~'W rI'llJr)l-J pH d:;wh~ 

succinylation 1~rI~~~ pH 1'W-D,)~ 7-8 ~')tJ 3.5 N NaOH u~rnmi'W~VlL~!1 pH rI~~ -Wl~ldt1:;t11£J1Ud~'W~Hllu 
vh dialysis rllJ~lUt1'ElVll'El'El!l'W~ 5 °C 'Wl'W 48 i'lll-J~ vh1mUd~'Wliil-Jii'Wtl~ 10 °Brix ~,)£J vacuum rotary 

evaporator LLfhv'h1mUd~'WLL~~~'ltJ1fi freeze dry ~rl')ll-J~'W~lntjl 500 mT LLt1:;'qru"".Qij~lntjl -40 °C 

-wl1ud~'W~1~u1 Lrldl:;"'YI1!1~ Plln1d~VI LlUdYll~ LrI~ (;)1l-J1fi'1J!I~ Franzen and Kinsella (1976) 

~'ltJ Ninhydrin reaction LVltJ-Wl~ldt1:;t11£J1Ud~'WrI'l1l-JLiil-Jii'W 1 % (w/v) ~~l-JrllJ ninhydrin solution ~l-J1'W~1 

L~'ElVlL~!I1~LnVlU~rnm'Wl'W 5 'W1Yi Uf'i'EltJ1~lU'Wtl~'tlruVl1Jij~'El~ L~'El"l1~~ldt1:;t11m~'El1~lVll-J1:;~l-J j;J'Elnld1'Vlr11 

nld~Vln~'WLL~~~rI,)ll-Jm,)rI~'W 565 nm ~ldt1:;t11tJ~1~il~).h~~~LnVl"llnnldvhu~rnmrl'Wd:;,..,tjl~ ninhydrin 

rlU free amino group 1'Wlud~'W (lysine LLt1:; n-terminal) ~l'W')ru'El~Plln1d~VlLLUd (degree of modification) ~~ 

-wl1ud~'W~VlLLUdl-Jl1Lrldl:;"'r11 Surface hydrophobicity nldt1:;t11tJ'1J'El~LUd~'W (nitrogen 

solubility) Emulsifying activity index LLt1:;~l-JU1iL=a~rI,)ll-J~'El'W (thermal property) r11'W,)ru degree of 

denaturation '1J'El~lud~'W~VlLLUd (;)1l-J1fi'1J'El~ Puppo and Anon (1999) ~~~ 

Degree of denaturation = [1-(~Hmodified protein/~Hnative protei)] X 100 

7 .2.4. nld~~i1l~ldYlVI LLYI'Wl'1JJJ'W 

L(;)~tJl-J~ldt1:;t11tJLUd~'WrI'l1~Hiil-Jii'W 5% (McCarthy and Maegli, 1994) 1'W~lUt1'ElVll'El'El!l'W 
L~l-J CaCI2 (Merck, Darmstadt, Germany) LVI~mUnnl-J1ru1'W'lh~ 0-0.03 nfl-Jj;J'Elnfl-Jlud~'W 1~rl')1l-J~'El'WLLri~ld 

t1:;t11tJtUd~'W~ 83 ± 1 °c ['Elru""Ilmlf)!I!1ruVlIlij~ MBP L~tJM1~ ~~l~"llnnld~n'jj-l~')mrli'El~ Differential"'U 'I 'U 

Scanning Calorimeter, DSC (DSC7 Perkin Elmer, Connecticut, USA) 1'W-D,)-.l'tlruVl1Jij 40 - 110 °C tVl£J1~ 

rI,)1l-J~'El'W1'W'1li1ldl 5°C r;i'El'W1Yi (Puppo and Anon, 1999)] 'Wl'W 5-15 'W'lYi ~~'Ell-J~,J'W~,)£J hand-operating 

homogenizer (Ystral, Germany) ~rl')ll-JL~'ld'ElU 17,000 j;J'El'W1Yi l~'Elrl')1l-J~'El'Wm:;"lltJl~~,)LLt1:;LtI'Wnld1~LLd-.l 

L~!l'WrllJ~lm:;t11£JL~!lt1V1'1J'W1 VI'El'Wf11r1 ~'ltJ LVI£J ~ n'jj-l ~t1'1J'EI~, 

• nld~VI LLUj'LUd~'WYll~Lr1~ 

• r1'lll-JLiil-Jii'W'1J'El~ CaCI2 1'W'lh~ 0-0.3 nfl-Jlnfl-JtUd~'W 

'Wl'W 5 'W1Yi 

• j':;tJ:;L')t11~1fl'Wnld~,J'W~rl')1l-JLr,)d!llJ~L""l-Jl:;~l-J~~Vlr.nnnld~n'jj-li'W~'W1'W'll'l-.l 5-20 'W1Yi 

I 
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• mJciUm~t..I'lL~!1LLtJn!l~mflhJJ~u~'lIhn!1l1~nJn~1 3 ~m L!1lmLUmNci\,lL~~t..I'l1wrl':l'l 1000-4000 x 

g 'Wl'W 10 'W1Vi 

1 U LLI?i~::i'WmJ~mny'hmJ'!) LflJl::,x'llUl!1l LL~::mJm::"'lltJ'lI'1l\l'1JUl !1l'1l~m flLUJ~u~'1l~1uJl 
~':lmfli'1l\l Laser particle size analyzer (Mastersizer, Malvern Instruments Ltd. , Malvern, U.K.) LL~':lL~!lnrh 

'1J'El\lLLI?i~::~':lLLUJ~1~\JhJ1ru!l~mflLUJ~U'1Jm!1l 0.1-3.0 11m 1uJl~'l~!1lmy'hmJ~mniul?i!l1u LL~::!l~mfl 
LUJ~U'1JU1!1l 0.1-3.0 11m ~1~"'llni'WI1l'Elu'1'l!1l';hmlm~n1u'!)LflJl::,x~lJu11'l~htJ Scanning Electronr It 'l.I 'l.I 

Microscope ~1-'1l SEM (JAOL 5410LV,ALO Ltd. Akishima , Tokyo, Japan). 

c.J~mJ'!)LflJl::,xYiU~lLUJ~u6':lL~m~LI1l1m-l1~~fl':l1l-J~ULYhrlu 6.38 ±0.45% L!1ltJJ1~~n 

LL~:: L~'t)~lU':lru"'llnJl~~mLlX'lYiU~lllmruLUJ~'W~~LflJl::~l~~'El 88.93% (11l1Jl\1~ 1) ~'l~'lLn'1lU~'1J::~U 
~ 

isolate (isolate protein iX!l\l~LUJ~uhJ\,('EltJn~l 90%L!1ltJJ1~~nLLlX\I) LLl?in~LCh~\I~'1 4.59% Lti!l'l"'llmn!1lLn~!l 
NaCI ~lnmJ~m::U':l'WmJ~mJufu pH ~':ltJ HCI LL~:: NaOH ~':lullmru'1J'El\lfl1fLu1!H!1lJI1lLL~::L.xu1tJ~~~'1 

5.7% m"'lLti'1l\ll-Jl"'llnm::U':lumJ~1·jj'bJ~lmJC1'l14'!1lLLil'lLL~::mn6':lL~m~UUL~!lUmrlu.rl1lq~U"'llnLN\ll'W1~ 

B.:jrlth'::;nB'U tl~lJlW l~vJl'l.nrnlL'l1'.:j (%) 

ltl'J~'W 88.93 ±0.59 

fl1{1 'U i~I~'J~Ull::;H~'WLV 5.7 

...
1m 4.59 ±0.04 

i'IJlJ'W 0.78 ±0.09 

11l1Jl'1~ 7.2 LL~!1l\l~l LUJ~u6':lL~m~1~~ phenylalanine l-Jln~~!1l~!l 2.53 g/100 g LUJ~U 

LL~::~n~l-J acid amino acid (glutamic acid LL~:: aspartic acid) 1Ulll-Jlru 2.93 g/1 00 g LUJ~'W (glutamic 

acid 1.91 g/1 DOg LUJ~U LL~:: aspatic acid 1.02 g/100 g LU'l~U) L"J!UL~mrlULUJ~U~ln~'IlLl-J~!1l'nU!1l~U1 

tU'l~'W6':lL~tJ':l~ sulphur amino acid 'El~1'Wlll-Jlrui.i'EltJ (Poehlman, 1991) ~'El methionine 0.29 g/1 00 g 

LUJ~'W LL~::hlYiU cysteine 

~lnlll-Jlrum!1l'1ldlLu~'!)LflJl::~l~ (tJm~'W asparagine, glutamine ~'1Ltlum!1l'tdiLun~l-J 

hydrophilic LL~:: tryptophan ~\lLu'Wm!1l'tdiLun~l-J hydrophobic) LUJ~u6':lL~m~m!1l'El::m'Wn~l-J 

hydrophobic LL~::n~l-J hydrophilic 1ullmru~Ln!lULvil1 rlU (~'t)Ai\ll?i!lfli'l) 

I 
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'lli\(;)m'(;)!l::m'W uhmw (g/1 00 g) 'lli\(;)m'Vl'Ed1L'W uhnru (g/100 g) 

PHE 2.53 ± 0.12 VAL 0.80 ± 0.01 

GLU 1.91 ± 0.02 ILE 0.76 ± 0.03 

ARG 1.76±0.04 GLY 0.67 ± 0.00 

LEU 1.59 ± 0.09 ALA 0.60 ± 0.07 

TYR 1.19±0.01 LYS 0.50 ± 0.06 

SER 1.05 ± 0.02 MET 0.29 ± 0.04 

ASP 1.02 ± 0.03 CYS N/A 

THR 0.89 ± 0.04 ASN* -

PRO 0.84 ± 0.11 GLN* -

HIS 0.81 ± 0.01 TRP* -

hh~'W~'1L~m~,Vl isoelectric ~ pH 4.5 ~'1~ pH d~rhm'l'~::~ltJ1'WLVl'El).J'lJ'El'l NSI ~1~VlLVh 
ri'u 3.74 (m~~ 7.1) ~,mj'WL-rl'WL~mri'uhh~'W"nn~'llL).Jft(fl~'1'W1",qj ~iJ,(;) isoelectric !l~1'W'Il'1'1 pH 4-5 

(Kohnhorst LL~::l")ru::, 1991, Were, Hettiarachchy and Kalapathy, 1997) 1'W'll'1'1 pH ~~m~n m'l'~:::~ltJ~'1~(;l 

'lJ'El'lhh~'W~'1L~mLvhri'u 86.50 % ~ pH 10 

u; 
z 

o 1 2 3 4 5 6 7 8 9 10 11 

pH 

I 
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Cl,Q..o".CIiI""II. rl .... (;1 Oev 	 .. , ... " 	 " " 
m~'l'"lI'J'W'lLFi~I::'vIfI'lm~~(;1'l!'\.J'W1 LLtl::'Wll-l'W surface hydrophobicity LLtl:: emulsifying activity 

index 'lJ'il'lhl~~'W~') L~m~ 1:-J~[i]1~i\m'l.J1J LVl'l.J1Jn\J SPI ~'1 LU'W'CLJ~~'W'"lln~'DLl-l~~~iJfI')ll-l~lriruL:a'I'Vnru."lltJ~'1 ~~ 
~ ~ 

m~Yl(;1tl'il'l1'W!1nn'l~ 3 'Vi'\.J~ILLJ~~'W~,)L~m~~il.J~'1~i.r'ill'Jnrh LLI?I~(;1i'\.J~'~'W1~l-llnn~1 SPI LJ~::l-J1rn 72% 

LL~:: 65% ml-l~I~'\.J 'lJrn::~rh surface hydrophobicity 'lJ'il'l'C1J~~'W~,)L~m~ln~I'lJ'il'l SPI LJ~::l-J1ru 80% LLl?lrh 

EAI 'lJ'il'lLLJ~~'W~'lL~m~'1n~I'lJ'il'l SPI 24% '"lln~l-l1.J~mrhd'Vi'il~'"l::~~LJ1~~1 L~'ilL'VlU'\.Jfl'\.J SPI LL~'l 'CLJ~~'W~'l
~ , 

L~miJrimJrn'Vi1'Wmntl'W emulsifier ~~n~1 LLl?lhlL'vIl-lI::~I'v1f'\.Jm~-w11LJ1if'l'WI:-J~[i].nrn'Vlm'vlI~'Vl'il!1l Lti'il'l'"lln'"l:: 

V;, 1 ,xiJm~~ (;1i'\.J~' ~'W~'1 n~l LLtl::hi L'vIl-J1::~l-lI?l'il m~-w11LJ1ifL~'il L~l-lFi'lIl-l~Il-J1~Cl1'Wm 5'~l-l~1 

[i]1~1'1~ 7.3 m~~~i'\.J~ILLtl::~'~'W rh surface hydrophobicity LLtl::rh Emulsifying Activity index 'lJ'il'lhh~'W 
~,)L~mUtl:: soy protein isolate (SPI) 

'lfW~'\JtJ~ hh~'W Water adsorption 

(gig) 

Oil adsorption 

(gig) 

~l surface 

hydrophobicity 

EAI 

Mungbean Protein 

SPI 

2.41 ± 0.07 

8 .76 ± 0.05 

5.76 ± 0.05 

2.00 ± 0.01 

30 

149 

83±2 

63±2 

7.3.2. 	 m~~!1lLLLJ~'VlI'1LFiiJLLtl::~l-l'\.J~1?I1'11 'lJ'il'l'CLJ~~'W~!1l LLLJ~ 

rn'Vi~ 7.2 LL~!1l'l~1 L~mfil-llru~I~~!1luLJ~iJrhl-llnn~1 0.2 nfwnfl-lLLJ~~'W ~~~'l'Wmn~l-l 

'il'lf'llm~~~LLLJ~'CLJ~~'WI?I'ilmn~l-lml-llru~I~~!1lLLLJn'l(;1tl'l nrh'l~'ilL~'ilfi~I?I'il 1 nfl-lLLJ~~'W ~(;1~')'WdiJrh 
LJ~::l-J1rn 30% l?I'ilnfl-l~I~~(;1LLLJ~ L~'il1if~I~~(;1LLLJj' 0.2 nfl-l LLI?IL~'il1if~Ij'~~uLJ~1'W'lh'l 0.4-1 .2 nfl-l ~~~rd'Wdn 
rhLJ~::l-J1ru 18% l?I'ilnfl-l~I~~~LLLJ~ 

1fim~~(;1LLLJ~LLJ~~'WdLtI'Wm~~(;1LLLJ~ lysine LtI'W'vI~n 'W'iln'"lln~'WU'l~1l-l1~Cl~!1lLLLJ~ histidine, 

tyrosine LLtl::[i]N'vI~ aliphatic, hydroxyl LLtl:: sulfhydryl 'lJtl'l'CLJ~~'W~')1'J (Howell, 1996) LLI?I1fim~~(;1[i]Il-l'il'lf'l1 

n1~~~LLLJ~'CU~~'Wd 1if~(;1[i]Il-lm~~!1lLLLJ~'vI~ free amino group (lysine LLtl:: n-terminal) Lvh~'W (Franzen and 

Kinsella, 1976) 

m5'~~LLLJ~'CLJ~~'W'C~un~::'\.J')'Wm~ succinylation nrr[i]qLJ~::~'1rlL~'ilL~l-lLJ~::"ltll.J~~,)'lJ'il'l'CU~~'W 

