
{Proximate Analysis) 

W'I'Hl1~11 (nutrients) LU\Io~'ltinnlid~hm~a'!Vi&r'l-:11\t"lltl'li1'1n1tJ11'\.I.~ULU~::i~{ 
~ , 

L\I.U 1865 Henneberg m~:: Stehman ti The Weende Experiment Station LU 

ih::L Yl~Ltltl'lll\1. L~~911\1.1n1'li LTI11::~ ~'ltl1~11L ~a1d1~ tJLLti'ILU\1. 6 nall ~111Titu.~111J~ , , 
.. "" ... ... .-.¥ ' "" 'I - .. .. ... ,¥ "" Yl1'1LTI11 'U'IL 'ltlnn111LTI11::~\Io 11 The Weende Analysis '11'1 L"1!1LTI11::~111';1\Iotl'IYln1\lo\lo '11'1 , 

Proximate analysis ~1a Weende Analysis LLti'IL"'i'lti~a Tl111l:B'\Io L"llll\1. Ltl1 L\I.L~'lL';I\1. 
~'!Lti~tJ\I.LU\I.Llh~\1. m~::mftu\m~1~ 1~mu'Vi1::TI1i1uLl!L~1~~1111mLti'ILil\lo ui\I.Ltl 

El1~11LL~:: soluble carbohydrates ~1a W'l'lftti11~-;nnL\I.L~'lL';I\Io 
m'liLTI11::~Titu..n1'Vi"llrl'1~11El1~11L\Io~~~nru.'tfa1~11LLtl'ILU\1.~~1tJU-;J..ij'tJi'l\i~a , 

Tl1111:5\lo Ln1 L"llll\1. 1ti'l~\lo lum~11 LL~:: T11ftu\nL~'l~ ~'~1111n\I.L rhnu 1 oo% 

~~El~';JUn11~1\1.1tu.~h'Via'I'11U n11iLTI11::"th.fi111tli.W'I'lrl1~11L"'iun11oWftl\1.1~~r:J~L1~1 
"' .. """' .. ..I ... .. .., L Vir:J~~n111Lfl11::~Yltln~r:J'I LL~L Ur:J'I';J1n11iliiLfl11::~~1'1 ') L1i~1111tl~El1J~UEl'l 

~ 

l~tlti1::~'1~~1'1 ') '"'~'!~ 11 ~ \tni Lfl11::"' El1~11"' r:J'Iti'l::Lij\1. ini Lfl11::~1~ ti~';J1 ninft L~ an , ~ 

~\I.W'11111tl L ~ollr:Jll~ft~U~\1. L';J Vii'r:Jll-#'liifl1111LL~\1.~1 (accuracy) TI1111L ti r.J'I~'l'l 
~ 

(precision) ti1::~nn111'Vi 'h 1i~1tJL um1iLfl11::~ 1!niLfl'l1::"'tiL ~111::~11nu'I1U 

A113J~\4. (Moisture determination) Lilui1:!~tu.111'Virl1~1'ltiih~ty111nmh'l~rt'~r\ 
Liih~i'U~11';J~EJUinm'l~~~LL~::fltufl1'Vi"llEl'lr:J1~11 tt1LiiUR1\Ioti1::naufi~1~nlfi~~L\Io , .. , 

... ' 
1::1J1JEl1~11 \biiTI1111LntJ1"lir:J'I111nnu&tn'!!ttu.:: ~ LL~::n11"ll\I.R'Ir:J1~11 LL~::LiJ\1. 

~1ti1::nauti ih~ty"ll a'lti~mm:a1LT~iil u 11'1m tJ ~n-#~iifl1111 ~1flty~ an11L~7tyL~u 1~ 
"ll £1'1';1 ~\I. n'i Ef ti1 TI1111:B'\t~1 ~ 11T'H1 uu tT'I m1L ';11ru"ll EJ'I';) ~\t n'iu1"' T11111:B'uii ~~Iii a , .. , 

1. L~1~;;n';J"ll£l'~~~~~LL~::rtu11n" .. ~ ~ 
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2. fltll.tl1"1Hh'IEl1~11 • 
3. ~~"lJEl~ Browning 

4. ~~~~Eln11t.h::Liiufi1'!1El~ materials, balance ~1a processing loss 

5. '1111~fltll.tl1"llfl~El1~11 (nutritive value) • 

:'.d ... tlq ......... 
,_.1f1Liil \U,..il1'V11''J3J 3 !1,_.~ Ail 

1. Free water Ltlu J1~~ LL 'Yl'lnEJ ci1::~i1~'lia~i1~"1J a~1'ltJ&iu EJ1';J~n11Ln1::~1nu 
~ . 

a~fl'th::nau"lJEJ~El1~11U1~ LL~LL'l~Lm::~1l1lLL;i~LL 1~1nnun Ltlu J1~ati'l u colloidal 
~ 

.e... .... .. .. ..I ... .. 
substance LL~::tn1~::~1r.1~ ~~'ll.Wnn~~n '1f~Lm::Lnr.J1'11r.J Van der Waals forces ~1El 

hydrogen bond ~fltu~1JU~L~~auli'1tln&i tn1111mtlu~1n1~::~1r.Jl~ ila-1uL~r.11"lia~nu 
1 

m7Ln~tl~ffim Lflil LL~::~~" 'Y1'16tn1111nu1 'ttl't "lit u.m1~11~~1~ l~ 

2. Bound water ~El J1~Ln1::1JU~1"1JEJ~colloidal J1'lU~1111::d';J::'l::L~r.J"lf1ni1 
free water ~El~Lvi11atu'V\11iihm111::L~r.JJ1 tnllTHltlnEJ~lLn1::l~mh~L~il.r.J1LLUU ~ . ~ ~ 

1::LUr.Jl.JLL~::il,-tl'Y11~ LL~::';l::111lrlU~17"11U~~" ') 'l U'ltl"llEJ~ hydration ,htf't1ltn1111tl 
~ ~ 

1l1ltJ'l "lf'LUU~1n1~::~1 r.Jl~ LL~::LUU J1~l1JLL;i~i1 Lrl EJU1 EJ1~11ltlLL 'liLEJEln LL;j~~ Eltll.~11iiL~ . ~ 

') ~~iuJ'1LUEl1~11"J1ii.~;i~~~111r.Jn~ J'1~L~~aaci'lu~111W"llEl"L~~1"lltu::~~Eltu~11ii~1 
~ . ~ 

ni1 0 El"fl1L'1f~L~r.J~ ~1EJ~1~"n" -20 El~fl1L'1f~L~E.J~ LhWl1JEl1~11LL'liLEJElnLL;j" (Frozen 

food) 

3. Capillary water LUU J1~m.i'l u 1fl1" ~11""llfl"L d'mfla LL~::Lria1fl1"~11""llEl" 
~ 

.f.,j 0 ' ...... ·t ....... :' ... .r .. ..,. .. 
L'l.l.ElLEJEJ~n'Y11~1E.J L"J1U n11LL"J1LE.IElnLL"lJ"';J::'Y11 ~1Jn11~qjL~r.JU1 (drip loss) Ln'l"ll'l.l.L'I.l.L'I.l.ElLtJEl 

iu l~ J 1 ff1'!.1. \i[]"fl"ilfl m~11u~l1lL ~~ m.1.nuJ1 8~1:: 'l U1i1111"111~ mh~LL tl';l1~ ~"3Jm1r.~nJ1 • 
a~1::i1 "LLEJnfivhmlilaf" (active water) ~~~mE.Jn" ,r1~U~fl~1n~1fltu"11Ul"lla~li'1a~1:: • 
l fl.~ ti1 a"fl'tl,-::n au"ll a~ m~Tl~1aam~niiL tl~ E.JULLtl~~ltl1furi~ ail~~~ aJ1a~1:: 1~ r.1 . ~ 

'Y11~elElll n1L~~tl1111tuhifl"~ El1~11~1""11U'1Tl'l.l. ~fl111l:.fiULthnu~~lah11LUU~El~ihl1 
a~'l::Lrhnu 

ti1 EJ1'11117ihi'1a~,-::111n ';J::L;.E.Jl~J1 E.J Lila~';l1n';l~u'Y116tnll11m';l1ruL~u 11ill~ . ., 

m7'Y171Um3J1 m li'1 ~ ~,.:: 't um'V111~"li~1111,)1 djumn 'l um7~';1::~11ilL'l1l~i1 EJ1'VI17';J::L;.E.J 
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... ... 

~hn;Jn11aJ!Iih1\t1/ ~hLLilnii~Gl'llih'l\t1 (Water activity) (aw) V13J1Uii-il cl~'l1~1'\.l."lltl-il 

fl111liuta"lJa-iiJ1't'U.tnVI1'l (p) ~El fl111li'U.ttJ"lltl-iiJ1u~a-·;rJi (Po )~';1~~11i1~atU.V111ij , , , 'II 

... .... . ~ .... .... .. 
L~U1n'U. Vl1tlfl113J"n'U.a'3JYWltr /100 

aw = p/ Po 

aw LU'U.tl-il~lh:nauW1~ru~atl1VI11LL~-i11:Whm11Ln1J ~-iiU';l';lU'\.I.tl1VI11LL~-il';l: w , 

LiJ'U. ~ UU 11"11 tl-il HU'1L11fl L ila-il';l1 n LnU t~'\.1. 1'\.I.LLa:tJ a tl~Jl tl';l1n';l a '\.I. 'Y(irj' tl1V111LL ~-il';l:LiJ'\.1. 
'II , 

tl1VI11~a:~1nLLa:a~~h 't"li~1 u 't 'U.n11'11'\.l.~-il L ila-il';l1n 't "Ji~'" ~ua rm11 tl1VI11a~ 'U.Eln';l1nii~-il 
'Yh 't~di~fl111lfl-ili1"lla-il1fl1-ilri1-il fl113JVI'\.1.1LL\i'U. Gtn1Ym:: LLa:~hn11f!'U.i1"lltJ-il~a~nm'ti' 

.r. 
0 

...,__. 1 A .... f' .... A. 1 

'U.tln';l1n'U.m water activity U-ii3J~a~afl111ln1tl1J"l1El-il~a~ntu.'Yl';l1ntrty~on L"n'\.1. cracker, 

potato chips, puffed corn curl~ LLa:: popcorn ~1 water activity ';l:iia'Yln-~a~atll]ffim 
non-enzymatic browning, Lipid oxidation, degradation of vitamins, enzymatic reaction 

LLa: protein denaturation ti1a~~1 aw ';l:a~n11Ln~ browning reaction LLa: lipid oxidation 

LflWlutlnffiu1 lipid oxidation ';l:~1a'~Lrltl~1 aw mh:V111-ilna1-il LL~';l:Lfi11111nLrla~1 aw :w , 'II 

ii~1a'-iiLLa:~1~1 ~-iln11a'a1Ui1ii~a~an~'U.LLa:1a"lltl-il~a~ntu.sn Lrla~1 aw Lfi1l'YhL~ 
'II 

water soluble vitamin L~Ua11~iith::1uon't!~a'l1\ln1u 
fl113J't'';l1mh water activity ';l:LU'U.1.h:1uonuuci1-il~-il~an11VI1m111tu.fl113J;!''U. 

'II 
A I J:l .. ..,, A f( .:f A f( 

n11~a~ n11'11'\.l.a'-il LLa:n11Ln1J~a~11tu.'Yln111Lfl11:VIfl113J"n'U.a13J11t11Lfl11:VILUVn: 

free water ~--mJ1~tliff11111tlLLunaan (bound water) ';l1ntl1VI11t~mmila-il';l1nLn1::~~ 
n1Jtl1VI11 L "li'U. Ltl'l~'\.1. Vl1amftuttJL~1~ L"li'\.1. tt1-nil~~1\l ') nqJVi"n 

Raoult's law 

n~1111 i1nna::a1U';l::a~fl111li'U.ttJ"lltl-iiJ1't'U.a1VI11 ii~a~1't~~1 aw a~a-ii~1U 
'II 

tl1VI11'Ylnonit~iiJ1 LU'\.1.~1'\.I.th::n au am'\.1.111~"11 a-iJJ1 'l 'U.tl1VIT'HJTIU1 u 1~ u El1~ u , 
fl11aJiaJ~wrh::VI11-il fl111li'" 'l 'U.El1V111nufl11aJiaJ~'U.n"ll a-il mm~~ a rhau '1 tJ1VI11,f"" 

'II 

cl~11~1'\.l."lltl-ilc;l1La"ll~-ila'tl-ili{Lti'U.~1 aw 
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0.0 

. . 
. . . I 

p 
l ,~ .... 

/ ~ 'J '.._. 
;" ~ ~ / ,:: G 

l s'! I ·. / ,~ i . . / ~,., ~ 
··-. ••• J I' Q 

··..• ..·· I II I "'• .• I cr 
·······--····~··~·· ~ 

/ 

O.l 0.4 0.6 0.8 1.0 

... .... .. ' -~ .¥ " n17LLa'~.:l fi113J a'3JY-l\Ui7::~ 11.:1 u73J1 tll.fi113J"lr\L LL~::f\1n';J n713J"ll El.:llh El Dn 3J1 

Ltlun71~L1r.mi1 n71~1Jl'EJ1JoE'ulD 1'1fLliD'lll"lJD.:Irt113J:!'u (moisture sorption isoterm) t1'1 

... ..r " .¥ ... . . " ... 
El1~17llrt11ll"lr\L l.LD £J';J::~~rt11ll"lfl.L';J1n mn1f'!L 7£Jn adsorption 1sotherm t'l1D1'VI17ll 

\1 

fi1111;!'\Lll1n';J::a-ruL;.£Jrt11114uLLTiD1n1f'IL1£Jn desorption isotherm J1~3jf11LLDn~i~ \1 ., 

a' .:Ia'~ l~LLrl J'1u'ia-'YlfLL~::LdEJai~1a'11UUm.iLUJ'1 ';J::fhL ~fl1LLDn~i~"lJEJ.:IJ'1L \LD1~17 • 
\1 • • \1 

t-~~t-~" J'1l um'VI17th 't ~Ln~rt11ll~u lt1 ~\lrt11ll~u lt1~ Ln~itu';J::ll1n'VI1ml'EJ uitua r.lnu 
\1 

-~ :' d... •"l 1. u73J1tli.U1'Yllltl£J ~UD1'V111 
\1 

2. tltli.'VIllii LittJ\I';J1nDtll.~llii3jr-J~ t~£J~1\I~tln17n~Ln1:: n11Lfi~W\LD':: LL~:: 
• \1 • \1 

n17~::~1 £J"ll tl\1,!1 LL~:: tlJ Lt'lnt-~'VI'1t1 El\Lll1fl~1\l ') L UD1'V111 ~.:I ,_fULda t1 ni.'VIllii LU~ EJUn';J:;ij 
• • . • \1 

' . " r-l~~tlm aw "1JD-\Itl1'V111~1£J 

3. TI11:1JL"Ji3J"JiWllEh1~'H'Int'l::'ntJEJtJLUJ'1 L'7iU Ln~EILLt'I::J'1~1t'l 
\1 \1 

tl1'VI11~ iirt11:1J:A'ua--\l 'VI7aiitl'1:~..~1 mJ1 mnn11 ~1u ~ LUWl.IEI-\ILL i.i-\1 ';J::ii~h aw 
\1 

L'thnu 1.0 LL~::LritJtl1'VI11iiTI113J;f\L~1~-\I 'VI'iu iimmmJ'1'll'El£Jn11~1\L~LU\L"lltl.:ILLi.i.:l fl1 
' 

aw ';J::t-~~~"l;i1n11 1.0 
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" ... "lltlUUJ 

th::LU'lS~'llil" Water Activity 

~hn-;m~~2J"ll ~h'lti'1 (aw) Lil"U.ti'1~1'U. ~ Li~l"U.tl~:: 1tJ"Jnt'~ Dm~L-;J1ru L~u 1<il"ll EJ~';la"U. -,1Ef ., . 
LL~::Lfl<iltiDffitJ1~1~ ') ~~r\ ElL ~\n<iln1~Ltl~ tJ'U.LLtl~~~ nt111'Vi nTniEJ2JL;tJLL~::nT'lL li1 L;tJ 

t. t. :' A • I .f.t f'l a~': :' d I .~.. 0 ._, .., 

"lltl~tl1~T'l <il~'U.'U. 'U.1El~~:: ~~tl ~n aw 'U.';l~Lu'U.u~2J1nt'U.1W'ltlfi1Y12Jfi112J~1flqjLL~::<iltl~ 

0 .... 'l tl .I .., 0 .., A I .r _., ' I A 
fi1'U.~tl~ 'U.n17tl'U.El2JLL~::LL 11uEl1~11<il1tJn11YllLL~~ '11~ fl1 aw 'U.';l::2Jfi1Eltl1::~11~ 0 m 

~ ~ 

1 . ~ fl iJ .... .. ~... . .... 1 ... 
1.0 <iltJm aw "l1El~El1~11'U.'U.Lu'U. ';J';)tJ~'U.~Y12J1..1YlU1Yl<ilElfi112Jfl~<il1"liEl~Ell~11 <iltJ';l::2J 

fi112Ji2J~wlinu tl<il11L11"1l u~tl Dn'itJ1•h~ 'l 'l 'U.En~11~r\ u 'l iLn<ilnl1Ltl~ tJ'U.LLtl~~~ ntlll'Vi 
..I .., ' .. 

n11L~tl2JL~tJLL~::n11L 'U.lL~tJ"liEl~ El1~11 

'U.EJn-;J1nd lfl2Jlnt.J'1~~1::EJ~L ~ tJ~'Vi tlLL~::L ~2.11::~2.1 'l 'U.n11Ln<iltiDffitJ1nl1'Yh~1'U. 
"lltl~LEl'U. L'lJ3J~riEl 't iLn<iln11Liu2Jflnt111'Vi"ll tl~ El1~11 L "Ji'U. n11Ln<il;J,<il1~"ll El~ ~n ~~ Lm<il tJ • 
m1ii1~l'U."lJEl~ LEl'U. L'lJ3J'ViEJ~~'U.El~El Eln~L<il~ (polyphenol oxidase) Lilwii'U. 

fl~Ltln11~'U.~~::~U~1 aw ~~ ') ET~ii1L"'iimmru.Jl~~,.::L~tJ~'ViElLLrin11Ln<iltiDffitl1Lflii 
~1~ ') L"li'U. n11Ln<ilti'l<ill~ L'U.El1~111<iltJLajEl1~tJLEl'U.L'll21 n11Ln<ilElEln~L<ili''U."llEl~L"li3T'U.~iil 
't iLn<iln~'U.~'U. 1 'U.Ell~,,. Lil'U.~'U. 

