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~Ll'IW ~~1u~. • u~i11J1r1 um1J1*1111r.i11 ·iu!u•, "~~ MlV1 ~1i~r1 .. 
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JJM'111!J'il 

n11;1n~l'lf.:itl Ltlum1~n~l'lcuf'l1t11m1"'Ni11,..liJ1~uLnilt1LLT LLfl:::~1J11i1um.:i'llili;i,..u~1l'lcul'l1 
, I ., " t.t " , 

mm11 U(;U'!lt1.:i liJ1~u L '!li1'uLti1 LLfl:::mmi'.lt1;!1?1Luu1't1ufl:::'!lt1.:ithwumL iX.:i~.:i\.lTl?lt.n.:iiu1i;l 61,- 00, 18.32, 

6.19 lLfl::: 10.27 "11>.J'li1~lJ ~'lULL>.Jfl'1n1:::'1lt1Ul~ 60.9, 20.47, 4.92 LLfl::: 12. 56"11>.J'li1~lJ Li'.Jt1Vl"l11N1 

~N111,..'!lt1'1 L iJ1~u1 UU~'Yl1'1 Ll'lii~.:i;if?IL UUTt1Ufl:::'!lt1'11'l::: u UUn1f?lt1:::i11 U'!lt1'1{'1\.lT"1\.l1'1iuL vh nu 16.39 
. I~ ~ I ~ ""' I ..J.J' " 

LL fl:::'!lt1'1 LL>..1Mn1:::'1lt1UL m nlJ24.35 L UU'1'Vl1'1"D'lll1,..,.."111N1"11nl'l1 PER '!lt1'1\.l~'YlLflU'1 f?l'lUt11'\.n1c.Jft>.J 
I~ ..J.J' l,t ~... ~ ... 

LL>..lfl'1m':::'llt1UL vnnu 1.645 LLfl:::'!lt1'1\.lti'YlLflU'1f?l'lU"l'1\.l11?1\.l1'1ftUL ,..,N 0. 948 

" " " r.Jfln11~Ll'l11:::ITT"11i1ui;\'lu HPLC,..u~1:ii.:J\.lTl?l'\.n'1iU~l'l1i1ULt1LLfl:::~1Jl1i1u;!L v11nu 2348 IU/ l oog 

LLfl::: no.o8%(mg;g) 1u'!lcu:::~u~fl.:im:::'llt1uiinu.:i 257IU11oog ufl::: 460.69%(mg/g) 1J11>..1fl11?1u 

'liT1.-1fu~mi1ui'h ~1J11i1ui'b iiut1U,..t11 nu1 UU>.Jfl'1vT'1ftt1'1 ~'lUl um;u{.:i\.IT"1'\.n'1iu~ 135.86%( mg; 

g) LL>..lfl'1m':::'llt1Ui'.i 225.78% ( mg/g) ~'lUn11'Ylf?lfl'tl'1'\.nUhr:iNii11Jlt11'\.n1LULL>.Jfl'1n1:::'1lt1U LLfl:::{'1\.lT"1 
l;1" -.r..... ... 1 G 

'\.n.:JftU f?lr.Jfln11'Ylf?lflt1'1"1'1U l'lt1>.Jm>..11NLLl'lflL'!lU>.Jl91.l LLfl::: 152.6 tl1>..11NL\.lfln 37 LLfl::: 9.0% (mg/ 

g ) 1111i..i'li1~rndt11Ll'l11:::\.li;\'luAAS tl1i..i1cuWt1ftV"ltifft 54. l LL fl::: 54.0 1 U\.IU'lt.J % (mg; g) J1,..,irnu iX.:i 
' . 

mi..i'li1~rni'.lt1~Ll'l11:::\.l~'lt.J UV- VIS spectrophotometer 

Abstract 
The purpose of this study was to determine nutritious value, protein quality, amount of Co, 

Fe,P and some vitC!mlns in edible dried short- tailed crickets and. mole crickets. Nutritious value 

in terms of total protein, fat, ash.and crude fiber were 61 .00%, 18.32%, {>.19%and 10.27% .of 
sh.ort-tailed crickets and those of mole crickets were 60.9%, 20.47%, 4.92%,and 12.56%, respec­
tively. · 