'lJrn::L~mn'WflV;'1mu~~'WL~I'JM1'ViLLtl:: unfold ~,)U LU'Wl:-Jtl1,x hydrophobic amino acid ~L~l-l~'1tl~rnI'J1'W 

'Cl-lLtlntl'CLJ~~'Wl-ll'iltJ~~'l~,)U ~~~'Wm~~~LLLJ~'CLJ~~'WdLLJ~I'J'WLLLJtl'l~(;1~'l'W'lJ'il'l hydrophobic amino acid 1?I'1l, ~ 

hydrophilic amino acid ~~'l'CLJ~~'W~'lU 'C(;1U'Il'W19Ud~(;1ml-lmnLJ~U'WLLLJtl'l'"llnmnLJ~I'J'WLLLJtl~ril surface 

hydrophobicity (rn'Vi~ 3) ~~'Vi'\.Jrjl tLJ~~'W~~LLLJ~iJril surface hydrophobicity ~'1n~~I'CLJ~~'WL~l-l~'VJm::~'\.Jm5' 

~~LLLJ5' ~ml-J1Cl..!~I5'~~LLU5' =0.4 nfl-l/nfl-lLU5'~'W rh surface hydrophobicity ~~~~Lvhnl.J 62 LLtl::Lri'ilml-llru 

~15'~~LLU5' > 0.4 nfl-llnfl-l'CLJ5'~'W rh surface hydrophobicity tl(;1tl'lL~'ilml-ll~I5'~~LLLJ5'~1ifL~l-l~'W Lti'il'l'"lln 

1'Wn15'~~[i]~I5'Yl~LL'Vl'W1'lJ~'W L~'il1m~-rl'l'l'lJ'Wl~'1l'4rnFi~~'il'ln15' (0.1-31l-lFi5''il'W) 1fimm~[i]~'1LJ5'::n'il'\.J~')u1fi 

n15'~1ifL~'il L~l-l'lJ'W1 ~'il'4rn Fi ~'lU n1n~l-l~'Wfi::5'::'vI~I~'CLJ5'~'W'Cl-l L~fJtlri'il'W LL~')ViI m5'tl~'lJ'Wl~'il'4rnFi'C~um5'~ 

~'W m5'~~ LLLJ5''CLJ~~'WYl1~LFliJLU'W~,)'W'vIti'l'lJ'il'l1fimn~'ilL~l-l'lJ'WI~'il'4rn Fi'C~u LLLJ5'~btLJ5'~'W1,xL'vIl-lI::~l-l l?I'ilm5' 

I 
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Ln(;1~'Wfi:::~:::vdl'1hiJ~'WLl-JLr/~r/rJi'"ll'.l calcium bridge ~:::Vl~I .n.h:::'r/u~~'"lL'\J~~WlU CaCI
2 

LLr/:::rJi'"ll'.l 

hydrophobic interaction ~'lLVlril'.l'"l·:nrJi'"ll'.lrl'"lIl-J~'tl'W1'Wm:::u'"l'Wn1~~'tl1'\J L'\J~~'Wvi(;1~L'\J~~'"ll'.lml-Jlru 0.4 nfl-J 

'Cll~vi(;1LL'\J~/nfl-JL'\J~~'W 1~rh surface hydrophobicity ~'l~(;1~'1m"lLu'W~r/vi11mtln1'ClLn(;1 hydrophobic 

interaction ~:::Vl~I'1l'\J~~'Wll-J Lr/~r/~'1 L~'tl tJ n L Vlril'.l'"l1.Jl ~'"ll'.l rl'"l1l-J~'tl'W ~'l tJ n L~'tl n L~Tl1if~~[i\'Cll~VI(;1 LLVI'W1'1l~'W1'W 

n~:::'lJ'"l'Wn1~j;]'tl1'\J 

100 

':f? 
~ 

80c 
0 

~ 
0 60<0= 
'6 
0 
E 40

"6 
OJ 
OJ 

20rn 
OJ 

0 

0 

0 0.2 0.4 0.6 0.8 1.2 1.4 

m~'CU'i11'i~~Uth' (g/g protein) 

!1Trl~ 7.2 rl'"l1l-J~J.J~'Wfi~:::Vl~I'l Degree of chemical modification nUml-Jlru~l~vi~LL'\J~ 

? 6270 

60 
C
'u 
:0 50 
0 
.c 
c. 40e 
'0 
>.c 30 
OJ 
0 

~ 20 
::J 

'" 10 


0 


0 0.2 0.4 0.6 0.8 1.2 1.4 

~'1t!'W ~'lvi1n1~~m~Irl'"lIl-J'Clll-Jln11'Wn1~r/:::r/ll'.1~1 (NSI) LLr/::: EAI L'Uvn:::'IlTl'll,J~~'Wvi(;1LL'\J~~ 
ml-Jlru 0.4 nfl-J'Cllj'vi(;1LL'\Jd/nfl-JL'\Jj'~'W L~'tlLmI'.lULVil'.lunu'ClJ.Ju"'iid'll'tl'llth~'WhJvi(;1LL'\J~ 'rlU~It1'lL~~~IL'\Jj'~'Wvi(;1 

LL'\Jj'i1rh surface hydrophobicity ~'1n~ll'\Jj'~'WhJ~(;1 LL'\J~ LLj;]PI1 NSI 'IlTl'll'\J~~'Wvi(;1LL'\Jdni1rh~'1n~ll'\Jd~'Whjvi(;1 

LL'\Jj'~'"lti ([i\ln'l~ 6.4) ~'liJ'l~I~'"l'llTl'll'\Jd~'WviV1LL'\Jdm"li1n1n,j~tI'WLL'\Jr/'lml-Jlru'll'tl'l~'ln~l-J~Lij'W polar Ur/::: 

non-polar 1'WVll'lU'"ln ~i1~r/vi11~'Cll-J'lJ"'iin1nu'W surface active agent Vl1-Tl emulsifier 'IlTl'll'\Jj'~'Wvi(;1LL,j~~'ln~1 

t'\Jd~'Whjvi~LL,jd [i\NnUn1d~rh EAI 'lITl'lt,jd~'W~(;1LL,j~'Cl'ln~lt'\Jj'~'WhJvi~LL'\Jj' 1.3 Lvh ([i\1j'1'l~ 5) 'WTln"lln~ 
~ 

http:Vlril'.l'"l1.Jl
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'11l~~Hfn'IJ'BtJl'1LL'Vd~~lfJ~'I 4 LVIl (Pearce and Kinsella, 1978) v'h1,xhJ:i'~'IJ~~LLtI:i'~'lfJ~fiil~PTnwl1'v/l'IJm:i' 
LU'IJ emulsifyer ~~ 

, , 

1?l1:i'1'1Vi 7.4 fl'"lll-J~ll-Jl:i'rJl'IJm:i'~:;rnfJ '1J'B'ILtI:i'~'lJc1'lL~m 

Type of Mung Bean Protein pH NSI 

Chemically modified 7.0 83 .92 

4.5 21.84 

Native 7.0 74.36 

4.5 3.74 

1?l1n'l~ 7.5 rh EAI '1J!l'l~lj''C'l:;~lULtI:i'~'IJ 0.5%(w/v) 1'IJ phosphate buffer pH 7 

'llil~'lJ'B'ILtlj'~'IJ EAI 

Chemically modified 110 ± 5 

mung bean protein 

BSA 102 ± 4 

Native mung bean 83±2 

protein 

7.3 .3. mnJ~I?l~1:i'Vl~LLVl'IJ1'lJ~'IJ 

n :i':;1J'l'IJmnJ~ l?l~l:i'Vl i?l LLVl'IJ1'1J~wn n Ltlj'~'IJ (~cJl'IJLL~:;hi cJl'IJm:i'~i?l LLtI:i'Vn'I Lrl~ ~'lfJ~fi 

succinylation) l-nA'l1l-J~!l'IJLU'IJ~~nL~!lv'hl~Lni?lmn~UM1V'l'lJ'B'ILtlj'~'IJ V'l~m-Jn1J';hl~Lni?lm:i'{1Jn'IJ:i':;~~l'1 

Ll-J Lrlf)rl'll!l'lltlj'~'IJ~'lfJ hydrophobic interaction LUWJrlv'h l~'lJ'lJli?l'B~mrlL~l-J~'IJ Li?lfJ~'I~1aJ~LL~:;~mr,,'h1~ 

Ln~ salt bridge j':;~~l'1Ll-JL'C'lf)'C'l'lJ!l'lLtlj'~'lJri'B'IJ ~'lfJmnLtln.ITl-Jlru CaCI2 l'IJ~lj''C'l:;rllfJLtI:i'~'lJri'B'lJl~fl'"lll-J~m'\ 

I?lrl!li?lm':;1J'l'IJmj'e.J~I?l~mj'~~'WI?l~!li?lL'lrllL~'Bm':;"ilfJfl'"lll-J~'El'WLLrl:; CaCI, l~~~lL~l-J'El 'llru:;L~mn'Wm:i'~~'IJ 

v'hl~'lJ'Wl~!l~mrlrli?lrl'l~'lfJ fl1ltJtI:i':;~'Ir)'II!l'lm:i'Vli?l'C'l'B'I'll'l'lilL~'tl~l ~m,):;~!l ml-Jlru CaCI2 ~L~l-J LLrl:;L'lrll 

l'IJmj'l,xrl,)ll-J~'tl'IJ~fl'"lll-JLiil-Jii'IJ~lj'rl:;'C'llfJLtlj'~'W~rl'l~~ 5% (McCarthy and Maegli, 1994) LL'C'l:;~ru~1Jilrl'l~ 

~ 83 ± 1 mj'~{fJ'lJ'El'l Singer (1996) V'l1J~1 critical property 'II'tl'l~l:i'Vli?lLLVl'W1'1l~'IJ~'B'lJ'Wl~'tl~mA ~'I~~N'B~ 

1'W'li'l'l 0.1-31l-Jrlj'tl'IJ e.Jrlmj'Vli?l'C'l'tl'l (mV'l~ 6.4) V'l1J~1 Ln!l1-nLtI:i'~'W1aJ~i?lLLtI:i' LL'C'l:;1aJL~l-J CaCI
2 
~LL'W'lLiil-J~l,x 

ml-Jlru!l~mAlwrl'l'l'lJ'Wli?l~~'B'Im:i'~'In~l Ln!ll-nLtI:i'~'IJ~i?lLLtI:i' LL'C'l:;/vj1!lL~l-J CaCI
2 
'IJ!lnr,nn~'lJL'lrll~lMfl'"lll-J 

¥'tl'WL~l-J~Wl~ LL'W,) Liiuvhl,xml-Jl ru~~'I~'W 
e.Jrl'lJ'B'Im:i'~~'lJI1i!l (mV'l~ 7.5) V'l1J~lm:i'~~w;i!l~rl'lll-JL~'lj''Elm:;~~l'1 23,000-27,000 11i!l'IJ1Vi 

'Wl'IJ 5 'W1Yl1aJ~e.Jrll1i!lmj'L~l-Jmmru'lJ'Wl~'tl~mALtlj'~'IJ~~'fl'lmj''fltJl'1~-WfJ~1~C1J~ pS 0.05 LLI1iv'hl,xfil 

standard error '1J!l'lml-Jlruill'WLLl1irl:;rlf'lmj'Vli?lrl'B'Iii'BfJ~'ILn'B~i'IJ~fl'"lll-JL~')j''fl1J 23 ,000 LLrl:; 24,000 11i'fl'W1Vi 

~'I~!l1"i Lti'B'Il-Jl"ilnrl'lll-J~lni?l'lI'fl'l Lrli'tl'l~~'W~Hf ~'I~'WL~'fll,x~ll-Jlj'rJ'C'li?l'lJ'lJli?l!l'4mrlLtlj'~'W~l~ClJn~l 3 /lm 

~'Il-J1L~'tllm~ml-Jlru'tl~mrlLtlj'~'W'lJ'W1~ 0.1-3/lm L~l-J~'W ~'Iv'hm:i'~~'W~rl'llW~'l:i''tl1J 23,000 LU'lJL'lrll'IJ1'W 
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5,10,15 LL'i'l:; 20 'W1Yl ~U~1 (rn~~ 7.6) mn~:J-JL,)fllmr~~'WiJLL'W,)Lil:J-J~Yh1lXuhnru!l"'irnflLth~'W'll'W1V1~ 

~!l'lmn~:J-J~'WLLfl:;~L,)fll 15 'WTVi ~U~11~!l'4rnflL'..h~'W'll'W1V1 0.1-3 ~m 1'Wm:J-Jlru 65.14 ± 4.24% 

- 70 1 

5 10 15 
time (minutes) 

rn~~ 7.4 fl,)I:J-J~:J-Jvr'Wlfr:;~~I'1m:J-Jlru'll!l'l'el"'irnfl 'lth~'W1'W'Ih'l 0.1-3 fJ.m nUL,)fll~1lXf1"n:J-J~'el'W~~ru~1Jil 83 

DC ~~'el:J-Jmr~~'W~f1')I:J-JL~')r'elU 17,000 1?i'el'W1Vl 

L~mll~lnL'll,)'Wfl'eltJLtlr~'W~l~"'llnmr~~'W'Wl'W 15 'W1Vl~f1')I:J-JL~')rtlU 23,000 vltl'W1Vilt1D'W 

m~tJ'Il?itlL~tl!;]n!;]:;n!l'WLLtJn!l'4rnflLtlr~'W'll'W1V11mkin~1 3 ~m !l!ln ~U~1 (!;]lrl'1~ 7.6) mr~'Wm~tJ'I'Wl'W 10 

'W1Vl~ 1OOOxg v'h1lXiJ!l'4rnflLtlr~'W'll'W1V11myn~1 3 ~m fl'lm~tl!l~1'W~')'W~dj'W~1 (supernatant) L~tJ'I 
0.1 0±001 % 'llru:;~mr,J'Wm~m~ 2000xg ~'Wlt1Yh1lX'el'4rnflLtlr~'W'll'W1V11~c1in~1 3 ~m !;]n!;]:;n'el'W~},JVI LLl?iri 

v'h 1lXtl"'irnfl Ltlr~'W'1l'W1V1~ ~!l'lmr!;] n(;1:; n'el'Wu 1'1~')'W~,)tJ"'lln mr~I'W,) ru~1 i:Jfll~~'eltJfl:;1'W~"l'W~ LtI'W~1 (!;]lrl'1 

~ 7.7) ~U~lmr,J'WL~~tJ'I~ 1000xg 1lXi:Jfll~~'1~VlL'Vhnu 0.89 nf},Jvltlnf},JLth~'W~"lL~m~1if 

"'llnrn~~ 7.7 ~l~"'lln SME ~U~I'el"'irnflLtlr~'W'lI'W1V1 0.1-3.0fJ.m ~l~iJ~t1il'1~tl'lili1htl'W"l'l 

n~:J-J ~'1LtI'Wlt11~~'1~"'l:;i1~t1'VlNn~},J v'h 1lX!l"'irn fl Ltlr~'W~i1~ntJrn~~'11'WmnJl1t11ifLtI'W~lr'VlVl LL'Vl'W1'lilJ'W 