Drying method (oven drying, vacuum oven drying, freeze drying), infrared 

drying, microwave drying, distillation, chemical assays, physical procedures 

refractometry, conductivity, specific gravity) chemical reaction n11iLfl11::""filfi112J:ff'U. 

L'U.~~<ilzim'l1 D1~1,.~ a~ L<il1tJ2J a ci1~11<ilL ~1L ri aiJ EJ~n'U.m,.~ruL;tJJ, L ri uiJ u~n'U.fi112J 
~ ., 

~<il'Vi~1<ilfl11 'l i~1 u ci1~ u1~,,.~2Jln'Vi El ~ ~2J 1 iL "li1n'U. ~1i1 El cil~fi11Lnu't 'U.1ll"lf'U.::u1,-';)~ 
• 

rl'U.fi112J:ff'U. LL~::tll LajL<iJlLfl11::\{'tl'U. rifi11Ln1..1 L 'U.~Lfl'U. 
~ 
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Drying method 1nenitJ~1111i'ennh1~JTl::L\UJ£1£lmnn19ln~h.JLLa::~1ll.1tu.J1""un~ 
~ 

a9la~ £ltu.""nD~·rh1~i'£lll.fl£l 70-155 £l~fi1L'lfaL:Bmma::~111'ltlti~ii~ 365 £l~f11L'lfaL:BtJti 
~ ,. 'II 

Air Oven Method ~£llJ~~~1'l~::iimu.""nDti~1Lti11£l'1i~1~nu + 0.5 £l~fi1L'lfaL:ntJti 
'II ~ ,. 

""1m.t'rwni1 £ltu.""11D111tJLll. oven ~1'ltli'u'liti~1Lti11tiL9ltJ Mechanical circulation 
~ 'II 

.... .J ... .r .... 't 1 Vacuum Oven Methods tl9l'l1n1'l111LL""~"llll.nlJm'la9l vapour pressure ummfl 9\tJ 

7::lJlJ~tyty1n1fl (Vacuum) tl1n&i~::'ti pressure 1::w"l1~ 25 - 50 d1thti'Yl~tl~,1i~1ni1 
" 22 ibti7D'Y1 

......... ~ ..t ... 
1i51LA11tMA113J~'WIYI1\IUUI 

1. Karl Fisher method 1nit'L""111::nu~1Dci1~£11""1'l~ii fl1111~ll.~1 L"liu n1LLW 
'Ill ... ... <t 1 ... .. .. .. .r.. .. !tt ...~ .. _, 

~a ~11LL""~ "liD~ nLLa9l LL£l::"lJD9l"lJ£l~11l'll.~El~111'ltl1L~71::""LU£11""1'l'Y111~19\1ati~ (""11ll. 
'II 

mn) L'7iu J1~~ m""11~il reducing sugar ti~ 1tl'l~ll.ti~LLa::~111'lflLinu intermediate 
'II ,. 

moisture levels L"lill. bakery doughs, baked products, fat-rich cake mixes LLa::El1""1'l~ii 
high volatile oil 1nd't3.iL""111::~~::1L~'l1::~en""1'l~iiJ1~ti11DciLLUUL3.iti~1Lti11D LLa:: 

'II 

~1£Jd1~~iill1111n L'7ill. ~a,liti91 
Karl Fisher method Lllu1n1L~'l1::~~1111:5ll.~~9lflll.19ltJ Bunsen (1853) LUll.1n 

reduction "lJD~ Iodine 19ltJil sulfur dioxide LLa::ll1Dci~1tJ 
'II 

Karl Fisher (1935) '~tli'utl'l~1""1L~'l1::~.ffum111tu.L~ (Quantitative analysis) 
~ 

L9ltJ1i methanol LLa:: pyridine a::a1tJ iodine LLa:: sulfur dioxide 

C5 H5 N. S03+ C5 H30H -------;> CsHsN(H)S04CH3 

'lun1'lL'Y1L'Yl'l9l~D~L&i11 iodine LLa:: sulfur dioxide a~1ll.~1Dci1~El1""11~ii~1111.:fu 
iodine ~ excess ~::Yi1tl~ffitl1nuJ11u~tl free form 19l£Jii methylene blue LUll. indicator 

A !'I "' "' 'lf~ end point ~::LuUtiL"lJ£11 
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2. fht.lijn;ll1nlJ calcium carbide li'1,::n1u!jmmnu calcium carbide'~ acetylene 

m3J1tu.'!lel~ acetylene 1~,~~mh~un"llel~Ll1\4~~3J~~1£J'tl t1113J~U~1a Gas ~~a~ifu 

'l "· I ... ... I .. 0 'l " " tl 1. Infrared drying -;J:: ~u1::~'Yllill1~~~n11 'lf~-;J::a~na1n11'Yl1 ~LL~~ 1::a.nm 

12-33% 

2. Dessication 1~£J'loi evacuated dessicator L"liu Sulfuric acid tlU"ll11~L~1 
'II 

'l~ll ') Phosphorus pentoxide ,Calcium carbide n11Li1::1J1..J~ruru1n1~t111n1~eltl.l.~ll~ 
._.,., " \1 

~~ni1 50 a~~1L'lfaL~u~ 
'II 

Distillation Methods m1~1t1113J:A'u1~£JinnkuLtlu1n~u!ju"inuli1Lnm..J 100 il ii 2in 

1. nku-;J1n"lla~L~a1~'1h13J~1nu~,~L~a~~~~~ L"liu ,r,~u~~llnuJ1 
~ 'II ~ 

2. nku-;J1n~11a::a1u"lla~J1nu~1n1a::a1u L"liu xylene, toluene 

1nn&u,::n1L~flmll1~"lla~m'VI11~WL~ml'auni11n~u Solvent ~'li~a xylene, toluene 
~ 'II .. 

Toluene Distillation 
.. 'l- .. .¥ .,1, ".¥ ... .¥ " ......... 
U£J3J "Ir1 L fl11::'VIfl113J"IrU"ll tl~ El1'VI11'Ylfl flU "ll1~"lr\43J1 n'VI 'ltl~~ fl113J"IrUL "111 ~a~ 11 tu.'Yl 

'II 

~1£J L"JiU \43.1~~ ~a'~ nruVi"ll tr1 Lt1~tl~L'Yl~ Lllel~';l1nin~u1Lt111::'V11~~a,1Jtln~tl~ 
.. 'II 

... il ........ ...~ .¥\'1., ..... .¥il " .... 
LUel~';l1nL u~a~lltu.'Yl'Yl~~t1113J"llU ~~~aa~na1 11iUL un11 reflux ~1u toluene '11~3.1 

'II 

boiling point ~~ni1li'1L~ml'amL~'1l11ll~1nuli'1 LLa::~h specific gravity '\l'auni1li'1 
'II 

