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ABSTRACT 

This research was conducted on increasing the amount of oil to be extracted. The 

ohmic heating process is using w ith sesame seeds at vo ltage levels 0, SO, 100, 150 and 

200 V by heating unti l the temperature up to 40 0 C prior to extraction with an oil pressing 

mach ine, single screw. Therma l and non-thermal pressing by the quality of the oil 

extracted from the storage time (30 days) was studied (pH, Acid Value and the color) to 

test appropriate conditions to increase the amount of extracted sesame oil. The result 

show that a 100 V conditions without thermal extracting had the largest quantity and 

appropriate quality of extracted oil. The quality of the obtainable with storage time 

showed that pH acidity and the color non-significant differences at a confidence level of 

95 percent. The ohmic heating with sesame seeds before oil extraction using a single 

screw machine without heat can help to optimize the extraction of the sesame oil from 

sesame seeds. 
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19.8 - 24.2 b'lJD1b~'U1'l ~'1:U~1i1~1'U~ ~\lbU'UEllVll1~~ :Ui;1l1:u1DhiJ'U bb~::;Vl~'Vil'Vlbb~'Ui,'I'I :u 
~ 

lmllJlJ n'lll 8 b ~lJ'lJ~1Jlru1'Unl1i;1nli1 lIi18nl11V1nJ::;bbi;11~vhe,h'Ul'lJcJ'I'Il ~'Uvll1Vlbnli1mllJ1D'U~'U 

ill 8 1 'U\ll~\I~l ne.J'fI n l1~n~l1 'UbdD'I \9l'U"I~'Ull n 1::;'Ul'U n l11VlAlllJ1B'U bb'U 'UlBv1lJlJ ni;1llJl 1fi b~lJ 
'lJ~1Il ruJlll'U'Il~lv\~l n n l 161 nli1v\l 8 bA~B'I~'UJlll'U bb'U 'Ui,'I m 

'IJ 

11?l8U~VllVlbl"l~d~~ ~n~lfi\li,'lml::;mllJl'll'l~n8~l'll\ln'U1'UnJ~'\Jl'Unl11V1rnllJ1B'Ubb'U'U 
lDv1lJlJ m' l:U~~I'lB nl 161 nli1Jl1I'U'IlVl1BllJ b~m-U'Unl1'VlIi1i;1B'UVlli;1Jlll::;~ bVl1Jl~i;1lJ~i,'Ili1 bb~::;lV\, 

vllnl1~n~l15nl1i;1nli1~bVllll ::; i;1lJ lli1m'lJ18'Ub-(i8'Unl1i;1nIi111i18 HmllJ1B'U1llJbb'fl::;nl1i,'1nIi111i18 llJ 

1.;rAlllJ1D'U1llJ 1l15nl111i1~i,'\l1ll1fivll1Vi1v\'lJ~lJ l ruJlll'U~lJ l n~'U1llJ~\I:UArum'Vi'1J D'IJlll'U~ ~ , 

v\18 I91~BIi1~'U1v\~n~l bb'fl ~ vllmllJ b.;rlhb~8ln'\JJ~'U'Unl1vll\ll'U'1JD'IbA~D'Ilm~lJiJnMmh'lb.;rlh 

bb'fl~ili1b~'U 1llJfi~1v\:Unl1BDmb'U'U b'l1'f1'f11~V1lbb'fl ~.rrll~vh ~\I~'1l'll\l1 ~1v\~n~ldi;1llJl1fitJl1Jl 
'lJ1 ~ 8 nl911m Vlbnli1'lJ1::;18'U'U1'UB(9li;1lVlnJ1lJDlVll1 lV\ , , 

1.2.1 b~DDBmb'U'Ub'l1~~1~Vllbb~::;.rr11~V1l b~D1m'Um~'\Jl'Unl11V1All1J'~'D'U6b'U'Ul Bv1lJlJn 

1.2.2 b~ B ~ n~l n l 1 b ~lJ'lJ~lJl rw bb'fl::; A,ruill ~'1JB\I Jlll'U'Il ~1V\~l n n l 161 nl?llli1 810lf 

m::;'\Jl'Unl11V1AlllJ1D'Ubb'U'UlDv1lJlJnn'UblJ~Ii1\1l~1~vlt' lb1\1vl'U1~V1lll(9lnl'll\ln'U nB'UtJl1'lJi;1nIi111i18 

HAl llJ1B'U 11'fI::;llJ1olfAlllJ1B'U 

1.2.3 b~D~n~lnl 11'lJ~8'U II'lJ~ \l l"l ruJll~'1JB'IJlll'U\ll~lV\~ l n nl1i;1 n Ii1 m),JJ::; 8::; Il'fll nl1 
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1.3 "lJe:J'Ub"lJ\9l"lJ&:Jf11':lVnbf1':l.:J.:J1'W 

1.3.1 ElElflbbUU b'1lmn'rlvh bbg,g;.rrl1'rlvhYlEl1oU'l'UflJg;Ul'Ufll':i1 VifrmJ~mmUU1m,hJ~fl 

1.3.2 'Vl(il?1El UU 5g; ~'VlTImV<l nl5bYllJtl~m runl5?1n(ilJl~'U'Il bbg,g;fI,rumV<l'UEl'lJl~'U'Il~M 

\11 nnl51ifIJg;Ul'Unl51Vifll1lJ~El'U~ltJ1mm~:lJ~n 1(il tJnl5l(ilYh~ bEl'U Al f111:lJ btl'U fIJ(il bbg,g;Al~ 

1.3.3 b tl5tJU b VitJutl~m ruJl~'U'Irl bbg,g;flrumV<l'UEl'lJl~'U'Il~1~\ll n nl5?1 n(il~ltJ16 b~'1 ng,, 

bb UU1ifldl:lJ~€J'U~llJ nVif1l1:lJ~€J'Ubfl~El'lVlUJ1~'U1'U'Urug;?1n(ilJl~'U'Il) bbg,g; bbUUhnifllllJfEl'U 

~llJ (l:lJ1Vifldl:lJ~El'Ubfl~€J'IVlUJ1~'U1'U'U rug; 6'1 n(ilJl~'U'Il) b(iltJnl5l(il A T~ bEl'U Alfldl:lJ btl'UfIJ(il bbg,g; 

Al~ 

1.4 't.h~bfJ"U't1~f11W;h~~1~-r'U 
1.4.1 1~bfl ~El 'Ii] €J~1i1 'U n5 g; Ul'U fl151 Vifll1:lJ ~El'U~l tJ161 El t.4:lJ ~ n i1'U bb UU ~ '1?11:lJ 15 [I 

Ul:lJ 11 i b tl'UiEllJ g,1'U n 15 El El n bb UU bbg, g;i\1&J'U 1 n5 g;Ul'U n151Vifll1:lJfEl'U ~l tJ 161El t.4:lJ~ nl?l€J1 tl1 'U 
" 

u11tl1i1'Unl5bYllJtl5d1'VlTImV<l1'Unl5?1n(ilJl~'U'I11VIl~tl~mruJl~'U'IlbYl:lJmn:IT'U 

1.4.3 btJ'Ubb'UdVm1'Unl5i\1&J'Ulmg;Ud'Unl51VifldllJ~€J'UbbUU1€Jt.4:lJ~n bb g,g;tl5~tJnVl1inu, 

.< 
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~lJl : '1'Vl5oUtJ e)Y'1l'noU'U8.2554. "nl'J1,xl'nl:lJ~eJ'Ubb'U'Utm.hJiJn1'Unl'HbtJ'J~tJ€llVlI'J" 

iJ 1VVlIYl bY'1'bftJ~ 1V 1V1 (91 ~1'Vl tJlY'1l?l (91 'JLJ0.141 (91, fI ru~fl(91?\1V1 m'J:lJ bn'bf(91'J :lJVlll'Vl tJ I ~tJbblit~ 

nl'JbbtJ'J~tJ~ltJfldl:lJ~eJ'U (therma l processing) bu'Um~'Ud'Unl'J~~IA1V1 'Unl'J bb1J'J~tJ 

eJlVlI'J ~'1iJl(91~tJ'J~?l'1A1'U~n'bfru~~1'11 b'li'U nl'Jmn (blanching) b~mr'U~'1nl'Jvll'1I'U'1J eJ'1 
beJ'U1'ifl1 m~'Ud'Unl'J~I?lb:UeJfb~ (pasteurization) bb~~nl'J?lb(91eJ~1~05 (sterilization) ~'1bU'U 

'JtJbb'U'Unl'J 1 Vlfldl:lJ~eJ'Ub~eJvll ~l tJ?lI'JYl'bf, :U~'U'Vl~8 , beJ'Uhl1 bb~~~ tJl51'U nl 'JbbtJ'J'JtJeJlVlI'J tl?1tJ 
'U , 'U 

~eJ'U (heat exchanger) 'tjul?1~I'11 ~iJn~1nnl'J~lm'Vlfldl:lJ~eJ'U~lCJnl'Jt1lbb~~nl'J~lfldl:IJ~eJ'U 

:Ul ntm'1?l{I'1~'U~I'U'1JeJ'1 bfl~eJ'1bb~n btJ~CJ'Ufldl:IJ{eJ'U~'1 bu'U.umh nl?1mh'1lJl n b~eJ'1:Ulnnl'J1 Vlflll:lJ ... 

I'lrum~ bb~~l'lru~n'bfru~v1'I'U~1 '11 '1JeJ'1eJIVlI'J bb~~ b~eJ1ibfl~eJ'l bb~mtJ~ tJ'Uflll:IJ~eJ'U btI'U b l{;1l'UI'U 

:U~~'1f..J~1VltJ'J~?i'Vl5m~ nl'J bb~n btJ~ tJ'Ul'nl:lJ~eJ'U~I'1~.:J b~eJ'1:U1 n nl'Jbnl'1(91~ n~'Ubnl~~~h bfl~eJ'1 

bb~ n b tJ~tJ'Ufldl:lJ~eJ'U vll1VltJ'J~?i'Vl5m~ nl'J bb~ n b tJ~ tJ'Ufldl:lJ~eJ'U~I'1~'1 :Ul n.umh nl'1'1JeJ'1 eJtJ m ill, 

tJ'J~i1'Vl5m~ nl'Jb 1\1'1 f1d1:lJ~eJ'U?l '1 bb~~li n~1n nl 'J bn l'1f1l 1:IJ~eJ'U:U I n m CJ1'UeJl VII 'J ~ '1:U ~'lil tJ~ l'1iJ ruViI 
, 'U ~ 

~ bnl'1:Ulnnl'J~ltJ b'Vlfld 1:lJ~eJ'U tJ'J::;Vlt'TI'1~~'1'1I'Ubb~~~I'1~'U'Vl'U nl'Jf..J~(91, 

n I 'Jbnl'1 fll 1:lJ~eJ'U bb 'U 'U teJVi:lJiJ n (ohmic heating) 

tJ'J~ ?i'Vl5 m~?l'1 lie)(91'J1 nl'Jbnl'1f1d 1:IJ{eJ'U~?l'1lJl n nll15nl'J1,xfld 1:lJ~eJ'Ubb'U'U~'U "'I tl'1 tJlie)(91'J1 nl'J 
'U 'U I 

bnl'1 f1d1:lJ~eJ'UtJ'J~lJl 0.1 0.005 -1.2 eJ'1Y'11 b'if~ b'ECJ?l~eJl'UlVl bb~::;litJ 'J~?i'Vl5m~1'U nl 'J btJ~tJ'UbbtJ~'1 