9 CaCI,1 9 
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Force 

amount of particle (%) 

sugernatant grecigitate 

(x g) 
< 0.1 Jlm 0.1-3 Jlm > 3 Jlm < 0.1 Jlm 0.1-3 Jlm > 3 Jlm 

1000 7.39 ± 0.42 92.61 ± 0.40 0.01 ± 0.01 0.30 ± 0.06 77.10 ± 0.46 22.60 ± 0.41 

2000 7.21 ± 0.39 92.80 ± 0.39 0.00 0.65±0.18 83.73 ± 1.47 15.62 ± 1.29 

3000 7.20 ± 0.48 92.80 ± 0.48 0.00 1.44 ± 0.09 87.85 ± 1.87 10.72 ± 1.78 

4000 8.40 ± 0.15 91.61±0.15 0.00 1.83 ± 0.31 90.14 ± 0.13 8.03 ± 0.18 

Force (x g) Yield of 0.1-3 Jlm particles (g/g protein dry basis) 

sugernatant grecigitate 

1000 0.89 0.03 

2000 0.88 0.04 

3000 0.87 0.05 

4000 0.86 0.06 

m~~ 7.7 m~'lJtl~tl'YllrH')LUj'~'U~':lL~ml'U'll':l-.l 0.1-3 11m "'nn scanning electron microscope ~rh~-.l'lJmtJ 

7,500 Lvii 
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7.4. ~~Ui:-J~nr~'Vl(1l~!l'l 

m::;1J'l\.m1~~ LVlJ..n::;~l-J~::;(;\1J~'fl'lU51J'1inrj'~1i!l'Unr~i:-J~lYl'fl\ff11f1Ltl~~'W'Vl'i',m~l-J'IJ'W1 (1l 0.1-3.0!!m L~!l 

LU'W~1~'Vl(1l LL'Vl'WL'lJiT'W"1nLtl~~'U~'lL~m~'fl 

• 1~m1l-J~'fl'ULLri~1~~::;~1EJLU~~'W~'ll;EJ'l (~hj ~1'Wnr~(;\(1l LLU~'Vl1'l LfI~) 1'W~1U~!l(1l;S!l!l'W (m1l-J L-ifl-J 

-if'W 5% L(1lEJ~1V1,rn ~ 83°C 'W1'U 15 'W1Vi Yl~'fll-Jnr~~~'U~fI'l1l-JL~'l~!l1J 17,DOD (;)!l'W1Vi 

• ~~'U~fI'l1l-JL~'ld!l1J 23,000 (;)'f)'W1Vl 'U1'W 15 'W1Vl 

• ~'ULVI~EJ'l~ 1000xg 'W1'W 10 'W1Vl 

eJ~1~'IJ!l'lm::;1J'l'Unr~-if1'l tii'W-d~'fl 0.89 nfl-J (;)'flnfl-J LU~~'W~'l L~m 

'W!ln"1n-d61JYl1Jrj1nr~(;\(1lLLU~LU~~'U~'lL~m~'lEJ succinct anhydride 1'WWl-J1ru 0.4 nfl-J(;)'flnfl-J 

Lu~~'Wvhl~fh emulsifying activity index 'J'fl'llU~~'U~'lL;m(;\i?lLLU~~'l~'l 11 0 U'lrinEJf11Yll'Unr~Lu'W~1~ 

emulsifyer ~'lEJ 

7.5. 	n!?l~nnl-Ju~::;nrV'1 

'l1'W~~EJ-dl~f'lJ'l1JU~::;l-J1ru"1n 
• 	 LfiN nr~!l i?lVl'W'WLL~::;~'l L~1l-J1'VlmUYl'Wfi~::;(;\lJlIhu CU1L'Vl-L'fl n l'U~ rnu'W!l (1ll-J ~ m~1'IJ!l'l fi$ 'IJ!l'l'Vl1J'l'l 

'I 	 'I ., .. " d.8 

l-JVl1~'Vlm~EJ 

• 	 'Vl'U!li?lVl'U'Unr~~~EJ -:!1JU~::;l-J1ruLL~'U~'W uruoVi!?l~'Vlm~EJ "'A1~'lmrul-JVl1~'Vlm~EJ 
<II " 'I 	 'I 

• 	 , i?lLfiN nr~~1d'l"L~mh::;Lil'UeJ~ LL~::;'l1'l Lli:-J'Unr~~~EJ L~!l nr~~j;tJ'U1~ !?l~1V1m~l-J LnM!?lHllYl~1V1nddl.,j!l1V11 ~ 

'l'lJU~::;mruLL~'W~'W "'A1~'lmrul-JVl1~'Vlm~EJ u~::;r,hn 2544, 

• 	 1!?l~~1J (~1LU~~'U~'lL~m"1nmeJ~!?lLLi:1'l~'lL~m) "1n1J1~'Vll'Vl'l1~i?lLu~(;\n r.hrii?l (l-JVl1'1l'W) 

• 	 Soy protein Isolated r.nn1J1~'Vl Abbra corporation limited 

http:m::;1J'l\.m1
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CiiI .., d'... ~ ~.., G' rl" a 
U'VI'VI 8. 'lI'!l~~~1nm"il'VI(;l~'!l.:lLU'!l.:l(;l'U: ~UJU(;lL·n.:lfl'J1:U"il'!l'U'lI'!l.:l~(;l1"il"J!tl'JL"lJm (Thermal Properties of 

Mung Bean Starch) 

1..!1lJ..jru. J..j'lI"l~tJ~::L~1'i* 'V'l1~,)~ tJ~::VltJ::L~1..!* ~1m~~ im11l'llm* Osato Miyawaki** .... , 

*111 1"I:"j'll1 LVI 1"1 L1..!L~~V11'1tn"'1~ I"lru:::"jVltJ1 P11~!;J'f ,,\~1~'1m'nhm1:"jm.n~tJ
q 

•• Department of Agricultural Chemistry, The University of Tokyo, Tokyo, Japan 

UVI ri~ tl!l 

'111..!:"j4'tJ~~m~1~J..ju'1iVl1'1m~1"'~LL~::~J..ju'1iVl1'11"1')1J..j~tl1..!'lJtl~~vl1f5,)L~m ~'1~1nm~:"jLl"ln::,r!l'lr1 

tJ~::n!lUVl1'1Ll"ln'V'lU~1n 1"I,)1J..j~1..! 1 0.89% LCll 0.03% L'lh~1..! 0.1 0% 1-n~1..! 0.31 % L~1..!1tJ 0.01 % LL~:: 

rnfLu1m~~[;] 88.66% (w/w) 1 LL~::"\1nm~:"jLI"I~1::,,h.J1J..j1ru~[;]1f'llLL~::'tl::m~~'V'lU~1n~[;]1f'll 97.98% (w/w) 

,,\1nI"l1fLu1m~~[;]~'1"'J..j~ 'l~tJ~,)1..!~LU1..!~[;]1f'llntl::m~~ 34.49% (w/w) 

m~~mn~J..ju'1iL:n'l1"l')1J..j~!l1..!~f':ltJ Differential Scanning Calorimeter (DSC) 'V'lU~11"1')1J..j;1..!nCJ~vitl 

mnn~L,,\~1~11..!L'l!i1..!'lJtl'l~[;]1f'll5,)L~m f;i'il~1"I')1J..j~1..! 30% (w/w) hJ'V'lU endotherm peak ~'1tl'l~11"1,)1J..j~1..!hJ 

'V'l'ilLYitl'lvi'ilmnn~L,,\~1~h.!L'l!i1..! mn~J..jfl,)1J..j~1..!~1n 40% (w/w) Ci~ 80% (w/w) 1lJnCJ~'iltl1'1n,rm~1riC1! (p > 

O.OS) vi'ilr11'tlClJW;]i1L1J..jLii'1..! (62.62±1.4S0C) LL~::!lru"'1Ji1~ ~H ~'1~~ (68.42±0.6SoC) LLvir11 ~H LL~~'1 LL1..!,) 'luJ..j 

~lL~J..j;1..!L~tll"l'.l1J..j~1..!L~J..j;1..!11..!'lh'l 40-80%(w/w) 1..!'iln,,\1n~lw'lh'lr111"1')1J..j~1..! SO-51 % (w/w) 'V'lU endotherm 2 

peak oD'tlWl1..! 'lJru::~"ll'.l'l1"l')1J..j~1..!~1"'~'il~'1n~1~'V'lULYitJ'I 1 peak L,,\~~[;]1f'll5,)L~m~'1nillmru~1~tltJ~:: 70 

(w/w) Ln~1'lVlnnn~i1..!L~'ilLr'iuH 1 r3'1..! ~ 4°C LL~:: 7 r3'1..! ~ _20°C 

This research investigated the rheological and thermal properties of mung bean starch. From 

Chemical analysis, it was found that the mung bean starch contained 10.89% moisture, 0.03% ash, 

0.10% protein, 0.31 % fat, 0.01 % fiber and 88.66% (W/w)2 carbohydrate. The starch content was 97.98% 

(w/w) of carbohydrate with 34.49%(w/w) amylose. From Differential Scanning Calorimeter (DSC), it was 

found that moisture content affected starch gelatinization. At 30%(w/w) moisture content, the endotherm 

peak was not found which indicated that the water was not sufficient for gelatinization. Increasing 

moisture content from 40% to 80% (w/w) did not affect the onset temperatures (52.52±1.4SoC) and peak 

temperature (68.4S±0.6SoC). However, the increasing moisture content in the range of 40-80% (w/w) 

increased the enthalpy of gelatinization (~H). It was also found that in moisture range of SO to 51 % 

(w/w) there were two endotherm peaks overlaping each other, while at the other conditions there was 

only one peak. Retrogradation of mung bean starch gel having 70%(w/w) moisture content found after 

storage for one day at 4°C and for seven days at -20°C. 

, ~tltJr1::L~tJ~1",,rn "'~'tl (w/w) LU1..! dry basis [;]r1!l~~1tJ'I11..! 

2 all in dry basis 
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8.1. UVl~1 

-=to 	 I r -=!iI ~..",.......-. 


'fl1?l~Tvm~nJn~:::~n~ 'fl1?l~1'j,\nn)Jn1nJ~l?ln1rHL~:::~1?l~1'j,\nn)Jtn'iltn,mYi~'j,\~1iJ L'W'il"l"l1n ~m~'ll:!-J~:!-Jul?l 

L'UYi1:::'j,\~"l Ln ~ L~~1 ~1'W'lfLL~'J~'il L~:!-J fl'l1:!-JWn~ LL~:::fl'11:!-J fl"l rn'J ~:!-JJ11~~ 1Wfl ~"l~~I"l'lJ'il"l 'lflN11"l1?l1'lhiJ LL~::: 
n1nn~yj~:!-J (Mariam and Schmidt. 1996) ~1n~:!-Ju'1ir;i"lnrl1'lVll1~~1:!-J1~tl~I~1?l1f'llmufuul~~n~ru:::Ld'il 
~:!-J er~'lI'il"l'il1md'l~iJlifL~:!-J fl'l1:!-J'j,\~~'lI'il"l'il1'j,\1d L'll'W lw.J~I?l.nru'Yf'll'ilrl Lm~ LL~:::Vj ~~"l (Lee LLf9::flru::, 1995) 

ufuut"l~n~ru:::Ld'il~:!-J er~'lItl"l m:::~1~ 'l~tJVll1~L~'WliJ L'1!~\l'lrl~~lilVl1 m:::~1~iJ fl'11:!-Jrn1'WVl1'W11l'il n1 ~~:!-J'lJ'il"l 
'j,\~n ~'W~ULtI'Wyj~:!-J~I'j,\fuLfl~'ilUL:ij~tn Vll1~L~'Wlm~hiJfl'11:!-JLL~"l LLd"lLL~:::Ldtl~:!-Jer~L~iJU (Brautlecht. 1953) 

LtI'W~'W 

~:!-Ju'1iVl1"lPl'J1~~m.! L'll'W n1nn~L~~1~1'WL'1!-D'WLL~:::1'lVlnndL~-D'W ~"l1~iJmr~n~1tltJ1"ln~1"l~hiJ 

Differential Scanning Calorimeter 'j,\1tl DSC (Donovan, 1979; Biliaderis, Maurice and Vose, 1980; Krueger 

LLf9::flru::, 1987; Yuan, Thompson and Boyer, 1993) Krueger LL~:::flru::: (1987) 1;nfi~r)~Yi~"l"l1'Wn'W~U'll'il"l 

L'il'WVl1rltl)~ LU~iJ'WLLU~"l~:::wh~ n1d'j,\~'il:!-J l:.J~n 1'WLLm\i~~1?l1 f'll (~H) m'j,\1d~iJ~mf'll LU'W'il"l rfu ~:::n'ilU":::Ln~ L" 

~1 ~1'W'n1'Wd:::wh"l mrLLunu L 'll'Wm ~'ilU'lltmu"l LL~:::L~n mntl n'lfVlr-D'WI:.J~ I?l.nru'Yf~iJfitlJyl'll Li'i'W'il"l rfu~:::n'ilu'j,\~n
~ 	 ~ ~ 

W.l1 ~~tl'W~'Wfi:::1e:l'l~n~'Wfl~1iJ rn'l LLm\i~~1?l1f'll ~~J1 LL~'lYitl"l rn'l LL~:::Ln ~ L~~1 ~1'W'lfVll1~fl'11:!-J'j,\~~ L~~~'W ~"l 
mnn~L"~1 ~1'WL'1!-D'W~:::Ln~ LU'W'll'J"l'il ru'j,\llijhJ1~Ln ~~tl ru'j,\llm~tl ru'j,\llij'j,\~"l LL~:::~mf'll LLI1l~:::'1!U~,,:::iJ'll'l"l

, 'lI , 'I.l q 'IJ 

LrlU 'l~ L~'lrl'lltl"~1?l1 f'11 L~:!-J iJmr9~ L1iJ"l rn'l1mJ LU'W'lPlN~~1"l~iJ fl'11:!-J LU'W~:::LiJiJU 'j,\1'il L1iJn'l1 mnn ~1'lVlrLnn~ 

-D'W ~"liJl:.J~I1l'il~n~ru:::Ldtl~~er~LL~:::nTj'iJ'il~fU'lJ!Nqu1'l1lfll1ltll:.J~l?l.nru'Yf~iJ~1?l1f'11LU'Wtl"lrfur:::ntlU (Biliaderis 

and Zawistowski , 1990; Ward, Hoseney and Seib, 1994; Kim, Wiesenborn and Grant. 1997) r;i"l~'Wl'W 

mr~1~1?l1f'111uVl1 LtI'Wl:.J~ I?lJlru'YfLLI1l~:::'llU~~1 dj'Wrntl"l Ttl ru'j,\llij LL~:::fl'11~~'W~1~ ~~~ I?llf'11~'WLn ~ L"'l~1 ~1'WL'1!-D'W 
'tJ'I 'IJ 'I 

LL~:::~ ru'j,\.t;) ijYi ~'il:!-J r:::iJ:::L'l~I~ Lrltll:.J~ I?lJlru'Yfm'lVl dIndL~-D'WC~~ Ln ~~'W L~'il LU'W rn'l rll'j,\'W~u"~iJ1'Wn d:::U'l'Wn 1 dLLU~ 
~ULL~:::~Jl1'J:::LL~:::mf.J~1'j,\fumdLrlufn~11:.J~I?lJlru'Yf 

8.2.1. r)l?lq~u 

~1?l1f'll~'lL~m 1~fum~'il'4Lfln:::lf"1nu1';Vl ~Vlihr'Wvl ~1n~ (:!-J'j,\1'll'W) nt"lLVlYi'1 