The short- tailed crickets yielded 16.39% of amino acid score whereas the mole crickets 
yielded 24.35%. According to the analysis of protein quality by PER in rats, 1.819 was found in 

control groups, 1.645 in rats given mole cricket mixture, and o .948 In those given mole short­

tailed criket mixture. 
The amount of Ca and Fe with AAS was 173.06- 240.53%(mg/ g) and 33.57- 41 .43% (rng/ g) in 

mole crickets and 96.67- 172.13%(mg/ g) and 8.74-9.3%(rng/ g) in short-tailed crickets, respectively. 
The amount of ·P with UV- VIS spectrophotometer was 44.46-63.74% (mg/ g ) in mole crickets 
and 58.32- 63.62%(mg/ g) in short- tailed crickets at 90% confident level for all cases. 

The result of analysis for vitamin A, Bl, B2,niacin and vitamin C in mole crickets through 

HPLC was 257 10/l oog, 0.26%(mg/ g),2.56% (mg/g), 225.76% (mg/g) and 460.96%(mg/g), respec­

tively. · And that of short-tailed crickets was 2348 1011oog, o.94°/~(mg/g), 4.33%(mg/ g), 135.86% 

(r:ng / g) and 770.08% (mg/ g), respectively. 

Key Words : Nutritious value, Short- ta/led cricket, Mole cricket. 
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• 
UVIU1 

).J~mJ~\.Ul'ltJrllJnl1'L11LL).J'M).J1LU'Utnmrn1'U 

LL~'l~-:i't u~-uL;ltJ Lltimn1 Yii.l1 tl1u'li1'liiu 

d1n:n1n LL'l'l:::°l-1'l'l1tJT~'t-u~"'1~tiL).J1m 'ii1"1-1TlJL u ' 

111::: LVll'IL Vlu 1i;im'ilrn:::tith-:i~-:i't-uml'li;i:::tJ'-utitin 
....... ~.,..... - .!'I 
L.'ilU-3 L °l-1'U'1l L(;)).Jn11'1J1 LL).J'l'l'1Wl'l'ltJ'l!'U(;)).J1 Lu'Utnm1 ,, ,, ,, -- ... - " 1'l).JV1'1"1'1"1-11(;)"1-11'1~'ULL'l'l:::LL).J'l'l'1m:::'l!ti'UmtJ ('mm 

LLti::flru::, 251a LLti::tlr::wi.iwr uti::flru::, 2529) 
,, ,, ' 
~'1"1-1°1i;im-:iiu (Short-tailed cricket) il=Eti 

Vl1'1~Vlml'l1~i;if~1 · Brachytrupes protentosus 

m-:iVIL'Tun{-:i"''Ti;i~'l 1i;i '1!1'lu1-u't uml'li;i:::tJ'-u'1l'1ln 

L~tJ-:iL°l-1u'1l L'TtJn~1~ttla.i '1!1'lu1uutJ).Jii-u1i;itJ 

ai-:iun'1ltinUlJL~n'1l'ULL~'lL~tJlJLlYtl1-:i"1-1T'1lrt'l 
LL).J'l'l'1m:::'l!'1l'U (Mole cricket) il~ti ~VltJ'i 

1'11~i;if~1 Gryllotat paafricanam-:iV1'1!1'lu1-u 

't uml'li;i:::tJ'-uti'flnL~tJ-:imilti LTtJn~1 · ua.i.:in~'ll'ilU 

°l-1r'fl LL).J'1'Jl'fl-uii-u 1i;i tJ..111 tl rt'l~-:i lil'l L'l'l'l1 ii-ur.i::: ~-:inn 
LL'l'l:::L~'fltin 

1 tl1~-uLilu~11'1l1"1-11rnin Lilu~11ii'l L).JL'l'ln'l'l , 
'JJ'U1l'l 'l 'l-lajLiil'lr.i1nmn'TtJ-:ilil'lvl'1lnu'llti.:iml'l'fl:::m u 

Ll'ltJ~'Ufi:::Ltltl1Vli;f ( Peptide bonds) m1 

tl 1::: Liju~ nm 1'Yi'll '1l '1Ltl100ur.i1n~11ti1"1-111m "I 

~"111ru1L~"l1n 

n. m1tl1:::Liju1'1ru111Yi'JJ'1l-:i 1tl1~u Ll'ltJ'tm , 
Vl1'1Ll'lil (Chemical method) L~LLn l'l:::LL'U'U 