L~n'\l'aum,-~ toluene ii ';l~L~tl~~~ni1 110 a~~1L'lfaL~U~ ~~,::"li1u~~J1e:mn,1n 
~ 'II 

~~~.rim'YIL~~u~~ toluene 'l~L~a~i1a~ 

Physical Method 

Infrared Determination Lilu1niLt111::~J11~£J1~~ Wavelength ~~~n~u1l1Lana 
'II , 

"lla~J1 "li1~t1gU~Lill1n~~~ ~el 3.0 LLa:: 1.6 Jlm L"liU Lli~~Vi"lli~~ 0.7-2.4 Jlm 'VI~nnTl 
~a -t~ Sample 2 ni'll nu carbon tetrachloride LLlLU cell 

Gl'lilEh\1 5.1 lfili1UI. J1 L U wheat, soybean, wheat flour LLa:: wheat bran lil::l~ L W'lh~ 
1.94 LLa:: 2.08 Jlm 

FDT 2301 (FT 331) 73 



Gas Chromatography Method 

.J A .. ~ .l .. ..1 
fl1'WYI 5.2 Lfl'lEI-31 Lfl'l1::'V\f1113J"lrULL1J1JEIU n1L 'l~ 

A A .,. .I•- .. t t .,. 
'YI3J1 : Lfl'lEI-33JElu!J'U'iln11111fl1"1r1L 'Yifl U GHJ EI1'V11'l 

"" ~ ~ 
nT'i1LA"i1t\1Lll1 (Ash) 

Ltl1"11 EJ-3E11'V11'l (total ash) 'VIm tl~-3 tn'lu'l::n au aii.u 'YI7rf~ L 'VI~ EJ EJ ci'VI ~-3~1n~ un 
'II 

EI1'VI1'l~ El ru. 'V\11 ii ~-3~ un'l::-k-3 tfl'lU'l::n EI1J ~u 'YI7rf rm L~1 L 'VI~ ~f:l1 tl ~1'VI3J~ LLa1 m3J1 tu.L tl1~ 
• 'II 'II 'II 

L'i1,1l~1 L ilu~ EJ-3ij LL 'flfl 'i1 L 'Yh rl1J~1U 1 Utfl'lU'l::n El'lJ EIU u 'YI7 rr~ ~ El cit UEI1'VI11L ~3J El LU 
• 'II 

L dEJ-3~1nLL 'flfl'i11J1-3"1rU'il El1~'l::L 'VI t1LU'l::'V111-3L 1f:l1n11Lm Ti1"11 EI-3Ltl1~1Lfl'l1::'V11~ tn3J1'lt1 • 
'lJ Eln~-3fl ru.111Vi"ll El-3 El1'VI1'l n1Ti1"11 El-3 L ti1~ ~-3 n11 u n ~iii 'VIm t1 n-3 E11~ 5j nTlU f:l E13JUUtn'l~U 

• 'II 

L"li13J1LUE11'V11'l~U L"liU 'YI'l1 t1 LL'fl!"1'i1111tiLULtl1U'l::nEJ1J~1tl 1'DL~ti3J, tu LL'il~L~t13J, • 
LLflf:l L~ti3J LLf:I::LL3Jnlh~t13J ~-3 LiluLdlfl'il~ iil utfi3J1 ru.mn ff1UL 'VI ~n EJaiiL \i.t13J 'YIEJ-3 LL'il-3 

• 'II 

LL3J-3n1\i.~ LLa::i-3n::;~::ijEJ ciL Ulfi3J1tu.'il'EJ tl 
'II 
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Ash contents 

Dairy contain ash 0.5-1.0% 

Evaporate milk contain ash 1.5% 

Nonfat dry milk 8% 

Fresh fruits 0.2-0.8% 

Ash inversely related moisture content 

Dry ashing ~ 550 EJ~f'I1L'1Jt:~L;am'f L~Ht'l~~n"'El~L'\.I.nTliL~rn::"' antimony, chromium, 
..1 ... ., ... 

cobalt, iron, molybdenum, strontium, zinc and lead fi11EIUYI 450 El~f'I1L'1Jt'IL'IJ£J~ fl111 

t]YI~LU'\.I.~h~ ~1111rtiLT111::,.(tfimmLti11~ £JU1Lth'b.Ja::t:~1 uJ1LL~1 titrate rl'Un'l~~j 
ID111t\I.LL'I.i'\.I.El'\.l.~~'l::i'fi1 alkalinity of the total ash 

~ 

%Ash = 100 - (%fl1111.:!''\.l. + %hh~'" + %i.'1!2!'\.l.+ %mi11li.t~L~1~) 

~ 
'U'\UfllX 100 

uu.9i'1mh~ 

A I I 

LnanLL~Gl1" ') 

Lnae:JLL1~1~ ') ~~1111tl'\.I.LU'\.I. ash 'l::Ln~it'\.I.LU'\.I.i~G('l'\.1. ~1~ &] '11El~El1V\11 L"li'\.1. 

calcium 'l::ihn111m~~1'"EJ1V\11 '\.1.11, tla1 , i."li LLt:~::vnn51 n11iLT111::~fi1 ash 1~nn~a~ 
~ ~ 

fl11'l::Laflne:JmV\11ij L-rl'\.1. antimony, chromium, cobalt iron, molybdenum, strontium , zinc 
~ ~ 

and Lead TI11Li~ 450 El~f'I1L'1Jt'IL;g£J~ 
m'liLfi11::~Ln~mdYh 1~u ashing LLt:~::a::t:~1£J ash (Lti1) L'\.l.n'l~ LLt:~::V\1mmm 

1~tJ'YI1~Lfl~vl1mfi~El~~El ~~~::~1n, 11~L11LLt:~::~fi1~LL'I.i'\.I.El'\.I.L-rl'\.l. atomic absorption 

spectroscopy u51~fl'YI~Lil'\.1.~1~ ~1111rti Lfl11::"'tfi111tu.'1l El~Lti1 U1 Lti1 i.tla::a1 tl,r1 LL~1 . 
..... .-=I.... .... .... ' 0 ..... • • 

titrate nun'l~YI'lfi1111L'1111'1l'\.I.LL'\.I.'\.I.El'\.I.LLt:~::m'\.1.1tu.na1l L11n'YI11'U alkalinity of the total ash 
~ 

EJ1V\11~ii phosphorus ~~ L-rl'\.1. ~~~nmsn'\.1.11, L11a~~'11. t~\ Liim.la1, i~1iln, i."li 
~ 

El1V111'\.I.ElnL~ite:J'l1n~mh1111';l::iit11mm phosphorus ~1 
• .:11" ~· ,J ~ .r ..... tr'. 

n1~L~t:~n';l::11111n ~'I.Hl1~11YnnL11t:~~'W'11,LLi1~. ow1mmmn, rn, L '\.I.E!, ~~1tln, 
~ 

u1VI11YI::La, tla1, ~fltJ, i."li ti'1L'\.I.El1V\11"W1n~a~nru.sn'\.1.11, ~ai.2T. ~n ';l::iin1~L~~mt'atJ 
~ 

'l.v .!1"' i." .. ..r Magnesium 'W'l.J111n~'\.l.fl1, LLu~. ~n. ~a 11'U1~'1!'\.I.~ LLt:~::L'\.I.u 

Copper 'W'lJ111nL'\.I.fJ1VI11YI::La, ~'l.J. U1~11LLU~. ~n 
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Sulfur ih,nnlum~111th9lu, ~n 

Cobalt 5hnnlu~n. ~~i.~ 

Zinc L UEl1~11YI::L~ 

A ~ 1G'iJ A 
fl1"i1LR"i1::\ll Ash LLtJ\IL '"'2 ~'"'~ 

1. Dry Ashing t~v-k\lffl'li1Elci1\ILU dish LL~::L~1';1Uth1fl';J1n~1u t11i.th~1Lu 

L911L~1~El ';J\ln·:hi1Elci1\11.h1fl';J1n~TflJElU 'ti1L~L~ULU Dessicator LL~::tl1i.tl-i\l Dry 

ashing t~1L~11::\{ total minerals, water-insoluble and acid-insoluble ash 

2. Wet Ashing (wet digestion) ind''licit~E.Jffl7i1Elci1\l~£i ffl'ltluLtft~uuEJE.J 'li 
1 L~n::\{ Vi1 n t~~::~ L U\la'11~ ~ t ii1'ti1 ~::~1 E.Ji1 L~ tJ1nLiLL~n11ci El tJ i.3..i a'lllJ'lmLLlJlJ~\1 

" 
ittJ11Lii1'ti1~::~1tl~a'll L'riu sulfuric acid LL~:: hydrogen peroxide, sulfuric acid LL~:: nitric 

acid 

.f.., I ~il ..., ..., ..r .. 
lUl mn muN ft11J1 1nLLth1L \Ut m~tmtn11s:e::s:e1 u c;HI\Uilil 

"'"" ='1"' 'l- .... ~ ... ..~ 1. Lfl1flft::ft1U,..1 tit (water soluble ash) "lf1L~11::~u71!1tlUtl1Yiffl1117tl 

~::~1mhi.i - ~ .. ~.~:: 
n111 Lfl11 ::\'ltl 11J1 mL fl1fi\I\'11Jtit 

1.1 ok..1i1El ci1\IEl1'VI11L~ihh~umLliUElU~lJ9l~::LatJ~lLLi1ti1::1J1tll. 2-4 ni'11 ti1 

i1El ci1\ILUWll El\IL ~ ~1i El\1111 Lth::L ~ tJ L ~LLi\lrlElU111111 L~1L UL~1 L~1~ EltU.~11ij , " 
ti7::1J1tll. 550 El\lfl1L'lf~L~tla' 

.. -~ ... ~ 
~El u71!1tl.Umti\I'VI1!91 

... ........ "' ..; :' 1"' n111Lfi11::Mu11J1mLfl1flft::ft1 u,..1 tit (water soluble ash) 

1.3 l'L1tl'1111ru.Ln1-rf\1~1J91~';11n"lit~ 1.2 L&i1Jti'1nku 25 ii~~~917 tt1hli1J1Ju 

'VI~m)\li.t~t1'1ti1::1J1ru. 5 u1ti n7El\l~hun7::~n~n7a\1"1Jit~i.3..i£iLn1 
1.4 i1\l~::naui1vti'Tfem 'l.i.1i.tiLe.nluL911L~1~ 550 e:J\Ifl1L'lf~L:Uva- Lri'ai.~Lrl'1; 

"1111 LLiT~b LtiL~L u t tl9191~111J.:5u 111 i.tlok\IJ1'V1Un ~1Wll El\1 L 'VI ~1~L~';J1fifi17fi1El\l Ln1Ji.1' 
" 

1L~11::~~ElLU 

1.5 ~1U1tli.'V11tn1!1tli.Ln1~~::~1£JJ1 
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(alkalinity of the soluble ash) 

U1"llfh1L 'VI£n;nn"Jia 1.4 i. YJLYl'l~nuwna::a1r.Jn'l~~i'~11llL"li1l"Jiu~LL'I.ium.l. L "Jiu 
'II 

milri11J::t1u Vl1an'li1Lnaa ~11llL"lill"liu 0.1 N 1il£JL"li methyl orange Li1u indicator 

3. n1,~Lfl,1nftlia.nmu\1rtlaja::a1u'"",Gl (acid insoluble ash) 
"' "' "' 

3.1 1~£JU1Lti1n..1VIll~~1n"lia 1.2 L~1ln'li1Lnam"Jill"liu 10% (u1wtXn~a1l1'V1\tn) 

,j1u1u 25 Da~~il'l 

3.2 ~:u l uV\3! a eJ..1'1.mi1 n1a..1t:·hUn1::~11Yn1a..1"1fii.~1.h1fl~1mti1 LL~1~1..1~::nt:Ju 
"' "' . ... 

~1£.1\lo11tl\lo 

3.3 \i.1~::n tl\lo Yfi't!lln1::~11Ymti..1Ltl L~1 L UL~1L~1 L "'LUULti1 an~f..1l11 L "'L~U L U 

3.4 fi1u1 rn 'V11mm mLti1~'1.1ia::a1 t.1n1~ 
% Lti1~L1ia::a1t.1J1 = 0/oLti1,Y..1VIll~ - %Lti1~a::a1£JLUn1~ 

m1Laan ashing dishes ifunut:J1'VI11"1fii.~~1..16J 1~fl~H1~LLTi quartz, Vycor, 
~ 

porcelain, steel, nickel, platinum and good platinum alloy 

Quartz dishes ~1\I.Lu~::Li-r.Ju LLa::YlU'Y11U~tl halogen substances YlUn'l~ LLa::YJU~11ll 
.., ,. a o "' -
'lElU~..1fl..1 1100 t1..1fi1L'DaL'IJ£.1~ ~11'Y11~11ll~::tl1~~1£.1 hot dilute HCI 

'II 

Porcelain dishes ~~1£.1 quartz Yl1..1~1U~rn~1l~Yl1..1L~iiLLa::m£J1l1"r'' Yl\lo~11llit:JU~..1rl..1 
~ 'II 

1,200 t1..1fi1L'DaL4J£J~ ~1\lo LUii~1L~£.11JLLa::'Yh~11ll~::t11~~1 £.1 6) ~1£.1 dilute HCI ii.tJllL"li 

L Vi11::J1V1 \tn ~..1~ LLa::11~1 fl nLL~Lli'Yl\1.~1..1 LLa::LL~n L~ t1 t1 rn VlllD L tl ~ £.1\loLLtl a..1ll1n ~..1l11L"' 
'II , 'II 

Ln~iJruVI1LUn1'~ \,Y ., 

Platinum crucible l"li111n~~~ LL~'l1fl1~..1ll1n ii MP ~..11J1n~t:J 1,773 tl..1fi1L'DaL'il£J~ 
, 'II 'II 

heat conductivity ~ YlUYl1U~ti~1L~ii~1ll11mnil~ii.lJL~~mn~~1n reduction "llt1..11aVI:: 

mmL'D~"lltl.."l~un LLa::~::Tt1 , 
Crucible "ltii.~~u L"liu Zirconium YJU'Y11U~ti~1L~ii~·l\l 6) 
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",¥..... ' .: ..... 
U£HJ'iJUn1J"lfU~'7JEh1El1VITl L"lf'U U3J LUil~~1 

l '7J2JU1.h::nil1J~1£Jln~mfuilU, 1t~1~1L ';JU 
~ 

Eh1flth::ml1J L'JiU lu1~1L';JULLfl::Vhl~WEl'l~ 

l111J"'jj 3 i'lfl1":: 

1. ,f',aj'"' (oil) ~ E1~11h::n El1J1.h::L11fl l'7JlJULrlEl El rj\ U~111Y-1'7J Eh1L Vlfl1~ Elni.VI11ih.Jn~ 
'II ~ 'II 

1~LLTi ,r,2Ju3J::Y-~i'11, J12Twi1 

1. Culinary 

2. Physiological 

3. Nutritional 

l'712TuLijuLL VI~"', D"'nmuLLfl::7~1~El1VI17rh 't ~tnVI17DiD u L 'liu 
.: .. .... ' 

L UE13J1~"lf1~U3J 
~ 

El1VI11El1J9i1"' ') LL~::Li.lu texture '71El"'lEl~fl13J tl1fl"'s:ifl113.12TU3.11nfl"'EliEl£J l'712TuiiV1\t1~ 
, .4 -~t" .,...f 111 .,...,. "" " !'I , "lf1£J heat transfer 'lf"'';J::TI1 VlnTl"t1El~L11'7JU ~'713JU3JY-1~"'"'1'"fl113J1ElU~"'LuU 2 L"t11'71El"' 

'II 

J1~1~ l'712Tu~11Jlh::n1ul~';J::s:i essential linoleic acid ~"'Li.lu1fl7"'ri1"'LLfl::V1\t1~9i1"' ') 
'71 El"'L dm¥~1LL~::lh::n El1J~1 £J essential fat-soluble vitamins 

l'711TU~ElEl1'VI17~l1i~::~1£J,r1~13J11t1~::~1£JLU organic solvents L'7iu ether, 

acetone, benzene LL~:: chloroform ~13J'l7t1L-rl~~"' lipids, fat and oil 1'712Tui.t1UL'V\ru';l:: ., 

lh::nDul1..l~1£J fatty acids LL9i1J1"'"lfit~l1is:i L"liu carotenoids, squalene El1'V\Tl 

1..l7::nDU~1£Jl'712Tu'tuei'!il71i.t1u~l1iL'Yhnu L"Jiu shorting LL~:: vegetable ii fat 100% LL~:: 
margarine ii 81% 

m1~n~ l'712Tufl11 'l "li~1rh~::~1 £Jau n1tfmnn11 1 "lfit~~';J::~n!il l, iru 't um'V\1,. 

DDmn't~'V\3.1~ LY-~71::l'713TULL9i~::"lfit~ii.ff1 (polarity) 9i1"'n'" m7~n!ill'712Tu~ii.ff1 L"liu 
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LLt~amn:ma ~1'U.~Hn~L~';l::ii bound lipid tlut~ci"1£J bound lipid t1n'tl1L~~a1£Ji1Lm91£J 
'II 'II 

'tut911LaiftH 'VI'it~'t"litltiffi£J1'Y11..1L"ii'tina1milu free lipid 

i.,lfulfimm"ll EJ\1 lipid 'tum'VI11~~n91 t~t~mn 't~"itut~ tinuinnTl~n~~'ti 
'II 

.. ,,flnnftntllc;\m..i"LiJ,.. 2 th:annfiil ... 
1. ft11'W1n l,ar,.. ~Eln~L'IlEJL 1~"1lEJ\In191L"llllU. n191 L"llllUDH1:: (free fatty acid), 

~L91 El1El a (sterols), monoacylglycerols, phospholipids LLa:: L "l.lllU ~1:: L 'VI £J L" 

2 ... 11'W1nftlaJ,"lf1'!JaJ,_. LL~~1't11a::a1£JHrl91Eltln2J1L~~1£J~El Lii91;~1\l ') L1iftU 

~,-tl,-::nmJVi1ne1am'ta LLa::vnn1911Du~a::a1£JL'U.L"llliu L~LLTi A o E LLa:: K Liit~\l';l1n 
~,-~'tli't"li't"llliu Uiitfi111tu. 'll't~r.Jmm~ m ii £Junu~1W·nn 't "llll'U. i..1,f 'U.HTlVi1n~'t1i't "liL"llliu 

~" 'tli ii ~a~ t~n11i L"11::~ 'V111fi2.11 m 't "llliu. 

... !'f .... ..t .... 
n111Lfl11::,., L'!laJ,_.'!I"fltJ 

1. 1nHn~'t"1Jliut~t~n';l1ni1t~ci1\l 
... ~,¥ ... .._ ... 111 .... 

2. n111 L"11::'VI"lJU.nlJ" ni.~2JlJ 9l'Yl1\l L"2J LLa::n1 £J n1Vi"ll El\1 L"ll2JU 
~ 

"112J~'U.LiJ'U. factor ~~ru 'tum1~rl9'1L"llllU LUVi1:: L"l.lllU ~ii"112.1~UL ·rh,fu~Hrl91 
01 

01 ,¥ ...; ...;... ,¥ ... 111 ... ' ,¥ ...; ...;... .¥ ~ 
91'UJ ether L umr.J ti'Y12.1"112J"ll'U~\I';l::~n91 L"ll2JU.tl anmnn11L umr.J EJ'Y12.1"112J"ll'U~1 

'II 

i1fha::a1 mhwi'u~ Lfl'n::,.,1 ,ar,.. L"LLfi 

Ethyl ether and Petroleum ether 

Ethyl ether ';l::~n91L"llllUL"~n11 petroleum ether LL~11"1LLVi\ln11LLa::1::LU91J1£.Jn11 

Hexane 

Isopropyl ether 

1. n11iL"11::\("1£Ji1't11a::a1£Jau'Yl'i~ L"liu Soxhlet Method LiJuinlu AOAC 

~U£J2.1L"linu111n 
A cr'.... ,;A A .I 

2. nT'f1Lfrn::'VIIil1£.1~11Ulll"ll'WiHl~'] 

2. 1 Babcock Method 

2.2 Gerber Method 
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2.3 Mojonier Method 

3. m7L"li'Lfl~a~iia 

... ..... .... 0 ... ... .. 

1. n111 LA11::~(;l1 UIR1fl1a::a1 U il14fl"i'U 

1.1 Soxhlet Method ~~fiut~£Jfl1«~'l1~17!f Franz V. Soxhlet ~1miia~ Munich 

1h::L'Ylf!LE.JEJ73Ju ~:: t"li Soxhlet apparatus tlVIi'u«n~'t"lJ3Ju ~~Ltlu1n~Liju~tJEJ2Ji'U~12J 
2J1~'l;i1U«1n~ L'rlu ISO, ASTM, AOAC, AACC LUU~U .. ........ .. 
1fi1 LA11::~ 

1. -N~«1'l~1ati1~ 2 ni'll~~1Un17L~fl112J;!u~ufl~~ ~~tu thimble (~~ii 2 "lfil~ 