~~'1'1I'U1 vJvh b U'U~~'1'1I'Uml:IJ~eJ'U1~lJlnnll{eJtJ~~ 95 ~'11'U'1Jru~~nl'J?l~I'1ml:lJ{eJ'U~ltJfI~'U 

1:IJt fl'J b lvJ :u~litJ'J~?i'Vl5m~1'U nl'J btJ~tJ'U bb tJ~'1~~'1'1I'U1vJ-W1 bU'U'V~~'1 '1 I 'Ufid 1:lJ~eJ'U1v1'bVl tJ'1~eJtJ~~ 

45-48 bvi IJ'U 'Jl:IJvr'1 nl 'Jbnl'1ml:lJ~eJ'Ubb 'U'UteJVi:lJiJ nlin~1nnl 'Jbnl'1ml:lJ ~€I'U:U1 nm tJ1'U (1)l€I IVlI'J 

~'1hJlif..J~ m::;'Vl'U1'U~I'Unl'J~lm'Vll'1ll:lJ~eJml nbbVI~'1~ ~'1'1I'U iJ:u :UU'Unl'J bnl'1ml:lJ~eJ'U bb'U'ut eJVi:lJ, 
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:lJn~n'Ul1m'Unl~bb'tJ~~'tJ bbLJ'tJenVll~'tJ61eJ(91 b~eJ (aseptic processing) I:'1lVl~LJellVll~bVim b~eJb~tll 
\?161eJ(91~'Unl~th1'tJ1m'Unl~b~eJb~lJ'tJ~~~'Vl5m~nl~ bb'tJ~~'tJ1'U;;rn~ru~(,h'l'l b'1l'U nl~th1 'tJ1m 'Unl~ 

61~61l tleJ lVll'l'Vl ~ b61 bb'1l b8eJ n bb ~'1~'1 6'1llJl~~'1ll (J61(91~'U~ bb61~'tJ~lJl rut!l~m 'U m~tJl'Un l ~61 ~61ltl 

bbLJLJ~'1 b~lJ nl~mm~mrLJt'l beJ'U1'IJJJ nl~'I1l1'tJHb~eJbl:'1~lJ'tJ~~~'Vl5m~'UeJ'Inl~~l?1b~eJfl~~bb61~ 
nl~?1b~ eJ~161s& bbv1 nl~1 VlmllJ1eJ'Ubb LJLJbm~lJ:lJn~(91 btJ'U b'Vlrlb'U b618~lleJ'IArllllJn'Un~lJtrnl'1Jl nl~ 

'\J , 

" b Q~ l ~ n~lJb'Vhtr'U 

'1l'Ul~tI~~n~l nl~1 VlrllllJ1eJ'Ubb LJLJbm~lJ:lJ n 1 'Unl~ bb'tJ~~'tJellVll~~'tJ bb LJLJv1l'l '1 
'\J '\i 

'Vi~nnTa1~f'1 d1:W~e)'U bbuU~51eJ~:wiJn 

nl~1VlmllJ1eJ'U bbLJLJbm~lJ:lJn (ohmic heating) btJ'U15nl~6'11l'lm llJ1eJ'U\llnmCJ 1 'U\ill 

eJlVll ~ ~'1 btJ'UB-J61\1l nnl~'tJ~eJtI m~ bb6'11~vh1Vl61eJ l'U boill~ellVll~ bb61~ bi'\(91 nl~(i'll'U'Vll'U nl~1Vl61'UeJ'I 
'\J 

m~ bb6'11 ~~ l1'UeJ lVll~\I'Ubn(91 btJ'UrllllJ1eJ'U~ el~~ lmllJ{eJ'UI:'1'1 b(91t1'1JD(91'UeJ'IeJlVll~~ bVllJl~l:'1lJflLJ 
'\J 

nl~ bn(91mllJ 1eJ'UbbLJLJ bm~lJilrlt!'U rll~ btJ'UellVll~~llrh nl~'I1l1~~ l~6'1'1 bb61~ l'il nl~'I1l1~.wl'UeJ'I 
'\i 

ellVll~ll bb 'UlbUlJb~lJ~'Ub~eJ eJruVl.fl:lJ'UeJ'I~~LJLJll bb'UlbUlJ~6'1'1~'Ub tJ'UB-J61 \Il n'tJ~lJl run l~1VI 61 eJl'U'UeJ'I 
, '\J '\i 

m~1~.wl~1Vl61eJl'U1'UellVll~1v1lJl n~'U 'UeJ n \lln6'1lJD~nl~'I1l1~.wl (electrical conductivity) 'UeJ'I 

ellVil ~~ llB-J61v1 eJ n l ~ b~'1el\?1 ~ l nl~ b n (91mllJ1eJ'U(?)lCJ15bm~lJiJrl bbii'l'tJ~lJl rub n ~ eJ bb61 ~mllJ boillJoil'U'UeJ 'I 

eJ l Vll~nbtJ 'UU\I ~CJ ~ 6'1l Aq)1'U nl~ b n (91 rllllJ1eJ'U(?)l tl15b m~lJil n b ~eJ'I \Il n 'tJ~lJl ru bn ~eJ\I ~ btJ'U 

\ill m~ ~'U'V1'l1<Jib n (91 nl ~ bb \?1 n 'tJ~~\I1 eJ eJeJ'U'UeJ '1eJlVll ~~'1'1ll tI b6'1~lJm llJ 6'1l111 ~~1 'U nl~'I1l1~.w l1'U, , 

ellVll~1(?)btJ'UeJ~l'l~ bb~~B-J61'UeJ'ImllJboillJoil'U\I~'1llmvjlJ~'U'vh'Unl~1VI~'UeJ'I m~ bbl:'11~~ l b(91 tI ellVll~ 
vlm llJ boillJoil'U'UeJ'I bn~ eJ lJ l n\l ~ bn (91 rllllJ1eJ'UiJll tl15bmJilJilfl1 'U elmlvl6'1 'I nll eJ lVll~~m llJ boillJoil'U 

'\i 

JI CC\l"d'" 

~ ., .,, ,, 'J'\II.'III " " ' ·"lIII·~""'LI:I
.... 11 h ...•II 1 \1, " ',,,'j 'I 
' '' 1'1 ' .... 

.fll~vl 2.1 bbl:'1 (91 '1l'l \I ~n l ~ bn(91 rllllJ1eJ'U bb LJLJbeJ'tilJ:lJ n b~eJ'tJ ~ eJ(J n~~ bbI:'11~.w l1VI~eJl'U1'U 

\ill eJ ~ l'l ell Vll~vllll:'1lJD~ n l ~'I1l1~.w l~'1 B-J~ 'UeJ'I nl~1VI~ eJ l'U'U eJ 'I m :m1:'11~~l1'Uell Vll~\I~ b n (91 bU'U 

~;;r'l '1l 'UmllJ1eJ'U~'Um (J1'Ub ~eJ ellVll~t!'U b~eJ'I\ll n 1 'U'U ru~~m~ bb6'11 ~~ l1VI~eJl'U\I~ bn(91 n l~ 
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mhll~ll~ ~'l'll'U mllJ~e)'\.J~ bn VI~'Ub tJ'Ue-Jflb~e:J'l'll fI fn ':iv1l'UVll'U fn ':i1Vlf1'1J e:J'l fI ':i~ bb?ll~vh~lVlf1 

~ l'U fn':ibnVlm llJ~e:J'Ubb 'lJ'lJLm';lJlJA 'l~ bnVl~'Ul~~ bbf1~ bVllJl ~ ?llJfl'lJe:JlVll':i b Vlf11~ btJ'U bdm~~n n'U 

(homo~eneous liquid food) bbf1~iJfhfn':iUll~vh~~'l (hi~h electrica l conductivity) 

b~e:J'l'll fle:JlVll ':i bVlf1d 'l~?lllJl':i(1 btJ~ tJ'U bb tJ f1\1tJ~lJlvm'lllJ~m~ru~fll'lJ'U~~ 'lJ':i':i~l~~ e:J~ ~'lvll1~ 

?lllJl':i(1~lJer?l.rrl~b~flLVl':iVl1Jl?lDVl~e:J~ ~'liJ~l'U'thtJ1~m~ bb?ll~vh?lllJl':i (11V1 f1boiJl~mVll':il~mh'l 
'\J 

fn 'i?lill b~ [lA ruA lVll 'lLil'lJ'Ul tIl':i bbf1 ~Vll'ltJ':i~?llVl~lJer6'1'1J e:J'le:J l Vll'i'll fI e-J f1'1J e:J'l fll 'i1~1'lJAlllJ ~e:J'U
'\J v , 

btJ'Ublf1l'Ul'U fn':ififl~lb~e:J~\91J'Ulfn'i1~AlllJ~e:J'U bb'lJ'lJLm4lJlJfl1-&1'U':i~~'lJe:J\>I6'1lVlm':ilJJ'U'l~v1e:J'l, 

Lm';lJlJ n b'll'U Al fn':iUlh+vh AlllJ boiJlJoiJ'U'1Je:J'le:JlVll'i bbf1~mllJ boiJlJ'lJe:J'l?l'UllJ1~Yh 

fl1 'a'll 'a~fJ,n(illotln'a~'Ud'U fl1 'a1~f)d1:U~e:J'U bb'U'Ubm.hJlJn 

~n~ru~ btJ'U'1Je:J'l bVlf11 bbf1 ~il e:J'UfllA'1Je:J'l bb ~'l b~e:JtJ'U b'll'U 'lje:J6'1 e-Jf1 Wbbf1~'lje:J6'1erfI b'U [I ttl 'lje:J6'1~l6'1v1l, 

'ljtJbbf1 ~ mVll'i ~\>Il ':illJ~'l fn'itim llJ~e:J'U 6'1'l1'U fn':i'.li l b ~e:J'l~'UVl1 tJ1 'UtIl'UlJ b tJ'Uv1'U fn ':ivll1~bnVl 
, '\J ' 

AlllJ ~e:J'U bb ri e:J l Vll ':i ~1 tJ n ':i~ bb?ll ~vh J'U ~'U n'lJ A 1 llJ6'1 llJl 'i (11 'U n l ':iull ~vh (Electrical 

Conductivity) '1Je:J'le:J lVll':i ~\I mVll'i~l'U1VI~~ b(91~tJlJ~'U b~ e:J1-&1'U n':i~'lJl'U fn':i 'l ~iJtJ~lJl ruJl 

S?l':i~ (Free Water) ~'lilSe:Je:J'U'1Je:J'l b fl~m1~f1ltJ (Dissolved ionic salts) 1m~~'lJtJl'Uflf1l'l ~'l 

bYl tJ\I~ e:J(9]e:Jfn'ivl~11~bnVlmllJ~e:J'Uel'Ub~e:J'llJl'll flfn':i~l'U'lJe:J'l m~bb6'1l~Yh 

m~'lJl'UtIl':i1~m llJ~e:J'Ubb 'lJ'lJLm~lJlJ fI ?lllJl'i(1ulltJtJ'i~ tJ,flI'11oiJn'lJm~m'Ufn ':i'Jh b ~e:J 

1. 1oiJ~llJn'lJm~m'Ufn':i'lJ'j'i~ bb'lJ'lJtJf1e:JVlb~e:J (Aseptic Processin~) ?1lVl1'lJ 

mVl l':i~lIA ru Al6'1'l bb(;1~ e:J lVil 'i~ ~e:JlJ1'lJtJ'i~Vll'ULVI tJ6'1llJl 'i(1 bn'lJ1f1~l bbf1 ~'1J'U~'l~e:J ruVlillJ~e:J\I 
9 'U q 'lJ 