1tl1~u (Protein score) '1-11'1ll'l:::LLU'Un1l'l'fl:::iJLu 

(Amino acid score) 

'll. m1tl1:::Lij-ul'lru111Yi'!l'1l-:i 1tl1~u1l'ltJL mm-:i , 
ii'lm'Yi ( Biological method) L~LLn Net Pro­

tein Utilization(NPU)"1-11'fl Protein Efficiency 

Ratio (PER) Liluvl'u m1Pim:nl'lruf'l1m-:i , 
111'1!-u1 ma '1l-:i{-:i"l-11i;i LL'l'l::: LL).JM m:::'l!'fl-uif-uu'1ln 

"11n"l:::Pimn't "UL=R'11'1tlJ111'Yi'lJ'1l'1 LUT~'ULL~'l n11 , 
Pimnmm).J1rt.1'JJ'1l-:i~i;i1ij"UL'tl ";ji;i1i1uu1 ";ji;i1i1u 

ib ~mi'.i-uii 1um:n-u Ldn1~ LLl'l'l'll'iltJ).J L"l-1~n 

LL'l'l:::LLTfi1~i;\1-:i1 

n11L"l°1t\JL~lJLIJ1 - " " n11L~rnM1'11'1'l1).JLL'IJ'1LLNLL'l'l::: 

'll'ltJ1 ~nwvh '11'U'IJ ti-:i 1::: rnJtitJ tJ'l::: Lil-utl n ~~'ltJ 

( n'l'lm, 2533; l'!;\LnmiLL'l'l:::'Yinru, 2530 LL'l'l:::ilfi 
, - ' .-c :::, .J' ... - ' 

LL'l'l:::'l\j'l'ltJ, 2529) n1Tl'lm:nl'IN'U).J_?11GU1_=:'.~'11'1 
.. .J' 

(;)-:J'U 

1. L~'1l~L1'111:::ilm~rul'l1mm1 (Proximate 
,, ,, ' 

analysis) 'll'fl'1~'1°1-1Tl'l"l-11'1iuLL'l'l::: LLl,l'l'l'1m:::'l!ti'UVl 

. U\'1Lil-ummrn~'l Yi1ti).J~-:itl1::: Li1u~rum'Yi'llti'1 
1tJ1;lu"l1nl'l:::LL 'U'Uml'lti:::iJL 'U LL'l'l:::L mm1tJ'i;if'l1 

PER ...,_ , ____ ... 
2. L'Yi'fl'lLl'l11:::°1-1°1-11'llJ11).J'UL'1l 'llJ11).J'UlJl 

~i;ni'.iuu2 ~i;ni'.i-u'i! 1 um:nu Yi1ti).J~'1m).J1ru 
LLl'l'l'lLoOtJ).J m~n LL'l'l:::~ti~~tl~~ "11n{-:i°l-1Tl'l°l-11'1iu 

LL'l'l:::LL).J'l'l'1m:::'l!'fl'U 

a.. .I .- -
'l~"1 '£l1Jn'iNLL~Z'lfin1'3 , , 

1. {-:i~°Tl'lm-:i·,~\.J.vrtiLil-ulil'ltitl1-:i't um1Pim:n 

LnlJL u~u~'fi1L11'flLi'.Jti-:i ~'1°1-1tJl'lT'1ltJLtil'l ?i'l'ULL).J'l'l-3 

m:::'l!ti'ULnlJL'U~'U~ 'fi1L11tiLi'.lti-:i ~'1°1-1tJl'!Ttimtil'l 

~-:iml'l).J-1Jl'l'l11'1).J 2536 , 
2. "'\+vhil'll'l'l'lti'1LU'U"l-1\+l1n'll1'l (rat) ~u~ 

~~i;nf (Wistar) L'Yil'l~m~ 21 tJ'u 1~"11n'ii1un 
_, I - - • 
~1Jl'll'll'l'l'l'1l'1LL°l-1'1'1!11Jl ).J\-11'lVltJ1'l'ltJ).J\-1(;)'l'l IJ111J'l'l 

1 .J' .. .J' 
1'11'l'l1tJ1 l'ltJL'l'ltJ'1LLtJnnN1 . 'l'l::: 1 IJl'l LL'l'l:::L'l'ltJ-3 

Lmmil-u 3 n~).J1 'l'l; 7 lil'l P1tin~).Jl'l'llJl'l).Jn~).J , , . , , 
.J.J' . .., -"'· ~ 1-I 
Vl LiltJ'1 l'l'ltJ'1l1°1-11HJ~).J"N"l-11(;)"1-11'1~'U LL'l'l::: n~).JVl 
.r., 1. 