flv"1fil~n'l::~1~LL~::"1fil~LLrl1) tl~"li1~U1.1.~1tl defatted cotton wool (soaking in ether) 

2. v1Jti1tJ~~v~LiiLfl'l1::~~mu.VIllii 100 v~fi1L'lJ~LffitJ« 1 i112J~ ~~L~LEhi.LU 
~ 'IJ 

tn~~fl111l=A'u .a-~~1VIunti1E.J 
'IJ 

3. L&i2J solvent ~~lu round bottom flask 'iianu condenser LL~::L~2JL~fl111li'au 
nu round bottom flask fhn1'l«rl~ 30 U1rl LnlJ solvent 'tit"litun1'l«rl~flf~'iiEJLtl 

4. LLE.Jn round bottom flask LL~:: condenser aan~1n"1f~«n~ 
~ 

5. '\l1 round bottom flask Ltl'l::LVIE.l solvent vElnLVI~mL'iiL"li3Ju 

6. -t~~1VIl.t'n 't "11371.1. 'll12J1fi1u 1n1. % L"li3Ju1~ m Yl E.Junu~1VIUnLL ~~ L~2J~u 
n1'lfl1U11.1. 

.. .. ' 
'll111un~1 mh:an1'-:J -th11unVi unfliou~\m fh 

%Fat= ., , X 100 
0 QIQI I Q3/ 

'Ul'I1'UMl1 ~tll.:J1UJ ~'U 

2. 16ftn(.ill1Jal'"t"a,~,,. .. ,aJ,,.n tia11L~liuit"'~" '1 uan~,n~Trh~::~1E.Jau'Yl1!f L"liu 

n1~'ll~mn Vl1vn'l~Ln~a L~LLfi Babcock, Gerber, Mojonier LL~:: Detergent method , 
2.1 Babcock Method 1nttiltJ2JL"linu«17~::~1tJ1.1.2J ti'1u2J~::acilwnl emulsion 

'IJ 'IJ 

LL~::~El2J~1£J protein film V11EJL"JinU~1El ci1~El1VI1'l~Li~JU"l1El~L V1~1VI1v~~LVI~1 
... ... 1 ... ..1 ... ... ' ttl .. 1 ' ..1 ... 

Vl~nm'l fiE! "1fn'l~'YlL"li2J"liUtJEltJ 'l~U UEl1V11'lU2J LL~::tJEltJ membrane 'Yl~Elll'lEllJ 

Lij~l"li3Ju «17~::~1tl~El~~ul~i'au~ 55-60 El~fi1L'lJ~Lffi£J«LL~::'\l1Ltl centrifuge "lltu.::i'au , 
L~EJL~LVIL"li3Ju~atJifu2J1~flEl"ll1~ Babcock ~~~::LL«~~mmrnl"ll3JuLiju % ,r,VIl.t'n 1ndti 

L1~1~1ElU1~~:: 45 U1rl~~«12J1'lt1ii1•t-!i'EJ2JrlUV1~1tl~1ElU1~LUL1~1Lilmnu~unu"lJU1~ 
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... .. ..... ..r.. " .. 
"lJEl~LTl'HhUIEl 1li''\UJTl1111t'lfi~El~t1~ 0.1% 

'II 

phospholipids L ila~-;nn11 L"llaJU"lfii.~d'a tit wffu J1'VI;El a r.i'l::'VI11~.ff'\l. L"ll aJ'\l.LLa::.ff'\l.Jl 
'II 'II 

...... ~ 

161Lfl11:\1 

1. 1nn1'l1~EJL"li''\1.11 17.6 iia~~~,. r:.JLUJnu sulfuric acid 17.5 iia~~~,.~~ii~1Tl1111 
0 • 'I .. t ..... -~ ..1 

t11~';11LYn:: 1.80-1.83 ~u Babcock bottle 'lf~ElElnLLU ~muv-n:: 11"ll~UEln~'l111~'l'YlTlEl"ll1~ 

2. L"llr.i1"ll1~L'\l.LTl~El~ centrifuge -;J'\l.LU'\l.Ldm~EJ1n'\l. 
3. '\l1 Babcock bottle LL"liL'\.1. water bath 55-60 El~~1L'lfaLifiEJa- LLa:: centrifuge 

• r: \'1 "" .f " ..1.... • ~ • "· r: \'1 .... !'I 
~'l111 m ~ "ll 11U-;J::a a EJ"llU111U'\l.n1'\l."ll1~'Yl11"ll ~u an~,-111 ~'ln-;J::'l~'l111 m"!l a~ ~ "1111'\.l.L ~'\I.% 

'II 

2.2 Gerber Method LU'\l.in~1iiLTl'l1::'V11omTut'\l.,i'1'\1.11Yi'1'tuinUTia1EJ babcock 

~1~n'\l.~'l~~Lia-1'lr:.Ja'11"llEl~n'l~'li'amm"li11"li'\l.LLa:: lsoamy alcohol LLE.InL"llaJ'\.1.-;Jlnm'VIl'l 
~ 

'il1ar.i1.:1 t~mti lsoamy alcohol Ltlu'il1Li~tJDffiEJ1"llEl.:Jn'l~LLa::ila.:~n'\l.L~LooXLn~;~1"llEl~ 

,.r,~la"llm::1.XT11111i'au ~~in babcock -;J::Ln~Lilatim~ar.i1~L&'iEJ1 iliUi~m111mL"llaJU 
~~iifii'1L£l"llLLa'~.:ILUElfL.nw;i"llEl.:IL"llaJUElr.i~n1'\l.'VI£lEl~ LL~n1'l~1Utfi111mL"llaJW;!::r.i.:~E.I1nn11 

'II ~ 

in Gerber \i.EJ11 H't '\l.EJ hu LL~in Babcock Ht um11~m 
~ 

....... ~ 

161Lfl11::\1 

" 1. ~1-:~u1u11 1 o.s iia~a~,. (11.25 nl'11) L~11n'l~'li'amm-n'11"li'\l. 10 iiaaam 
~ 

(spgr. 1.82) LLa::L~11 isoamyl alcohol 1 iiaaa~'l L~L'\.1. Gerber glass butyrometer 

2. U~-;JnLLa::L"llr.il-;JU curd 'VI1EJLU Ul butyrometer LU centrifuge ~Tl1111L11'lElU , 
0 .. .. 

1,000 'lElU~ElUl'Yl '\1.1U 4 '\l.l'Yl 

3. U1"1.11~Ua-:~1'\l. water bath 63 a-:~~1L'lfaLifiEia- LU'\l.L1a1 5 '\l.Tn ~.:~tfimm 
\'1 .... .f o • r: \'1 .... !'I 
~"1111U';l::£lElEJ"ll'\1.111 El1'\l.~'l111m ~"1.111'\.l.L~U % 
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2.3 Majonier Method inifi 'linui·u1 th..1~ LU"U.'ll eJ..1L ~ £n~'it~i1 eJ ti1..1 en~11~ij 
l'll3J"U.mmtu.~1l~ L'1i'U. 1L~71::~1'll3J"U.~,n~~~ntu.'ti'lJ"U.1nl.., ~~~ntu.'ti"U.ll 
........ .. 
1fi1Lfil1'1t~ 

1. i'..1i1eJV1..1EI1~17 2 ni'11 L9i11 95% ethanol 2 ii~~~7 L~mfi11~1111~'U.L~ 

2. L~eJUEI..1n'l.l.n17Ln1::i1n'I.I.L~£JL~11 HCI 10 ml L~EIUeJ..1n'l.l.n17i1Ji1n'l.l.'lJEI..1 
E11~11 (L~r.J'li HCI:H20 25:11) VEir.J ~ 70-80 E1..1~1L'lfaL:am,L'I.I.~~m)..1LeJ'\{', 30-40 'I.I.Tn 

.. ..2 'l"... ... ~ 3. L~ll ethanol 10 ml111 ~Lr.J'U.LLa:: extract ~1£J ether 3 ~1..1 

4. L'llV1~£lEI~ mojonier LLr.JnL'llaJ'U.EJEJnLLa::'\hlueJu'l~ solvent LL~..1LLa::-t..,J,~'\t'n 
~1'\.1.1tu.~1rnmml'll3J'U. 

~IJ1UL~Gl n1Wl'li1EJV1..1ijL'llaJ'U.111n1nwn~l'llaJ'U.~1£Jn11Vtl£J~1£Jn7~ L'1i'U. Gerber, • 
Babcock LLa:: mojonier ';l::L~'llaJ"U.111nn--hin~wn~~1£J in soxhlet 

a. Detergent method 
.... .r... ,¥ ""' ... ..I 'l" ... ... ...r'l ... ... 11r"U.'W~"U.1'll"U.111L'WEJ~ama£J..1m7 "lfm~L'llll'll'\.1. in"U.~in17~W1la-17~1EJV1..1nuw17 

... ... 'l ... ..I ... 'il ... ... • 
'Ilmn\1 (surfactant) '1.1.'111~ Babcock '1!..1 surfactant ~::LL'YlWY1L11~ ~'ll11'1.1.'1!..1tl£J1tl1J &] 

\1 

emulsion 'll EJ..1'U.11 LLa::W11117mL£Jn EJ an L~ Wl7i1 a ti1..1~::rmLLr.Jnmm 1~ rm11 centrifuge LLa:: 
\1 

L'llaJ'U.~::aeJ r.Jit'U. LU~111~ tl'll1~ Babcock n1l ~ ~1'U.m111tu. L'llaJ'U. '~ 

... !'1""" ..... 
3. n11'1 Lfil1'1t~ L 1JIJ1Ul1 U LA1'ti\IIJ tl 

~tU.Wll~'llEI\IL'll~'U. ~eJ • 
....... A I "" 0 • 3.1 W111J~n17Ln~n~1lnEl'U. (measurement of bulk phys1cal propert1es) .. 

3.2 n17~~na'U.LLW\I (measurement of absorption of radiation) 
\1 

3.3 n11n1::L~\ILLW\I (measurement of scattering of radiation) 

n11'~1U~3J1nLfil111JL~tllJLa Utlu\11 tlaJ'" 
L 'U.n11L fh.1i'm~1 L 'll iJ 'U.LLa::,i' 1aJ'U.~ ::L n" n11L U~ r.J'U.LLU a \I~ tu.ll1'W'll tl\1 ,{, aJ'U. ·1" £Jn7~ • 

L'llaJ"U.L1i~1li1~::Ln"ufjn1mnut~an~L~'U.'l '\l.D1m~ ~1111feJ'\l. LLW\1 ~1111:!'\.1. LLa:1a~:: 
1.J1::Lnm ~ ~mLa::'Yl EJ..1 LL"..1li1 'l ~Ln" oxidative rancidity ~\IJ11r'\l.~::Ln~n11L ~ijw~'\1. 
L rte1\1~1mn" LU DfD EJn L'Il~ LLaji1 LU a fa tJn L'Il"11i'l '11i1~li1 'l ~Ln"n11L ~ii'U.~'U.L il.a-11~1n 'Lliij 
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n~u ·n~· LL~LUerfa an 1'11~';1::111 t1 ci~1L Y-l71::Ln~nTla'~1 £J~'"lLUULn11.h::ml'l.J~7::L VI £JL.i L 'rlll. 
~ 

n1~ LLa~naaaa e1~~'1n~ ~1~ll. ~ .. ni1l"'Ln~n~li.LVIijw~li.~Lll~..,u1:a-\l~ LL~mmm 
L u a fa an L'll~ii djll.l.J1:: 1£J"lfli.L un11i Lfl11::~VI1am ~fl::L ll.n11L~mJ Li£J"ll tJ\1 L "1l 3T ll. 

Peroxide value ~a n111~m3J1tuLuafaanL'll~Lll.,r1~li.~L~mJflnul1Y-l L~£JiLfl11::VI19i' 
~ 

';11nu~m£l1"1ltl..1 potassium iodide LL~:: bound oxygen 't'hLiLn~'1a1a~ll.~ll. 1~£JLn3JTln 
't 't'lL 't'11~ 'La 1a~ll. ~Ln~~ll..i'1 vLn1~::~1 £J3J1~1~1li.L'l1L&i v3J1 't'11aan~L rJ~~i'fl113J L "li3.1"lill. 

~ ~ 

LL\i.UtJll. 

Iodine value (iodine number) 

ila tl'immni'3.1"11El\l iodine ~\IL~3JL"li1LULll.a'11~1Elci1\l 100 n73J 

(B - S)N X 12.692 

IV= 
Sample weight 

B =Blank S = weight of sample 

2 X 126.92 X double bonds X 100 
IV= 

Molecular weight 

Hydrogenation 

(double bond) 

- HC = CH-

Saponification ~mhll.1ll. mg "lltl\1 KOH ~.Yhuiin~mnul"ll~ll. 1 g LvJa 't'i1L"' free fatty 

acids LL~:: fatty acids Lli.1U"lltl\l glycerides 1iLtlll.n~1\l 
~ 

Saponification value 1 i~1VIi''l.JiLfl71::\(J1VIUn L3JL~n~"lltl..1L"ll~ll. L.i'L Y-l11:: 
~ 

1 mol of glyceride ';l::rhu!]mmnu KOH 3 mol 
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...... 
16fl1"S 

1. L~£.1 reflux L"li3JU. 4 g nu 50 ml "lltl\1 0.5 N KOH LU. 96% ethanol LUU.L1~1 

2. lfl3J1tu KOH ~Ln'I.I.~BL~£.1 back titrate nu 0.5 N HCL ~i'lfimtu~LLUU.BU. 
'II 

Oxidative rancidity LUU.nTlL~3J oxygen LU.£l1n1~L'li1LtlLU.L"lJ3!u.~~il enzyme ~1a 
.. ... ..I 

tfl7Lfl3J"li"U.~£l'l.l. ') 

Autoxidation n11Ln~ oxidation LB\ILU.L"llaJU.LU.tUn1::~ii oxygen 

Unsaturated fatty acids _________ ;;:. free radicals oxygen ----> 
Hydro peroxide ---------;;:. polymerization 

tfl'ltl'l::nau~~::1Lfl11::~ ~tl aciLU.'ltl"liB\1 elements, radicals, functional groups, 
'II 'II 

compounds. 

nTwfls.3 LL~~\Iutln-~rniLfl11::VI1"113Tu. (Gerber Tube) 
~ 

~3J1 : Lfl~a..:Jiiu~a"tiDfllilm'liL~11::~u1VI11 3J~1i'Yl£J1am13J~1LLVI\I 
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.d • .; 0 ~ 
fl1Tt'Y1 5.4 Lfi'Hl\ILVI1tl\lff1Wl1J (Gerber Method) 

~111 : Lfl~fl-llii tl~ f!-IIUljiililnTliLfl11::~ tl1VI11 11VI1i'Yl tJ1 ~ tl1111~1 LL VI\! 

n1vt~ 5.5 Mojonier Apparatus ("151iliLfl11::~mmru L"llilll. 1 ll.fl1V111} , 
~1.11 : Lfl~f!-lliiEl~f!\IUljiililm1iLfl11::~ fl1VI11 11'V11i'Yl £J1~ tl1111~1LLVI\I 

5. Refractometry 

LliltJ~nliltn1~1f!ci1-11~1tltn1~::~1tJ~ij,h refractive index~-~~ L"lill. 
'II 
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a- chloronapthalene, a- bromonapthalene 

Calculation 

%Fat= 
[IOOV.d( 11 I - 11 2 )] 

W( 11 I - 11 2) 

11 1 = for solvent 11 2 = for sample 

V = Vol. Solvent W = Wt sample 

Rl Lthuhfl~~L\l.L"ll~\mlii~::"lfit~ lmt~.n1,. identified 

nT11Lfl11t"' Reducing sugar 
..~ ... "' ~ . 

i'f1L'VIG'I't1Gl£h11Lfil11t'VI reducmg sugar • 

d =density 

ElTYn,-mil\1.,-tJ Carbohydrate 111n~~~ L".dt~. monosaccharides, disaccharides, 
~ ~ . 

oligosaccharides LL~:: polysaccharides L~LLTi cellulose, hemicellulose, lignin 

Monosacharides ~tl~ty~El D-glucose Disaccharides L~LLri milk sugar, lactose, 

maltose 

m,-1Lfl,.1::~~h reducing sugar 1~t1~~1Elci1~~,;bm1Lfl,.1::~~El~iin~11 carbonyl 
• 

group (C=O) ~~Lfit~1'llEJ~n'lJn1,- oxidation "l!El~n~ll aldehyde L\l.,r1~1~L".dt~. glucose Vl'iEJ • 
fructose 

fl1111tl~ty"l1El..1 carbohydrates 'Y11~~1\l. nutritional LL~:: metabolic function ~El 

• sweeteners 

• raw materials for fermentation products including alcoholic 

beverages, main ingredient of cereals, 

• Carbohydrate Lilt~. nitrogen-free extract 

• Food composition table carbohydrate LU\1.~1\l.u,-::nEJ'UVItt..1Ltl. 100% 

"l1El~~~,.111"11El~ carbohydrate, water, protein, fat and ash. 

• ~~L3!Lilt~.LL'VI~~"l1El~ mono LL~:: disaccharide Reducing sugars 

1.h::nau~h£J fructose, glucose LL~:: main soluble carbohydrates "l1El~~~i.2!~1ULV1qj L"liu 

resin ij reducing sugar £1..1 70 % 
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Determination of reducing sugar 

1. Copper Methods tlljmr..ndi~-;J1nnTl reduction "11Eh1 Copper LLa::n11 oxidation 

of sugars Tromer, 1841 LU\1.~~\I.VnJtl~mmm'l oxidation "11£1~ reducing sugar L~tl 

alkaline copper solutions LLa:: Barresvil l~L"\I.£ln17L~11 potassium tartrate Lvlaila~n\1. 
nTl precipitation "11£1~ cupric hydroxide ~£1111 Felhing and Soxlet 1878 ntli'utl'l~L~ll;i'\1. • 
1~tJff1\I.U'l::nau"ll£l~"1'la::a1tJtl7::nau~-w CuS04.5H20 ~1\1.1\1. 34.64 ni'111iia~~~'lLLa:: 

""' ...... --"lltl~ Rochelle salt (NaKC4H40 6 4H20) 173 n111 LLa:: NaOH n111/11aaa~1 

~£1111 Shaffer and Hartmann (1921) LL"~~·htlljmr..ndi~;i'"nu oxalate ~~f11 
tlljmt11nu cupric ion L\l.~'la::a1mLa::~::n£J\I."ll£l~ cuprous oxide -;J::~nl'YIL'Yl'l~~1tl 

iodate-iodide solution L~tJla.i~a~n'l£1~ Somogyi (1954) l~tli'utl'l~LV111;1''U.L~tJ~111'ltlL"Ji' • 
nu~1i1ati1~~il reducing sugar ll'at~ '1 l~ 1~t~ alkali reagent -;J::nn buffered ~1tl 

'II 

phosphates LLa:: potassium iodate ~~LU\I.LL~a~"l.l£1~ iodine Lvl£1 oxidation cuprous ion 

LLa::L~ll cuprous ions L~tJ£l1n1f'l 1nii'il precision ± 2% LLa::1Lfl'l1::\( glucose lllwrl1~ 
0.3-3.0 mg LLa:: lw.1h~ colorimetric, reduced copper L~t1f11tlljn'1mnu phospho 

arsenomolybdate color-forming reagents 

School and Regenboggen (1917) liin lodometric titration L~tl titrate excess 

caper sulfate LLa::1."li' Fehling-Soxlet solutions~~ reduced copper 

.... "' .. 2. Alkaline Ferricyanide Methods Vlanm'lfl£JLn~m1 reduction "11£1~ alkaline 

ferricyanide LU\1. ferrocyanide Ldaij reducing sugar £)~ m111nLn1'l reduction ;1'\l.nU 