0

8.2.2. i'Wl?ltl'WLL~:::~fi~1LU'W"l1W~~iJ 

8.2.2.2 	 md~Lfld1:::lftl"lrfud:::ntlUVl1"lLfli:l'lJ'il"l~mf'1!~'lL~m 

~LPld1:::lf'il"l rflJ ~:::n'ilUVl1" LPliJ'lI'iN~1?l1f'll ~'l L~m r;l"l11l'il1u~ 
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fl')1~~ULVliJH' Hot Air Oven ml-J:'j~ AOAC 925.10(1955) 

hh~ULVltJ:'jfi Kjeldahl ~n~:'j~ AOAC 920.87 (1995) 

blTULVltJilfi Soxhlet extraction ~n~il~ AOAC 920.85(1995) 

l~u1tJLVltJVlI crude fiber m~:'jfi AOAC 920.86(1995) 

lt11 LVltJH' Furnace m~:'jfi AOAC 923.03( 1995) 

~lu'lcwillmcwl'nfLulmVlj'1?l m~~~mj'I?i'Ellu~ 

A = 100-B 

l~'El A = ill~ICWfl1fLulmVlj'1?l (~'EltJrl:;) 

B = ~rlj''l~'lI'El'lill~lru~'EltJrl:;'lI'El'lfl')I~~U LUj'~U blTu l~u1ml~:;lt11 

:'jll'lj'I:;",~mf'llLVltJH' Polarimeter I?lI~il~ AOAC 945.37(1995) 

:'jll'ln:;"'tdnrl~LVltJH' Iodine method I?lIl-Jilfi'll'El'l Juliano (1971) llrl:;1iflVlI'lUl'lnlj' 

1'Vll'hnlj'~Vln~UlL~"~ 6 fl')1~m'lI'l~U~!l 520, 530, 565, 592, 700 llrl:; 800 UIL~L~I?lj' ~n~ilfi'll!l'l Jarvis llrl:; 

Walker (1993) 

'hml:;",VlIr11 onset temperature (To)' peak temperature (Tp) , final temperature 

(Tr) ll~:; enthalpy of gelatinization (~H) 'lI'El"mnnVll~~I~lUl'lliU'lI!l"~l?llf'll~'ll~tJ'l(Jf'ltJ Differential Scaning 

Calorimeter (DSC7, Perkin Elmer, Connecticut, USA) ~j':;~Ufl')I~~UI?iI" 11u'Il'l"~'Elmlrl:; 30-80 LVltJ~1 

Vlun LVltJ1~1'l'l1~1'ElUllfit'l'l!ltJl"~ln 40-120 'El"Plll'll~L~tJ~ 1utl(;]n 1 0 'El"Plll'll~L~tJ~I?i'ElUIVi ~"~VllLU~"~1 

~lnilfi'll'El" Kim lL~:;I'lCW:; (1995) 

... 
l'lltJ'l 

v'hmj' gelatinize ~(;]lf'll~'ll~tJ'l 3.4 nrl~nf~ ~j':;~Ufl')I~~U~!ltJ~:; 70 LVltJ~lV1un 

~'ltJ DSC LVltJ1~fl')I~~'ElUllrit'l'l'fltJl"~ln 40-11 0 'El"Plll'll~L~tJ~ 1Utl(;]j'1 1 0 'fl"PlIL'll~L~tJ~I?i'ElUIVi ~"~VlLLUrl" 

~1~lnilfi'll'fl" Kim ll~:;l'lru:; (1995) LL~'l-w.ll~rl~mf'll~'lL~tJ'l~lULfiu~~ruVl1Jn 4 Ll~:; -20 'fl"Plll'llm~tJ~ LVltJ 

-w.IL~~~Lfiu~hJI1lj''l~~'tlUmnnVl regelatinize mtJVI~"nlnriu 1, 3, 7 llrl:; 141'u ~'ltJ DSC 'iinl'lf" ll~:; 

:'jll'lj'I:;",VlIr11 To' Tp' Tr lL~:; enthaply of regelatinization (~HR) 'lI'tl"l~~~l?llf'll~'lL~m LVltJ1~fl')1~1flUlLrit'l'l 

'EltJl"~ln 40-110 tl'lPIIL'llrll~tJ~ 1Utl(;]j'1 10 !l"PlIL'1!rlL~tJ~I?i'flUIVi ~"~VlLLU~"~ICoilnil~'lIfl" Baker lL~:; Duarte 

(1998) 

8.3.1. 'El"rlUj':;n'ElUVlI"LI'li1'l1'tl"~mf'll~'lL~m 

Coilnmj':'jll'lj'I:;"'~U11~(;]lf'll~'ll~tJ'l~~n'jjIUj':;n!lU~'ltJ hh~u blTu lt11 l~u1tJ ll1'l:; 

fl')1~~U1'fltJ~:; 0.1±0.00, 0.31±0.01, 0.03±0.01 , 0.01±0.00 LL~:; 10.89±0.04 LVltJ~lV1un I?lI~ih~u ~l nmj' 

http:10.89�0.04
http:0.01�0.00
http:0.03�0.01
http:0.31�0.01
http:0.1�0.00
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~1'1.nrulcilrnfi:ulmVlj'lnLvhriurmJ~:::: 88.66 LVlt.l~'I1)I,xn ~-l~~mj'~iLrm:::~~u~llw~')'W~Lij'Wrnfi:ulmt1l'j'ln 

tJj'::::ntlUcil')t.I~lnlf"!lrtlt.l~::: 97.98±0.46 Lt1ItJ~I'V1,xn LL~:::l'W~')'W~Lij'W~mf'llj:]tl:::m~~rtlt.l~::: 34.49±0.89 L~1t.IJI 

'VI'wn 

8.3.2. ~~'lItl-lI'l':lIl..J~'W~tlm'i'Lnt1lL'"l~I~l'WL'lIi'W"lItl-l~lnlf'll~,)L~m 

~~m'j'~m~lm'i'Lnt1lL'"l~I~l'WL'lli'W"lItl-l~lnlf'll~,)L~m~j':::~UI'l':lIl..J~'Wl'W'll,)-lrtlt.l~:::: 30-80 Lt1It.I 

~1'V1,xn cil')t.I DSC Lt1ItJl"xf'l,)ll..Jrtl'WLLri~,)tlth-l"ln 40-120 tl-lPl1L'1!m~t.I~ l'Wtlln'j"") 1 0 tl-lP11L'll~L~t.I~~tl'WIVi 
(m~~ 1) ~U~1 Peak 'lItl'lm'i'LnVlL'"l~I~l'WL'1!i'WllJthln!l~f'I,)Il..J~'Wrtlt.l~::: 30 Lt1It.I~I'V1,xn LL~ l..hln!l~'ll,)-l 

J' ~ ," \' ~ ~ \' 1.J J' " \' ~ ~ "" 1 .J J'
1'l':l1l..J'lI'WIn'lLLm!lt.l~::: 40 ,t1It.I 'W1'V1'Wn ,t1It.I 'Wll,)-lI'l':lIl..J'1!'Wj'!lt.l~:::: 50-61 bt1lt.l'WI'V1'Wn l..J 2 peak LL~::: 'Wll,)-lI'l':lIl..J'lI'W 

r!lt.l~::: 64-80 Lt1It.lJI'V1,xnj:] 1 peak 1.J'l~lf'1,)Il..J~'Wrtlt.l~::: 30 Lt1It.lJI'V1,xn llJ~!lLY/tI'l~!lnl'i'LnVlL'"l~I~l'WL'lIi'W 

I 

http:34.49�0.89
http:97.98�0.46
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Moisture content 
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60.08 
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Temperature (e) 

I LLiMl~ To (onset temperature) . ! LLM1~ Tp (peak temperature). 

I LLM1~ T (final temperature) LL~::vl'll~"Il1l1£J1r1i peak LL\Wl~"h ~H (enthalpy of gelatinization) f 

60 
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lwnnil~~mnn(11I"1'Cl1~1iJl'll-niJ'V1lJ~1'ilru'VI1Jn~b''l'Cl1~lWL'll-n\'lLi~Ln(11 (onset temperature, To) 

LL'Cl:;~ru'VI1Jn~ LlH ~'1fl(11 (peak temperature, Tp) hj~iJfllJfI,)1~~iJLL'Cl:;LVl1nlJ 62.62±1.45 !I'1P11L'llm~tJ~ LL'Cl:; 

68.42±0.65 !I'1P11L'll'ClL~tJ~ j;]1~~1~lJ L~!I~j;]1f'll1~flJfI,)1~¥!IiJ~'1 To ~~!I'1mJ' ~j;]1f'll1iJ~,)iJ~~(11~1H'V1!1L~tJ'I 

fhn(11 L"I'Cl1 ~1iJL'll-niJ ~'11iJnnilfl,)1~~iJ~'1 UI11¥!ItJ'Cl:; 40 L(11tJ~1'V1,rn Lti!l'l"l1mbnJ''lJ'Cl~j;]1f'll1.JJ':;n!llJ ~')tJ~,)iJ~ 

LUiJ amorphous LL'Cl:;~,)iJ~LUiJ crystalline ~m~ru:;LflJ''1~¥1'1~~f1,)1~'VIiJ1LL'IliJ-W!ltJn~1'l1!1'1 amorphous (~'1 

~,)iJ1'VInJl.J J':;n!llJ ~') tJ!I:;m'Cl~ LL'Cl:;~1tJL'llm') nlJ ~'1 n1iJ'lI!I'I!I:;m'Cl L'V1 fI ~iJ) ~1mnl (11 (11~1 LL'Cl:;'V1!1'1I1l,)1~~1tJ n~1 
~ ~ 

~,)iJ crystalline (~'1~,)iJ1 'VIqj LUiJlJ~L') ru~r.r(11 L1-tJ'I LUiJL~iJj;]J''1'l1!1'1!1:;m'Cl L'V1 fI ~iJ LL'Cl:;!I:;m'Cl~~ LUiJbn~tJ')~,)iJ) L(11tJ 

Lfl d'I ~¥1'1~,)iJ a morphous ~ (11~1 LL'Cl:;'V1!1'1I1l,) 1~ L~!I1MlJ f1,)1~¥!IiJ~iJfi:;1!'lL(11J'L"IiJJ':;'VI~1'1~1tJL~ L'Cl~'Cl'll!l'l~ I?l1f"l! 

Cl nvl1'Cl1tJlJ1'1~,)iJ ~'1,riJ~'1ln (11 mn~!I~~iJfi:;1!'lL(11n"IiJJ':;'VI~1'1'V1 aJ1eJ (11J'!1 n'B'Cl'll!l'l~ j;]1f"l! IL'Cl:;Ll-J L'Cln'Cl'll!l'l~1 LL'VIiJ 
~ ~, 

~~iJfi:;1!'lL(11n"liJJ':;'VI~1'1~1tIL~L'Cl~'Cl'll!l'l~j;]1f'll (Wang, Qu and Chiew, 1994) ~'1~'Cl1mfld'l~¥1'1~,)iJ 

crystalline Qnvl1'Cl1tJ~')tJfI,)1~¥!IiJ1~~1tJ~iJ ~'ClmJ'i)Lfld1:;"''V1lJ~1~f1,)1~~iJ¥!ItJ'Cl:; 40 LI'Cl:; 45 L(11tJ~1'V1,rn 

peak L"I'Cl1~1iJ'll-niJ~iJfl(11~'ilru'VI1Jn 72.00 LL'Cl:; 72.31 !I'1P11L'll'ClL~tJ~ LL'Cl:;fl1 LlH LVl1nlJ 1.93 LL'Cl:; 2.44 ~'ClI11!1 
nf~ j;]1~~1~lJ 1~!If1')1~~iJL~~~iJLUiJ¥!ItJ'Cl:; 50 L(11tJ~1'V1,rn peak L"I'Cl1~1iJL'll-niJ~iJfl(11~'ilru'VI1Jn 1 06.87 !I'1P11 

L'll'ClL~tJ~ LL'Cl:;fl1 LlH LVl1nlJ 1 0.27 ~'ClI11!1nf~ L(11tJ~ peak 'lI!1'1L"I'Cl1~1iJL'll-niJ 2 peak LLtJnniJ iJ'I~1mnn(11L"I'Cl1 

~1iJL'll-niJILiJ'I!I!lmUiJ 2 'll,)'1 'll,)'1Llm~rh LlH LVl1nlJ 3.36 ~'ClI11!1nf~ ~'1m"l"l:;Lti!l'l"l1n1iJ'll,)'1f1,)1~~iJ¥!ItJ'Cl:; 

40-45 L(11tJ~1'V1,rn ~1~,)iJ1'V1qj!l~1iJ~,)iJ'lI!I'I amorphous vl11'IXLn(11 L"I'Cl1 ~1iJL'll-niJL'U'V11:;1iJ~,)iJ~LUiJ 

amorphous LL'Cl:;~f1,)1~~iJ¥!ItJ'Cl:; 50 L(11tJ ~1'V1,rn ~~1L~tJ'I'V1!1vl11'IXLn(11L"I'Cl1~1iJL'll-niJ!lth'l~~\lnu'll!l'l~,)\,l 
~LU\,l amorphous LL'Cl:;U'l~~1'V1m~tJ'I1'IXLn(11L"I'Cl1~1\,lL'll-niJ1iJ~,)\,l crystaliine 1~~')mLI11~!I'11if'ilru'VI1Jn~'1~iJn~1 
72 !I'1P11L'll'ClL~tJ~ L~!Ivl1'Cl1tJ~\,lfi:;Il1tJ1iJ~~n,r\,l (Wirakartakusmar, 1981) ~'1,r\,l peak ~ 2 ~'1LUiJ'lI!I'I~,)iJ~ 
LU\,l crystalline Ln(11 L"I'Cl1~1\,lL'll-n\,l (Biliaderis LL'i'Y::flru::, 1986) ~f1,)1~~\,l¥!ItJ'Cl:; 55 U'Cl:; 61 L(11tJ~1'V1,rn 

1.JJ'1niJ~1 peak ~'1 2 -dejf!l\,lniJLL'Cl:;~ru'VI1Jn~L"I'Cl1~1iJL'll-niJ~iJfl(11 (Tf) 'Cl(11'Cl'l!lth'l-n(11L"IiJL~mfi~1rufl')1l-J~iJL~~ 
~\,l (~!Irh Tf 'Cl(11'Cl'll.JJ':;mru 1 0 !I'1P11L'll'ClL~tJ~LL'Cl:; 5 !I'1P11L'll'ClL~tJ~ 1\,l'll,)'1f1')1~~\,l¥!ItJ'Cl:; 50-55 L(11tJ~1'V1,rn 

" ,
iI Go' """'..",. 

mJ''ll!liJniJ'lI!I'I 2 peak iJ LL'Cl:;mJ''VI 

'ilru'VI1Jn~~\,lfl(11mnn(11L"I'Cl1~1\,lL'll-n\,lLi~'Cl(11'Cl'lL~mfimru~1L~~~\,l Lti!l'lm"l1nmn~l-JfI,)1~~\,l"l:;L~~illmru 
~1~'1'V1!1~1'V1flJmJ'vl1~1tJLfld'I~¥1'1 crystalline LL'Cl:;vl11'IXLn (11 L"I'Cl1 ~1\,lL'll-niJ1iJ~,)iJ~ LfltJ LU\,lLfId'l~¥1'1 

crystalline -dL~!I1~flJfI')1l-J¥!IiJ~'1!1ru'VIIln~~!I'1mJ' (Wirakartakusumar, 1981 LL'Cl:; Biliaderis, 1998) LL'Cl:;L~!1, ~ 

f1,)1~~\,l~'1LLI11¥!ItJ'Cl:; 64 L(11tJ~1'V1,rn~iJ11.J L"I'Cl1~1iJL'll-n\,lLn(111iJ'll,)'1'ilru'VI1JnLLfllJ'Cl'l ~!1 T
f 
'Cl(11'Cl'lL~!If1,)1~~\,lL~~ 