L'l'ltJ'1l'l'ltJ'1l1°1-11T~~).JLL).J'l'l'1n1:::'l!ti'U l'ltJV11n11 
,, ' 
- 1- ... - ' ... Vll'l'l'l'fl'11J1'1LLIJ1'l'UV1 1 m.J111'Yi'Ufi 2537 - 2 ).J'U11'1).J 

' , ... - ... - -2537 Vl1111'1'l'l!1Ll'l).J ).J\-11'lVlt11'l'ltJ).J'\-11~111'11).J 

3. n"\1~Ll'l11:::il'"l-1·1'l!i1i;iLL'l'l:::m).J1N'IJ'fl'1ml'l 

ti:::i11:u ~i;i1i1uL'fl ~1111i1uu1 ~i;i1i1-uu2 1 um=B-u 

LL'l'l:::~1111i1u'i! 1~1lll'l'l1).J'1l'ULl'ln:::il"l1n~t11U'U , 
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m1Pim~nl'l¥..:itl't~mJ..:im1Pim~nLtl'U 2 .ff'U111'fl'U ~'fl m11LF111::i.fw1F1rum'Y'lii'fl.:ittl1~'U LL~::m1 
1Ll'l11::i.firn.fimru11111i1u LL~::Ln~'flLLi ~.;'1Ltl'U~'Eli1..:im!J ~.:iiin!J~~L~!Ji;)L~n11Vli;)~'fl.:J ~.:id 

J .mi?u•1n::umPJcu111n'2/fN it.li~u . "' " . " . ' "' 
m11LF111::ifinl'lrum'Y'li1'El..:ittl1~u"'t1n~.:i'MTi;)'l-n..:iiuLL~::LLii~..:im::'ll'fl'UU'U LLU.:JtJ'flmtlu 3 .rru111'flu ~'El 

- m11Ll'ln;if P)rur11m..:imin1 (Proximate analysis) ~.:itl1::nt11J~'l!J m11Ll'ln::ifinl'l'l1i.J:f u 

ttl1~'ULi1lTu mftutmj;)111J mmL~::Ln1 
- m11Ll'l11.::i.fin'Jlilj;)mi.J1t'Uil'fl.:Jn1i;)'fl::i1Lu LL~::tl1::Li1Ul'lt'Ull1Y'ILU1~'U Li;)!Jn1rn1rl11'1::LL'U'U , 

n1i;)'fl::inu 

- m1tl1::LiiUP)t'Ull1Y'lh.h~uti;)!Jn11inr11 Protein Efficiency Ratio (PER) 

Vli;)~'fl.:J 

t - , U fltl'llL"'ftfl1'Mft 

lfltJWnfl"'lf Lft'.n 

m'1L"11zi4\41"llillimJ..11cun,.11t1zilt u 
u.aztlr.ailurh.nt11t1til't u 
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..... .. I 

2. n1j?£Aj1ZUU1ACUA1il1U1j . " " ... - I o - ... -n17Llil1UJ.Jlil'l'flU1-l U1"l-llll7"1lll1-l'jq\UL'l'l:: 

LL).J'l'l-:im::'ll'fl\.n.rn~lililmL'l'l::iluU'vi"'l L'llu L;imnu 

n 111.11 'l tlu 'Ttn f'l-i"l \tl n'fl'ULL ~"l~ -:ii.11'ltlil"l1lilu L;i).J 

J1L~nU'fltJ (Yi'flvl'J).J) ~).J"lU~1LL1X~H'L"l'l'l171"l 10 

'U1Vl tJlilL1X'l'l::LfitJlilLL~"l'fltJVl 100 'fl~f'l1L'll'l'lL=iltJ'jq 
'U1'U 5 i"lhN 

.., ,- I ...., ' 

n1nLf'l11::\lmf'lruf'l1'fl1\l11n1nLf'l71::lll 
" , " I -. ... - . 