2. H~l6'1b'le:J':i1':i'l1mVll'ibVlm~1I~'Ue:JlVll':i?1lVl1'lJfn'i'lJ'j':i~~e:J'U (Hot Fillin~) 
!5. 1oU' byj m~ ~'lJe:J ruVlillJ '1J e:J \I e:J l Vll 'i rie:J'UUl e:J l Vll 'iJ'U1tJ'.li l b ~e:J (9] e:J LVI tJi6~\I b~ lJ 

. , '\J 

'lh~bfJ"tlt1"lJe:J~n'a~'Ud'Ufl1'a1~f)d1:U~e:J'Ubb'U'Ubm~:u:iJn 

1. tJ':i~~Vl5fll~6'1\1 ~~\I\ll'U1~Yh'l~ btJ~tJ'UbtJ'U~~\I'll'UmllJ~e:J'Ul~bile:J'lJ 100 btJe:J4b~'U1'1 
'\J 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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~Um ill b?!~JJ 'VI~8 ~U fl'mJl"111J ~JJ ~'U1 

4 . vll1 VI[;.J~(i)i1ru'V1~:iJ;ff'U81'VI1 'i :iJ'i?!'IlI~?!~ fril bbr1~:iJl"1rul"hvn.:J1.f1'1l'U1 nl'i?!.:Jfl11 , " 

2.2 \11 (Sesame) 

Vlm : mJJ1'lllnl'ibfl'\j(i)'i ( http://it.doa.~o.th/vichakan/news.php7newsid = 21 ) 

.:J1:iJ~m'lI.:J'W~fl'\jI"1I?!(i)111 Sesamum indicum L. 1.:Jfl1 Peda/iaceae bu'U1~;;lW;1f1bbr1~ 

dJ'U1iivr'Ub:iJ8.:J '1J eJ.:JU'i~ b'Vll"1bW1Jb~'U1"1'U8?!m :iJ~eJBfl~8'V1,j.:J11 Sesamum indicum L. bb?!~.:J~.:J 
'\J " 

flww1J#i'U 1ii'llt1 ~ 11 eJ ~1'Ubbfl'U~'Ubb~'U18 b~tJ'Ub~m1b8.:J ~.:J n'VI:lJl tJ ~.:JU'i~ b'Vl1"11 'Vl tJv11 tJ :iJ nl'iUr1 fl.:J1 
" " 

,J " .f)1'W'Vl 2.2 (i)'U.:J1 


~:lJl : wwvv. wikiped i a.or~ 


bJJ~~.:Jl:iJU'i~1tJ'Il,j U'i~fl81Jv11mJl~'U'i~'VI11.:J 46.4 - 52.0 bU81b~'Ui7l :iJ1U'i&\'U 19.8 ­

24.2 bU81b~'Ui7l ~.:J:iJ~~?il'U~ ~.:JbU'U81'V11'i~~ :iJ?lI'i:iJ1518U'Ubbr1~'Vl~'W1'VlbbVl'U?!.:J :iJbbl"1r1b~tJJJ 1u'i 
'\J 

bb(i)?! b~tJJJ~eJ?!~eJ-r?l lV11:lJ'UD bbfl ~b'VI~fl Jl~'U.:Jl~~1v1m~lflnl 'ii11J1~ tJ1l.J1-tl'f11IJJ{eJ'U (cold 

pressed) JI~'U.:JI'llt1~d1~-r'U1"111JJt1tJJJmj 1.:J~.:J b'W'il~1l.J:iJnl'ibU~tJ'UbbUr1.:J v11'U1m.:J?!{I.:J'1JeJ.:J 

1JJ bfl flr1Jl~'Ubbr1~1l.J:iJ?lI'ibl"1:iJ(i)fl~l.:J, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:wikipedia.or
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bbGl~:iJhb~'U'lh~mru 17 - 25 btJeJ1b~ml b~mtJ~t'J'\JbVit'J'\J~ln'\J51bVl~eJ~bbGld'IJbb~TVf\.J'il ~l:iJ 

l'1JlJ'U?!~tlll~lbVl~eJ~tJ':i~mru 3 bvil bbGl~?!~tlll1'IJ tJ':i~mru 4 - 6 bvh ffitJ':i~'U?!~tllrI1'IJtJ':i~mru 
~ ~ ~ 

51 bbGl ::;~'U1'lXJllJ'U~'U1 b ~':il~:iJm(i)eJ~m'U~,hbtJ'U ~~Yl'UrI~tl~l'1'1Jl(i) bbflGl'U b'IJ'U b~li151eJu'UbbGl::;~ 

?!~'U bb~~l:iJlGl~'U~l r1~~'U eJl':\lHYlb?!~~eJlVll':i5l t5qj~'U bbGl~eJlVll'm,j~~'U11~btJ'UeJ~l~~ 

~';i';i'Wl"lru, 
~l m'1JlJ'U-oJl btJ'U~~l~ tll t'J~~ bfl':il~VibeJ~hn~ A€I m(i)1Gl1'UbGlBtl ~l ~tllt'J':\l::;th m~11'1JlJ'U 

r1~tl~llltJ?!~l~~eJl~'U~':ieJ?!(9]l bbtlG1'U~'U~n'U ~~vllVlih~~vm flru~l~eJ~l~ tll t'J~ l tlmt'JVlGll t'J~l'U, 

~lt'Jn'U eJl-c1 

1. '1i1t'J'1Jt'Jlt'JVlGleJ(i)b~eJ(i) 

2. '1i1t'JGl(i)flll~r1'U1Gl~~ 

3. ,jeJ~n'Ubtl~(i)b~eJ(i) (Plate Let) btll::;n'UbtJ'U~~ tllbtll~n'UmtleJl':\leJ(i)vl'UViGleJ(i)b~eJ(i), 

- Ql~~b~eJ(i)ltJ~(i)vl'UViGleJ(i)b~eJ(i)?!~eJ~ f1':\l ~lhmtJ'U5~~lV1 5~~fJtl~1~ 

- tll~~ b~eJ(i)eJ(i)vl'U':\leJV1l eJl~vh1'lXm'\JeJ(i)1~ 1(i) mmn ~~U1t'Jhfl b'\JlVll l'U(9]eJ~, ~ 

4. tJ'\J~~l~l'lX~l~tllt'J?!~l~flmGl?!bV1eJ':ieJGlmmn'U1tJ 

5. ~l:iJbbflm~t'J~?!~vh1V1m~(i)tl bb ~~bb':i~byj~ml~VI'Ul1'lXmGl m~(i)tl
~ ~ ~ 

VI~(i)tJ':i::;-oJl b~ eJ'U nfl1':inmlmtl1 bwn~lt'Jd~~ bn(i)m1~'\J tl~ ~eJ~~eJTI~'UbeJ?!1V1 b':\l'U vll1'lX:iJtll':i~~ 

bbflm~t'J~m':\lltlm~(i) mbGl~~'U ~~:iJfl1l~b~t'J~?!~~~~ btJ'Uhflm~(i)tl~':i'U m~(i)m~eJ~
'U 'U 'U ~ \J 

" 2.3 thiT'U'l1 
~m : http://vv\lvw.pumedi n.com/index 

JllJ'U~lbtJ'UJllJ'U~~~tln'Umil'Ul'U ?!n(i)l~':\llm~~(i)\Il (Sesamum indicum) ~'I 
~ 

tJ':i::; tl eJ '\J~1 t'JJliJ'UtJ ':i::;mru 44 - 54 b tJeJ1 b~'U ii tll':i?! n (i)JllJ'U €I €I tl':\ll m~ ~(i)'I lti15tll ':itJ '\J 

JliJ'U'Il B-J~\9lmtl1'UtJ':i::;bVlI"1~'U B'Ub~t'J ~l.Jl bbeJ~~tll blJtl'81tl eJb~~tlltlm\l bbGl~eJb~~tll1(9] 

JllJ'U\llil?!~1.J'~~ bl'1b'':\l::;1:l-i bb ~\Ivl1Vl~eJil~m~ru~'IJ'U ~'I bbil':\l::; Gl(i)eJruVlJliiGl'l bVl~ €I 0 eJ\ll'1l b'@b~ t'J?!, , ~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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~'l?ll:lJl'J ()1otl'JllJ'U,mtJ'Lnhu'U?I~(911vnv1tJhiiltl,:)'vh winterization mCJ'I-1~'lfn'J~1vhl bb~') JllJ'LI'll 

~1v1-;;)~iJ~ b'I-1~e:mitl'LI 'LItl fI-;;)l fI HyhJllJ'U?I~vmkJ cJ'll otl'vhJllJ'U'lJ'J'l ell'l-11'J b'LI m Vi mm?l ~ b'UCJ'1Jl,), 

fIll:lJ~,)'l'i.lW{n~ 0.918 

~11tlltl~'U 110 

~l'1JlYmwVlbfli'U 185.8 

~l b'\Jtl{tltlfl1'1Jv1 13 

m(911-ulJ'LI~?I'J~ 1.3 b'\Jtl{b~'U~ 

?ll'J~'1ll'rmmvM1JJ1v1 2.3 b'\Jtl{b~'U~ 

-;;)(91 bn (91 f1l'U VltlruWliJ. , 
" 

330 tl'll"llvh b'J''U1~~ 

JllJ'U'l1'\J'J~fltlUv1,)CJm(911-ulJ'LI'1JU(91~1'l11v1bbri m(911m?lBfI'\J'J~:lJlru 37 - 39 ( bu~CJ 40) 

b'\Jtl{b~'U~ mVl~l'Ub?lBfI'\J'J~:lJlru 35 - 47 b'\Jtl{b~'U~ bb?l~mVl1'1JlJ'LI'1JUVl~:lJ(!)')'\J'J~:lJlru 12 - 15 

b'\Jtl{b~'LI~ '\J'J~fltlUv1,)CJmVl'\Jl~iJ~fI 9 b'\Jtl{ b~'LI~ mVl?lb~CJ~fI 5 b'\Jtl{b~'U~ mVl1-ulJ'U'1JU(91~:lJ(!),) 

~'LI1 1 b '\Jtl4b ~'U~bb?l~ mVl1-ulJ'U'1Ju(911JJ~:lJ(!),) ~'U1 1 b '\Jtl{ b~'U~ 1191'Jbtl6tl?lfl~ b'1Jtl'Jtl?ll 'LIJllJ'U'll'1JUVl 

tri unsatu rated '\J'J'~:lJl ru 60 b'\Jtl{b~'U~ 'Utl fI-;;)l mr'UJllJ'U'llcJ'liJ?ll'J~1JJ () fl1~lVl'J1?i'11v1,) tJ v11 'l 
" 

'I-1~tl?ll 'J~'1l1\AJ tlm~ Vl1JJ1v1bu'U'\J~:lJl ru~'l ~,)'U1'Vl'1l bU'LI?I bl91 tl 'J tlflbb?lg; ?ll'J ~'LI1 ~'l1JJ?ll:lJl 'J mbtJ fI 