m111mJ1~1a~ill""11i1aci1~ 

+3 +3 -6 
2 K 3Fe (CN) 6 + 2KI 

LLa::L~ll ZnS04 1. "tlDffim L ~ £J 't "'Lii~n11~n~::n £1\1. 

~Fe(CN)6 + ZnS04 K2Zn3 [Fe(CN)s] + 3 Z3S04 

formic acid 'lw~tl"l.ltl\1 oxidation product "\!"~ ketoses nn oxidized LU\1. carbon dioxide 
'II 'II • 'II 
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3. Phenol-sulphuric method 1~EJfl1nULlJL~1~tm reduced LU'\.L furfural LLa:: hydroxy 
'II 

methyl furfural nun1~siamm'La::Lii~ condensation nu phenol 'l~~1a::a1EIHL'VIHEh1 
'II 

fi113JL'ti3J"1JEh1Hifl-LnUlfi111tu.fi1111Li11il-L"llEh1fl1fluLliL~1~ 

4. Colorimetric method 1Lfi11::'VIL~El Nelson-Somogyi 1~EJ1~1fi111m Reducing sugar 

~\lfl1UDTnEI1rl1J aresenomolydate /copper 1~EJ copper ~n reduced Lil'l-L cuprous (Cu+) 

l.JDffim-;J::Ln~ a"11\J1m1~ EJ 'l ~fl1111i'EJ'l-Lnu ~1a::a1 mi' 1 ~1 a LLa::a-11Lfl~~ii1 'l ~Ln ~ i 
(aresenomolydate) 1~EJ~ Cu + ~:: reduce arsenomolybdate LU'\.L molybdenum blue 

fl1111 L ,r 11"11 EJ\Ia-11a::a1 EJi.Yh~ Ln~i1''l-LLLU1~13Jfi113J L ,r 11i'l-L"ll EJ-ni' 1 ~1 a 1~ m Yl EJunun11w 

5. fl1'1iLA'I1t'M'Tftuifi Dinitrosalicyllc colorimetric method 

'VI~nm1~El n~11 reducing sugar L'\.L monosaccharide L"li'\.L glucose, fructose -;J:: 

reduce 3, 5 --dinitrosalicylic acid (DNS) L~Lil'l-L 3 amino, 5-nitrosalicylic acid 111EJL~ 

ff1l11::~ L U'\.L~h\1 

oxidation 

Aldehyde Carboxyl group 

3, 5 -dinitrosalicylic acid (DNS) reduction., 

88 

1. Ln"H~::tn tJ Dinitrosalicylic acid (DNS)1% 
I 
~ ~ 

-n'\1 Dinitrosalicylic acid 10.0 n111 

Phenol 2 nl'11 

Sodium sulfite 0.5 nl'11 

Sodium hydroxide 10.0 ni'11 

2. ~1a::a1 EJ Potassium sodium tartrate 40% 

3 amino, 5-nitrosalicylic acid 
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1. L"'itJ3.1~'l~1tl~1mh.:~ 3 ij~~a"'l1u screw capped tube L~11~"l~::~1tl DNS)1% 

111\1. 1'\.1. 3 ij~aa"'l ii"~1LL~::L "1J ti11 ~L "li1nu L"'ill3.1 blank 1" t1 1 i\t1nk'U.LL Yl'U.Ln"l~1 mh\1 

.. .., 0 

u1n ';JU~1'l"1utl1\l"n"::n uu 

3. L~3J 40% Potassium sodium tartrate (rochelle salt) 111\1.1'\.1. 1 ij~aa"'l 

4. 'lEI11Un'l::"Yi'.:~~1"l~::~1tJL~'\.l.~Eltu.lU1ii~a\l 'tl1hl1'"~h absorbtion ~ 575 nm 
~ 'II 

5. ~1'\.1.1t\l.fi1111L"li3.1"li'\.l.LiitJunun'l1W3.11"'l!1'\.l."llEl\l glucose ~1-a monosaccharide 
.. ~ .. ff' 
Yl~ El\ln111Lfl"l1::~ 

"1i Elfl1'l"l::1.:~ Ln'l~::~1 tl~1 El ti1.:11ii' El\ILli~ carboxymethyl cellulose (CMC) L Y-11"1:: 

""n~'\.l.LL~\I~"li1\lfl~'\.l.L~ t11n'\.l. l111 ~~1n11iLfl'l1::\(L fi 3Jit'\.l. 
'II 

n11~hfl11~~ reducing sugar 't11\I01U1l1Vi 

Refractometry 1"u1-N refracto meter 1"1'\.l.'lU"llEl\1 dissolved solid 1i3.11n1ua"~~n113J 
'II ~ 

J1~1~ ~1 refraction LU'\.l.flt\1.~3.11J'1iLuY-11::"1JEI\1~1LL"~::-nit"~"LLYl'\.1.~1tl~1 refractive index • 
11 ~\1~1fi113Ji m ~"ll u\1~11"~ El tl"'l1 ~1U'l::VIi1\lfi113JL 11"1JEl\ILL~\11'\.l.q"tyty1n1fl"Elfi113JL 11 

.. ~ .r ... .., .. ... ... ... 0 tl .. .. J 
"lJEl\1~1 '1!\lfi113JL 11U11::~3JY-l'U.ll'n1Jfi113JL "1J3J"ll'U. ~1'\.1. 'l::n EllJ Elt\I.V\113.1 LL~::fi113.11J1~Yili 

• 'II ~ 

' ..... .... .r '..., t 

"lJEI\1~1 fl1fi113J'VInLVI ( refractive index ) tl\l"ll'\.l.EltJnUfi113JVI'\.1.1LL'U.U"llu\l"llEl\ILVI~1LL~:: 
'II 

m13.1L"li3.1"1iu"lla\1~1th::nEJuht~1~::~1tJ .l.:~~'\.1.~1fl113.lim'VI ~3.111n1i'Ltl'\.l.~"lfit1'\.l.m1 
iLm1::\(fi113J L "li3.1"li'\.l."llEJ\IJ 1m~ LL~:: 1 iui'Ufi113JLL1iu~1"1JEJ\1Lfi~El\lil a1" tJ ii sodium D-line 

0 ... 

LU'\.l.LLVI~\In1Lit"LL~\Iii 20 El\lfl1L'I!~L~tJ~ LL~::'\l1"1~ sucrose LUU~1Ui'Ufi113JLL1i'\.1.~1"1lEl\l 
..: ... 1 .f'l tA .. .r I 0 A ,. 

Lfi1El\13.1El "tJ11tJ\11'\.l.~~Lu'\.l. %sugar w/w 'as sucrose' LL"11iU';J::LL3J'U.tJ1LuY-11::1Lfi11::VI 

:' - J '\.1.1"1~ sucrose 1J1~Ylli 
~ 

11 = sin 1/sin r 

111 ii Lfl11::~ tfim m Yl1\l~ tu.1l1W"ll EJ\1~1~::~1 u-nit""," '1 

~h refractive index 11ih1 .. 11n::n1llllltUJ 

11 "1JEl\1~1'l~~3JLU'\.l. linear nu~1 mole fraction "1JEI\1~1U1::nuutf'\.l. '1 

11 ~m1tutntJULiiuunmi'1'V1\tn (o/ow/w) "llEl\1 soluble solids L"li'\.l.,i1"1~LL~""Ltl'\.1.~1 Brix 

Polarimetry 1"umitJflt\1.~3.11J'1i"llEl\l Carbohydrates ~\ILUU optically active compound • 
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tn111~n turn plane of polarized light ~\1 optical rotations nnif!LfltJLfl~D\1 polarimeters 
\1 

fl1~iLA~1::vt1thfl'" 
1th~hu U'IU~1Uth::n EllJ W1 fi'ty 1 UEJ1'VI1~ 1th91uLil utn~th::n Du~iiL u1 fi~L ';1\l.L ilu 

EJ\I~th::nEJu 1thiiutn111~n1.1umh1mn~th::n£Ju~u ') L~LLfi L"ll~u. f11i1lJLliLfl~fl L"liu 
\1 

Protein 1 ULLU\Itna iiu~:: L£J'lf'lfl un1~ii1"llll.11U\I Glycoprotein, lipoprotein iif11111Wlflty91£J 

£11'V11~LWlU emulsifiers 'Yl1\1~1\l.Lll'lf\lt1n1~£11'VI1~ 11.1~~huiluLL'VI~\I"ll£l\l amino acid ~\Iii 
\1 

24 'lfii.fl LL£~::ii essential amino acid 8 'lfii.f!LL£~::i1\ln1£JL3.itn111~n~~fiL~~£l\li''lJ";J1n£11'VI1~ 

~i'u 1.1~::'Yl1UL "1i1 Ltl m~i Lf1~1::,.{'VI1t1'1111 m11.1~9\u 1 um'VI1~ tn 111~nii1 Lmfl £Jn1~i Lf1~1::,.{ 

lfl111tu.LULfi~L';IU 11.1~iiuLilutn~£11'VI1~~1~v-~i.:~-:~1u 1 ni'11 ";J::L~v-~i.:~-:~1u 4 LLfl~£1~ "111£JLu 

m~'liDliLL'llll£11 £J1::911\I ') ll.£Jn';J1n'lfuu\l"li1 £JL un1~liiu ~i1\ln1 £J';J1nn1~lJ1fiL~ lJ unnm 

~1u.mnf11~';1::L~i'tJ 11.1~9\u 1 ~L w £J\I"r'l£lfllJf1113J~D\In1~"ll D\111-:~m £J ~\I 1 u ~::w"l1\ln1~ 
'tJn.Ji£J11LL£~::ii1m~LL-ll\liu m111tu.L1.1~9\uf11~t!ci~::'VIi1\l 10 - 15 % '1t£l\llfl111ni.Y-li\I\11U.Lllo 

\1 

LL91~::1u ~\IL w £J\I~D91Df1113J~ £J\In1~'1t £1\li1-:~m £J n1~L~i'u 11.1~iiummfiu LU";J::Liifl ~~Ltf£J 

911\1 ') Lthiiu L3.i'l "liLL 'VI ~\IY-li\1\11\l. iif11111L ~a~i1 nuL ii'aiflf111n ') ";J::ii1' ~ni111L tt£J 

LL ii.:~ LL ~" ';11nn1~~mY1 ~u v-~ui1 n1~num'V11~~fl1i1u LliLfi~'Yl ~\li111n um~'tJ nn i111 L ii'D~ 
\1 

u'Ylu1'Yl'1t a\111.l~iiu 1 u~1u 1 Lfl~,::~ m'V\1~L ~ £J f11lJ flllfl tu.ll1Y-~"ll a.:~~~ fin m'ti m'V\1~ 
~ ~ 

ntuoW'lf El1'VI1~iflf LL~::~~flz1m,;'~Lfl£J1'1it!\l m111ni.L1.h~u~1111~rlfi~1~~EJmnnrn111nl. ., 

L ll.Lfi~L~u 1 ui1 £J ci1.:1 L v-~~1::n1~f1~1~1fi111 m11.1~iiu1fl £Jfl~\lii1 L~ mnni1L rt£J\1~1n 
£J\1~1.l~::n£Ju LliL~n ~ 11.1~iiuiifl1111.Uu-iau LL91i. u1fi~L~uLilutn~th::n au aii. u 'Yl7r1~ 

~ 

tn111~rlfl1"1~ ~EllJL~J1 £J LL~::iif11111~ a.:~n1~~\l L ll.Lfi~L ~ll.LUU£1\1~1.1,-::n DU'VItt\1"11 D\IL1.l~iiuii 
\1 

acith::m m 15-17% i",r u t u1fi~L~u~\liif1111lill~uflfl £Jfl~\lnum111m11.1~9\u 
\1 

1fl £J'Yi'1 L1.lm111tu.h.hiiu~::Lrhnut11111 m L u 1fi1"L~ u" m~h""~ 6.25 ~1fl.:~~ii'Lu~ £JumJ £~\I 
\1 

L~~111'lfit~"ll D.:~i1 D ci1-:~~lt 1111i Lf1~1 ::'VI1t.hiiu m ,-i L f1~1::'V111.l~iiuL~ a ~ D\1 n1~i'm111 m 
\1 

11.1,-iiu\ u~1u~~11 m1L1.l~ £JULLU~\Ifltl4~11~"ll£J\111.l~iiu L "llu m~~::£~1£Jii1 'l ~f11~fl::L'u. i1 
q 

l ~f11111i'£Ju91 EJ £J1'VI11"mn Lnu. Ltl L vi m.t1 i.u:ffu 'Yl:: Lii £JU£l1'VI1~~"~ D\liim~i Lf11"1::\{ ~1\I'VI lX1 

LL91ini Lf11"1::,.{ amino acids ii'VI £11 £Jin L 'liu. colorimetric, enzymatic, microbiological, 

chromatography 

iD-911\1 ') ~'l i1 Lf11"1::'V111.1,-iiuLilu.n11"iLf11"1::~ carbon 'VI'i£1 nitrogen 'l u11.1~~u. L "llu 
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Elementary Analysis 

Carbon analysis ii-NaL~Lmr.JtJn11 nitrogen analysis L~11::ii error 'tXewn11 

Protein ii nitrogen 16% n111Lfl11::VI1th~u\umVI11fltll.~1tJ factor 6.25 (100/16) 
'IJ 

El1VI11LLc;i~::"ll'ii.~ \i converasion factor c;i1..1nu L"liu wheat, milk and gelatin \i factors 

5.70, 6.38 LL~:: 5.5 tl1~~Lilun~11 ~a dairy products 6.02-6.15, egg, meat, fish and 
~ 

cereal products = 5.61-5.93, legume 5.14-6.26, blend foods 5.68-5.70 

1. Kjeldahl Method 

Johan Kjeldahl UnLflii"11'11L~U111ffl 1883 L~~u~uin1Lfl11::~VI1tfi111m 

'1.u1~,-L~uJ.,VI11~ t u~11th::nau~uri1£Jc;i,., ') ~.,nJ., hh~uLL~::~Tlth::mlu~u 'l ~'1.3-i\"li 
'1.u1~,-L~U LLc;iii non-nitrogen Protein 1111EJ ti~1r.J 1nUijn11~~U13J1~~El~fl1B1Jfl~11..11U 

'IJ ~ 

c;i1..1 ')~..1LLc;i &iu el1V\Tl r.J1 El1V\11i~f ~n Vl1mLaj'LLc;i~1Lflij~..1ijLu1~,-L~U~~11el~ 
' ..., 4 fV f I "" 0 .... .., "" ..... 

\U:annTH'lil ~1~1elr.J1..1tlnr.JeltJ~1£JnWin11J::flUL"lJ11"1JU ~Un1::'Yl-\l carbon LL~:: 
'IJ 

hydrogen fln oxidized ~1\l. protein nitrogen fln reduced LL~:: LU~r.JU1thilu 
'IJ 'IJ 'IJ 

LLD1113JL itr.Jlli~L v-J~ [(NH4hS04)] LL~:: 1un11tiBtJ~::L&i11~11d..1tJl)ffim hw LiflBULUBf 

-D~L v-J~ Vl1u Lll nf~h'iflB e1n L'D<il VI1B &i L~L itr.J11 e1 Bn L'D<il LL~::L&i11ltJ LL~~L~tJ3Ji~L v-J~ 

L ~m~11~~L~B~ L~~..1~U LL~:: LLB1113JL ittJlli~LV'J~~Lfi~~W;J::tlnti el£J~~1tJc;iel~1tJ sodium 
~ 'IJ 'IJ 

hydroxide Lilu ammonia LL~::\i boric acid ~lJ ammonia 't~ ammonium borate (NH4H2 

803) ~..1LiJU c;i1..1LLn LL~::'-i.1LU titrate rllJ n'l~111~1!1U1~r.Jij indicator {screened methyl 

red indicator L~1tJ111~tJLi methyl red 0.07 n1'11 +bromcresol green 0.08 n1'11 ~::~1tJLU 

LLB~nm:mGf 100 ij~~~1) U..1:a~~ end point tnV111J Boric acid ~111nLnU~el~::L1iii~~c;iel 
~ 

f'l ' ""' ' -10 nTl titrate L~11::LuUn'l~ElEltl.111n'lJ..1 m Ka = 5.8x10 

m11Lfl11::~mmm 't u1~,-L~u1~ tJin Kjeldahl ~::1Lfl11::~m3.11rn't u 1~,.L~u~1n 

~,-tJ,-::n Bu~wn1£1L YiT~ u '1.1i1111L u 1~1L~u~1n ~11u1::n e1u ail. wn16 L "liu '1. uL~'l~LL~:: 
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... 
1Jfiii'iu1LLU\JLiJow. 3 ~'W.Glil'W.~il 

1. Digestion (n11Uil u) L~EJ~i1m.h..1El1'VI1,-~iEJ'I1n1'l1L~,-1::VI11h~hi.-;J::~n ciEJEJ 

i1EJn'l~n111::n1.1.L "1i11"1i\un~ll~ffim mm~L~i'u"ll EJ..1l u L~'lL-;JU (organic nitrogrn) liLilu 

LLEJ3J LllL ilmJrNt'lL ~~ (NH4hS04 1\l.m'lliEJEJ-;J::L~ll LULL~HL~EJllrNt'lL ~~ (potassium sulfate) 

L ~m ~11-;J~L~El~"llti·Jn'l~ L ~llU'lEJ'Yl (mercury) L~m ~11~1111L111 \l.n1'lciEJEJi1EJci1..1 1u • 
m'lut~ [J 1 ~ ~..,if'"L ~all,-::,., ir~"t'la-..,..,,'" LLt'l:: L~ll~ Bll Lll BfrNt'lL ~~t'l.., luL ~m i..1ll~rnm1 ~Ln~ 
L11~um,-ci a [J~ a-llu'lm-;J:: li ffl'lt'l::t'l1 [J ivh la- t11 ffl'lt'l::t'l1 [J ir..1 l3.i1a-t ~L ~11n,.~n111::nu 

'II 

L"lill"liut'l..1lllilm~n'll't~EJ n1'l1iff1'lL~ilL'V1~1dvhl~Ln~~1u~,y iln17n~nim.1.a-..1 L~~EJ'I1iiEJ 
'II 

"' 0 .., II ~ .... A I ..: .., A I .:. .., 

~ El..1'Y11~1 EJ HL ~\I.Lt'l H LLa:: LLn1'Yl'Yl'\.1.~113J'ltl'\.l.ff..1 ff1'l"t'l1YL 'VI t'l1UH'l1..1 3J t'l"t'l1Y~ tl ff..1 LL 1~t'l till 
'II 

.... ~ I .:. 

LLt'l::~n L~'l1::VI tl EJ1..1 EJ..1 
'II 

2. Distillation (n11n~"') Vla..1-;J1ncit~mLa1~..1ff1'lt'l::t'l1tJL~Lflua..11l7::111tu. 20-30 

u1fl L~11J1nku 150-200 ija~~~,.~~ll 1 ~L"li1n1.1. LLtlll LllL ilEJ3JrNt'lL ~~ (NH4hS04 1u 

ff1'la::t'l1 EJ~Lil\l.n'l~~ Ln~ifu-;J::n11l~mm ~ m1uff17t'l::t'l1 EJ L'lfL~ EJ 11ln~'lan l'lf~L "li11"liu 

l.J'l::mm 40% ~anmnu"t''EJ-;J::tmlli'ut~Lilunt'l1..1L~EJ 1~EJi'I1Ln~li11 ff1'la::t'l1EJil~ 
'II 

,r,~1t'lL"lill -;J::liri1'11LLEJ1l LllL ilEJEJEJnm L~EJnkui1 EJlmt1i'EJu n1'l~l.Jri1'11LLEJ3J LllL itEJ~li 
T ... ... \1"' • T '"' 
~~EJn'l~l.JEJ'ln (boric acid 4%) '11..1';1:: ~~ilfl'lt'l::t'l1EJ~1\ILLEJ1l ~3JL\I.EJ3Jl.JtlL'l~ (NH4H2 803 ) 

3. Titration (1nLYI11ft) lEJ~~11JLLUU';I1n1'lnkulh::nEJl.Ji1tJ ammonia L\l.'ltl 
'II 

ammonium hydroxide ff1'la::t'l1EJ~1..1~lidff1111'lfl'VI1'lm111tu.~1111L"lill"liul~~EJl'YlLYI'l~ 
a-11a::a1 mLEJll Lll L il£Jlll.J EJ L 'l~i1 EJff1'la::a1 EJn7~Ln~ t1 ~i'~1111L "li11"liuLL U\l.tlu 

'II 

,f\I.~Elum71L~'l1::'VILUL~'lL';IU,f..1'VIll~LonL1a1 4 i'1L1J\I 

Digestion reaction 

RNH2-COOH+ H2S04 ----? (NH4hS04 +C02 + 802+ H20 

Distillation reaction 

(NH4)2S04 + 2 NaOH ----? 2NH3 +Na2S04 +H20 

NH3 + H20 ----> NH40H 

NH40H + H3 803 ----> NH4H2 803 + H20 

Calculation 