mf'lruf'l1fl1lll17"l1n"l-:i\l7lillll1-l'jq'ULL'l'l::LLl.l'l'l~n1::'11'fl'U " , 
~'lt..-. ' - I 'l' " 'U'U lil'JLf'l71::lll"l1nlil"l'fltJ1-l l.Jc.J~l.JLL'i'l::c.J'jql.JLL'i'l"l 

11i1u~ AOAC ~lilLLU'l'l-l"l1n Helrieh ( 1990) 

LL'i'l:: skoog ( 1974) 

n 11Pi1\.Vi ru T'fltJ 'l'l::: f'l 1ft u'lll Llil 7 Iii % 

mftu'lm~7lil= l oo-( %f'l"l1l.l:fu+% hh~u+% L "!JiJ'u 

+%mn+%Ltl1 ) 

m1Pi1u'Jru'W~-:i-:i1u (n1'l'lLLf'l'l'l'flr / loo 

nfiJ) "f.~-l-l1'U= ( % ttl1~UX4 )+( %1'\1tttJLl!Llil71i1X4) 

+(%'l"lli7u x 9) 

1. 2. n11:) Lf'l n:: ifo1'11\l1i1 LL'l'l:: u'TiJ1 ru 
' 

"IJ'fl-ln7lil'fl::~tu n11~Lf'l11::~\l1n1lil'fl::~tuV1 
r.i1Li'.Jur.nn{-:illlrlil m-:iiuLLiX-:i LL'fl::LL).J'l'l-:im~'ll'fl'U 
LL iX-:ii;i''Ju Lf'l~'fl-l 1f'lrn11lilm1~"1J'fl-l L \l'l'l')'jqlJTHl'U~~ 
(High Performance Liquid Chromatogra­

phy, HPLC ) 1lilti'jqmuu~4'u:)vimf'l1'jqi;if 

- - -
MUft::'Wft~~1U -
'llfl~~'lUl:.ltUJ t.1tt1"(l 

u. lllt'I~ hMl'U 28.00 

u.tl-3 63.75 
r ...... 

U1JJU'W"ll 5.00 

l'll'l1~'U 0.03 
.. ' I 

LnftflU.7 3.21 

U.Ofttl 0.17 

7'li.J 100.00 

'Wft~~1'U (fitftUl'lftfl'i) 3.80 

LL"1-l'll1;iLL~'JU1UTlJ1rum"1'fl::mu~'l~tJ 
Pi1u'Jrul111f'l::LL 'UU"IJ'fl-ln7lil'fl::m 'U 1 ULLlJM~-l'jq'fl-l 
:., ..r 
lil-l'U 

r'flu'l'l::"ll'fl-:if'l::LLuumi;i'fl::mu = ~'l'l~nriJ 
"IJ'fl-ln7"1'fl::m ul u l nriJ"ll'fl~mm1~"l::Yllil'jq'flUX 
loo ~'l'l~nTl.l"IJ'fl-lmlil'fl::m 'ULULLtJtJtl1-l~-l (ref­

erence pattern) 

1.3. m1tJ1::L~uttl1~utlilumrn1~1 PER 
'I ::; ..r_, " ... ..r 
L 'U"IJ'U 'UlJ 7:: n 'fltJ"1"ltJ n17Llil 1tll.J'fl1lll17n17L 'l'l U-llll\f 

~ t _ .... ..........., -.J' 
mn-:iu1lll'Un'Jl-:i).J'Jfim1 lil-l'U 

n11LlilTUl-l'fl1tnrn'jq).JH'~m AIN-78 

( Purified diet fdr rats and mice) 

1J11iJ~"ll'fl-l "l1uuv1 ( 2529) ti;iu"l:: mJ~m\l11Lllu 
3 'jqlJ17 LLi;\'l'l::'jqlilT"l::LLlilni;\1-:in'U~LL\l~-:ittJ1~'U 

,.. \Al 

Fl'fl 7.:i~\lTlillll1-li'U LLl.l'l'l-:im::'ll'fl'U LL'i'l::U'i'l1lJ 
11 -D''ii1lllfun~).JmtJf'll-l ) . ~ ~ , , 

n11c.J'jql.J'fl1lll17~"l'Uc.J~~i;\1-:i1 
1i11iJm11-:i l f'l'l'lnL~~1~'Juc.i'jqiJL1XLi'1nu 

"' ' , "' 
L~iJu1 n iu'l'l-:i 'l u'fi'fl'jql.J f'l'.J7"l'U'jq1l.J1 rnif uL i'.lun'fl'U 

"IJ'U11i1.L~u~1~uun'i'l1-:i 1.5 L'll'U;iLiJm , tl1'lu'fluliX 

LLiX-:i~ 100 'fl-ll'l1L'll'l'lL:Du'jqLL~"lLnuHV1~ruw;i~ 4 
... 