Be) fl1v11Vl CJ f11 'J~1 'V'Ju ~') 'U?ll 'J~1JJ () fl1tllVl 'J1?1'1l1v1v1') CJv1 l'l.n cJ'liJ?ll 'J'\J 'J g; fltlU ~'LI b'tl'U b?l?l liJ'U 
" 

b?l?l 11:lJ~'U bb?l ~?ll 'J~'U tl?l fltl b?l?ll:lJ tl?l ~'l1JJ\AJU1'UJllJ'U'1JUVl ~'U ?ll'J.n?l1:lJl 'JmnVl'\JDn~CJ1'V11 'l 

bfliitvr?ll'J~iJ~1v1 ~'l1otl'b'\J'LI15'V1Vl?ltlUJllJ'U'l1 b~tJflri1 Baudouin' s test bb?lg; Villavecch ia test 

f11'J'VIVl?ltlU.n?ll:lJl'Jll'VIVl?ltlU1v1~'l bb:wrhJllJ'U'll-;;)g; () fl1~1(91'J ~ b'LIi'Ubb~,)n1911:lJ ?ll'J~'Utl?ll'UJllJ'LI'l1 
" 

cJ'lv11'l-11.:h ~ b tJ'U?ll 'Jill 'LI tl tl fI'8bVliw5'J 'J:lJ'1Jl ~ v111vrJllJ'LI'll iJ fIll:lJ fI 'l (!)') ~ tl tl tl fI'8 bVlo/J'U1v1~ fill 
V r V iI 

'tlllJ'U'1JU (91 B'LI ~l'l-1-rU:lJlI91'J\il'LI'tlllJ'U'lliJ~'lij.... 

fIll:lJ~,)'loJl b\AJ1~ (25 ml"l~'b'1JfIb'1lCJ?I) 0.914 - 0.919 

.f11f11'JVlfIb'l-1'1Jtl'lbb?l'l (25 tl'll"l1b'1JfIb'1lCJ?I) 1.470 - 1.474 

rh1tl1eJ~'U (wijs) 188-195 

~1'1l1\AJtluvhflo/J'LI 188 - 195 

?ll'J~1JJ()fl1tll(91'J1?1'11v1,) CJv11'l (%) 1.8 
" 

?ll'J~'1Jl\AJtlm~Vl1JJ1v1 

1l91bl91tl{ (tl'll"llb'1J?Ib'1lCJ?I) 20 - 25 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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" 
2.4 	nl'ar;tn~'thiJ'W~1 

~~n : http://www.thaikasetsart.com 

"\11" ~ 1'W til 'Jf) Vl f1\J15t1l'J bb tJWtJ1Vl CJ.fI:WUWQJlVl8\1 ~'W'lJ'i)\lfl'WlvW1vWJ b~ CJ nll "tIl'J BVl 
'U 'U v v 	 v 

1. tIl'J (;'I nVlJl ~'W\l11Vl CJ H'bb 'J \I\Il'W~~1 b U'WB n15 til 'JVI~\I ~\I'1J 11lvW1VlqjhJ ~\lVllVl 

bb:l.iri8\1(;'1B'WcJ\IHmJ~'WD\lu~'IlD'W1i 15t1l'J1i'Yll1vi1Vl8thb~~Vl\ll~~lmbVlVl 5 - 6 l'W 1~~B'W th1tJ1i.'i
'V , 

1'Wmn1ii~\I:Wfl11:lJ'IltJ'J~mru 22 - 25 ~m (tJ'J~mru 15 nbGln:r:lJ) bb~11ibb'J\I\ll'W'Ill nl1V1~Bfl118, 

Gll n(;'ll n 1 ~VI~'WbU'W1\1 n Gl:lJ1 tJ'JBU 'l fl'J n (;'11 n1ii'll~\Ju1~b:lJ~Vl\ll b\J 8 Vl nUfl'Jn'll'W'tJ'W bbGl~:lJJ1~'W~:lJ 

B8nm ~m~~D\li11:lJ\I~(;'IB\lb&\~J1~mJGl\l1tJfl~\lGl~tJ'J~mru 150 :Wfl~~~'i 'ill'W1'W 7 fl~\I vll\ln'W 

fl~\lGl::; 10 'W1Vi (1iJl 3 m::;U8\1/\ll 1 mn) 1'Wi11:lJ\I~ 3 'Il::;~\lbn(l)b~'WJ1:W'WGlBmbCJn~'Wm 

~l\lU'W btJVl'1i8\1~\lB~i.'i1 'WU'W'1J8\1fl'Jn1~Jl~'W1VlGlBB ni.'im'1J'W::;'JB\I:rU 1 'W nl 'J(;'InVlJl:W'W bbv1Gl ::;fl~\I~::;
'V 	 'V 

1~Jl~'W 	7 - 8 '1J1Vl ('1J'W1Vl 750 '1l'1lJ bbGl::;Hb1G1ltJ'J~mru 3 i1b:lJ\I 

2. nl'J(;'InVlbVlmfl~B\I~mbbGl::;~m~Bflvlvhm1i bVlmu'W'J::;uu1~1Vl'J~l"IbbGl::;bn~melVl ~\I 

(;'Il:lJl'J(1vll\ll'W1~v1m~B\I\91Gl8mlm Jl~'W\l1~1~'Il::;bU'WJ1~'W\llU~~'Vlt (vi r~in oil) bVlCJBl'llbU'W 

Jl:W'W\ll~U ~\l1~~1 n\ll~1:1.i~1'W nl'Jrt1 bU'WJ1~'W~ bVlm::;~ 'Il~1oU~lVl:rU'Vllm CJ'WB n bbnBlnl'itJ1 Vl 

b~BCJ VI~mu'WJ1~'W\I1'vi1~~1 n b:lJ~Vl\ll~ ~1'Wnl'irt11~:wn~'WVl8:lJ ~\lJl~'W~1~~~:lJ~I"IJl bVl:lJl~ 
~lVl:rUH'tJ 'J \I bbv1\1'J(;'IB1Vll 'J 15 nl'J (;'InVl bb uu1i~~?l nVl Jl~'WB8 n1:1.iVl:lJ Vl ~ ~:lJJ1:W'W\ll bVI~m) ~ 

9 	 'V 

I?1B\l1i?l1'JGl::;GllCJ'WB1:lJ8fl b~n b'1l'W G1::;G11CJJ1~'W~bVl~B1~m 'J1:lJ(I)l nU?ll'JG1::;m CJ bb~l~\1 n~'Whi 

?ll'JG1::;m CJ b~n b'1J'W B 8 n 1 ~V1:lJVl ~\I bU'W05'W\91B'W~AB'Wil \I ~\I 81 mbGl::; el'W \91'Jl tJ b~ B\I~ln?ll 'Jfl::;m tJ 
9 

b~m'1J'WbU'W(;'Il'J111vi ~\I~B\l1imlm~:wm::;l\l1'Wnl'JtJBD&\\ll'W bbv1nln\ll~1~~ln151i:lJJ1~'WVlG1\1 

bVl~BB ~11B8nll 0.5 btJB1b~'Wrr;
'V 

Jl~'W~1~m~lnm'J:lJ15nl'J?lnVlv11\l'l 1icJ\I:lJ~\lb~8tJ'W "illbU'W~B\lvl11~U~~'VlttJ'J1Y'1~ln 
~ \I b~BtJ'W ?l 1 'J 8') \I bV1{1 CJ1 n 'JVl1'1J:W'W €l (;'I 'J~ ~ bbGl ~ n~'W bVl CJ ~1 'W m 'J:lJ 15fll 'J n 1 ~VI1 'W05W;18'W fll 'J 

\91n\91::;nB'W nl'Jnl~VlmVlnl'JA1\lJl:W'Wnl'J'V~8n~bbfl::;nl'Jnl~Vln~'W 

2.5 ri1fl'J1lJbtJ'Wn'a~ (Acid VaLue) 
d 	 . 
'Vlm : http://www.foodnetworksolutlon.com 

A11"Id11Jbu'WmVl (Acid Value) Vlm8D\I 'ill'W1'W:WG1~n1':lJ'1JB\lb~bb'Vl(;'lb'1lmJl~Vl'JBnl'1Jt71~vll 

tJBn~tJlbu'Wnm\l (Neutralize) ~B~numVlh:W'W~?l'J::;~:W8~1'WJ1:W'WVl181'1J:W'W 1 n:r~ mVlh:w'W 

~(;'I'J~1im'lllnnl'J?lmCJ(I)l'1J8\11\91'Jn~b'1J81 'it71 'Vll\l bl"l:lJVI~B~lnnl'Jm~vllbVl CJml~~B'Wbb?l\l Al'1J8\1 

mVl1ibU'Wbl"l~B\I~lVlll Jl~'W:W1"I 
9 
rum~ ~Vl181:1.i ~\lJl:W'W~:lJ1"I 

9 
rum~~VI~B cJ\l1:1.il~:WtIl'JH\ll'W~::;:W 
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thw'U ~~ l'1eJ'I l Vl b~ml"llJ'Umj~eJ ruVlf1~LJnA~llllVl1 'U'1J ru~~JllJ'U:iJeJruVlf1~?!'1 
'U q 'U '\ \J 'lI 

Alflllllbtl'U n1Vl (Acid Value) btl'UAl~u.:JueJ nflru m~'1JeJ.:JJllJ'UbbGl~1'1JlJ'U bVlI:Jbtl'UAl, 

u.:J;ff":h 1(?1'm~b'lmh~ (triglyceride) ~btl'U?h'ULJ1~neJ'UVl~n~mjmJ?!m tJv11tJLJ 5n1tJl hydrolysis 

bVltJ:iJbeJ'U1"lfii 1mLJ?! (lypase) bbGl~f11l111eJ'Ubtl'U \9l1d'lLJ5n1tJl e..JGl~1v1fleJ n~b"lfeJ1eJGl bbGl~ n1V1 

hlJ'UB?!1~ ~'1'Vh1~JllJ'UbbGl~1'1JlJ'U:iJmlllbtl'Un1Vlb~ll~'U 

o 
II 

H C-O-C - R 
21 0 1 

HzC-OH 

o 
"HO -C-R 

1 

" HC-O - C-R2 + 3 HzO 

I 9, 
H2C-O -C-R3 

~ 
Iypase 

1 

HC -OH + 

I 
HF-OH 

o 
II 

HO-C-R 2 

o 
II 

HO-C-R 
3 

Triglyceride glycerol free fatty acid 

~ . 
'Vllll : http://www.foodnetworksolutlon.com 

:iJril'1JeJ.:Jn1V1 (Acid Value) ~Vlbtl'U~Gl~n~ll b~bb'Vl?!b~tJll1~Vl1eJn1"lf~ ~eJ JllJ'UVl~eJhlJ'U 1 n ~ll 
- 1#i1~bn'U 4.0 61lVl~uJllJ'UbbGl~1'1JlJ'U~whbVltJ1551111"lfl A 

- 1#i1~bn'U 0.6 61lVl~'UJllJ'UbbGl~hlJ'U~'1'VhbVltJ15eh'U n111115 

- 1#i1~bn'U 4.0 61lVl~'UJllJ'UbbGl~1'tJlJ'Ue..J?!1l~.:J'VhbVltJ1551111'lJl~ 
- 1#i1~ bn'U 0.6 61lVl~uJllJ'UbbGl~hdJ''Ue..J?!ll~.:JvhbVltJ15 eJl'U n111115 

- 1#i1~bn'U 1.0 ?IlVl~UJldJ''UbbGl~1'1JlJ'U~whbVltJ15e,il'Un111115e..J?!lltlU 

Al Acid Value btl'UAl~HI'I11~?!eJUl"lbIWl~'1JeJ.:J JldJ''UbbGl~1'1JdJ''U 61lVl~U'VleJVI (frying 
.' 

oil) 1~Vl':il.:Jnl1'VleJVI (flying) bbGl~l"lrum~'1JeJ.:JeJlVll1~:iJ'\J1111ru1'1JdJ''U~.:J 1v1bbn ellVll1'VleJVI b'1l'U 