m1~1u1m iEJ..1~1'il..1ti..1 ~111lL"lill"liu"lJEJ\In'l~Ln~EJ 0.1 Normal -;J::n11l~n'im 
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VHl~rllJLU.1<il~L-;JU 0.0014 n1'11 

(Vu- Vb) x N x 1.4007 x 100 
Total nitrogen = Weight. of. sample 
N = ~1~1111L"li'11"li'W'llEl~n1<ilLUU.UElf~~~~ 111<i1~~1UYli'!ii.tJ11 4 ~1LLVIU~ .. 
1.4007 = 1 3j~~~<il1 0.1 N Li1~~::~1tJn~<il~LYlLYl~<il = 1.4007 ii~~ni'11LU.1<il1L';!U 

%Protein = 

Vu = 
Vb = 
N = 
F = 

(Vu- Vb) x F x N x 14/1000 

Weight of sample 
U1111<il~"llEl-lH1~~::~1tJn1<ilLn~El~L~Un11LYlLYl~<ilH1~~1El~1-l 
m111<il1"llEl-1~1~~::~1tJn~<ilLn~El~L~Un11Lm'Yl~<il blank .. ... .. 
~1111 L "ll11"1JU"ll El-ln1<i1Ln~El 

~1 ~1LL1.hff1VIi'lJLU~ tJU L u 1<il~L';!U 1 ~LUU. 1111~1.1. 

n1wft 5.6 L~~El-l~EliL~~1::V11U1~U. (kjeldahl) 
..1 
'Y1111 :Pomeranz (1994) 

Protein Factor 

"1Jii.<il~1m.h-l 

Gelatine 

Protein Factor 

5.55 
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Dairy products 6.38 

Meat 6.25 

Fish 6.25 

Nuts, oilseeds 5.40 

Cereals 6.25 

Fruit, Vegetable 6.25 

Corn 6.25 

Eggs 6.25 

(NH4hS04 = 21.2% Nitrogen (100% purity) 

1 .. .... ..I .. .r 1 'l" 2. ~H..I1Lfrn::'VI~1tl (NH4h Fe (S04 h .6H20 l1lJ1a'l11l' 99.5% ~tl "1l 
~ 

(NH4h Fe (S04 h .6H20 LLl'luhh~u 

(NH4hFe (S04h .6H20 = 7.145% Nitrogen (100% purity) 

Sample preparation for Protein determination 

94 

. 
1. n11"1l\la-11~1m.h\l (weighting) 

2. n11lJ~~1Elti1\IL~~"llU1~L~mh'l(crushing/grinding) 

3. n11~a'3J~1 Elti1-\IL~LUUL dm~u1nu (homogenizing) 

4. n11UEltJ~1EH.i1-\l (wet digestion) 

a'11~iltJ3JLiLilu catalyst ~El copper, selenium 

FDT 2301 (FT 331) 



• I ..I !"I 111 T 'I t, "' .... "' 
nmu~ti'\.4Lu\H'I.IMI1'L';I'\.4LU"llU~~'Yl1EJLL~::rtn1~~1tl Thermal Conductivity Detector 
'II ~ 'II 

l '"t~,.L';I'\.4 ~1~ lnnmhu1u 't ~Lill41u,.~u1~ t~fi1fl-3~ii'unu'lfit~"ll a-3~1 a ti1-3 L 1~1 't um1 
'II 

iLfi1'1::,{1J1'::mm 3-4 u1f\ L~t1Laji'i~11'Lfli'i~LU'\.4"11El-3L;tl LL~::L;tlfi1L"J!,j1tiLUn11 
A I' .., I --1Lm1::VI '\.4Eltln111n Kjeldahl 

Combusion method iLfl11::r(~n11in111~1;r1u AOAC Lfi~El-3i'ia~mmLLtJtJL~ .. 
iLm1::VI1u1~1'L';JUi'i~-3li'~a 

2.1 LmL~1 (Furnace) ~1111't'lfl1tJfi11Eltu.'VI1lijL~Elti1-3UEltl 950 El-3~1L'li'~L~tl~ 
~ ~ 'II 

LyjEJtiEJti~1Elti1-3 (pyrolysis) 'tun1'11'EIEln'ftL-;JUtJ1~'Yl€ (99.9%) 
~ 

2.2 i'i1::uu LLt1nn1'D'L u 1~,.L -;JUt~ El EJn-;J1n~1 a ti1-3 't ~ EJEJn-;J1n~1 EJ ti1-3~L~-;J1n 

n11'L~1L'V1~'1fii.~~'\.4LyjEI1~1fi111tu.LUL~1'L';I'\.4~1tl Thermal conductivity detector 

LL~::~El\ILL~~-31'::tJtJ"llEI-3n11'LU~tiU N02 LU'\.4 N2 'VI'1El1::tJtJm1'1~ N L'\.41'U N02 'II 

2.3 1'::tJu~h'\.41U %LUL~1'L';I'\.4 Lfl~\liiEJd'ui'tJ111~1;i1'\.4 ~1tl EDTA 
., .. .. .. ..r .. 
"lJEI~"ll El-311i'\.4f1El 

1. L"J!L1~1LUn11iLfl11::,{\t'at1~-3 

2. fi1\i',j1ti~El~1Elti1-3~~~-3 

3. Lowry method (Phenol reagent) 

.. 

lil"'"' ... .-..t.d . 
Folin and Ciocalteau ( 1927) and Lowry ( 1951) L~fl'\.4 VitJ11i'\.4 '11'-3 functional group "11 El\1 

LU'I&iW;J:: LM,r1L~U 't UUDfTit11~~l'i1 tl 

"Mann1'i 

UDfTit111::'VI'l1-3 LU1~U. phenol reagent LL~:: copper 1l1tiL~ alkaline conditions 

UDmt11 color reaction ~Lii~ifu~El copper-catalyzed oxidation "llEl\1 aromatic amino 

acids LL~:: group ~U') L~tl heteropolyphosphate (phosphotungstic-phosphomolybdic) 

reagent ind'~1111n 't "li'tlu 1u1&iu ~i'ilfim tu.~1LL~::i'iL "1J3JUL~ auu~\1 
4. Biuret Method 

ind'-;J:: 't~~~~LLaju~1n·:hin~uL ttEJ-3-;J1n1~LUVi1:: peptide linkage "lltu.::~ Kjeldahl 

method 1Lfl11::r(1111J\I protein LL~:: nonprotein nitrogen 
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... 
'Milflfl11 

peptide bonds form a purple complex with copper salts in alkaline solution ~._, . . 
1~rrhh..1~~u 570 nm 1~m'li spectrophotometer ~1\l.1nL~113JL'1i3J"liw;nn calibration 

~ . 
curve LL~::'Il1"' in"l.l El..1 ~1i1 El r.i1..1 L73J liiu 

..a ..I • T.l '" n1'rtrl 5.7 L~7El..1EJEJEJ ~u791\l. 

~3.11 : Lfl~EJ..1il EJulju1lnTm1~i"ll1 L 'Yl~ 1 u 1~ UEJ1"'17 

..a ..I .;.. T.1 '" 
n1'rtn 5.8 LmEJ..1n~Ubu791'\.1. 

~3.11 : L~~EJ..1iJEJ1Jljlli1nTU11~l"ll1L 'Yl~ 1 ut~UEJ1"'17 
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uf"1u1"il1\11~ (Fiber) 

Liu1EJ1ua1VtTl ~a ~1WliEJ-11~7tb::nauauYJ~hr~'1ia::~nmLa::LVtaaeJci Vta.:r;nn~ 
'II 

..., I I ~ ..., tl .... 0 A I I ,J. .. 
Yl1El EJ1-IIel1Vt17~1U'i!Wil eJUn17tmYlYl1 EJiil1Y11a::~1EJ"lfUYllil1-ll ') LL~::n1,.L~1 a"1UY1L Vta mnn 

n17a"nlil';l::LUULiULEJLLa::EJ1';1~ LL iD"11illh~El ci~1 EJ 1.Ji"2J1nl.'il El-11 ~1Ulh::neJULL~~::"Jf\i.lil 1 ULiU 
~ 'II 

LEJ';J:: ~ uLLthitueJ cinu-nitlil'il e1-11 ~1 a ci1-11 mVt11 
'II 

uf" 1u1"£'11'MTULU\l lc;\ 2 'lf'i4«;1 

uf"1u"MU1U (crude fiber) Vt2J1EJii-11~1\4'ilel-II~U-IIL'll~~ (cell wall) ~El~1U'ilel-11~"11 

~t1inm.lEJEJ~1EJa17a::fl1EJn71ilLL~::~1-II ~1udth::nau~1EJ~1\4'i!El-IIL'llaa 1~a- (cellulose), 
'II 'II 

LtJijL'll~~ Lfl~ (Hemicellulose) LL~::~nitu (Lignin) 
'II 

Li"1ue1'M1'i (dietary fiber) LUUa17th::nau~~12JL~~aLVtqj LL~::ilt~,.-11a-i1-11 
'llu'li'au Vt2J1EJn-ll ~1uth::nau'iiEJ-II~u-IIL'll~tH~-n th::nau1u~1EJEJu~uf'ila-lla-17 2 ml2.1 ~a 

~ ~ 

oligosaccharides LL~:: polysaccharides (Thebaudin et al., 1997) i"la.inmieu .. 
r~ !.IL~" l'lfa..~'L \41::UUY11-I!L&i'U.el1Vt11'iltl-112J'U.~U LL~El1';lfln ci El EJ1~U1-IIL~mta EJ Llil EJLLl.JfiYlL~EJ~ 

~ 'II 

ilacilil12Jun&i'luth1ll'VIru na1milun1'I!mfuau 11ile an ''Iliff n1'llilL YJU n1'1l'n Llil7L';JU J1 
'II w 

LL~::n7Yl1't13Ju~mfu') ~UL\1.~1\I.'i!El-IIW"n ~n~~'~ LL~::ntyW"l1~1-ll ') -'~LLri L'lla~ 1~a-. Lnij 

L'll~~1aa-, LUfl~u. n2.1, n,.lilEJhUmL~::1~~LL'll~mlllfl dietary fiber ';l::Lm::d~EJ1~1EJ 
'II 'II 

Ao 1""' .ta ,..., .:rt .~ 
hydrogen bond LL~:: covalent bond L2JElY11n11EJEJEJiil1 Eltfl1L~2J';l::2J~~IilEl~Wii::L~2JL 'V\~1\4 

il~tu.a-2.1u"lL Vtii au polysaccharides ~ El ~··un1fi112Jnu,l1 'l utfi2.11 tu.~nn LL~::tfl2J11fl 
~ 

LL~mu~EJUU'l::';llwvhLilu cation exchanger ~tltfl2J11~l.JaEJEJU'V11a1~'VI::U1-11~1 .Yh'l~ 
~ 

a-12J11fl~lil'l::~U,r11il1~ L UL~ ellil ~lil~am 'la'Liil El'lEl~LLa::'iJ~Iil'W ~1~Vt::l.J1-11"Jf\l.Yl '~ 
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4; 0 

%LH\l.Ltl'VItl11J (crude fiber) o/o~iu\tJtn'V\11 (dietary fiber) lil1 eltn~ En'V\11 

. " 6-8 45 'l1"1J11 

t1'ti11L~Iil 13-20 50-90 

" ... 
9-11 36-41 "ll11~H~ 

L'l!~~ L~ft 70 99 
'II 
0 

flm: Tanphaichitro et al. 1984 

1.1 nl.l {Gum) LU\loft11~:~1tJ~iiL3JL~n~"llel~,r,lil1~-;11\lo1\lo1l1n L~ii 
~ 

Lfl1~fti1~'Yl1~L~ii~LL1.i\loel\loth'VIi'Un3JLL~::n3JU1~"nii.lilnL~~::~1tJJ1 

'"' .f'l • I ..1.,.1 !' 0 

1.2 LTtfli\" (Pectin) Lu\loft17u7::n EllJ'Ylll 3JL~n~"ll El~\lo11i11~';!1\lo1\lo3J1n LL~:: 
~ 

1 U'VI~L3JL~n ~"lla~J11i11~U1~'VI~~iin~3JUJn~LL~::n71il tJ L1ii.~ L ~TI~Uu1~"nii.lil '1.~~::~1 r.J.J'1 
'II ~ 'II ~ 'II 

t1'1n ~3JLlllii7Eln:a~rmLL 'Yl\1. ~~1 r.Jn~3JL3Jll~ft17U7::n EllJ L ~TI~U~Un';l::~:~1 r.J1 \lo~1~L ~TI~ 
~ 'II ~ 

u ~umn 1.u~u~L'l!~ ~V'Joonii1'VIU1~ ~liiL'1!~~1~L ~Elll~lil~ anll. 

1.3 ih:aLiHJ {Mucilage) rtn'V\&~1-u. endosperm "llel~L'l!~a~-n L~mi1'VIU1~ 
'II 

iJa~num7Lnlil dehydration mmnli.Ltl 

2. Lft',..1uu1M1~ftla.ia::a1uJ"1l~url 
2.1 L'lfa~La6'f (Cellulose) 

th:nau~1tJL3JL~n~"lla~n~LTift-;)1-u.1-u. 1,000 L3JL~n~ Tl~1mLiJ~ (starch) LL~L~nmiatJLiiltJ 
~ 'II ~ 'II 

LD\1. L'1!111 \1, 7::lJlJ'Yl1~L~\l,El1'V117 
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2.2 LllijL'lfaataa (Hemicellulose) Lthu~·1u1.h::nEJ'U"llti..:J~nr..:~L'IIa~Yl"lf ... 
1h::nEJ'U.i'1EJL11Lana"liEJ..:JJ1~1&Hi..:JL~E.I1 (monosaccharide) "lfU~"1..:J ') ~..:JLL"~EI..:J"lfitflifuttl 

~ 

Ltlu~1u1u 100 L11Lana~ijTim~11~1um1a::a1EJL'VIijEJunu~EJ a::a1ut~u~1a::a1EJ"1..:1 
~ . 

:' - .J .¥ ' 'II .... :'1 ... .. ,. If 1 ff.J'I! •'I ' 
U1~1aL"lf..:JL~E.I1'U.LL'U..:J ~~LlJ'U. 2 "lfU~TIEI LVi\H'YlLLIJfU~ (pentosans) LLa::Lt:Jn 'IILLaU~ ~11L"lf 

L'llaa 1a~ (non cellulose hexosans) J1~1aLi..:JL~EJ1~Vim.nn1uLnijL'IIaa 1a~~EI &VL'IILLaui' 
~ ~ 

(0-xylans) LLa:: &i-na LTI-&i LL1l'U.LL u ui' (0-gluco-D-manans) LLa:: LLEJa-EJ:nii1 u~ 
~ 

(L-arabinose) 

2.3 a nit'" (Lignin) LUU~11U7::nEJ'UL ~..:J'lifi'U."ll EI..:JLLtlan Elllti~~Yl"ll~a~if'U. 
LU'U.LT17..:J~i'1..:~~1 ~TI1111 LLii..:JLL 1..:1 LLriYl"lf L "IiuLtl~t~nut~n"llo..:~nruYl"lf :a..:~t1niha1 ulu .. ~ 

... .. 
m::'U1'U.nTl"ll~ ~ 

161LA"S1::,.;'ut,..ttJu1"'11 (Determination of the Dietary Fiber Content) 

L&i11 phosphate buffer pH6 

tfimm so iiaaa~1 

L&i11 NaOH 0.171 m tfimm 

1o ijaaa~1 "ilut.r pH1.5 

FDT 2301 (FT 331) 

1 

l 
1 

1 

L&i11 Teramyl 100 J.ll 

L&i11 Bacillus subtilis protease 5 iiaaa~1 

' .J - 0 .. EIU'Yltltu.'V\1111 60 'II 30 'U.1'Yl . . ~ 
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1 
..1 
Y1111 : AOAC method to determine total dietary fiber , 1995) 

Protein 

Cutin 

Wax 

Plant 

cell wall 

Substances 

associated 

Non-glucidic Silica 

with cell-wall 

dietary fibers 

Components Suberin 

Lignin 

Cellulose 

Hemicelluloses 

Pectic substances Dietary fibers 

Gum 

Mucilage 

Vegetable polysaccharides 

Bacterial polysaccharides 

.d o I • .l.J tl 

1l1'Wfl 5.9 D1etary fiber LL~::ff1UEI'\.I.') Y1Lm.I1"11El~ (Thebaudin et al., 1997) 

uf"1EJ'VIEJ11.J (crude fiber) VI111£Jn~ r*1U"llEl-11~"11 ~n f.l~L~~LVI~atin1£JVI~-11~1nnTltia£J 
'II 

a-~1EJ~1£Jn1"~LL~::~i1-ll ~1\I.~L VI~EIE1tlth::nau~1£Ja'11"~1~~::~1mi1 1~m\ L"lf~~ 1~a- LeJii 
'II 'II. 

L"lf~~ 1~ ~ LL~::anitu ~1"llEI-II 'lEJ~1n EI1VI11"~1"::u't u~111-11 LLff~-llfl m~1 tnVI11" r*1u 1 VI ni3Tn El tl't u 
'II ~ ~ ., 'II 

1"U"llEJ-IImn L£J L v-rn::'l1 ti a £J ~~1 £J~1 £Jn1"~VI'ia"1" a-11~1.1,-::n au r*1u 't VI ni"ll a-11mn 't£J Ltlu~,,.~ 'II ., 

'1• II I ~ 'l .-t. ~ !' \11 -....t 't .. 
L2J~::~1 m.h ~1Ua\lf!U1"::n El1J"ll a-11 [J El1'VI11"2JY1-IIff11"Y1~::~1 EJ'\.1.1 LL~:: L11~::~1 £J ~-11\1. un1n [J~\1 
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Ltl'"L VitJ.,R1'" ~rt~"ll Eh'l 'tum~Tl LL~::v.~1Ji1?i1"11 El~mn 1.uil~hurwn·h 'tmn~Tnh::111m 1 'tu 

s ~~El 1 1.u 1 "11EJ~m111m'tum~1,.~~~11~ 

......... ~ .. 'J .. ... ...... 
'Ui1LA"i1~'VIL6'f\4, !.Uil1'VI1"i3J 3 1liAil 

1. Non-enzymatic-gravimetric method LiluiniLT111:l(~'ti'tn1LT1il'tun11ciElr.J~El n1~ 

LL~::~h~~~Wl1~::~1r.J~h~L~LLli Potassium hydroxide ~~El sodium hydroxide fl1111L"li11"liu 

1h::111m 0.1 N Wl1~::~1r.Jn1~L~LLf'i sulphuric acid T11111L"li11"1iu1h::111m 0.1 N LL~::'t-NJ1 
i'Elu~1~tn1i1 El ci1~ 1. i ~::El1~ LL~::1::L ~ tJJ1ElElmnntn1i1El ci1~ .ffu~~'ti1 u 't i\t1 LtiL~1';JU L~ • 
J1~unT1~~ LL~:\t1L1M1u1mJ1~un"l.IEl~'tmn~11 ind'LiiW5niLT111::l( crude fiber 'tu 

El1~11"1fU~~h~ ') ~~LtlttnlJ~~El~iLT111::l(t11~El~m,-itul1::Liiuu~~~nm'ti'm~11"1fit~til1~ ') 

2. Enzymatic-gravimetric method LiluiniLT111:l(~'ti enzyme 'tun11cit~ui1m.h~ 

m~11 ~~Ltluin~'ti1Lfl11::\( dietary fiber 

3. Enymatic chemical method LiluiniLT111::\(~'ti enzyme 'tun11ciewi1Elci1~m~11 
LL~1iLT111:l(a~~L~~El1~£JinLflii~El ciEltl polysaccharide ,f'"~1£Jn1~~nfl~~L~Lilu 
monosaccharide LL~:: iLT111::l( monosaccharide ~1tl Lfl~tl~ high pressure liquid 

chromatography LL~::~'hu1tU.ntl1J111~1fi111tll.~11i1tlci1.:JL~11~Url~1111tlfhU1tU.lfi111tU. 
1.t~t~1~1,. 

~ ~ 

mmmLiu'tt~'tui1t~ci1.:JEl1~1,. = \b~ltmLi~"lltl~n1n- \'b~umt11 

II '{" A ... tf 
n11i'I,.1"L'lfaiHiU'f;J1fl;JiUU1'UI Acetobacter sp. .. . 

LL1J TJfiL7£J1J1~"1fit~ ~11111n ~ ~~ Liu 'tm'lf~ ~ 1 ~ ~L~ 1~ t1 Lii ~ L tluLL~u~1~ u 11J uth~ u 1 
'II 

~ ..1 ., .... L • I " " "' "' tr .... 