~\,l (Abboud and Hoseney, 1984) LLl11fl1 LlH f1'1~~1.JJ':;~1ru 12.70 'J'ClI11!1nfl-J ~'1iJ'I~1LfId'l~¥1'1 crystalline 

~nvl1'Cl1tJ1\,l'll,)'1f1,)1~~\,l-d LL'Cl:;mJ'Ln(11L"I'Cl1~1iJL'll-niJ'lI!I'I~'1~,)iJ amorphous LL'Cl:;~,)iJ~LflmU\,l crystalline Ln(11 

~\,l!lth'l~~\lJ'ru ~,)iJLfld'I~¥1'1Li1'1ejf!liJ'lI!I'I!I:::m'Cl~nlJ1'lIlT\,l~nvl1~1tJ~~ru'VI1Jn~'1n~11.JJ':;mru 120 !I'1P11 

L'll'Cl L~tJ~ LLI11 Lti!l'l"l1n1iJ'I1\,li)r.rtJ-dLfli!l'l~ii!l~1n(11~'1 LLrl 120 !I'1 Pl1L'll~ L~m'l ~'1~1mJ'Cl~~1.J~'Cl'll!l'lfl,)1~~\,lI11!1 

mn"l'Cl1~1\,lL'll-n\,l'll!l'l~j;]1f"l!~,)L~tJ')M~'1-d 

f1,)1~~iJ~1n~1'V11!1L'vl1nlJ¥!ItJ'Cl:; 30 L(11tJ~1'V1,rn 1aJLn(11I"1'Cl1~1\,lL'll-n\,l 

fl')1~~\,l~'1LLI11¥!ItJ'Cl:; 40 L(11tJ~1'V1,rn ~\,l11.J Lil-JLn(11L"I'Cl1~1iJL'll-niJ 

1iJ'll,)'1f1')1~~\,l¥!ItJ'Cl:; 50-61 L(11tJ~1'V1,rn 1.JJ'1niJ peak 'lI!1'1 Endotherm 2 peak 

http:68.42�0.65
http:62.62�1.45
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12.7 ~~r;ltlnf).J 

1:J~'lltl'lfl,)1).J~t..!r;ltlrl1 ~H ~lJ':h L~tlL~).Jfl,)1).J~WnnrtlU~:; 30 LUt..! 80 L~U~1'L-nrn rl1 ~H 
'lltl'i~11I1f'll~,)L~U')i1LLt..!')LiJ).JL~).J~t..! ~'il.khj':;(;)unrnni?lL"'l~1~1t..!L'll-nt..! (degree of gelatinization) L~).J~t..! (;)'1 

~t..! rl1 ~H ~1mn1U1m~Lflj'1:;'\.Ij':;(;)Unrnni?lL"'l~1~1t..!L'll-nt..! Li?lUI:J~nrj'V1i?l~tl'iU"~1nrj'Lni?lL"'l~1~1t..!L'l!-nt..! 

mJ1'i~).J\lj'ruL~tlfl,)1).J~t..! ~ rtlu~:; 64 Li?lU~1,.nrn LL~:;1"xrl1 ~H ~~tl'lnrj'~1'V1funrj'Lni?lL"'l~1~1t..!L'll-nt..!mh'i 

~).J\!j'ruLvi1nu 12.70 ~~r;ltlnf).J (;)'i~t..!11I1n'i~ 8.1 LL~i?l'ij':;(;)Unrnni?lL"'l~1~1t..!L"lI-nt..!~fl')1).J~t..!r;l1'i1 ~'i 

l.h~Lnt..!1~"'l1mil1ln~')t..!'lltl'i ~H ~1'V1funrj'Lni?lL"'l~1~1t..!L'll-nt..!~fl')1).J~t..!~t..!r;ltlLL~:; ~H ~~tl'inrj'~1'V1funrnni?l 
L"'l~1~1t..!L'll-nt..!tllh'i~).Jmru

" 

rtlU~:;fl')1).J~t..! 

(Li?luJ1'V1'Wn) 

~H 

("'l~r;ltlnf).J)
" 

'j':;(;)Unrnni?lL"'l~1~1w'll 

-nt..! 

(rtlU~:;) 

30 0 0 

40 1.93 15.20 

45 2.44 19.20 

50 10.27 80.90 

55 11 .62 91.50 

61 11 .93 93.90 

64-80 12.70 100.00 

"'l1nnr'j'~n~1nrnni?l~LVlnnni?l-nt..!'lltl'iL"'l~~11I1f'll~,)L~U')~j':;(;)Ufl')1).J~t..!rtlU~:; 70 Li?lU~1'V11rn 

~')U DSC Li?lu1"xfl')1).JrtlWLri(;)')tl~1'i"'l1n 40-110 tl'iP11L'll~L~U~ 1t..!tll1lj'1 10 tl'lP11L'll~L~U~r;ltlt..!1~ nrnni?l~LVI'j' 

LmLi?l-nt..!'lltl'i L"'l~~11I1f'll Ln i?l"'l1 n~L).J L~ f)~'lltl'i~11I1f'!1 (~" Lni?l LUt..!LflN11'i l1I1'lh m:;wlr'iL"'l~1 ~1t..!L'll-nt..!) 4"i?l L~U'i (;)') 

nt..!1mJ1"xLUt..!'j':;LljUUL~).J~t..!L~tlL'ih~LflN~r1'1~Li~t..!j;J~n (Atwell et.a/., 1988) (;)'I~t..!L~'f)U1~(1nf'll~Lni?lL"'l~1~ 
1t..!L'll-nWL~'.lhl1"xfl')1).Jrtlt..!~nrnU'VI~'inrnnu n1Lni?l peak 'lltl'i regelatinization nU'i~'inrnni?l~LVlnmLi?l-nt..! 

'lltl'iL"'l~~l1I1f'j':;Vi':h'iLflU LL~:; ~HR 'lltl'i peak ~LL~i?l'lm).J1nJn1nni?l~LV\'j'LmLi?l-nt..! rn~~ 2 LL~i?l'i~1L"'l~Mnf 

~'.lL~U')Lni?l~LVlnmLi?l-nt..!L~tlLnU 1 rjt..! ~ 4 tl'iP11L'll~L~U~ LL~:;~LVlnmLi?l-nt..!L~).J~t..!1t..l'rl,)'inrnnu 7 rjt..! 'VI~'I"'l1n~ 

'''It..!~'1 14 rjt..! L"'l~~l1I1f'll~,)L~U')'VI~i?lnr'j'Lni?l~LVlnmLi?l-nt..! ~'.lt..!nrnnu~ -20 tl'iP11L'll~L~U~ ~lJ~1L"'l~~11I1fn~':l 

L~U')1,xLni?l~LVlnmLi?l-nt..!L~mnuH 7 rjt..! (LLI1I1LVlnmLi?l-nt..!tl1"'lL~).J~'iLLr;lrjt..!~ 4-6 Vi~'inrnnun1~ ~'Inr'j'~4"u~1lJ 
1~vl1nr'j'~Lfln~'\.I) L~tlLnu1~ 14 rjt..! ~u~1~LVlnmLi?l-nt..!~Lni?lLvi1nu~LV\'j'Lnni?l-nt..!~'i~i?lL~tlLnU~ 4 tl'iP11 
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l~~IC~tJ'lfPl'ln'WLth.!~::LtjtJU ~'qruVl1Jil-20 'tl'lPlIL'lIrlL~m~ mJLfI~m"!~'lJ'tl'l'i'11tJL~Lrlflrl;hn~l~ 4 'tl'lPlIL'1!m~tJ'i'1 
l.h::n'tlunu~ -20 'tl'lPlIL'1!rlL~tJ'i'1 JI1WL'1rl'i'1lPllf"llcf'lL~mU1'l~'l'WLn~Lth,!f,J~nJILL-n'l ~'l'!T~'lJ'lI'lmJLfI~'tl'W~LLrl:: 
m JL1m fPl'l'lJ'tl'l'i'11 tJL~ Lrl flrl'i'1lPl1fv'h 1 ~Ln~1LVlJLm'L~-D'Wii'tltJn~lmJLr'iu~ 4 'tl\l PlI L 'lIrlL ~tJ'i'1 L~'tlL'lrll m~Lnuii'tltJ 

n~1 7 '1''W (Zeleznak and Hoseney, 1987) LL(;]L~m'lrllm~Lr'iuL~~f,Jrl'lJ'tl'l'qruVl1Jil~Lfiur;]mJ1~lrumJLn~1LVl~ 

Lm'L~-D'Wr'i~Vl~'l 'W'tln'11nilm~Vl~~'tl'liJ'l~U~I'lh'l'qruVl1Jm'WmJLn~ regelatinize 'lI'tl'l~'l'W~Ln~1LVlJLnJL~-D'Wil 
~1 n~I'lh'l'tl ruVlllil'll'tl'lmJLn ~L'1~1 ~1'WL'lI-D'Wfi f'l LLm LL'i'1 ~'l~1m n1tJ'l fPl'l LL~::LflN'i'1h'l'll'tl'l'i'11tJL~ L~nrl'lJ'tN'i'1. ,~ 

(1nf"ll~Ln~1LVlJLnJL~-D'W hiVI 'WI LL'I1'WLLrl::LL-n'l LLN Lvilm~L1tJ'lfPl'l LL~::LfI~'l'i'1~I'lL~~'lJ'tl'l LLm~~ (White and Abbas, 

1989 LLrl:: Yuan, Thompson and Boyer, 1993) ~'l1'W'lI'W~4'tJil~u~IL'1~'i'1lPllf'llcf,)L~mLn~1LVlJLnJL~i'W~'l LLr;] 

'\,\~'lLr'iUL'YitJ'I 1 '1''W ~ 4 'tl'lPlIL'lIrlL~tJ'i'1 L(;ltJ~rh ~HR wilnu 1.15 ~rl(;]'tlnf~ L~'tlLr'iuLU'WL,)rll'WI'W~'Wrii ~HR 
L~~~'W LL'i'1~'l~1 Ln ~1LVlJLnJL~i'WL~~~'W L ti'tl 'l '11 nL~ L~fl~'lI'tl'l'i'1lPl1f'll4'~ L1tJ'l fPl') n'W1VI~ LU'WLflN'i'1~I'l f,J~n~ i1 ml~ 

Q X o:::!A.::::III.J II"'v.."j ... I i/.dO~.l'
LL'lJ'l LLN'lI'W'\,\~'tl~mmruVlL~ L~fl~'lI'tl'l'i'1IPlI~'lI'1~LJtJ'lIPl'llV1~ LU'WLflNMI'l f,J~m~~'lI'W (Hoover LL~::mlJ::, 1997) 
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3: o 
'+=-co 
(l) 

.I:: 
<.)

'E 
L.. 
(l) 

.I::-o 
-0 
c: 

W 

0 
20 C , 1 day 

56 .97 

49 .26 67 .40 

~HR 3.35 I
.-.-
~ 

~ 
r- - JOe, 14 day 

5767 

69.62 \49.78 

~H R =3 .26 


° I4 C, 7 day 

Storage Temp., Time 
55.44 


I 

67. 09 50L~l ~HR 3 .14 

~ -kooc, 14 day 

55.47 
I 65 .27 

49.41 I 
~Ho 2. 11~ I -20

u

C, 7 day
IF 

-20°C , 3 day 

58.23 67 .24 
I 

52 .62 I 
tlHR 1.78 

o 
4 C, 3 day 

6270 
56.81 II 

I 
4 C, 1 day 

49 52 55 58 61 64 67 

o 
Temperature ( C) 

m~~ 8.2 Endothermic peak 'll'fl'lMl1f'llcf'lL~tI'd~j'::;vTU~'fltl~::; 70 lVltl~lV1,rn V1~'1mj'LnU~ 4 LL~::; -20°C 

'Wl'W 1, 3, 7 LL~::; 14 -)'W 

I llIWI'l To (onset temperature), I lL~V1'l Tp (peak temperature), 

I ll~V1'l T (final temperature) LLfl::!il'lLfl'llJl1v1aJ peak LL~V1'l~h ~HR (enthalpy of regelatinization) f 

70 
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mYi~ 8.3 LL'i'l",,:mldLmtJULYltJu ~HR '1I!l"lnTi'bn"''1I!l''l~LVI~Ln~L'''i'W~ 4 !l"lP\lL'1l'i'lL~tJ'i'll'W'll'1"1 
nldLnU 14 1'W '1I!l"lL"'lrl'i'll'llf"l1~'1L~tJ'1~i1ml~:a'W~'tlUrl::: 70 L",u~lmJn 1'W"I1U~4'tJ~ nUL"'lrl'i'll'llf"l1iil'1'i'll~~~ 

J' 	 'V ~ cv 1.1 r 1.1 i.I JQ J' 11

f)'11a.J'l1'W~'tltJrl::: 70 'l",uulVlun "'lln'll!ld;jrl'1l!l"l Jang LLrl::: Pyun (1997) LLrl:::L"'lrl'i'l1'l1~"l1'111'1L"'l1V1a.Jmla.J"l1'W~'tltJrl::: 

67 'l",u~lwwn "'llnii!la.Jrl'll!l"l Chatakanonda, Qaravinit LLrl::: Chinachoti (2000) YiUrJ1L"'lrl'i'll'llf~'1L~tJ'1Ln"'~ 
'" 

'lVl~LndL",i'Wi'WYlLri'tlLnU 1 1'W LL(;]fh ~HR L~~~U1U!l[?]~1~~'l"'L~'11U'll(NnldLriu 1-7 1U LLrl:::L~a.Jf)"I~'\-I~"InldLnU 

7 "'lU~"I 14 1U ~'1t.lL"'lrl'i'll'llfiil'1'i'll~C~'a.JLn",~'lVldLn~L"'i'WLri'tlLnU 3 1U LLrl::: ~HR L~a.J~ulU!l[?]~l~~'1"'L~'1nrJl 
L"'lrl'i'lmf'l1~'1L~tJ'1LL~:::i1rh~"InrJ1L"'lrl'i'l[?]lf'1l~'1L~tJ'1 Lri!lLrlUU1U 7 1U Lvilnu 'lIru:::~L"'lrl'i'll?llf"l1iil'lL~lLn"'~LVI~ 

LndL",iua.JlnnrJl L"'lrl'i'll'llf"l1~'1 L~tJ'1 LLrl:::L"'lrl'i'll?llf'l1iil'1'i'll~ vl"lJ'W'i'l1l.Jln1'i'l'{ul~rJlnldLnU~ 4 !l"lP\lL 'l1rlL~tJ'i'l H 

U1UnrJl 6 1'W nldLn",~'lVl~LndL",i'W'lI'tl"lL"'lrl'i'l!inf"l1~'1L~tJ'1 < L"'lrl'i'l!inf'1liil'1'i'll~ < L"'lrl'i'l[?]lf'1liil'1L~l 

7 ,-------------------------------------------------------------------, 


6 

5 

rn 4 
3 

a: 

I 

<I 	 3 

2 

o +-------~--~--~------_.------~._------,_--------------_r------~ 

o 2 4 6 8 10 12 14 

Time (day) 

mYi~ 8.3f)'l1a.J~a.J~t.llf~:::VlrJl"1 ~HR nUL'lrll~LnUL"'l~'i'lmf"l1~ 4 °c 

• 	 L"I'N~vnf'Jl~'lLl1U'l~i1Y1'lliJ:5U1'1lU'N:: 70 1:j;\U~lV1l!n ~ 'm19!J~ 
• 	 L"I'N~vnf'Jliil'l~lf\~i1Y1'lliJ~Ur'llU'N:: 70 lj;\U~lV1l!n "llnii'lll;j'N'lI'Il~ Jang LL'N:: Pyun (1997) 