U~Vl~~'1?1l b~~1'\J 1~Vl':il.:Jnl1 bnu~m~l VllnAlflllllbtl'Un1V1?!.:J bb?!VI'IllJldJ''Ub~eJllflrum~ :iJ~VI 
'U 'lI 'I q 

bnMl'U (smoke point) ~l bbGl~btl'U?!lbVllilb~1l~'U'1JeJ'Inl1bVl~'UVi'U (rancidity) 'UeJn~ln.QcJ.:J:iJ 

beJnl?!~~~ bnVlLJ5 n1tJl~Y;VleJeJn'll bVli'U (lipid oxidation) ~.:Jbu'U'\JiJn1tJl~ nb<d ~wh1~bnVl nl1 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 

http:http://www.foodnetworksolutlon.com
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.d 
'U'VI'VI 3 

16t~eJtJn'arubb~~15n1'a'VI~~eJ.:I 
q q 

-b:W~\?l'll'lJll l'1'n oUll'VleJ'l (th~ bvwlhm) 

-tJl(?1 b~tJ:w~hVleJ1 

-?1l1~~m tJl'1lb~tJ:Wfl~eJ11\?1 

-l'1l b~tJ:w1~\?l1eJfl1'1l\?1 

-beJVi~bbeJ~fleJ~eJ~ 95 % 

-yhw ~Vll ~hJ 

-bfl~eJ'l1Vi'fIll:w~mm 'U'Ulm~:w:DfI 

-bb~tleJ~fI~~fl1?1 VIm 0.5 b'lltl ~b:W(9l 1 

-bb~tlmb(9ltl b~?1 Vltll 0.5 :D~~b:W(9l1 

-(?I~ bbm 'l?1 bb(9ltlb~?1'lJ'l'lnnjtJtl~l b~~1tJ 
v , " 

-m~'UeJfI(9Il'l 

-bbvl'l bbfll 

" 3.1.3 el'llfl1ru"'h.Jfl11~n~'l11~'U-:j1• 
. '" . 

-bfl ~eJ'lv\'U'l1llJtl bb 'U'U?1 fI'H~ tJl 
" 

" 3.1.4 el'llfl1rufl111 bf'l11~"vhYh.nrubb6'l~f'lru~lJu~"lJel-:jth~'U-:j1 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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. ." 
-bl'1~€l'l.u'l'lhVI'\1f1 

-bl'1~€l'll~1'111lJbtJ'U f1 ~~ ~ 1'1 

-bl'1~€l'll~~m'U~l ~'U CR-300, 

-mmJ~ 

-1~~~1'111lJ~'U 
'\J 

I , tI , 

m~Vi 3.2 bI'11€l'li1U1..h1('UbbUU?1mb~tn
'IJ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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I v, , , I 

3.2.1 d'Jm'J~oV'eJ~GlbntJ'JnU'll m~UT\.mld61n~'l11i1'U'l1 bbGl~~'lVlbntJ'JoV'eJ'lB'U 1 

3.2.2 61 n ~Jli1'U,:n 171'J tJimoUl'1'J l'1'JvllGl~m tJffivm~ tJ~~lbVleJ ~ (soxh let) 171'J tJ'1l~61 nvl1ovil'U 

l~tJHb~~~'llU~Gl~bBtJ~ 5 n-r~ b~mijltJ~mt;\Jll1i1'U'llm(91d~1'U
'" 

~'l"il~i1 [:..JGlvll1'lX611mdfl61n~Jli1'UeJeJn"il1 n b~~~'l11I71m n~'U 1~ 1:.1 bb UU~b~tJ'U~m~tJd::; n eJul71'JtJm~ 

~1'11711'UVI~1 bbGl::;/VI~eJ m~~1'l1711'U-rrl'1 ~~eJ~nmltJGl::;bBtJ~~~~'J'U'VeJ'l~tJmruMl'l 1 l~tJ 

eJeJ nbbUU1'lXd~UU'VeJ'lbfl~eJ'lbU'U1~UUvrtoU~~'l'll'Ul~Yhm~ bb6161~U 611~1 1fl1oU1l71num~ bb611~Yh 

'V'Ul~lJJbn'U 20 bbeJ~bbtJ~ b~m~~el(91dlnldbn~1~d'U~[:..J'Jw(jml~'IJ b61JmheJ'leJtJmruvll1'IXbn~d 
'U 'I 'I '1.1 

3.2.5 btJ~tJU bVI tJum::;m'Unld[:..J~(91Jli1'U'll 1711 tJ nl1m~v1'Ub~~~'l1171'J tJ m::;m'Unl11'lXm 1~, 

~eJ'UbbUUlm/j~iJnl~tJ1~b~~~'lrI1'Ub61JGl'Vtl'leJtJmruvh1~bn~d~d'U1'Ubdm~eJ~'IJ tJ~mru 300 n-r~ 
, 'IJ , 

bb~'J1111tJ1611'Ub61JGlGl1~~1~i1m1Gl~Gll tJ161Jb~tJ~ flGleJhvlfl'J 1~ boV'~oV''U~eJtJGl::; 0.05 (w/v) "ill ml'U 1 VI 

m~bb611~Yh~1::;~ubb1'l~'U1~Yh 0, 50, 100, 150 bbGl::; 200 V 1~tJ1~ml~~eJm'UtlruVlJliJD'l 
, 'IJ 

40°C bb~'J'l11b~~~'l1~1171"illnm~m'Unl11'lXml~~tl'U bbuulm'idJiJn~1~~ubbd'l~'U1~~1~1'l 1 1 tJ 

(911n1'Uvh~'l"il'Ubb~'lbtJ'UbJGll 1 l'U b nu~n'l11n'Uv1~~mldJ~'U "illmr'U'l11bdJ~~'l1dJ161n~Jl:W'U'l1 
'IJ'IJ 

nl11VIm ldJ~tl'U1171 (611dJ l1fl (91 1'J"il61eJUtlruVlJliJ nld1VlfI'Jl dJ ~eJ'U bdJ~~'lll71'JtJ bfl~eJ'll~eJruVlJliJ bbUU 
, 'U 'I 'lI 

B'U~dl b1~) bb~'J'l11Jli1'U'llm~tJmtl'lI71'JtJm~~l~mtl'l .a-'lJ1V1tTn bbGl~l~tJ~ dJ lmVlltJ~m ru 

Jl:W'U'll~l(?)"illnnld61 n~ 

vll nl1V1~Gltl'l.J'1 bbM btJ~ tJ'U15nl161n~Jl:W'U'l1 "illnnld61 n~Jli1'U'll(?)'J tJ15b:a'ln~ bbUU1oU 

mldJ~tl'U~'JdJ m b u'U n 1161 n~Jl:W'U'lll71'J tJ15b:a'lnGl bb UU1dJl-rrfl'JldJ~eJ'U~'J~ 
vll n 11 b tJ~ tJU bVI tJutJ~dJ1ruJli1'U 'l l ~l(?)"ill n nl1V1~~ tl'l b~ tlVll1l bdJ~~'ll VI ~1'U n 1~m'Unl1 

1VlfI'JldJ~eJ'U bb uulm"dJiJn~d~~u bb 1'l~'U1~Yh1~ b~tl'l11m61n~bb~'JMtJ~mruJl:iJ'U'll61"l61~
'IJ , 

3.2.6 lbml~ "jflrum~'V tl'lJl:iJ'U'l1~1~"illnnl161n~ v1'JtJ15Ml'l1"illnoV'tl 3.2.5 ~'1-d 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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- '\1'Ilrll~'1JeJ,:jJll1'U,:jl OJlflnl~l\?l~~lmf1~eJ,:jl(9l~ 
- VllrilYl beJ'1J '<ill flnl~l(9l~ltJbf1~eJ,:jl(9lf1lllJ btJ'Um\?l-~l,:j 
- Vllrllf1JllJ btJ'Um(9l'<illflnl~1VI b!7l~VlJlil'U,:jl~ltJ1'1l b~ tJlJ15(9l~eJfl1'1lvl 

3.2. 7 V!fl1jl1f1~,:j?l{l,:j bifm~eJnlfl,:jl~~l'Unl~?ln(9lJlil'Ubb~l ~l tJbVlf1Df1nl~?ln\?l~~~'Ul~'U 
'<ill floUeJ 3.2.5 bLJ1mJb.y;tJunU15nl~?l n(9lbbUU tJU e)(9l b;U,:jfl~~ltJ15b~lJ ~ltJfI ~eJ,:j'<il~VI~~f1'11, 
Sb~f1!71~eJ'U lliJf1JllJbb\?1f1~l,:jn'UeJ~l,:jh 

3.2.8 V!fl1jlnl~bLJ~t.I'UbbLJ~,:j '1JeJ,:jJlil'U,:jl~?ln\?l1~ ~ltJ15nl~~"I~~'Ul~'U1Vl:lJ ~~~?I\?l~, 
r1(9lb~eJfl1~'<illflnl~VI(9lmw5'U\?1eJ'U~ 3.2.5 bLJ1tJUb'VltJUnU nl~'iJUe)(9lb;U,:jfl~~ltJ15b~lJ \?1llJ 

~~tJ~bJmnl~bnUbbUUbtJ(9l~m~mnlf1 1(9ltJthJlil'U~?ln(9l1~.x,:j 2 15 bnu1'Um'1J'U~bbnlbtJ\?l~ v v 

m~mnlf1 btJm~tJ~bl61l 1 b~eJ'U 1\?ltJ~\?l\?1llJlbf1~l~'IA f1rumY~'1JeJ,:jJlilml~1~mm~tJ~bJmnl~, 

tI Q../ .c::::.I V d Q./.::::j 

- Vllrll~'1JeJ,:j'\.hil'U,:jl '<illflnl~l\?l?l\?llmf1~eJ,:jl\?l?l 

- Vllrll"l~beJ'1J '<illflnl~l\?l~lmf1~eJ,:jl\?lf1lllJbu'Um\?l-~l,:j 
- Vll rll f1lllJ bU'U m\?l'<ill flnl~1VlbmVlJlil'U,:jl~ltJ1'1lb~tJlJ15(9l~eJfl1'1lvl 

3.2.9 vllnl~VI\?l61eJ,:j bb61~lbf1~l~'lAf1~\UnV'm~61~eJ~l,:jeJ~l,:j61~ 2 Jl 1\?ltJll,:j bbl!-J'Unl~VlV161eJ,:j, 
~LJbbUUnl~?ln\?lbbUU Factorial in CRD ~lmllJoUeJlJ~~lbf1~l~ Vl1~ Vll,:j~l'UnltJm'W 11loUeJlJ~~~ v v v 

1LJvllnl~lbf1~l~'IA ANOVA (Analysis of varia nce) bb61~ bLJ~tJUb.y;tJUf1JllJbb\?1f1~l,:jVll,:j?l~~bbUU 

Duncan's new multiple range test ~~~~Uf1JllJb~mj''U 95% ?l1LJI!-J61nl~VI\?l61eJ,:jbb61~b~tJ'U 
~lml'U 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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'U'VI'VI 4 