"11 El~ El1~11L ~~1 L Vi1::L~ tl~ l1L 111';Jn U 1u"ll El~1U11::v.l111 ~1El1U~111Tl ~n~tll.::l11.:J 

'II 'II • • 

m£J111v.l"lle:J.:JL'lf~~ 1~~~~~~';11nLL1Jflih1£J ';J::iiLiu't£J't~u1~L~n 'L1lilLn3jL'lf~~ 1~~ ~nii.u 
'II 'II 

LL~:: L v.!fl~ULUUR1Utl1~nEl1JL ~iJElUL'lf~~ L~H~ ~~~L~';J1nfi"1f iifl1111L ~itt11l1Uiilt:JLL1.:J 
'II 

~~L~~~ iihb~'" iitl,-::1tJ"1fu"l um1 LiLtlum~11"1i1 t1~~J1~\t'n L v.!11::L1i'tiv.~ tl~~1ULLI:l:: 
'II 
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Pectin 

Gum 

Mucillage 

Cellulose 

Hemicellulose 

Lignin 

El1~11' Agar Gum 

~m : http://www.biogenthai.com 

tJ1t tuGJS,.C!I o\11u 01'Vi11Gl oi1\ln1 u 
'l.FJen~1,-ij ~~~ £J1'::uua-'h::i'Yl £n"ll Eh1i1'11n1 FJ~ ~1FJ~1'\.I. ~a 

1. ~~,-::~uJ1~1~L'\.I.L~£J~ 
n11'1J'1L1l~ LFJ £11~11'~~::~1 FJJ1 '~';}::~~,-::~uti' 1m~ LLGI::B'\.I.H~'\.1, 1. '\.I,L~ £)~~ a'l1';11nu1tn~ 

~ 

a1~1,. mm::nu~thFJ t ,.~L1J1~11'\.I. L iit~'l1';11n LH'\.I.Lmn~11'';l::~unuJ1LLa::J1~1~di~Ltl'\.l. 
'II 

1'\.I.L ~UFJTYh 'l.im,-~~~3J"lf1a'l1 LU'\.1.~~ 'l.i£J1~11'£Jti1. '\.l.n1'::L ·v·n::'\.1.1'\.l.;t'\.1. LLa::i~"1111'11n11' 
~ 'II 'II 

~h'I11'\.1."11£J'I1~1J~El'\.I.~L"JHtiElFJmftuLnL~1'~ 
2. a~,-::~1Jfi~ElLGIHL~El1'ElGIL'\.I.L~u~ 
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L£.1 El1VITl"lfit~~::~1 mi'1 L~Lfill1'Hl~~'l::~u~~ a L~~L~ ma~ 't \tL~ a~ '1.~ L£JE11VI11 

LV1~1d't~LLfi L'Vi~~\t, guargum, bean gum, i1"li11L~~ Lt1\tLVIqj~~flm~~L~El1Elf~1~ 5 -

10 % m'l~~~m~~LiilEl1El~L~Ltl\tn11~~fl11llL&tJ.:~,m.:~hfl~1't';l Li\tL£JmVI11LU'l.ti1 

LL£Jnm~ tl1~ LL~::L"llll\tL\tLi\tL~El~ tl1el~11n11ll.:IL~11::~~~m~~L~El1El~L~ll'~·\tL3J 
'ViEIL~t.I.:I~';I::Yl~LLYl'U.n17~~~.:1"11El.:l~~m~~L~El1El~LlhU'U.n1~ tl1~ ~.:I~'U.~11llL"lill"li'U."liEl.:l 
~~m~~L~El1EJ~-;J::~~~., 

3. -rl1 tJlh 't oX~1 'ttn VI nlrhwX1~'t~~:ffu. .. 
El1V111~~L£.1 El1VI11ll1n-;J::rh L ?:L ~lltl1V1\tna-;J';I11:: LL~::7::1J1 t.IU a t.~ifu. "lf1 tiL~ El';l1.:1 

~ 

tnll1mLfi1oW1!1-L 'U.~1 Lm VI ni LL~::'Yi1LoXn11L~7£Jll~11~1VIiimn tiEl tJ L~ tJ';J~'U. "r17m 'U.~1 Ltn VI ni 
"' cu .. ., 

Lilu.lu1~tJun~ 'ttJmV~11~L3J~::~1 mi'1 L"lfu. i1"li11Lfia "1f1m ~lllfill1ma';l';l11::a ci1.:~mn , 
~.:ILU'U.lh::1tJ"lJ\!.la~~LU'U.hmia.:~~mL~::"i~i~1.:1"r1111 ~nLL~::~~L~ rlll LL~:: ih~L~';J L~ll 

\1 \1 

tnll1mEJ';J';J11::U1'U.n~1.:1 "11 m::~t1 LL~::L 'Viflii'U.L ~llUEl U~~~ , ~ 

4. "li1tJ11a.:~nu.ll::L1.:~~1 ltn Vlqj 

t11i'u 11 7::"r11'U.L£J El1VI11ll1n-;J::'h 't oX EJ';J ';117::~-hu.a an-;J1n ~1 l~ VI niL 11ifu.-;J::'Yi1l ?;' ~11 , .. 
riall::L1.:~L~ EJ';J1.:~'t3Ja til \1.1::iu~Lil\t~~ .lai1.:~m tJ Lt1\I.L1fltl.:~~u. 't u.~1 lid'ilfl11ll ill~u.tfnu 

\1 ~ 

~1 liL tta.:l';l1n~11ll a El\I.LLEJ"ll El.:l~lt'.:l~1 LiLn~';11nLL 'l.:li 'U."liEJ.:I EJ';)-;)11:: rh l ?:Lnliln17elnL~lJ"ll El.:l , 
~U.:1~1Li L~ll~~L:aEJ';)~'U."(I7rf~'Yi1LoXLfi~ hfl , 

5. "lf1 tJiJ El.:lrl'U. h~ el1'U. 

Liu.1m:nVI11~ ~::~1 m.t'l L~-;J::n~1 mtl'I.I.L';I~ L ~llfl1111Wt'l.~ LL~::n17Lm::i1"11 a.:~~11 
't 0 't .,..r ..l't ~ ..l I " .. ... • I '1'1 "" 
\tm::L 'Vi1::-;J::"r11 VI'Vi'U. "r1 'U.n'l::L 'Vi1::El1VI11llY111.:1'U.El tl~.:l ';1.:111Ju'l::"r11\t L~'U.El £.1~.:1 

m'11Lfl71t~t1ilJ1nLLi'-'LUil1M1'itc;uJ1fi Enzymatic- Gravimetric ( AOAC, 1995) 
A .. A ~ 

161 L fl 1'1 tM 

1. -k.:~~1atl1.:1 1 nfll 'tLt beaker (,r1VIlZ'mL.l~::J1-;J::~a.:~.l1.:~n'l.tL3JLn\l. 0.1 

D~~nill) 
0 

A A AA 4iCII A .::::11 

2. L~ll buffer ~~ll MES - TRIS 40 ll~~~~1 pH 8.2 YlElmV\1111 24 El.:I~1L'lf~L'lf£.1~ 
, \1 

" .... ~ 
LL~::fl\t,\tL "111n\t~ 

3. L~llLel\tL'll'lfLLEl~~ha::2Jm~~ ~ 60 El.:1~1L'lf~L;a£.1~ 50 ul LL~::~Wn1 '] 
4. iJ~~1£Jn7::~1~a~5hitmJ tlll~ 95- 100 El.,'I~1L'lf~L;n£J~ L\t shake water bath 

'II 

\41'U. 15 'U.1fi L~ll'flJL1~1~ElmV11lii~ 95 El.,'1~1L'lf~L;a£.1~ LL~::'Yi1LoXLU\I.~ 60 E1.:1~1L'll'~L;a£.1~ 
, 'II 
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.. .. .,.. .1- .f ..1.-
5. LEnn1::~n~mUJL~£J11mln ~-n spatura n1~1~LL'VI1~'YILn~"li~LLa::L';Ja't1n~ 

'II 

6. rinse "li1~iimmrf~1mi'1 10 ijaaa~'l LLa::L~11Ltl~L'lf11Lth~LeJ~ 100 ul ii~~1£J 
LL~~eJai:hU£.111 LLa::\l.1Lth..i11~£ltU.'VI11D 60 + 1 El~fi1L'lfaL~m~· ~1~ 30 ~1Yi ~£l~L"ll£hmi 

'II ~ 'II - 'II 

~atl~L1a1 

A .. A .t: .I A 

7. LeJ1n1::~1~£Ja11L~£.111£l£lnLLa::L~11 HCL 0.561 N u'l111~1 5 ml fl~"lltu.:'YIL~11 
'II 

_,... ..I ..I .. ., .. • 
8. u'llJ pH 'Y1 4.0 - 4.7 'Y1 60 tl~fi1L'lfaL'lf£JR ( ~"lf 1 N NaOH 'V\1£1 1 N HCL ) 

.. Vjr ... 1 1• ..1 ... ~I"' 9. L~11L£l~ L'lf11D::11 £.1 ana fl'lfLf!R 300 ul fl~"liCU.::'YlL~11 LLiil::u~~1t1n1::~1~ 
'II 

A41111 1-l A 401 .. ..., I I 

Eliil11L~£.111 1J11'YI£lni.'VI1111 60eJ~fi1L'lfiilL'lftiR ~1~ 30 ~1'YI ~£l~L"ll£.11£ltl~iil£l~L1iil1 
'II ~ 'II 'II 

........ .. 
161 Lf'l11::\ll 

0 .._., I tal I I "" !' ..... ,.1 I 

1. ~1~1eJ£J1~mn~m1£JEl£JLLiil1 ( 'YI111J~1'VI~n'YILL~~eJ~) 

2. 'Yhn11i1~ sinter glass crucible LLa::n7::';11£J~Lan ~1mt1 3 ml a~L~"ll1~1U 
'II 

'1!11vi 1~t~'lia-ruru1n1fl 
t\1 .. ., ., 

- .. "" :' .:.~..., .. .. -- :::. 4. "lf::UnLntl1LLiil::~::nEl~~1£.1~1'YI1tl~ 70 tl~fi1L'lfiilL'lftiR 10 11iiliiliil~1 ';J::"lf:: 2 fl'l~ 

5. LL£JneJ£JnLU~~::nD~LLiil::R11al::a1 ti~'YI111Jtfi111~1 ( R11iil::iil1 £J';J::LfilJL iL ~ tl 
1Lfl11::~'VI1LR~L£J~a::a1£J t~J1 ) 

6. \l.1~::nv~~t~111-n::i1~1~t~'li 
6.1 li 78 % EtoH 15 ijaa~~., 

6.2 'li 95% Etoh 15 ija~~~'l 

6.3 'li Acetone 15 D~~a~.,1~£J';J::'rh'li'1Dti1~a:: 2 flf-3 

7. \bLU£llJ~£lni.'VI11D 105 El~WlL'lfiilL~tiR LLi1lt1LU1Lfl11::~'VI11U1~~LLfl::Lri1~eJLU 
~ 'II 

8. "1.1~ residue ';J1n sinter glass crucible a~LL'lm~mt1LU'V11tA111tu.LU1~~ 
'II 

9. "1.1~ residue ';J1n sinter glass crucible er~~Htl~L~mbhl'V11tA111ni.Ltl1 ( L~£J 
'II 

\bLUL~n'l~L~1L~1~Eltu.'VI1lij 525 D~fi1L'lfaL~£Ja- Ltl~L1a1 5 i'1111~) 
~ 'II 
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"" UHl 
"' I ... I 

thVItt'n residue = ~1LU~tl"l1Eh'IU1\'\Un residue ti'ti ( ii~~ni':JJ ) 

P = thwun Ltl'l~\L"lltl-\1 residue ~1n fritted crucible D\LLL'ln ( ii~~ni':JJ ) 
~ ' 0 ..., .... • • • .., .. .. - ..., 

A = \L1VI\LnLtl1"lltl-\l res1due ~1n fntted cruc1ble ti\L"r'ltitl-\1 ( :JJaan'l:IJ ) 

B = Blank ( ii~~ni'11 ) ~1\L1tll.~1n 

Blank = J1\'\Un residue "lltl-\1 blank- m:IJ1tl.I.Lti1~\L"lltl-\l blank - m:IJ1tl.I.Ln1"lltl-\l 

blank 

....... ~ 

11i1LA,.1t~ 

1. U1"ll El-\IL VI a1~n1t1-\IL~~" '1.~~1nn11iLf111::~m:IJ1tl.I.Li\L 'ttl tl1VI11~'1.3.la::a1 t1J1 

L~:IJtil'la::~1tJLEl'YI1\Ltla f111:1JL"Ji:IJ"liwl'a£Ja:: 95 ~~Eltl.I.VI11ii so El-\lt~~1L'lfaL~tlti L\LD~11~1\L 
• 'II 

1 : 4 ( i1ati1-\I~Elti11a::~1£JLtl'YI1\Ltla ) LLi1tl-\IL~'iln~::na\L~tltu.VI11ii~a-\ILU\LL1a1 1 
• 'II 

oN1111" 

2. 'th Sinter glass crucible ~L~1tJ:IJL1t~LtltJn LLa::n1::~1t1~'1.an ~1tlti11a::a1mEl 
Yl1\Ltla~11:1JL oll:IJ"li'Wltl tJa:: 78 LLi1~-\IU1"lltl-\IL \'la1~L~:IJ1n1El-\l 

3. ~1-\1 residue i1£Jti11~::a1tJLEl'YI1\LtJaf111:1JLoll:IJ"Jiwl'atJa:: 78 -;11\1.1\L 2 'ltJU ') a:: 

15 ii~a~~1 i1-\1~1tltil'la::~1tlLtl'YI1\LtJaf111:1JL"Ji:IJ"JiWltltla:: 95 -;)1\1.1\L 2 'ltlU ') a:: 15 

iia~~~'l ~1-\li1£Ja::~L~\L-;i1\L1\L 2 1au ') a:: 15 ii~~~'il'l 

4. 'l.t1 Sinter glass crucible ~~ residue '1.tlauiaua:IJi'tJ\Ltltu.VI11ii 105 El-\lt111 
'II , 'II 

L'lf~LfUr.Jti~1mX\L'th t~diu't \LLn~~f111:1J.f\L\L1\L 1 -i1L:1J-\I LLi1'1.t1 '1.tli"J1\'\Um yjtiVI1,r1VIUn 
'II 

residue 

5. "ll'il residue ~1n sinter glass crucible D\l.LL'lmyja'l.t1LtiV11m:IJ1tu.Lti1~\L 
'II 

6. "ll~ residue ~1n sinter glass crucible D\L~titl-\ILv:lt~u1LtiVI1tl~mtu.Ltl1 ( L~tl 
'II 

u1'1.tlun1\LL~1L~1~t:Jtu.VI11ii 525 El-\lt~~1L'lfaL~tJtiLiluna1 5 oN1L:1J-\I ) 
• 'II 

1. ~1\1. 1 m.m:JJ1 tu.Li\1. ltJ mV111~la.J~::a1 ml1~1n ti~'l 
'II 

' ~ ~ 

Li\LLtltnVI11n~::~1r.JU1 ( i'ar.J~:: ) = 'l.t1V1\tn residue- P -A- B X 1 oo 
~ 

U1V1tt'ni1a ti1-\l 
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Lrlmhvnrn residue = ~1Lu~r.J"li€J,n.h~~~'"n residue ~1.i ( ij~~n1'11 ) 
P = J1~'1l'n hhii'-1."11€1..'1 residue ~1n sinter glass crucible el'-I.LL'ln ( ij~~n1'11 ) 
A = J1~'"nLtl1"11€1..'1 residue ~1n sinter glass crucible auf\a-e1~ ( ij~~n1'11 ) 
B = Blank ( ij~~n1'11 ) ~11-1.1n1.~1n 

Blank = J1~'"n residue "11€1..'1 blank- tfill1tu.Llhiiu"ll€1..'1 blank- tfi111tu.Ltl1"11€1..'1 blank 

J1~'"mi1t~ci1.."1 = ~1Lu~r.J"ll€l..'IJ1~'"m11t~ci1.."J~Li ( ij~~n1'11 ) 

106 

fl1'W~ 5.10 Lfl~€1..'11 Lfi1"1::~Ltl €11~11" (Hot Extraction Fiber Apparatus) 

~111 : Lfl~ti.."Ji'imJij~m,-'tun1fli"lf1L'Ylfl 1 u1~flm~11" 
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... A A !'I 
n1'W't1 5.11 L~'lth1'1L~'l1::'VI ~t.ltn'V11'l (Cold Extraction Fiber Apparatus) 

..1 "" ... JA .._ A 11 ... 'YI111 : L~1El-ii11Elu!j'l.J<;Jn11l11~'1"1!'1L'YI~ U £lt.IEl1'VI1'l 

r " "1 n1'::G~1" 
~tJt<;J1uJ1~h~u LLa::J1'l~~u "::~~1111n1::~1-i!Eltl 2 U7::Ll1'YI ~El 

'II 

1. ~1111n1::~1-ili''1~'l1'1 'VI111£J~-il J1n'l::~1-ii~~ElU11attJ~1fttJL U<;J"llEl-iiLL~aL:at.lll 
,'II 

LLa:: LL11 n\t.L ~ t.l11 ~ Hll El E.i ~1'VI i'tJ ~1111n1::~1.:1i'1~11'1 1 U,! 1 H11111rlfh~ <;1 t<;l'L <;1 £Jn17~11 
'II 

L rta-il';l1nn11~ 11,!1';1::'ri1 1 'VILtJ~TftJ ElL U<;l"lJEJ-iiLL~aL:a£J11 LLa::LL11nitL~t.l11 ~~ El UL U J1na1 t.ILUU 
'II 

.... .., ..,.. :- ... ..1 .... 
m'll~11'l.J EJU ~<;J t1 an ~'ll<;J1::L 'VI £J a Eln';l1nu1 LLa::Ln<;J<;J::n EJ\1."11 El-iiLL~aL'll£J11~11'U m U<;J'V11El 

LL11nuL:at.111mftJ a L U<;J H11111nri1~<;J t~~'1 t~n11n1EJ.:~ 

2.~1111n1::~1.:1n111 'VIll1£J~.:~ J1m::~1-:~~~H11L 'VI&hda E.iL-rlu LL~m:at.111snaL ~<;1 
'II 

..1 .., .. .. ..1 ... ... .., .. ' .. 
LLa::LL~aL'llt.lll~aEJ ~1<;1 'VI1El LLllnLUL'llt.lll'llaLy.j<;J LLa::LLllnLUL'llt.lll~aEJ ~1<;1 a::a1£Jtlt.l 'll.:l 

'II 

Hlll11niiT~-<;Jt~<;J£Jn11L"llH11L~~ L~LLfi UU"lJ1'1 (LL~aL:at.111Lil<;J7EJnt'll~} LLa:: 1'll<;J1LLEJ"lf 
'II 

(1'llL~u11mftJmu<;J) L~11a.:~lu'luJ,m::~1.:~ L~a.Yhuljn~tJ1'YI1.:1L~ihu~r.JuluLn~a 
LL~aL:ar.J11LLa::LL11nuL:fi£J11~-il mJ1 u 1u H11a::a1 £J,r, 'llX a ti'l u 1u <;J::n au uEJn';l1nU ~a.:~ 'l~H11 

'II 'II 'II 'II 

'li1 £J<;l n<;J::nau L -rlu tn1i11 L ~a 'l ~<;J::n EJu~ Ln<;Jifu1'111i'1nuLLa::-;i'tJ'il1L ilun a u<;J::nau L~L11 
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" II II A. -. ._, A 

ft'l1&1 n'i::G\1\1 fl'l1&1L'tl&l'tl" CaC03 (&liUtfl'i&l/ilit1') 

:' ' 
U1CHlU 

-4 
0 (1-3< 75 

: .., u 
\nm·::~n\1 1un~1\l 

-4 
75 n-3< 150 

:' .. "" u1n7::~1\l 150 n-3< 300 
!' ... 
\t1n7::~1\1111n 300 LL~::1.nni1 

..; 
'YI111 : 

- tf "" :-... .. :; .. f'l ' n1'i1 Lfl'i1::M fl11 aJ n'i::G\1\1 L "" 1 ~::1 ~~n nfl1111n1::~1\l"t'l\I'VI11~·Jh1Lu\U.J ~1"111"11 El\lfl1fl1111 

m::~1\l,t1fl1"11LL~::fl1111m·::~1\ltl111L "li1~1 tlrl\1. L~tl El1fltl'V1Ann11 ~ El EDTA 

(Ethylenediaminetetraacetic acid) Lf11J11mrf1\l LCHlElUL if\1-ffElu ~u~·fhJ'lrlU Ca 
2
+ I Mg 

2
+ 

LL~::LElElElUU1"::~u1nH'El\l~u i)~LU\1.1.;'1L 'VIfl"ll El\lfl111ln7::~1\1"11El\IJ1 ~\I EDTA Lilu chelating • • 
agents Lilu multi-dentate ligands ~\IH'11111tl~unu 1~'VI:: 4-6 El\1.11~ Ldm&i11 Eriochrome 

·~ 
Black T Indicator 'luJ1~1Elci1\l~iluvhwDf pH 10.0+0.1 L&i11 Eriochrome Black T ~::1111 
nu ci+ I Mg 

2Ln~LUUH'11L if\liElu~ll1\l (n1 '11lilLElElElU"lJEl\IL~'VI::~::~1tJElci~::L~H'11~::~1tJ;. , 
.':1 .o1 'I ... 2+ 2 'I • 1 ..1 ..1 f'l 
n1) L11El L~Liil1"t'llil1tl EDTA Ca I Mg LL~:: LElElEl\l.u'l::~U1nEl\l.ij'YILu\I.H'1L'VIfl"liEl\lfl1111 • • 
m::~1\1"11El\IJ1~::1111~1nu EDTA LiluH'11L i\1-ffElu ~\IL1lil~LL~::fl\1~1ni1Lfl1"L il\1-ffm.uL 1n 

L!iltJ~::1111~1nu ca
2
+ riDu LLa1~\1111111.1~1nu Mg

2