.. 	L"I'N~lillf'lliil'lL91~i1Y1'lliJ~U1'1lU'N:: 671:j;\!J~1V1un 'nnii'lll;j'N'lI'Il':) Chatakanonda, Qaravinit LL'N:: 

Chinachoti (2000) 

16 
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8.4. ~1U~~mdVlIfl~1I'1 

~:W1J~V11'1r1,)1:W~lI'i.J'iJ1I'I~(;llf'll~,)L;m (~'1iJm:w1rw~(;llf'll~lIU~:: 97.98) tVlu~lV1i!n tlflmu'W!dn~ 

~~!lU~:: 34.5 tlflu~lV1i!n) LU'W~'1lJllllu-d 

• 	 hJdllfl L"~l~l'WL'll-n'WL~!l r1,)1:W~'W~1 n~lV1~myhn1J~lIu~:: 30 tlfltJ~lV1i!n 

• 	 mnnlnL"~l~l'WL'll-n'W~1J~ ml:W~'W~'1 LLIJl~lIU~:: 40 tlfltJ~lV1i!n ~'WlutlfltJ'lh-1!lruVl1Jij 

'iJlI'ImdLnIflL"~l~l'WL'll-n'WL~:WLnlfl~lIruVlllijUd:::Wlrw 63 !l'l~lL'll~L~U~ LL~:: ~H ~vhl,x, " 

LnVlL"~l~l'WL'll-n'Wmh'l~:W\lnWLYhn1J 12. 7 ~~IJl!lnf:w 

• 	 ~tV1nndLIfl-n'WLn IflVl~'1"ln Ln1J~ (;llf'll~L"~1 ~1wnLL~,) 
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8.6. n(il~mnJ1_h:::mP1 

-l1'W'ir.rtJ~Llh.J-lI'W'ir.rtJmtJ1mr1NmnhtJ'Vl!l1?l L'Vl r1 t 'Wtrl~1'VltJ-~~'W ~lilrl-l n nl.h.J"n'i'Vlm~tJ 
.

i,.oc::Ii....... ...... I I ...... """ 


i:;J,)"'ltJ'1I!l'1l!luf)Cl,ml'i'~'Wu~11'W"'lln~'W,)tJ-lI'W(ilI-l 11?l-l'W 

- -lU'l.h:::~lruLL~'W~'W uruoVilil'i'Vlm~tJ "'llilrl-lnnl!~~I'i'Vlm~tJ, 

!l1~1'i' -lU'l.h:::~lruLLe.i'W~'W ~lilrl-lnnl!~~I'i'Vlm~tJ t1-lU'l.h:::~lru 2544 

- ~(illf"ll6',)L~tJ')"'llnU1';'Vl ~'Vlfi,r'Wvl ~,nl?l 
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1l1f1eJ'U'lfl 
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spectrophotometer 

mixer 
... 

~lnf1~ 

m'~'El:;~~rlb'ii~-ii'lJ 0.2 N 

~11~:;rntJhJl'l~L~tml'ElL'Ell~~ (KI) L-ii~-ii'lJ 10% 

~11~:;mtJLtll'l~L~tJ~1(;)11tlLm~Vl (KIO) L-iil-J-ii'lJ 1/600 M 

_ell Clio IS" 

'lfim1'lLf111::;~ 

n1mihJl-Jnnrj~I(;l1t11yml~Liil-J-iihlLL1J'l-rhn11~~n~'lJLL~'lu 	 ~ 

1. 	 i'lLL1j'l~I'W'l'W 50 n~~nfl-J 'I11l-J1~::~ltJJlml-J ',)[;11 50 n~~~(;)11'W'lJ'l~LLrf'lmm[1]11 00 n~~~(;)1 
2. 	 'I11~11~::~ltJ~hJ~l-JL~tl~LU'lJL'l~1 1 'lJIVl1.Jfum~I(;)11~LU'lJ 1 00 n~~~(;)1 m''El'l~11~::;~ltJ~1~ 

~'ltJm'::~I~m''El'lLU'Elf 1 

3. 	 tlL1.J(;)~11~::~ltJm~lhI'lhl 0.1, 0.2, 0.3, OA , 0.5 , 0.6 , 0.7 , 0.8, 0.9 LL~:: 1.0 n~~~(;)11~1h1~~tl~ 

Vl~~'El'l'lJhll~n~I'l1.Jfumm(;lml1i~::~~'El~1m~ 1 n~~~(;)1 L~tIL~~Jln~'W~Ih1'lhl 0.9, 0.8, 0.7, 

0.6, 0.5, OA, 0.3, 0.2, 0.1 LL~:: 0 n~~~(;l1 (;)I~~I~U 

4. 	 L~l-Jm'~'il::~~nLiil-Jii'W 2 N ~1'W'lhl 1.2 n~~~(;l1 L1.Jl'l~L~tJl-Jl'il Ltll~v1Liil-J-ii'W 1 0% ~lhI'lhl 0.25 

n~~~(;lnL~::h]l'l~L~tJ~ltlL'ilL~VlLiil-Jiihl 1/600 M ~1'W'lhl 2.5 n~~~(;)1~'l1h1LLI1i~::~~'El~ ~~l-J1~Liil 
~ 11 4 . 

nhl~')mf11tl'l mixer 


5. 	 1~rhn11'(J~n~'WLL~'l~ 570 'lJIL'lJL~(;)1mh'l1'l~L~,) l~tlLVltJunU~I'l'~::~ltJ blank ~'lL(;)1tJl-Jl~tJH' 

Jln~'lJ~I'lJ'l'lJ 1 n~~~(;)nLVl'W~I'l'~::~ltJl'l'l'Elth'l Vhn1'l'Vl~~'El'l'Eltll'l-W'EltJ 4 ~IL~'il~lrhL'U~tJ l~tJ 
rhn11'(J~n~h1LL~'l~1~"llnl'l'l'iltll'lL~tJ'lnhlhJrm~rhl1il'ln'lJLnhl 0.002 

6. 	 'I11rh~1~~IL~tJ'Wf1'lI~~~~h!frm'TII-j~I(;)'l't11'lJ'l'::~~I'lrhn11~~n~'WLL~'l (570 h111h1L~(;l1) LL~ :: 
~ 	 ~ 

rJ'll~L-ii~ii'lJ'lJ'El'lLLU'l (l~lf1mf~l1itln~~~(;l'l') 1h1'l'1.J~~n11L~h1(;)N 1~tJ1~LLnhl~'lLU'lJrhn1'l'~~n~h1 
~ 	 ~ 

LL~'l ~'l'lJLLnhlhltlhlLU'lJrilml~Lii~iihl'lJ!l'lJ1LLU'l 
m'l'1Lfl'l'I::,;-ar'l'Eltll'l 

1. 	 L[1]1tJ~ar'l!lUl'lL-rlhlL~mnUmn(;l1tJ~m'I~~I(;l'l't11'W.... 

2. tlLlJ[1]ar'l'ilUl'l~ltRl-Jl(;l'l' v n~~~(;l'l' (vY'l1t]"l::H' 0.2 n~~~[1]'l') 1.JfutR~I(;)'l'~'ltJJln~h11m~ 1 

n~~~(;l'l' 

3. 	 v'hm'l'Vl~~'El'lL'llhlL~mnUmn(;)1tJ~m'I~m(;)'l'Jl'W !l1h1rilm'l''(J~n~'lJLL~'l~l~~tJ~n~U''llnril 

blank 

~'" 0

'ltlnl'l'f11'lJ'lru 

1. 	 ~1'lJ'lruf1'lI~Lii~-ii'lJ'lJtl'l LLU'l (l~lf1mf~l1itln~~~(;l'l') 1~tlLVltJunU~~n1m11~l-Jl(;l'l'Jl'lJ 

2. 	 ~1'lJ'lrummruLLU'l 


mmruLLU'l = f1,)I~Lii~-ii'W'lJ'El'lLLU'l x 100 x 100 
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(LU!lfL~'WliI1V1lJ~1"'11mL,x'>l) v x 1000 x (50-50M/100) 

L~'il v ~'il tfhnrnrn'il'>l~l~~:::~llJl1i'.l'iltJl'>l~HVlVI~'il'>lLU'Wi1~~~liI~ 

(m~V1V1~'il'>lH 0.2 ij~~~liI~) 

M ~'il 1fhnruFl'.lll-J~'W"lI!l'>lI1i'.ltltil'>l~~lJ.J1~ LFI~l:::'lfLU'WLU!lfL~'Wi?l 

http:1fhnruFl'.lll-J~'W"lI!l'>lI1i'.ltltil'>l~~lJ.J1
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dI 	 .. 

Lfl~!l'll-l!l 

Lfl1!l'li'lf)Lfl~1:::,xmh'l~:::L~tJ!7I (analytical balance) i'l1~~:::L~tJ!7I 0.01 il~~nfl-l 


'll'"l!7lLLn'"lml-l1j;]~ (volumetric flask) 'llkl1!71 100 il~~~j;]~ LL~::: 250 il~~~j;]~ 


Lfl1!l'lLYi~11ilLj;]!lf (polarimeter) 


m'"lmLn'"l'llkl1!71L~kl~1~klrrnm'l 65 ti'l 70 il~~Ll-lj;]~ 


'Ell'1~lL~!l!71 (boiling water bath) 


m:::!7Il1~m!l'l (fJcwmYiLVltJ1JLYll Whatman No.1) 


n~:::!7Il~m!l'l (flrumYiLVltJ1.mll Whatman No.42)
. 
ULUj;] (pipette) 'llkl1!71 50 il~~~j;]j' 

L!7ItJm~1j;]Lj;]j'j;]rlU~1~~:::~1tJL'I!L~tJl-l1e1!71~!ln1'1!(;) 0.1 kltlflJ~ 1ifLl-lVi~Lj'!7ILUkl~kl~LflLj;]'Elf (1 % Ll-lVimj'!7ILkl 

LL!l~ntle1'fl~~ijmll-lu1~Vli~'fltJft::: 95) "I:::~!l'l1if~1~~:::~1tJL'I!L~tJl-l1e1!71j'!ln1'11(;) 30. 94 n~~~j;]~~!lm!7l1e1L!7Ij'fl~ 

'fl"1fl 1 0 il~~~j;]~) 

- m!7l1e1L!7Ij'fl~!l1fl L~'EI"'l1'1~'fltJ1'l::: 25 'll'fl'l~1V1trm-1~!l~ijm1l-lti'"l'l41LYil::: 1.126 

- ~1j'~:::~ltJL'1lL~tJl-l-W'fl~Lrh1'1~Lj;]j;] VI~!lm!7lL!7IL!7Ifl1-W'fl~L-W~'1~~n (sodium phosphotungstate or 

dodecaphosphotungstic acid) ~'fltJ1'l::: 4 'lI'fl'l~1V1trn 

.. ,~ 

mnj;]ml-lj;]'"l'fltJ1'1 

r;T'"l!lti1'1~"I:::Vl!7l~'flU"l:::~'fl'l~1kl sieve 'llkl1!71 200 mesh (h~lklhJ1~~MW1l-l1U!7lri'flkl"l:::U11Uf)Lflj'1:::,x 

f)Lfl~1:::,xVll Total rotatory power, P 

1. 	 i'lr;T'"l'Eltil'1Lm~~lV1trn 2.5000 nfl-l L~Lkl'll'"l!7lLLn'"lt~l-l1j;]~'lIkl1!71 100 il~~~j;]j' L!7ItJ~lklVl1'1m'"ltJ 

LLn'"l~'1'"l1'11JklU1n'll'"l!71 

2. 	 L~l-lm!7l1e1L!7Ij'fl1'l'El1flLifl-lifkl 0.3094 kltlflJ1'l~lkl'"lkl25 il~~~j;]~ L'lIti1'l1'"l!7lLLn'"lml-llj;]j',rklL~r;T') 

'fltil'1LntJn~l-l"lkli,)rlkl 

3. 	 L~l-ln~!7I'le1L!7I~fl~'fl1flLifl-lifkl 0.3094 'WtlflJ~~n 25 il~~~j;]j' ~l-l'll'"l!7lLLn'"lYi~'Ell-li'lm'"ltJ~'11'W'El1'1~1 
L~'EI!7I L 'lItil'l1'"l!7lLLn') L!7ItJVI~klLLN1'E1til'1~~1 L~l-l'EI LU'WL,)~1kll'W 3 'W1Vl L~'EliJ'EI'Irl'WhJ1~r;T'"ltlti1'1Lm::: 

rl'WLu'Wn'El'W j':::VI~1'1~ L'lIti1'l1'"l!71 LLn'"l"'l:::~'fl'l LL'll'El~L'W~1 L~'fl!71 
4. 	 LL'll'll')!7I LLn')1-n'W'El1'1~1L~'EI!7ILUklL,)~1j',)l-li'lVll-l!71 15 'W1VlYi'El~ ~11kl'Ell~~!l'lijl-l1nYimL~:::L~'fl!7ltl~ 

j;]~'fl!7lL,)~1~LL'll'll'"l!7lLLn,)1'l'l1u 

5. 	 tJn'll'"l!7lLLn'"l'fl'fln"lln'Ell'1~1L~tl!71 L~l-l~1LUkl 30 il~~~j;]~~'11'W'lI,)!7ILLn'"l LL~hv'h1~LU'W~'WVlti'l 
'flcwlmil 20 tl'lP11L'I!~L:ntJ~, ~ 
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A = 2000 x (P-P') x 100 

"" L~'1l A 

P 

P' 

[U]E
D 

100-M 

~tl ~1tJ'V11~L~IL'Jtlf~'l~lJ~ d:l'W'tl~Pill:n'llJlJ, 

~!) r11-n!)~LJ'Vll1L~1 L~!lf-nt)'l~1~~~~~ltJ1'WJl LUUt)'l Pl1 L~'l).J~. 
[U]E

D 

M 
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dI 	 ..., ~ tr I oQj

Ifl ~'1l'l'll'l'"l lf1Jl:;'IiI'1ltJ1'l~:; ImJ (;1 

'lI'"l(;1Ldhtfh.Jll?l~'lI'Wl(;1 250 ~~~~I?l~ 

'Il(;1Lfl1tl'lfl'"lULLti'W (reflux condenser) 

m'"l tin d'1l'l 

Lfl1'1l'ln'"l'Wlv1vh (stirrer) 

~lnfl:n LL~:;~ld~:;~lU 

1. 	 Fehling's solution l.h:;n'1lu~hu 

(a) 	 ~:;~lU CuS0
4 

34.639 nf~1'W~ln~'W1w.~llJhnl?l~ 500 ~~~~I?l~ (t'h~1~~:;~'l1uhn~1~mtl'l 
~'"lU asbestos) 

(b) 	 ~:;~lU sodium potassium tartrate (Rochelle salts) 173 nf~ LL~:; NaOH 50 nf~ 1'W~ln~'W 

1w.~m~11?l~ 500 ~~~~l1ld ~'lH 21'W LL~'"lmtl'lch~l~~:;~lU~l~hn~ 
2. 	 m(;11elt(;1dfl~'1l1m~'1l"1'l 25% ~'l:nf1'"ll~ri'"l'l~lLYn:; 1.125 