4.1 e.Jl;lflTaeJ eJ mb'U'Ubbl;l~~~1..:1b~l;ll;l1'VJYh bbl;l~.ff11'VJl~hvrtoijE;hvj'r'Ufl1';jVWIl;leJ..:I"lJeJ..:I 

bfl~eJ..:IleJ~~iJfl 
b'l11;11;11'V'lvh~?lh:J~'Ull'1J'UI~ 13 b'l1'U~b~(91':i x 13 b'l1'U~b~(91':i x 13 b'l1'U~b~(91':i1~(J'Y1lm':iI9l!n 

bbe-l'U eJ~A~~n1mlj'Ul 0.5 b'l1'U~b~(91':i1Vill'1J'Ul!nvl'l~eJhJ'if 

- nll'l 12 b'l1'U~b~(91':i (Jll 13 b'l1'U ~b~(91':i ~1'Ul'U 2 bbe-l'U (e-J'l1'1b'l11;11;11'V'lvh) 

- nll'l 12 b'l1'U~b~ (91':i (Jll 12 b'l1'UWib~ (91':i ~1'Ul'U 2 bbe-l'U (e-J'l1'1b'l11;11;11'V'lvh) 

- nll'l 13 b'l1'UWib~(91':J (Jll 13 b'l1'U~b~(91':i ~lm'U 1 bbe-l'U (\iI'Ub'l11;1{;11'V'lvh)
d-' 

- nll'l 1 b'l1'U&lb~(91':J (Jll 12 b'l1'U &l b~ (91'j ~lm'U 4 bbe-l'U ( e-J'l1'1 <\.h~AeJ'Ib'l11;11;11'V'lvh) 

'<ill mT'U'\.J ':i ~ n ell.! b'l1 {;11;11'V'lvh ~ I n bbe-l 'U eJ~A~~ n1?l~ 191!n~'1Vl~!n1~H.J1-if1V1 A1;1 eJ 1 ':ill b5'UtJV1 &lV1 bb{;1~?l ~\:J 
~11'V'lvh1V1cJnI':iI9lV1bbe-l'U?lbb(91'Ub1;1?lVl'Ul 0.5 :iJ{;1~b~(91':i nll'l 12 b 'll'U&lb~(91':i (Jll 14 b'l1'U~b~(91':i 

~1'Ul'U 2 bbeJ'U vl'lm~~ 4.1 bb{;1~m~~ 4.2 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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, " 
[l1'WVl 4, 9 ll?f\?i'lf)l'm~eJ'l111~'U'lI[l1CJVl~'l':nnrn~?fn\?i 

", , 

[l1'WVl 4.10 rn~'iJ'l111Vl11f) 

~ ( 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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.., 
4.3 e.J6'l f111" b'lJ'itJ'U bVi tJ'Uf11"!:'U1'W f111"e.J~hwU1:U'W -:11 ~h tJ f11"!:'U1'W fI11"b~fl11:W~f)'W bb'U'U 

1f)~:wiJ fI 

e-J ~ "iJ l nn ll"?ln~JllJ'U'Il~lvi'''iJ l n nll"Ul b:W~ ~ 'Ill'\J~l'Um ~Ul'Un ll"1~rnl:W~e:l'Ubb tJtJ1e:lv1:W 

lJnVl l"~(1)tJbbl"'I(1)'UhHh 0, 50, 100, 150 bb~~ 200 V 1~tJ1~rnl:W~e:l'U"iJ'Ue:lruvLnlJ~'I 40°C rleJ'U 
q " 

Ul b:W~C;)'Ill'\J6'1n~l~tJ1:!Jlvi'~l'Um~Ul'Unll"1~rr-'ll:W{e:l'UbbtJtJle:lv1:WlJnne:l'U (1)'I[]l'V~~ 4.14 

bdm '\J~tJtJ bVltJtJ'\J~m ruJllJ'U'Il~lvi'"iJ l nn ll"6'1n~l~tJ1.vrn l:W~e:l'Ubb~~1:J1.vrn l:W{eJ'U6(Jru~ 

6'1 n~ ~l" ~ (1)tJ bb l" 'I(1)'Ul 'V'lVll ~ l'l1 ~tJll'\J~:Wl ruJllJ'U'Il~ 6'1n~1vi' ~ 'I ~~:W l "iJ l n b:W~~ 'Il ~ ~ l 'U 

m~Ul'Unll"1~rnl:W~e:l'UbbtJtJle:lv1:WlJn~l"~(1)tJbm(1)'Ul'V'lvh 100 v.(1vi''\J~mru6'1'16'1~ 32.27%) l~tJ" , 
1:J1.vrn l:W~eJ'U'1Jru~6'1n~ bb~~ b:W~ ~'Il~~l'Um~Ul'Un ll"1~rnl:W~e:l'U bb tJtJleJv1:WlJ n 1~ tJ1.vrn l:W~e:l'U 

'1Jru~6'1n\?1"iJ~1~'\J~mruJllJ'U6'1'16'1~~l"~(1)tJbb l"'I(1)'U1'V'lvh 50V.(1vi''\J~mru6'1'16'1C;) 30.05%) ~'I:lJrnl:W
'U , 'lJ , 

bb(;1n~l'leJtil'l:lJ,:rm:1lAqjVll'l6'1~~~l"~(1)tJml:Wb~mr'U~e:ltJ~~ 95 (1)'Im~~ 4.14 1'Um~Ul'Unll"6'1n~ 

l~tJ1:J1.vrr-'1l:W{eJ'U'1Jru~6'1n~ :lJ'\J~m ruJllJ'U'Il~bbtJ ne:le:lnmlvi'm n nll bb tJtJ~Hrnl:W~eJ'U1 'Unll" 

6'1n~ e:ll"iJb~e:l'lm"iJl m:W~~'Il:lJe:l'lfi'\Jl"~ne:ltJVl~ltJ'1JU~ ~'Ir1l{[tJl!'J'b~l"(;1fh tJ'Ue:l'lfi'\Jl"~neJtJ~e:ll"iJ:lJ 

e.J~~eJ'\J~mruJlit'U~6'1nc;)l~~tJ b~eJ:lJnll"1Vi'wll:W~e:l'U~1:W6(Jru~6'1n~ eJl"iJ?i'le.J~1 Vi'mf[tJ l!'J'b~l"(;1bnc;) 

nll"~e:l'l~l Vl~eJeJl"iJ bnc;) b"iJ~~'UmtJ1'Ub:W~C;)'Il~'I?i'le.J~~e:lnll"6'1n~JllJ'Uvi'l tJ15nll" b ;U'ln~lvi' 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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m'V't~ 4.14 mlVhb6Wl'lf)l'H'lJ~tJU bVltJu'lJ~lJlru'lJe:J,nl"nj''U'l1~hl''Jlf)f)l'H'ln(9l1(9ltJHl"nllJ~e:J'Ubbfl~ 

1111-rrmllJ~e:J'U'lJru~ 6'ln(9l ~'i~(9)U bb 'i'l(9)tl1vh~l bbVlf)l?il'lntl 

.' 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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m-lit'Un':l~'Ud \JnT~1Vlfr:mJ{1)'Ubb'U'U1m1JJ:wn r11vh1)'V'V1),nhr'U.:n hJbb\i1 n Illr'l 1) c.il'1ihTtJ 611 AqJVl 1'1 


?l~&i~~~vl'UAdlJJb~mt'U{1)tJ{;1~ 9 5 'illnnr~?ln(1)1(1)(J1olimlJJ{1)'Un'U1JJ1olimlJJ{1)'U'Vru~?ln(1) vl'lJlTI"I 
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Jll'l"/~ 4.15 n':llyj bb?l(1)'1nr~btJ~(J'U bVl(J'Ur11Vh€l'V'V1)'1J1JJ'U'Il~1vl'illf1nr~?ln(1)1(1)(J1 olimlJJ{1)'Un'U 

1JJ1olimlJJ{1)'U'Vru~i,'1n(1) ~~~vl'Ubb~'1vl'U1 yjyh bbl'lf1(;)I'1n'U 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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\ilnf1l'Jlbfl'Jl~~fllml:lJ b'u'Um~ (Acid Value) '1J tl~\hilwll~l~\ilnf1l'i?!n~ 'V'fUll'i~~U 

bb 'J~~'U1'V'Jvh bb(>l nll1l 'In'U~1.ut 'U m~m'U f1l'i 1 Vlflll:lJ~tl'Ubbuultl~:lJlJn bb!;1~fil ml:lJbtJ'UfI'i~'1Jtl~ 

Jlil'U~l l:wiJflll:lJbb(9)nll1l~tlcJl'liJUtJ~lAfk!V1l~?!Q&i~'i~~Uflll:!J b~mi'U~mJ!;1~ 95 \il nf1l 'i?j n~l~tJ 

1iml:lJ1tl'Unu1:lJ1iml:!J1tl'U'1J ru~?jn~ ~~m'W~ 4.16 
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m'W~ 4.16 fl'il'V'J bb?!(?)~f1l'Jb'IJ~tJubVltJuAl fl ll:lJbtJ'Um~'1Jtl~\hJ'U~l~l~\ilnf1l'i?jn~l~tJ1i 

f11l:!J~tl'Unu1:lJ1 iflll:!J~tl'U'1J ru~?jn~ ~'i~(i'1u bb 'i~~'U1'V'JV1lbb(9)nll1l'ln'U 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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?lnl'l hi:iJe-J~l'ieJf1rum'ri~ '1J eJ\lJldJ'U\ll~Mb~nueJCJ (i1\1m'ri~ 4.171I'lCJ~1~(i1'Ubb1\1(i1'U1yJ-wl 150 
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~ 4.17 mlyJbb?lI'l\lf1l1btJ~CJ'UbYiCJ'UA l~'1JeJ\IJldJ'U\ll~1~~lnf1l1?1nI'l1I'lCJH 
mllJ~eJ'Un'U1lJ1.uml:lJ~eJ'U'1Jru~?lnl'l ~1~(i1'Ubb1\1(i1'U1yJ-Wlbb(i1n l'i l\l n 'U 

.' 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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\Illne-Jflnl~lbml~~flrum'IAI'lJB'l,hw'U,nvi1~\Illnnl~?ln\i1 'IAItr:llbJJ~\i1'llV1eJl'Um~'U1'Unl~ 
1 VlfIllJJfB'U bb 'U'UlB~JJi1 n~~~I'1'U bb ~'lI'1'U1 '!'Jyh 1OOV bbfl~?l n \i1 l\i1t11JJ1otlflllJJ{B'UiJtJ~m ruthw'U~ 

?l'l bbfl~iJ Arui11'1A1~ bVlJJ1~?lJJ ~'l b~ B n 1 otl~l B~ 1 'lJldJ'U'lldJJlvll n 1~1 bA ~1~~nl ~ btJ~ tI'U bb tJ fl'l 
OJ q 

flrum'IAI'lJB'lJldJ'U'l1~?ln\i11~l'l1m~tI~b1m n1~bn'U 

\Ill n n1~'111 ~1 B~l'lJl dJ'U'll~ b~Bnml bA~l~~n1~btJ~ tI'I..I bb tJfl'lflrum'IAI'lJB'IJldJ'I..I'll~?l n\i1 