+ LdD EDTA 1111~1nuLDDDu~\ln~11 

'V111~LLa1~\ILU~\ILElElEl\I.L~'VI:: (Mg 
2
• ) 111~1nLfl1L i\I'Jfm.uL1n~u'VI111ilLL~::u~EltJ Eriochrome 

f'l ... ... • l.,j f'l .... ':'! ' .. .. 
Black T LuUElH'1:: H'"lJEl\IH'11"~::~1tJ~::Lu~tJULuUH'n1 LLH'~\111tl\l~fltllil (End point) • • 

HOOC-cH~"-. CH:-:COOH 
.. " / 2 

:N-cH.;-CH:;-N: 
/ - -~ 

HOOC-CH 2 CH.,.:-cOOH ... 

structure of EDTA 

EDTA 3Jn L i~ 1.;'11L Ul.;''lhii7El ~\I'Jlna1\l L W71::1.;'11111rl~1J ElU11~LLfl~ L;n£J11'VI7El 
~ . ~ 

-=t • d VJ , .... o 
LL11nUL '11" £J 11'11"\1~:: L11"11~"1111\I\11U 'Y11fl1111 H':: El1~ 

108 FDT 2301 (FT 331) 



EDTA itm.J"\."lia..nn\uuliH'f1~n'l'l3Ju1~11 ~\1 EDTA W11111rt~\IEJU3Ja La~::';l1n 
, , 'IJ 

Lau L'll~~\ILihuih~ L'll~~ LUUWlL ~~ '1. ~ m~11L U1Lth.J uun';l1n\trr..,,b r.J~\1 \~m~11fi\I~L u , 
m~11LLi\IL "Jiu mt1 r.J I tY1 u1~11n1::il u\1-;hrnnn\1 I llu~~" "Ji1 r.Ju11.l1a-"lf1~"JJ u\1 Lfl~u\1~11 , 
mfumu~~ Liir.Jf "Ji1r.J"lfaun~w~u\u~1a-ilil 111r.Ju\IL'-'~~ mn11uLLa::'llu~ 

EDTA (Chelation therapy) 'l"li1m~nhflfiUL-ll'L~1ufi113Jflr.Jr.Ju3J';l1n U.S. Food 

and Drug Administration (FDA) \un11~\1La~::~~m"Jiu~::k1 1 U'lu'Yl LLa:: hfl~ihn111m 
LLflaL~r.J3JLUi1\ln1r.J111mnuLu (hypercalcemia)';11ni1\lmr.J 
t "" ... • ~1n-s::c;~1"a.auaLau~a 

' w 
.... ""' 1 1 A • ..... A I I 0 1 

1. ~u\la1\I'Ylu1Jur.J ') mu\1';11n1l~::nlU~Ii!Elr.J~13J'YlEll'1~1\l ') 
'IJ 

2. El1';lth'I.~~~El~11::LflliiL~ LilEl\1';11n~::n1utu~~El~1~Lnlil';l1mn11ln7::~1\l 
~iu '1. ,r..,,u L~3J L~ 3J ~3J11rt1l1Y-l 

3. ~1n1::~,..,~.., l'l1'l~~..,.nnv-JumLa::a-tlLnliiL~t.l1n 
'IJ 'IJ 

~ .M da "' • ,d 
4. U11i13J'Yl3Jfi113Jn'l::lii1\1';1::3J'la'L~EJU 

.. .c~o .., • .,r ~.~ 
fl1'Ufi"SUIJii1"SL~IJii1'Vl"StJfl1"S1LA"S1::'Vl~1fl"St(;l1'11 

1. EDTA solution a::a1r.J 3.723 n13J"JJEJ\I disodium ethyleandiaminetetraacetate 

dehydrate 'lu~1nku~1u 1 ~~-, 
2. Buffer solution 

2.1 a::a1t1 16.9 n13J "JJEJ\1 ammonium chloride 'l.u ammonium hydroxide 
w ' 

143 Da~~~-, L&i3J magnesium salt of EDTA ,j1u1u 1.25 n13J L&i1l\t1niu~1u 250 

Da~~~,. LiiuLl'"JJ11i!Y-la1~&inL~ 1 L~EJu 
.. ..: .... 1 

3. Eriochrome Black T solution (indicator) a::a1t1~\la'l' 0.5 n13..1 ~u triethanolamine 

~i-u 2-methoxymethanol 100 Da~lil'l '1.-K~f\la:: 1-2 ~£JiilLUn11L'YlL'Yl'l~ 
4. Alternative buffer: Dissolve 1.179 n11l disodium salt of dthylenediaminetetraacetic 

acid dihydrate and 780 Da~n13J magnesium sulfate (MgS04-7H20) or 644 Da~n11l 

magnesium chloride (MgCI2-6H20) in 50 Da~~~'l distilled water. Add this solution to 

16.9 g NH4CI and 143 Da~~~,- conc.ammonium hydroxide with mixing and dilute to 

250 5ja~~~,. with distilled water. 

FDT 2301 (FT 331) 109 



0 

fi\101&1 

';l~~1~1tu.~111Jn'l::~i\~"1JEI~J1 (ppm) LrlElt"Ji'J'1~1mh~ 25.0 ii~~~lil'l tYIL'Yl'lliltllJ 0.01 M 

EDTA '41~1~ 6.20 ii~~~lil'l 

= 

= 
= 
= 

• • 
tflthl1~~arh~ilm::~1~ 

ftft~~1,..1\Ul1M11 

~1111Loll11'1i~'l1El~ EDTA x m1111il'l EDTA ~1it~n11t'Y1L'Yl'llil 
tA1111il'l,r1~1-at ~n111 Lfl'l1::~ 

0.01 M X 6.20 ii~~~t;l'l 

25.0 ii~~~t;l'l 

0.00248111~U.~~L;atJ1l~Tfum~lil 

0.00248 x 100.09 x10 
3 

248 ppm 

fi1w~~~1~m~11 Lil~fi1~l.Y';l1nn1111ilw ~~~1UL~ ~1 ~ ~n-::"ll Eh1 Lfi'l~~ 'Y11E1 L '11~ 
l"llll~ Ltl'l~~ LL~::~1i1lJllJL~'lt;l m111tu.W~~~1ul~El1~1'l~~\bmilu Kcal H1111'ltl 

1L~'l1::~1.r 21n ~El 

1. L~1El~ Bomb Calorimeter 

2. 1n~1~1tu.';l1n conversion factor 

Bomb calorimetry Lil~1nn1'l1~fi1 enthalpy "lJEI~n1'lL~nl~~"lJEI~~1'ltl'l::nEllJ 
I A 'I tl .. - 'il ... !"I ... .J' 

Hydrocarbon~1~ '), Llcomb H, L~El1~1'l !Jn'l£J1"1JEI~n1'lL~1 L~11Lu~~~'" 

CxHyOz(s) + (2X+Y/2-Z)/2 02(g) XC02(gl + Y H20(I) 

m'l1L~'l1::~.Y1tJ Bomb calorimeter mitJ~~nn1'lL~1l~~~"lJEI~El1~1'l1u bomb ~~ 
L iJun1::iJ El-\1 1~~::~ fi1';}1n ~LL!il~L~ ~ 111 tJ 1.YlJ'l'ltJ1 n1~"1J El~ El Eln~L ';}~ ~fl1111~UlJ'l'l£J1n1 ~ 
~Em'li1~~., (1h::111tu. 25 atmosphere) ~~~Li1fil';l1nm'l oxidation "llr.h1H1'l1h::naua·wn7rf 

'II 

,~,r1 LL~::~TflJ El u t~ El Eln t'lJ~Wi'El :IJ rllJ ''" 1 lil'lL ';}U rh :IJ::tl~LL~::vi El ~vi Eli'~~~ ii tA111 tu. UEl tJl'i1 

1~Liililm'ltl~lilti~EltJ"llEI~W~~~1~1~,-tlfl1111fm.4 ~~~1111i'EJ~';l::nnJ1~mhEllJ ') 5~ bomb 
'II 'II 'II 

~lilsnlJl) ~~~~~~1~J1iiE1tu.~11ii~~~~ LL~::U1111~1~1tu.~1Wi~~1~El1V\1'l1n11il~1W~~~1~ 
'II ~ 'II 'II 

El1~1'l1~£J bomb calorimeter Lil~1~'l11ilL11 LL~::~~1111LL3.1~~1~~n1'l11ilfi1wi~~1~"llEI~ 
'II 
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El1'V11'l~tlinn Oxidize t~i1\lfi1F.J11~Mrf Lori~ dietary fiber ~tlinm.iEJF.JL~'l::tn.JtlElF.JEl1'VI11' 
~ , ~ 

Yi1 t ~ m'l1~rur\l\11~"ll El\1 El1'V111'L 'VI ~hd'iii11 ~" n11~1111 LUW;:J1\I ~1~th::LIWI non-fiber n111'~ 
~ 

t .... .., I o • 

mvHH\11~~11'1~';11fi~1 calonc value 'VI1'El gross energy 

~1~111J~a1~L~~El~"lJEl-\ln11'1~ii1Vii-\I-\11~El1'VI11',.iLLTi 
1. m'ltlEltl"llEl-\!El1'VI11'Lli~11U1'nL 

~ 

2. n11'~~~11tli~11U1'nL 
~ ~ 

3. El1'V11'llh::Ll1'YlLF.JEl1'V11'l 

4. ~ a"ll El\ln11'"ll~ff\l ~11'El1'V111'1h::Ll1'YlLH~ LF.J 

L"ll11~ rht~ii1wi.,..,1~El1'V111'a~a" 

n11'~1\1.1tll.il1Vii-\I\11~El1'VI11'1~mtJ~£J\1.~1"llEl-\l tu'l~\1., t"ll2J~ LLa:: ~1ftULliL~1'~ 
~1£1 Calories conversion Factor : Protein 1 g = 4 Kcal, Fat 1g = 9 Kcal LLa:: 

Carbohydrate = 4 Kcal 

i1m.h" 5.2 n11'iL~11::~mmru. Calories L\I.El1'V111'~\Iii 
Protein 12%, Fat 3%, Carbohydrate 17% 

= (12X4)+ (3X9)+ (17X4) 

= 128 Kcal 

ignition 
unit 

stirrer 

/ thcrn10I11Ctcr 
/ 

dcvvar 

sample 

fl1'n~ 5.12 LL~~\1~1~U1'::n ElU~1\I ')"lHl\1 Bomb calorimeter 
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nTwrf 5.13 Bomb Calorimeter 

~2.11: L~~fl~~m.JljUim1111~i'lf1L'Y1~1u1a~En~11 
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n1Yt~ 5.14 Flame Calorimeter 
0 

fi111 : www.chem.hope.edu 

..I 
n1Ytt1 5.15 Solution Calorimeter 

..l 
'YUJ1 : www.chem.hope.edu 
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AOAC Offfclal Method 954.02 
Fat (Crude). or -=:ther Extract 

· tn~.F;~ ~. 
G~MethOCI 

, "'. 

(Calnlon: SeeApP,endix B. ~ety notes on distillation.'diethyl 
ether. and pct:rO~m ether.) 

Place ca 2 g. accurately wdghed .. ground,. well-miJ~t~ sample in 
Mojonnier fat~xtraction t\lbo. ~d 2 mL alcohol t.O prevent lumping 
on addition. ()f acid. and i;b~ to moisten all particles. Add 10 mL 
fiCi ('25 + U.). mix well. -~· set tube 30-40 min in H~O bath at 
i~~. shaking frequently: Cool to room tempenuu~ and add 
alcohol until liquid level rise$ into constricted portion ofMojonnier 
tube. -

Add '2S mL ether. stopper· with glass. Neoprene. or good quality 
rubber stopper thon;)ugbly c~ ~ith alcohol. and· shake vigor
ously 1 min. <:a¥efully reileQo pressUre .so that. no sc:dvent .is lost. 
Wash adhering solVe-nt and f'a* frrim stOppea:- backinto extraction tube 
with few mL t'edistilled. pc:ittoleum ethel' (bp <60°). Add 25 mL 
redistilled petroleum ether-. s'tbpper~ and shake vigorously I rnin. Let 
stand until upper liquicJ iS pl1lcdcally clear or centri£uge 20 min at 
ca 600 rpm.. Pour as much of ethet-fat solution as possible through 
filter consisting of cotton pledget packed jUst: firmly enough in 
funnel stem to let ethe.r pass freely into I So- rnL beaker containing 
several ghi.ss-beads. Rinse lip of tube 'With few mL petroleum ether. 
Reextrac~liqul~remainingin,tubet'Wice.. eachtiinewith only IS mL 
of' eacb ether. shaking l rnin •tter .addition of' each etha-. Pour clear 
ether solution through filter tnto sarne beaker. as before. and wash 
tip oftubC:. stopper. funnel. attd'end of fhnnel stem with few mL of 
mixture of' 2 ethers ( 1 + 1). Evaporate slowly on steam bath under 
gentle stream of air or N 2 • C.Pnti.nue heating on steam bath I 5 m.in 
after so·lvent has evaporated; then cool to room temperature. 

Redissolve dried fat. residUe in :four I 0 mL portions ethyl ether. 
filtering each portion th.rousiJ small pledget of cotton into 100 mL 
beaker. containing few glass t,eads,. that bas been predried 30 min at 
1000. cooled to room temperature in desiccator• and weighed imme
diately. Use fifth I 0 rnL portion ether for rinsing cotton and funnel. 
Evaporate ether on steam bath. dry 90 min at 1 00°. cool to room 
temperature in desiccator. and weigh immediately.· Correct this 
weight by blank determination on reagents used. 
---·---- --- --· -------·--- -- --·--·--·<Y···- ·----· ·--~--------- ·-·--·--·-·--- --------~--------------------------

..I 
't1111 : AOAC 16th Edition (1995) 

114 FDT 2301 (FT 331) 



Subchapter 5 
FAT 

AOAC Official Method 920.39 
Fat (Crude) or Ether Extract 

In Animal Feed 
Final Action 

method 920.39A or 920.39C for mixed feeds other than(/) 
and/or expanded. (2) dried rnilk products. or (3) containing 

lllll1rw''""'"i"' ... moisture as in 934.01 (see 4.1.03) or 920..36* (see 
then extract dried substance as in 920.39C. and dry again. 

loss in weight as ether extract. 

Direct Method 

~C:JiliiiiiJ-raTous ether.-:Wash commercial ether with 2 or 3 portions 
add solid NaOH or KOH. and Jet stand until mos;t of H 20 is 

, .. rac1ted from the ether. Decant into dry bottle, add small pieces of 
cleaned metallic Na. and let stand until H 2 evolution ceases. 

ether. thus dehydrated. over metallic Na in loosely stoppered 
(Caution: See Appendix B. saf'ety notes on sodium metal and 
ether.) 

amounts H 2 0-soluble components such as carbohydrates. 
~lactic acid. glycerol. and others may interfere with extraction 
111¢ if present. extract 2 g sample on small paper in funnel with 
fe20 mL portions H 20 prior to drying for ether extraction. Cau

Appendix B. safety notes on monitoring equipment. distil
d diethyl ether.) 

ca 2 g sample .. dried as in 934.01 (~ee 4.1.03) or 920..36* 
05). with anhydrous ether. Use thimble with porosity per

i!lling rapid passage of ether. Extraction period may vary from 4 h 
~sation rate of 5--6 drops/s to 16 hat 2-3 drops/s. Dry extract rat 1 oo•. cool, and weigh. 

nces: JAOAC 64, 351(1981); 65, 289(1982) . 

.. 
'YI3J1 : AOAC 16th Edition (1995) 
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... ... ..I~ ... 
IJI1,.1"fl 5.2 L'UI11il'Hi1\l.fl ~"ll'~HUitn'V\1,-... 

Color Additive: Color Source Uses 

Annato extract: yellow Seeds of Bixa orellana tree Cheese, baked goods 
Dehydrated beets: red Beets Dairy products, fruit fillings 
Ultramarine blue 
Canthaxanthin: reddish orange Synthesis 
Caramel: brown to dark brown Heating com syrup Soft drinks, baked goods 
~-apo-8'-carotenal: red orange Synthetic 
~-carotenene: yellow Synthetic, algae Margarine, baked goods 
Cochineal/carmine: orange Female cochineal insect Beverages, sausage 
Cottonseed flour 
Ferrous gluconate 
Grape color extract: red to purple Concord grapes Jellies, candies 
Grape skin extract Grape skins Beverages 
Iron oxide 
Fruit juice Variety of fruits 
Vegetable juice Variety of vegetables 
Dried algae meal 
Tagetes 
Carrot oil Carrots 
Com endosperm oil Com endosperm 
Paprika: red-orange Sweet red peppers 
Paprika oleoresin: red-orange Sweet red peppers Comminuted meats, salad 

dressings 
Riboflavin: yellow Synthetic 
Saffron: yellow Crocus sativus plant Soups, baked goods, dairy 

foods 
Titanium dioxide: white Ilmenite (a mineral oxide) Salad dressings, dairy products 
Turmeric: yellow Curcuma tonga L. plant 
Turmeric oleoresin: yellow Curcuma longa L. plant 

..I 
mn : Dennis D. Miller, (1998) 

116 FDT 2301 (FT 331) 