3. 	 ~1~~:;~lut'1lL~U~lel(;1d'1lnl'l!r;l2.5 'W'1lfar~ 

4. 	 ~l~'i'l:;~lm~Vi~Ld(;1 

..,.,4:11""" tr 
'"In'"l Lfld1:;'IiI 

n1nI?l1u~!?l'"ltlth'l 

1. 	 Ul!?l'"l'1lUl'lLLi1'l~IL~'lm 2.5-3.0 nf~ ~~~~ln~'WII'lhij'W 50 ~~~~I?ld 

2. 	 n'"l'W'lJ'1l'l~~~d'Wl'W 1 i'"lt~'l "lmr'WUlhJmtl'l~'"lUm:;(;11~m'1l'l 
3. ~l'll1l:;n'1l'Wr:hu~ln~'WIL'lhij'W~n 250 ~~~~I?ld Ull?l:;n'1l'WLLi1-\1~1~hJv'hn1~~lfldl:;,x[;]'1l1u 

n1d~ Lfld1:;,x!?l1tlUl'l 

1. 	 Ul!?l'"l'1lUl'l~LI1l1u~Hl.Jl~~l.J~1 200 ~~~~I?ld L~~m(;11elt(;1~fl~'1l1n 25% 20 ~~~~I?l~ 
2. 	 ~~U'1lU'Wl'W 2.5 i'"lt~'l1'Wv1~1~~-\I[;]'fHihriu reflux condensor "lmr'W~'ll-n~LEi'W UfU~l~ 

~:;~lUVll~~'"lU~l~~:;~lU NaOH 2.5 N 1w.~ pH 5 

3. 	 ul1umtl'lLI~'"lun"'l1'W'lI'"l(;1Ldhm~11?l~ 250 ~~~~I?ld ufum~1I?ld1w.~ 250 ~~~~I?ld Ul~ld, 

n1d~Lfld1:;,x dextrose 

1. 	 ~ld~:;~lU~LI?l1u~H 20 ~~~~l1ld LL~'"lL~~ Fehling 's solution (a) LL~:; (b) 'flUl'l~:; 20 ~~~~I1l~ 

2. 	 ul1u~~1~L~tl(;1'Wl'W 2 'W1Vlt(;1uti(;1Uln beaker ~'"lUm:;"n'Wl~n1 

3. 	 m'fl'lI?l:;n'fl'Wf1'"lmn'fl'flnl'1lr;l~.h'W Gooch crucible vl'WVl ~l'll?l:;n'fl'WrJhu~l~'fl'W ('1lru'lill1~U~:;~lru, ~ 

60 '1l'lP11L'1l~L~U~) 

4. 	 ul1uv'ilLL~'lU'WI?l:;LLnN~L~1"'W~!l'WLL(;1'l (!lru'lil1J~ 700 !l'lP111'1l~L~U~) ~'lHU'WI1l:;LLnN,r'W 15 'W1Vl 

U~tlu1~LEi'W 

5. 	 i'l~1'1i1'L!n'lill~1'1i1'L!nl1l:;n'1l'Wf1'"lmn!l'1ln1'1lr;lL~!lUl1ULVlUUI1l1dl'lm~lru dextrose (1?l1d1'l~ 1) 
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tl'h.nCULLU'I (nfl.J) = ml.J1CU dextrose ~1c1l x 0.90 
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1flm'i'ti'flU ~')tlLt)'wl'll~ 

~~n m'i'9:;LVI~'fl'l..!fltJ1flm'i'ti'flu ~,)u n'i'~ ~'fl 9:;ti'fl tlLLu'Il ~djowJ'1(fI1~n~Lf1~ri'fl'W 91n,r'W9:;[;l'i',)9~1 

tfhnruJl [;l1~~ Lfl ~~'W ~1'W,) run~tJm LU'W1Jhn ruLLU'I ~'1m'i'ti'flU LLU'It~u1ifLtl'W1'll~,r'W'fl19vll1~~um 'i'loTI 

L'fl'Wl"11~'llil~L~mn'W~1tl~h~n'W~~lu'llil~ l~LLri L'fl'Wl'll~ a-amylase (MacRae LL~:;f1ru:;, 1984), 

amyloglucosidase (Rickard LL~:; Behn, 1983; Gorton LL~:;f1ru:;, 1989; Kurezewski LL~:; Sugier, 1992) m'i' 

loTI a-amylase i')~ntJ amyloglucosidase (Emneus LL~:; Gorton, 1990; Rasmussen LL~:; Henry, 1990) m'i' 

1il'i',)9~lm~lruJllill~~Ln~~'W~1~1'i'[lvll1~~~lU1fl L'Il'W m'i'vlll~Ln~~'1ltl'lJllil1~r~hi m'i'l[;lLIil'i''Vl ~1!1m'i' 
r)VlJllill~n\jtf1~ tVlU1ifLtl'W1'll~ 1fl~LU'W1fl~i1f1')1~91 Lvn:; (specificity) r?l'El LLU'I~'1 ~'1hj ~ n'i'tJm'W~,)U~l'i'L~!1 

1.J'W91'\"j')n'\"jtl~ LL'llf1 f11 h~1'l'W1 LLr?l!l19i1~'1 L~'El1.J'W~lntJ L!I'Wl'll~ vlll~"h~l~LnVl f1,)1~f1~1~ Lf1~'El'W L'Il'W a

amylase i')~ntJ amyloglucosidase ~n9:;i1m'i'1~Jllil1~n~tf1~LL~:;uiJ'IL~'El1ifLU'W~1'i'n'WL~U~1'Elvlrll~f1'1~,) 

amyloglucosidase 91'W,)'W~ln9:;i1 transglucosidase ~'19:;L1.J~U'WJl [;ll~n\jtf1~l1.J LU'WJ1Iill~~!I~t[;l~ vll1m~ 

Jllil1~n\jtf1~~Vl~'1 'W!ln91n~ amyloglucosidase tJ1'1'llilVl9:::i1 hemicellulose LL~:; p-glucanase L~'tl1.J'W'fl~ 
~')U (Englyts LL~:;f1ru:::, 1992) 

m'i'~lmm ruLLU'I1VlU m'i'ti'flU LLU'l ~')UL'tl'Wl'11~ LL~')r)(1)m~lnm\jtf1~~ Ln (1)~'W~')U L!I'W1'II ~,r'W 9:;i1'll(1) 

1il'i',)9~tltJ~1 L~9'i'1.J ~'1']hu1~m'i'1 Lf1'i'l:;-J~:;(1)')n'i',)Vl L~,)~'l~'W l(1)U'll (1) [;l'i',)9~tltJ9:;1.J'i':;n'fl1J ~')ULtl'Wl'll~~~lU'llil~ 
~ . 

1. 	 L'El'Wl'11~tl:;l~t~n\jtf1:nL~~ (amyloglucosidase; AGS) 9:;L1.J~U'WLLU'Il~LU'WJ1[;l1~~-n\jlf1~ t~u 

vll'11'WVi pH 4.6 vl'l~~m'i' (1) 

AGS 

Starch + (n-1 )HP 	 nO-glucose (1) 

2. 	 L'El'Wl'11~L!lnt'lllf1L'W~ (hexokinase ; HK) ~'1vll'11'Wi')~n1J ATP (adenosine-5'-triphosphate) 9:; 

L1.J~U'WJ1[;l1~~-n~tf1~l~n~lt1Lu'Wn~tf1~ 6-~'El~L~1il (G-6-P; glucose-6-phosphate) ~ pH 7.6 
~ ~ 

vl\l~~m'i' (2) 

HK 

O-glucose + ATP --------~. G-6-P + AOP (2) 

3. Ltl'Wl'll~n~tf1~-6-~tl~L~Iil~1!lt~'i'~L'W~ (G6P-OH; glucose-6-phosphate dehydrogenase). 
n~lf1~-6-~!l~L~1il9:;[ln!ltln:nl(1)i t(1)U NADP (nicotinamide adenine dinucleotide phosphate) 

~ . 
t~Um'i'vll'll'Wi')~n1J L!I'W1'll~n\jtf1~-6-~'El~L~1il ~l!lt~'i'~ L'W~ (G6P-OH; glucose-6-phosphate 

dehydrogenase) l~Ln~n~lf1~L'W[;l-6-~'El~L~[;l (gluconate-6-phosphate) LL~:; NAOPH 

(reduced nicotinamide-adenine dinucleotide phosphate) vl'l~~m'i' (3) 



213 

G6P-DH 

G-6-P + NADP+ ---I~. gluconate-6-phosphate + NADPH + H- (3) 

~--1tfhnru NADPH ~LnVl~'W~:;~).J~~nutl'h.nruJ'1!Pn~~-n\'ltl"l~~LnVl~'W LL~:;~1).J1j'rll?1'i'')~M1U1~ 

Li11t.J1'''1fhn1j'~i11n~'WLL~--1~ 334, 340 LL~:; 365 'W1L'WL).JI?1j' A1'W')rum).J1ruJ1(;J1~n\'ltl"l~~Lni11;'W 

LL~')A1'\.,nruLu'Wm).J1ruLLi:l--1i?l'tlhJ 
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c::to ..... ~ Jf CitoCil 
n1~'lLfI~l~Vlunnrurl')l).J'Ilt.l Cf11).J'lfi'iltl~ AOAC. 1995 

i":lI;hmh~uln~~LiiUlnl.h~).J1ru 2 nf).J 1'IXVl~luJ1V1ll'n~LL'llt.l'ilt.llt.1m'llt.l~'il~i1Lilm.J ~~!lUbL~~Vl~lUJ1 

Vlll'n~LL'llt.l'ilt.ILL~'l 'ilUl'IXLL'IX~lt.1~'ilU1vJYh~iJ'ilruVl.lJi1130 ±2 !l~P11L'll~L~U~ Ltlt.lL'l~l 2 -I'lLl.J'l tlln~.hLL~'l-W1 
m'llt.l~'il!lnr,nn~'ilu1vJYh ~'ll'IXLut.llt.1LIn'BLflLCf1'ilf ~'ilruVl.lJi1'IX'il~ -I'lJ1V1ll'n -w1hJ'ilU~1~nflf'l~~ 30 t.l1Vl r,m1~ 
J1V1ll'nfl'l~L~'il~~C;h~'iI'il~J1V1ll'n~i'l1~ 2 f1f'l~lnCil'ilflt.1~1'lnt.lhJl.J1nn~1 1 i1~~nfl.J ~'lLtlt.lJ1V1ll'n~I?lYhu~,,~, 

~'il'l'ilUlL~~i~ 


n1~~LfI~1~"hITl.J1ruLtJ~~t.I (Kjeldahl method) Cf11).J~fi'lJ!l'l AOAC. 1995 


-I'lc;i'l'il£h'lUI?l~~L~Ul?ltJ~~l.J1ru 2 nfl.J 1,n~J1V1ll'nLLllt.l!lt.l~'llt.1'lJ'l1?l Buchi L~l.J~l~~~l.J'lI'il'l KzS04 

LL~~ CuS0
4 
5HP ('ei'Cf1n~'.lt.l19:1 nf).J) tIT).J1ru 7 nf).J L~).Jml?li~Yh1mii).Jiit.l15 i1~~~[1J~ -w11,Jti'iltILI?lU1if 