1~ 'IAI'U':i1JldJ'U'IliJrhY1 bB'Ubbfl~Al Alll1btJ'Um\i1 b~lI:IT'U b~B~~tI~b1fll n1~bn'Ub~lI:IT'Ub~ f1\JBtl bb~ b~B 

bn'U'Ul'U:IT'U'IAI'Ull1JJiJA1ll1bb(91 n~l'1B~l'liJumi'll"i'~'Vll'1?l~ ~~~~I'1'UAllJJb~mr'UfBtlfl~ 95 l'1'lmVi~ 
4.18 bbfl~m'IAI~ 4.19 B1\1l btJ'Ub 'IAI~1~mnb?l1'!'J'\~hiJ?i1'U'1i1tl1'Un1~vllfll t1bB'U1'l1ii~iJe-Jfl~Bn1':ibn\i1 

n~\i11 'lJdJ'US?l ~~~'liJ bb 'U11UJJ~ ~~ Bnl~1otln~~'U1'Unl ':i1VlA11JJ{B'Ubb 'U'U lB~JJi1 n1l1tJ~~ tI 
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m'IAIVi 4.18 ml'!'Jbb?l\i1'1A11JJiKJJ~'Ul5':i~Vlll'1A1Y1 bB'Un'U':i~ tI~ nm n1~bn'U'1J B'ItildJ'U'I1V1eJl'U 

m~'Ul'Un1~1V1A11JJ{B'Ubb'U'UlB~JJi1n~':i~I'1'Ubb ':i'l1'1'1..11'!'Jvh 100V ?In\i1l\i1t11JJ"lotlA11JJfB'I..I 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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m~~ 4.19 nY)~bb61Iil'lAdlJJ~JJ-W'U1h-~vdl'lAlAdlJJbD'Umliln'U'i~tJ~bdmnl'ibfhJ'lJ'iJ,nhj''U'n~ 
eh'Um~'Ud'Unl'i1,xAdlJJ~'iJ'Ubb'U'Ul'iJvjJJlJn~'i~I'1'U bb'i'lI'1'U1~Yh 100V 61nlillliltJ1JJ1-uf'lllJJ~'iJ'U 

bb~b~'iJl bf'l'il~vjnl'i bU~tJ'UbbU!;l'lAl~n'U'i~tJ~ b 1 m nl'i bn'U'lJ'iJ JlJJ'U'll~61 n 1il1rK ~'U'jlhiiJ 
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m~Vi 4.20 ml~ bb61(il'lf'lllJJ~JJ'\I~'U1h~vdl'lAl~n'U'i~tJ~ b1m nl'ibn'U'lJ'iJ'l'LhiJ'LmYi ~l'U 

m~'Ud'Unl'i1,xA1lJJ~'iJ'Ubb 'U'Ul'i.lV1JJlJn~'i~I'1'Ubb 'i 'l1'1'U1~Yh 100V 61nlilllil tJ 1:w1-Uf'lllJJ~'iJ'U 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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bb6'ln'U (Scanning Electron Microscope) 

-;Ul mHlf11"Jl brl"J1 ::; ~f11"JbU~tJ'Ubbufl'l1A"J'I6'l11'1b'1lfl ~'1JeJ'I b1J ~17m 

.. 
m'V~~ 4.2 1 m~~Vl'1Jll'l b1J~Vl'llmdJ~I'Ufl"J~'Ud'Unl"J1'lXAl I1J ~eJ'Ubb'U'u1eJ ~1JiJ fl 

r1eJ'U f11"JoJ'l1 U6'lnVlJll1'Ubb'U 'U6'i fl"J 
" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 



28 

m'V'l~ 4.22 m'V'l~(71'1Jll ,mJ~(71,:j'I~~l'Wf1d~UTUfn11Vifnl~1e:J'WbbUUle:J~~ilfi 

ne:J'W fn1'l1l1tl61n(71Jlll'WbbUU61f1d
" 

'li(71b~'W b'itm~~(71,:jlhhn(71fn1btl~tJ'Wbbtlfl,:j bbl'll'Wm'V'l~ 4.22 m'V'l~(71'1Jll,:jb~~(71,:jl~~l'Wf1d~'Ul'Wfn1 

1Viml~{e:J'WbbUUle:J~~ilfi ne:J'Wfn1'l1l1tl61n(71Jlll'WbbUU61f1d ~~'V'lull.fmJVI~,:j'l1lb~~(71,:jl1tl~l'W
" 

b'11f1b6lltJ61 ~~'Vh1Vl1A1,:j61{l,:j '1J e:J,:jb~~(71,:jl bn(71fn1btl~tJ'Wbbtlfl,:j 1(71 tJb'11(;u'1ltJ61b'ite:J b~~(71 b n(71fn1'V'l e:J,:j~d 

'1J tJl tJ'1J'Wl\9lb~~~'W~'W1tl b1J tJ(71nue..Ji(,:j b'11f1~d'W~btJ'Wbtl~e:JmlJ~(71,:jl ~,:j B-lfl fn1'V1(71f1e:J,:j61e:J(71A~e:J,:jnu 

buru~mru bbfl~Aru~ ( 2556 ) fn1btl~tJ'Wbbtlfl,:j(9],:jfl~ld'd btJ'WbVl I'l B-lfl~lAru~'Vh1Vi b~~(71,:jl~~l'W
~ ~, 

f1d~'Ul'Wfn11Viml~{e:J'WmJ'\Jle:J ~lJfI~1~(9]'\Jfnl~~l,:jf(fI~ 100 11fl l11 b~ e:J 'l1l1tl~'\JJlll'W(ildtJbA~e:J,:j 

61n(71Jlll'WbbUU6'lf1d ~~1(iltl~mI'l1Jlll'W,:jlmfl~61(71" , 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกท้ังห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกคร้ังที่มีการนำไปใช้ 
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{eJ'U '<Il'UeJruVl [1 iifi.:l 40 
0 
C r1eJ'Utllll'l?l n(9)f?11 mri~eJ.:IutJJllJ'U bb tJtJ?lm b~m '<Il ~'Vl'l1VI'1f?1U1l1'l ru 

, 'U 'U 

JllJ'U.:Il~?I.:Inllnl1tllbll~(9).:I11U?ln(9)1(9)C1hJlf?1~l'Um~tJl'Unl~lVlfIll 11 { eJ'Ubb tJtJleJ~lIii n r1eJ'U bb~ ~ 
'U 

v 

fIl1meJ'U 

'<Ill n nl~~n~lrirum'V'l'IJ eJ.:IJllJ'U.:Il~M'<Ill n nl~61n(9) 'V'ltJll~~l'1tJ bb ~ .:I1'1'U1yJ~1 bb~ n ~l.:l n'U~, 

1oU1 'U m ~ tJl 'U nl ~1VIri1lll {eJ 'U bb tJtJ 1 eJ~lJiin hjlJ e..J ~ ~ eJ ril "fheJ'IJ'IJ eJ.:I J 1 lJ'U.:I 1 ~?I n(9)1f?1 ~.:IlJ m III 

bb~n ~ l.:leJ~l.:llJUm11 ~qjVll.:l61~~~~~l'1tJmlllb~mr'U{eJCI~~ 95 vr.:lnl161n(9)1(9)tJ1iri1lll {eJ'U bb~ ~hj 

1im III ~eJ'U ~l'Unl~~n~l rll ~ bb~~rllmlll btJ'U m(9)'lJeJ.:IJllJ'U.:Il~ ?In(9)1f?1 '\<~tJl1hj bb~ n ~l.:leJ~l.:llJ 

um4'l~qjVll.:l?l~~~~~l'1tJmlli b~mr'U{eJml~ 95 vr.:lnl~?ln(9)1(9)C1Hmlll~eJ'Ubb~ ~1111imlll~eJ'U 
'<Ill ne..J ~ nl ~~n~lU~~ ~Vl5m'V'l'UeJ.:Inl~61 n(YlJ1lJ'U.:I 1 bb~~ri,rum'V'l 'U eJ.:IJllJ'U.:Il~M'<Ill n nl ~ 

?I n(9) 'V'ltJl1 m~tJl'U nl~1Vlri1ll1~eJ'UbbtJtJleJ~lIiin~1~l'1tJ bb ~.:II'1'U1yJ~1 100 V ntJ bll~(9).:I l r1eJ'Utllll'l 

61n(Yll(9) CI hJ1imll1~eJ'U'Uru~?I n(9) lJri1lllbVlll'l ~?l1I~61(9)1'Unl~ b~lIU~~~Vl5m'V'lnl~?ln(9)JllJ'U.:I1, 

5.2 -lim~'Wmb'W~\9ie:Jfl1':iAm~noff'W\9ie:JhI 
1. e..J~ nl~Vl(9)~eJ.:I ~lf?1vh nl~Vl(9)~eJ.:I ntJ bll~ (9).:1 lt1'1li611ll'l1t;1 HE1.:l B.:IntJl ~~ ~tJ ~'U '11~ 

I'1.:1J'U~.:I\9leJ.:Ivh nl~~n~lntJl~~ ~tJVlm CI '1 'UU(9) b~eJ'<Il~mltJ1f?111bri~eJ.:I1Vlri1lll{eJ'U bbtJtJleJ~lI 
ii n ?llll'l~t;11intJl~ t;1~tJ'UD(9)1(9)1f?1bVllI'l ~6111~'<Il~'li1Cl1Vlbfl(9) nl~i~'Ulm~tJl'Unl ~1VI~~.:I~'U, 

2. '<Ill n nl~Vl(9)~eJ .:Idri1 ~lJnl~i~'U1 bri ~eJ.:IlJ eJvi1oU1 'U nl161n(9) Jl lJ'U.:I 11 VI?llll'l111H .:Il'U1f?1 

?I~(Yl1nll'l n~'U bb~~lJu~::;~Vl5m'V'l1'Unl~61n(9)1f?1~~.:I~'U1'U~~l'1tJeJ~?llVlm~lI, 
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3. m d"il n l d"l~tJ~<m'Ull'l,ruJl l'W'(J eJ,nhiT'U 'I l~1v1"<ill n flld"?ln(1l1~iJ l'l,rum 'W~~~'1~'Uml:t; b~ eJ 

~ ~ J;' Q..I ~ .:::.. 

d":t; tJ:t; b d 61l n l d" bn'U b'Wll'U'U m l'l'l ~fl rumVll'l'l b(1l11 

.. 
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fl1flt:J'l..nn n. 

(9Il'jl'l~ n.1 bb'i'1Vl'l~~f1l'j'i'1nvnlliltmlVltJ1.fff(.n:w1m..!~~l'Um~m'Uf1l'jlVlfrn:W1€l'Ubb'U'U 

lm..1:w:iJ n~'j~vl'U bb 'j'lvl'U1~,\,~l 100 V. I?nm::;tJ::;f1l'jbn'U \J~:IJlt;l.llllil'U'Il~'i'1nVllv1 96.81 n-r:w -;;)In 

\J~:IJlrunvrt.ff 300 n-r:w 

'" . 
'" '" , '" '" '" ~l pH Acid Va lue l'U'Vl fl'j'l'Vl fll'i'1 . . , 

L a b 

0 1 100.01 -3.04 3.48 4.50 1.40 

2 92.41 -1.22 -0.83 4.47 1.40 
d 

bU61tJ 96.21 -2.13 -1.33 4.49 1.40 

3 1 99.91 -3.15 1.12 7.35 1.40 

2 100.13 -3.10 3.88 7.47 1.40 
d 

100.02 -3.13 2.50 7.41 1.40bU61 tJ 

6 1 99.15 -2.93 2.42 5.81 1.68 

2 100.37 -2.71 3.77 7.19 1.68 
d 

100.26 -2.82b u~tJ 3.10 6.50 1.68 

9 1 100.08 -2.80 1.79 7.11 1.68 

2 97.80 -3.38 5.90 7.25 1.68 
d 

98.94 -3.09bu~tJ 3.85 7.18 1.68 

12 1 96.58 -6.41 11.45 6.95 1.68 

2 90.84 -6.59 14.04 7.50 1.68 
d 

93.71 -6.50 12.75 7.23 1.68bu~tJ 

15 1 97.18 -6.02 10.43 6.59 1.68 

L 2 90.61 -6.32 14.05 6.49 1.68 
d 

93.90 -6.17 12.24 6.54 1.68bU61 tJ 
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\i1l~l'l~ fl. 1 bb6WI'l~61fll~i:'\nvl1hw'U.:n1~tJlifrHlJ~eJ'U~~l'Um~'Ud'UfIl~1,xrnllJ~eJ'Ubb'U'U 
1eJ'}\'lJ:iJfI~~~~'Ubb~'1~'U1~Yh 100 V. \i1lm~tJ~fIl'Hf)'U u~lJlDnhJ'U'll~?1n~1rl1 96.81 fI~lJ 'Infl 

U~lJlru'll'vhi 300 fI~lJ (ifieJ) 

" .., .. 
l'UVl 

,.., .. 
m'lVl fh~ Al pH Acid Value 

L 
. 

a 
, 

b 

18 1 96 .69 -3.04 1.12 6.49 1.68 

2 91.39 -2.71 3.38 6.69 1.68 .. 
bUi:ltJ 94.04 -2.88 2.25 6.59 1.68 

21 1 95.42 -2.80 2.42 6.32 1.68 

2 93.00 -3.38 3.48 6.66 1.68 .. 
bU61tJ 94.21 -3.09 2.95 6.49 1.68 

24 1 97.70 -6.50 1.79 6.70 1.68 

2 90.20 -5.70 2.50 6.30 1.68 .. 
bU61 tJ 93.95 -6.10 2.15 6.50 1.68 

27 1 97.78 -4.72 5.90 6.69 1.68 

2 90.52 -5.74 6.10 6.33 1.68 .. 
bU61tJ 94.15 -5 .33 6.00 6.51 1.68 

30 1 92.57 -3.37 4.78 6.72 1.68 

2 95.53 -4.70 4.34 6.12 1.68 .. 
bU 61 tJ 94.05 -4.04 4.51 6. 42 1.68 

.' 
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1. m11bfl11~~Fi1fl11~.JbtJ'Un1~ (Acid VaLue) ~~eJ n1~1"U~'U~611~ (Free Fatty 

Acid) 

btJ't.!nl'J\91'Jl~6'1eJ'Ufll'J6'1;;1l tJ\Ill bb;;1::; rmihJ'lJeJ.:! 1 'IJ:U'tJbb;;1::;'thw'tJ 

Acid Value 'lJeJ'I1'IJ:U'tJVj~mll:U'tJ ~eJ ~l'tJl'tJil;;1~flfll'IJeJ'IhJ bb\91?lb~mJ1[J\?i'JeJfl1'1l~~Hl'tJ 

fll'JVl1 1 'lXfI'J\?i1'lJ:U'tJS6'1'J::;~iJeJtJ1'tJ1'IJ:U'tJVj~mll:U'tJ 1 flfll btJ'tJ fI;;1l'l'\"m~ ~;;1 fll'J'Vl \?i;;1 eJ'IeJl~~ ::;Ullil 
'U 

I'1l'tJl rub'u'tJb'ueJ1 b~'tJv1'IJeJ.:! fI'J\?i1'lJ:u'tJS6'1'J::; n1\9l 

I'll Acid Value ~lbA'Jl::;Vj1vTI00b'u'tJ\Ill~oJ'Ill1\91'JbeJ~;;1f1~ b'1lmeJ;;1~iJmJ1'tJ1'IJ :U'tJVj~mJl:U'tJ
'U 

1\?l 'J beJ~;;1 fI ~ b'1leJ'JeJ;;1 \jfl 6'1;;1 l tJ \Ill1\9lbtJ'tJfI'J\?i1'IJ:U'tJS6'1'J::;lIl fI bb6'1\?i'lll hydrolytic rancid ity 

bil\?i~'tJ~1'IJ:U'tJVj~mJl:U'tJJ'tJ Allll~eJ'tJ bb;;1::; bb6'1'1'1lltJ bI'll'lXbf1\?i fll'J~'tJ1\9lb~l~'tJ 

1. ~6'1111meJVi;;1~h'VleJ1 25 il;;1~~m 'Jllln'UbeJVi;;1bbeJ;;1f1eJ[JeJ;;1 25 il;;1~~\91'J l'IXdJ'tJ\Ill'Yll 

~::;mtJ~6'1l1 Vj~eJHbeJVimbeJ;;1f1[JeJ;;1 (95 btJeJ1b~'tJv1) 50 il;;1~~\91'JbVltJ'I'UD\?Ib~tJln1\9l 

2. b~lI6'1l'J;;1::;mtJYJ'tJeJy.J'Vll~'tJ (Allllb00l100'tJ 1 btJeJ1b~'tJv1) ;;1'11tJ 0.5 il~~~\91'J 

3. ~eJ tJ 11'Vl b\91 'J'Vll91l'Yh~::;;;1l tJ ~ 6'1111'IX b tJ'tJ fI ~ l 'I \9ll tJ?1l 'J;;1::;;;1l tJ1'1l b~ tJ 1I1[J\?i 'JeJfl1'1l~Ad III 

b00l100'tJ 0.1 lmil1 (100vil'l'tJ':i::;lIlru 2-3 VjtJ\?I) 

4. oU'IJl:U'tJ\Illmil'll'IX'Vl'Jl'UJlVj'l1mvu'tJeJ'tJ (100Jl:U'tJ 2 fl'JlI Vj~eJ 1'IJ:u'tJ 10 fl fll) 

5. ;;1::;~l tJJl:U'tJ\IlleJ~l'll'tJ\Illvll;;1::;m tJ ~6'1l1~btJ'tJfI~ l'l 

6. 1'Vl b\91'J'Vll?1ltJ6'1l'J;;1::;m tJ1'1lb~tJ1I1[J\?I'JeJfl1'1l~ mllib0011-ii'tJ 0.1 tll~l1 

7. b'IJ~l~~eJlIn'U1'Vl b\91'J'Vl~'tJ fI'J::;vi''11\9l6'1l'J;;1~mtJ~'lJ1I~ ~'1A'Il91l'tJl'tJflll 15 l'tJlYi)
'U 

~ " 
vll fll 'J'Vl\?l;;1eJ'I1Vj:wl\?i tJl00ul:U'tJl91leJ ~ l'll'IX~eJ tJ;;1'1 

15l'1l'tJlru 

v x 5.61Acid Value 

w 

V '.ll'tJl'tJil~~~m'IJeJ.:!6'1l'J~~mtJt'1lb~tJ1I1[J\?i'JeJfl1'1l~mlllb-ii1l-ii'tJ 0.1 111~l1~H' 

W = JlVj'l1f1'IJeJ'IJl:U'tJ\IlleJ~l'l~H (flfll) 

1 il;;1~~m'IJeJ'I6'1l'J~~;;1ltJt'1l b~tJ1I1[J\?i'JeJ fl1'1l~mlll b-ii1l-ii'tJ 0.1 111~l1bVll n'U 5.6 il;;1~ flfll 

1 tJ bb \916'1 b~tJ1I1[J\?i 'J eJ fl1'1l~ 
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nl~;;1n~1#1bbn tJb~~b~!:J:w~h'VI€J4 bb6l~b€JTI6l~b'VI€J41.;rn'Uv11mh'l€JlVll~ 511J~'U i6li 

fl1'ab~~EJ:W~dmh'l 

tll v11 €J tll'l btlt!'IJ€J'I bb ~'I1VI'U~~t!:W'lJt!l ~tJ ~~:IJl ru 1 m m. bb6l~ v11 €Jtll'l ~ €J'I €J'U bb VI'I:IJl n €Jt! 

b~!:JtllVlUn'IJ€J'Iv11€J tll'l~t!n'UtJ~:IJl ru1 'lJilt! (9)'I~1~1'l 

Fat constant SampLe weight 

o- 2 btJ€J4b<tlt!~ Up to 80 g 

2 - 15 btJ€J4b<tlt!~ 20 - 10 g 

15 -40 b'lJ€J4b<tlt!~ 10 - 5 g 

40 - 100 btJ€J4 b<tlt!~ 5 - 2 g 

1ib16l1;;1 n~tJ~~:IJl ru 2 i1b:W'l bb~€Jl ~1ib16l1:lJl n nllVl~m:rmJnll~t! n'UtJ~lJl ru'IJ€J 'I 

v11€Jtll'l 'Uu~'IJ€J'I1'IJilt! €JruVl.f1ii bb6l~v1TVh6l~6l1!:J (b~!:JtJn~H petroleum ether 30/50 VI~€J 
q " 

40/60 1WI1~;;1n~) 

extraction chamber 

2. b~:W petroleum ether 170 ml1t! beaker ~€J'UbbVl'lbb6l~i'ltllViunb~!:J~ntllVlUn'IJ€J'I 
boiling chip bbiK1Ul1tJtJ~~n€J'UbA~€J'I~'IbtJ~HtJ~~:IJlru 10 t!lVlb~!:J:W cooling bath ~€Jn'U 

condenser 

3. ;;1n~v11€Jtll'l 2 i1bm ?('I b n~1V1 side lever #11t!.;rl'lbA~€J'I€Jtl~\?hbbVlU'I close 
" 

4. b~€JA~'Ubl6l1tJ-r'U side lever 1tJ~ open bb{;l~1VlAll:W{€Jt!~€J1tJ~n 10 t!lVl ~t! 

solvent ~~ bVl!:J1tJ u'1'U1t!~b1'1'UVI:W~ bbiK1 
... , 

5. Ul be'aker 1tJ€J'UVll05°C 30 tllVl1t! oven bb6l~'Vh1V1b ~t!1t! dessicator 20 t!lVl 

u11tJi'l tll VI u n 

fl1'a~ht!dru 
(B - A) x lOO 

c 

'" 
A U1VlUn'IJ€J 'I beaker n €Jt!;;1n~ Vlu1!:Jn-r:w 

v 

B U1VlUn'IJ€J 'I beaker VI~'I;;1n~ Vlu1!:Jn-r:w 


" 

C U1VlUn'IJ€J'Iv11€Jtll'l Vlu1!:Jn-r:w 
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3. pH meter (Suntex SP701) 

1Bloif 

1. (1171 	 power l~mtJVllfl~eJ'l 

2. nl?l mode OJ'UVlill'ileJ'lhilnn °c ll~TtJ-r'UeJruVl.fl:iJ~(lnii1eJ'l (unt1 25°C) 
d..J 'I ~ 'tJ 

3. nl?l 	 mode Bnfl~'lOJ~:iJ pH u~lnD 

4. calibrate lVltJ~l'l probe ~ltJJlni'Ull~1~'U1VfllVf'lll~1~:IJ probe 1'U buffer pH7 ~eJ 
OJ'Ufl'l~ll~lU-r'U~~:IJ CAL 1Vf pH l'U'U 7 

5. ~l'l probe ~ltJJlni'Ull~1~'U1VfllVf'lll~1~:IJ probe 1'U buffer pH4 ~eJOJ'Ufl'l~ll~l 

u-r'U~~:IJ SLOPE 1Vf pH ltJ'U 4 

6. 	VlG'l'l'illn cal ibrate n~l 'l probe ll~1~:lJ1'Ui;n~{;'j~{;'jltJVlii1eJ'lnW11?l pH nOJ~u~lnD pH 
.., " 

~eJ'l~1~{;'j ~ {;'jltJ0'U~'U:lJl 

7. VlG'l'lOJlnHl~~0J1Vfth'l probe ~ltJJlni'Ull~ll~1?l1VfllVf'l '111 probe In'U1'U~ln'U~:lJ 

KCL 'Ud~~eJ~ 

,< 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพ่ือการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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