Lfl1'il'l Buchi 424 tJ~~l.J1ru 45 t.l1Vl "t.l1~~1~~~~lU~1~ ~'el"t.lLUt.l L~l.JJ1n~t.I 50 i1~~~[1J~ L~l.J~l~~~~lU 
L'llL~Ul.J1f11?l~'eln1'll"'Liil.Jiit.l 40% (J1V1ll'n/tITl.J1 Cf1~) "t.l1~~1~~~~lU~J1 [1J1~ -w11tJn~t.ILI?lU1if, I?ln~t.I'iI'il~Lfl1'el'l 
Buchi 315 Llnm!l'lfu~'ln~t.I~'.lU~1~~~~lUml?lu!l1n 4% (J1V1ll'n/tIT).J1[1J~) tIT).J1[1J~ 1 00 i1~~~[1J~ ~..:JiJ~l~ 

~~~lU~t.I~LfI L[1J!lf~~l.J!lti 2-3 VlU 1?l1'IXtJ~lU'iI'il..:J Lfl1'il..:JfI'lU LLUt.I'iI'il'l'l1C;In~t.I~l.J'iltilt.1~1~~~~lUml?lu'il1n n~t.I"t.I
'iJ q 'II 'l.l 

1~tITl.J1[1J~~'.ll.J 250 i1~~~[1J~ -W1~1~~~~lU~~!l..:Jfu~..:Jn~t.lLL~'l1tJ1VlLVl~Cf1~'.lU~1~~~~lUml?l).J1Cf1~J1t.11f1LIn~f1~tl 

1n"t.l1~~'lll.J~ LVlUUnU~'lJ!l..:J blank (blank ~!l'il'el'lLVI~'l~1~"lnn1~1~~1~VJn'l1ijlnlt.1m~u'lt.ln1~ Kjeldahl un 

L~t.lc;i'l!lti1'l) 


n1~~Lfln~'lftITl.J1rubart.l (ether extraction) [1J1l.J~fi'lJ!l..:J AOAC. 1995 


-I'lc;i'.l!lti1..:J~!lULL'IX..:JLL~~UI?l~~L~U"m~'.ltJ~~l.J1ru 5 nfl.J 1'IXVl~luJ1V1ll'mLUt.ltlt.llt.1m~1?l1'~m'il..:JLU!lf 4 

LL~'l'lA!ll'IXL~uU¥!lU -w11tJl~lt.1Vil.JLU~ l~Vil.JLU~lt.1 extraction tube ~'flLii1nUVI~tl(;)rI')ULLUt.l1if~1~,ntJ~lU'il!N 

Lfl1!l..:J fI'.lU LLUt.I L~!li1tl..:Jnt.lhn'IX j;J'.lVh~~~lU~~LVlU1tJ 1'IXm1).J¥tlt.l'll'l In LdhL(;)U rl')U rJ l.J~ruVIJJm'lXiJn1~1 'llvJtlt.l 

'lI!l..:Jj;J'lVh~~~lU 10 t.l1Vl/flf..:J Vhm~~n(;)~(;)~!lnt.lLllt.lL'l~l 6-8 i'lL).J~ -W1~..:J~~nln1~t.I'lI'llnLLl1'l1tJ~~LVlmm 

m[1Jn~ul.J~Lfi!lftltl n l'IXVll.J(;)LI?lU1if, (;)~~LVlU~n)'1)1n1 P1 tlU c;i'ltlti1~J1art.ll'IX LL'IX..:J It.1~tlu1vJYh~ruVl.lJi1tJ~~l.J1ru 
100-120 !l..:JP11L'll~L~U~ t.l1t.130 t.l1Vl "t.lm~i..:J~~~1..:J'lItl..:JJ1V1ll'n~-I'l1~ 2 f1f..:J~lnc;i'elnt.lCil1..:Jnt.lhlLiit.l1 i1~~nfl.J 

n1~~LfI~1~'lftIT).J1ruL~t.llu [1J1).J~fi'lltl..:J AOAC. 1995 

i'lc;i'.ltlti1'l1,n~J1V1ll'mh~l.J1ru 2.5 nfl.J l~lt.1umn!lf L~l.Jm(;)i~l'h1n 1.25% ~'l~l.JL~!lI?l~'l1tJ 200 

i1~~~[1J~ -w11tJtitlu~'l£m1d~).Jl'IXL~tl(;)c;itl1tJiint.l1t.1 30 t.l1Vl 'lIru~Iifl.J-W1m~"nt.l1~n1~L~).JJ11wl?ltJ1nUmn!lf 

mtl..:J~'lUm~ln1~mtl..:JLUtlf 41 ~1'lmn~'luJ1¥tlt.l~t.lVll.Jlnr]Vltmln chUn1nUt.lm~l?ll't!mtl..:J~..:J1'wumn'elf L~).J 
~ld~~~lUL'llL~Ul.J1t1lnd'tln1'll'" 1.25% ~'lIifl.JL~!lIn~lt.1'lt.l 200 i1~~~[1J~ -w11tJlifl.J 30 t.l1Vl Ll?lu1ifm~"nt.l1~n1t11?l 

tJ1numntlfl~'lJru~~l.J mtl..:J~'lUm~l?ll't!mtl..:JLUtlf 41 ~1..:J~'lI'JJ1¥tlt.l"lt.lVll.JInr]Vlt~1'l ~l..:J~'lmL'el~n'elf1'el~ 10 

iJ~~~[1J~ d11'Jn1n~LVI~tll~f1~'BLU~ -w11tJ!lULL'IX'llt.1~!lU~!lruVl!1i11 05-11 0 !l..:JP11L'll~L~I'J~ t.l1t.1tJ~~l.J1ru 2 -I'l 
'lI 'l.I q 'lJ 

Ll.J..:J LL~'l-W1!l!lm.J11~LIn'BLflL[1J!lf ~..:Jl'IXLut.I~'qruVl.lJi1'IX!l..:J -w11tJ-I..:J !lU~lt.11t.1f1f..:J~~ 30 t.l1Vl ''It.l1~J1V1ll'n~1..:J 2 

f1f..:J~lnnt.lhJLnt.l 1 i1~~nfl.J "llnJ1V1ll'n~-W!lU~~1n tl!lLllt.lJ1vrll'nfl~'BLu~LL~~n1n VI~..:J~ln!lUbL'IX..:ILL~'l Le.J1f1 9 'B 
,~ ~ 

http:J1V1ll'n/tITl.J1
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.ff',n~''1~'Eh'l~!l ~1V1..rn'1l'fl'lL~'W1uVlmU 
n11~Ll'ln:;",uhnrudh mJ.J~fi'1l'fl'l Mee. 1995 

t.h~'1'fltll'1~UV'l~:;L~U(?11_.h:;mru 2 nfJ.J .ff''11~l'lt:nLij~~L~ILL~:;.ff''1~IV1..rnL~UU~'ElULL~11,n~~TVI..rn~m.l 

'W'fl'W L~J.Jn~L'1Im'El~ 2-3 VlUV'I LL~1l!lhJL~I~hu1yhi'El'W1"'l'WVlJ.JV'lI'lr)'W LL~1l!lmL~11'WLmL~11V"1vh~~ruVIJJn 

lh:;mru 500-600 'fl'lf'lIL'1I~L~U~ 'Wl'WU1:;J.Jlru 2-3 .ff'1 tJ.J'I "'l'Wm:;i'l1~dh~'1I11V1~fl~LVJll!I'fl'flmn1~LV'I:nLI'l 

Llnflr ~'11~~Lij'W~~ruVl1:Jn~fl'll!11u.ff''1 L~Il1i1fltll'1~I'Wl'Wl'lf'l~:; 30 'W1Vi "l'W1~~IV1..rnl'h'lri'WhJLn'W 1 n~~nfJ.J 
"'l V'I~IV1..rn~ilflU~~ V'I ~'fl L{'J'W~IV1..rn'1l'El'l 1'l1:n LU~ LL~:;l1i1'fltll'1

q ~ 

o , ~ 

1'l1'W1ru"'lln~~lnl'1 1'l'El 

%mflu1mV'l1VJ = 100 - %tU1~'W - %1'11jJ'W - %L~'W1u - %Lt'h 

VlJ.J1ULVll'l : 1'W~~H' %dry basis 1'Wn11r11'W1ruvY'IVlJ.JV'I 
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1. 	 LL~'W~l~r;)m~"n (glass slide) 

2. 	 m~"nu~LL~'W~l~r;) (cover slide) 

3. 	 ""~tl~,..,tJ~~I'j'~~~ltJ (dropper) 

4 . 	 LL'V),:lLLn"l 

5. 	 n~'El'l'~'V1'j''j'Pll1 (Meiji Techno, Japan) ~11i'ElLihnuhJnLnn.J image analysis (Image Pro Plus 

3.0, Media Cybernetic , LP , USA) 

2. 	 ~1'j'~~~ltJltlt'El~'W r1"l1~Lir~ir'W 0.2 LUtlfLoD'Wi?l: L!?l1-tJ~t~tJ~~~ltIC-l~nl'Elt'El~'W 2.0 ~~~nf~LL~~tu 

~~L~tJ~l'Elt'Ell~r;) (KI) 20 i1~~nf~l1itl 1 ~~~nf~ 
~qQ. ~ 

"lfi"lLr1'j'I~"" 

1. L!?l1-tJ~LL~'W~l~r;)LL1J'I~'lmh'l tl'ltJ1irtJLU!?lI'lVl~1'j'~::;~1tJ'lltm~ 80 LUtlfLoD'Wi?l u'j'::;mru 40 
~ ~ 

l~tm~!?lJ LL~~,..,tJ~~'1U'WLL~'W~l~r;)~~~tl1~ 

2. 	 1ihLu'I~'lmh'lu'j'~~J1ru 0.0006 nf~ LL~~'\~n~1m~"11'J~'1U'W""tJVl'lltl'l~I'j'~::;~ltJ~tr1'j'~U'WLL~'W 

~1~r;) C-I~~1,xLLm\+~LL1J'Im~"ltJ~'lmn~~1n 

3. 	 nnilm'j'!?lJ'l"~'j'u11'1'lltl'lL~vlLLu'I1,xu~LLrJ'W~lrlr;)~'ltJm~"nu~LL~'W~1~r;) LL~'l~'El'l~LLU'I~'ltlth'l 
~~ 	 ~ 

rnI'J1~LL~'1un~ !?l'j''l''~'Elu~nttru~ birefringence LL~~ maltese cross t~m1'1LL~'W~lrlr;)rntJ1~ 

n~'El'l"rl'V1J'j'Pll1~U~'V11'1 L~'WLL~'1 ~'ltJ Lrl'W~'Virl1h'lf LL~~""~'WU fu~ ~'l Lrl'W~'Vi~1h'lf L~'Elvl11,xLn ~ , , 


J~'W1U LL~'1 t'Vi~1h'lf vl1m'j'u'W~nrn'Vi'lJ'El'l C-IrlmJ'V1~rl'El'll~ 


4. 	 mrum'j'1'Vlm::;"1tJ'll'W1Vl'lltl'lL~VlLLil'l1;[ILU!?l~I'l~IJrl~~11'J1'Elttl~'WU'j'~~lru 40 l~Lr1'j'~!?l'j' LLrl~ 

,..,tJ~rl'lu'W,..,tJ~'lJ'El'l~IJrl~~1tJLLil'lU'WLL~'W~lrlr;) LLrl~c.J~~1,xm~"1tJ~'l~nr1f'l""~'1 LL~::;U~~'ltJ 
m::;"nuVl LL~'W~l~v1 

5. 	 rl'El'WmJ~ Lr1'j'I::;~'ll'W1 ~ LLn'j'\+~ LLil'l~'ltlrJl'1 "::;~'El'lufUrh~1 !?l'j'~I'W'lltl'ltUJLLm~ image analysis 

rltl'W t~tJl;hLrJ'W stage micrometer 'l1'1rntJl~n~tl'l'~'V1J'j'Pll1 LL~~u'W~nrn'Vi~'11'WLL'W'l~'1 LL~::;LL'W'l 
'Wtl'W LL~'lv'hm'j'ufu rh~1 !?l'j'ijl'W~1,..,fun1J1'~'ll'W1 Vl L~'W~1Pl'WUn~1'1t~tl vu~tJ'lJ'El'l LLm11rl LL1J'I 

~ 	 ~ ~ 

6. 	 '111 LLrJ'W~lrlr;)'lltl'l LLU'I j;]'ltlrJ1'1~~tl'l m'j'1'Vl rh n1'j'm~"ltJ j;]'l'll'El'l'lJ'W1 ~ b~ In uiJ'I m'l1'1rntI1~n~'El'l 

"~'V1J'j'Pll1LLrl~u'W~nrn'Vi LLm'Wrl LLU'IH, ~ 

7. 	 ~Lrln::;~'lJ'W1(ilL~'WrJ11!l'Wunrl1'1tl'lm'U~I'J'lltl'lLLm\+rlLLil'l ~'ll'JtUnLnw image analysis LLrl~r1'l'j'''~ 

~'El'l~br1'j'I::;~LLm\+rlbLU'I~I'W'l'W~'1LLI1i 500 L~~~'Wlu ""~'1"1mr'W~'1'111irtlJ.Jrl'lltl'l'll'W1(ilL~'W~11!l'Wcl· 
nrll'1L~mil~tJ'lltl'lLLnJ\+rlLLU'I ~'1~1'Wl,Jti'ltunLm~ Microsoft Excel b~'El~I'W'lrubtl'Wrhm'j' 

m::;"11'J ~'l'lltl'l'lJ'W1 (il LLnJ\+rl bbU'I 
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I11flt:.lU'ln "iI . ~fi~Lfl'<i1::~~::~ta'6'l1.uL:a.:jflr;uI11Vma::m:IJ1r;ut(;)ttl.'; High Performance Size Exclusion • 
Chromatography (HPSEC) 

q .d a,.; """" 
l-nlEJf'l:;b'ElEHM1'1'W 

1. 	 -K'I bbi1'11J~:;l-nru 0.04 nfl--J b~l--J~l 1 0 iif'l~~[;l~ 1~1UVlf'ltll1lbbn'J LL~'J'I111ulXl--J1'W~lb~'Ell1lU~:;l--Jlru 
10 'W1Vl ~'11t)l.~Lu'W~tlruVlllii~tl'l, ~ 

2. 	 -wl1u Sonicate LI1lmf'l~'El'l ULTRASONIC (high intensity ultrasonic processor, Model 501, 

Sonics & Materials Inc., USA, rh~'1 550 r)[;ll'i) ~nl~'1 30% LU'WL'Jf'll 18 i)'W1Vl 

3. 	 vT'Jtl£Jl'1~1~-Wll--J1m'El'II;.h'W membrane (cellulose nitrate filter) 'll'Wl11l 81l--JLf'I~bl--J[;l~ 

4. 	 vT'J'El£Jl\l~nm-ll~ -Wll--Jl'i1!?1L'iilLf'I~'El'l HPSEC ~lh:;n'El'lJ~'JEJf'ltl~l--J,r 3 f'I'El~l--J,rI1l'Eln'WLU'W~l~'lJ~\l~ 

Ultra hydrogel linear, Ultrahydrogel 120 bbr:l:; Ultrahydrogel 120 (Waters Associates, Milford, 

MA) 'iJruVl1Jii'll'El'lf'l'El~l--J'W1if~ 40 tl'lPllL'1lm~m~ LI1ltJml--Jllil~vT'J'El£Jl'1~1if'i111lLVhn'lJ 20 ll--JLf'I~~Iil~ 

Lbf'l:;1if deionized water ~mtl'lcJl'WLLC.hJn~tl'l'll'fl'l Millipore 'll'1..l111l 0 . 251l--JLf'lnl--J(;l~ LLf'l:; 

degassed LL~'JLU'W mobile phase LLr:l:;1if flow rate 0.8 mllmin 1il~'J"l~tl'lJ~l~vT'Jtl£Jl'1~bbEJnl~ 

~'JtJ differential refractometer detector model 410 (Waters Associates, Milford, MA) 

5. 	 Lf'I~mLIilUml--J~l~-Wll--Jli)Lf'I~l:;,x'Jj'Wl 111 LLf'l:;mmrutl:;mr:l~LI1ltJ bVlEJ'lJn'lJ~l~m [;l~fjl'1..l dextran .... 

ml--Jlrutl:;mr:l~ 

1. ~l~l--Jl[;l~~l'1..l dextran bLI1Ir:l:;'ll'Wl11l b~'ElVhm~LU~EJ'1..lLLUr:l'lf'l'Jll--JL-iil--J-ii'1..l~'1LLl1i 240-1200 ~g/ml 

b~'El'i111lb-iilbf'l~'El'l HPSEC "l:;1.J'WVinfl1~'W~1IXml~~bbl1lr:l:;f'I')ll--Jb-iil--J-ii'W bb~'J-Wll--Jl~~l'1ml~f'I')ll--J 

~l--J~'W1f~:;w:h'l~'1..l~1IXml~n'lJf'I'J1l--JL-iil--J-ii'1..l bb~'J-Wll--Jl~h-lnn~f'I')ll--J~l--J~'1..lfi~:;w:h'l~'1..l~11X 
nn~n'lJf'I')ll--JL-iil--J-ii'W [;lll--J~l--Jm~ 

Area = a (Cone) + b 

2. 	 vT'Jtl£Jl'1LLi1'1lT'1..l~lU:;VI~'1 b~tl'i111lLihLf'I~tl'l HPSEC "l:;Vl~1'lJrl1~'W~1~ml~ b~'ElUVl'Wrh1'W~l--Jm~ 
1 ll1ltJ~~l--JU~:;~Vli a LLr:l:; b "l:;l~"lln~l--Jmn~'W[;lN'll'El'l~l~l--Jl[;l~~l'W dextran "l:;Vl~l'lJml--Jlru 

f'l')ll--JL-iil--J-ii'1..l'Jjtl\l~l~vT'J'El£Jl'1 (~g/ml) 

3. 	 ~l'W'Jruml--Jlrutl:;mr:l~ (%) 

'll'Wl11l'El:;mf'l~ 

1. 	 ~lml[;l~~l'W dextran LLI1Ir:l:;'ll'Wl11l b~tlVilmnU~tJ'1..lbbUf'l'lf'l')ll--JL-iil--J-ii'1..l~'1bLI1I 240-1200 ~g/ml 
L~'El'i111lL-iilLf'I~tl'l HPSEC "l:;1.J'1..lVinrl1L'Jr:ll (RT) ~Lbl1lr:l:;f'I'Jll--JL-iil--J-ii'W LL~'J-Wlm~~l'1ml~f'I'Jll--J 

~l--J~'1..lfi~:;VI~l'1~lV1,rnll--JLr:l'1~ll1lm'U~tJml--J~l'W'J'W (Mn) n'lJL'J~l (RT) 

2. 	 vT'Jtl£Jl'1LLi1'1lT'1..l~lU:;VI~'1 L~tl'i111lL-iilLf'I~tl'l HPSEC "l:;Vl~l'lJrilb'Jr:ll (RT) L~'ElLVltJ'lJn'lJml~f'I')ll--J 

~l--J~'Wfi~:;VI~l'1~lV1,rnLl--JLr:lnf'lLI1lm'U~tJ(;lll--J~l'W'J'W (Mn) n'lJL'Jf'll (RT) "l:;VlJl'lJ~lV1,rnll--JLr:ln~LI1ltJ, , 

L'U~tJml--J~l'W'J'W (Mn) 

3. 	 ~l'W'Jru'll'Wl11ltl:;mf'l~ (DPn) r.l1nf'l'Jll--J~l--J~'Wfi 

DPn 	 = Mn/162 
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