'fl-ll'l1L 'll'i'lL 'JltJ'jq 

J1i.nl'n'llt:1~ft'lWJtUJ t uti1lll17i:.iti.i ( nii.i) .... 
" -- ... .... 

"'~lll711lll1~ft'U WJ•~nnft\6 ·· 

32.79 32:.16 

50.00 49.00 . .':; 
5.00 5.00 

0.03 0.03 

4.02 4.60 

8.16 8.51 
D 

100.00 100.00 

3.79 3.82 
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- ~ - - .. . 3. n15'?LPl5'1::inn?IR1i./1JUfi~Lm~flU j 

1um1iiin1:t1ml'lru,\1mm1"11n~-:i~r"1i.n:iiuLL~:;LL).J~-:Jn1:;1'flutl"l:;~L1'111:;~~1~1111i3uL'fl ~1111i'3uu1 , ~ 

~1J11fjuu2 'lum~u ~i;ni°3u:n LLl'l~L:nm:J L~~n LL~:;W'fl~~'fl1~ 'li1~fum1~Ll'ln:;~m~11ni'3uiJl1-:i1 i!u 

1MtJl'l'l1).J'flULl'l11:;~"11n~ muu~~tJ~'Vltnf'11~111f LL ~'1'111~ -ri'ltJ~Ll'l11:;~L m"1tJ HPLC ~'lum1iiin1:t1m 
, 'I.I I \I 

W).JICULLl'l~L:ntJ).J LL~:;L ~~ni1u~L1'111:;~~'ltJLl'IT'fl-:J'fl:;111'fl).Ji°3n-LL'fltJ'll'flriiu ~'lUW'fl~W'fl1'~i1u~Lm1:;~~'ltJ 

l'li'fl-:iti'~11111'l'l 1'flL~111-~~Lii~~LtJn 111111 w1111i°3L111'flf ~-:ii'.l~u111'flum1"1°1L uum11"1u~1tJ1111mL~ucr-:i1 u1tJ 2 

t::ft'lllltl'li'lfl 

nt~ '1.1111n A uefu9a 
ntt1~IA''>Ent::~117tltt1~L1Jt1f A2 

, 'IJ 

ftt8'l!ILa'lfA''l!J . 

nr~LU111n (A uf.lfi.aea) 
ntt1~r.hun1::~1)!tfltt1~L1Jt1f A2 
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3.1. mnlilrn~~1rn::~1rnwl'fltn~ 

• "' j' ..J -
'U1LtJ1m'::LtJ'fl~ Lc.J1Vl~CU~IJ~ 450 'fl~l'l1 

L'l!~L=illl~LU'UL')~1 15 'U1Yl ~~1iXLtiu1u1rii;ii;im1~ . ,. 
.J"~t -~ .. t _,:_,t - - I 

'l!'U'l!~u1~unuuvtnu1~un'l!~u1~unLL~~~lil'l'fltn~ 

~LL1X~L~L1J1 2-10 n1~ u1LtJLc.i1r;\'lmtlMLfl"l'U 

rnfu'flu~~i;ir;l'lulil::LntNtJ'UL~'U (Bunsen) "l1n ... ' , 
- • \I ... - ... 

'U'U'U1L'IJ1Llil1Lc.J1vt'flruwm 500 'fl~l'l1L'l!~L'l!ll~ . - , ,. 
1h::;mru 1 i''l 1~~ ~1'fl"l'ULr;\Lci'1~'1J1'l~~~~i;iYi1 
, "a , 'i'. .f • ., · ..,JL., " 
~ muu ~ u rni;ii;iF1'l1~'l!uu1 Lt11vt i;i'Cl::~1ui;i'lumi;i · ,. 
1ulil'1n 4 u'flf~ti~ t11::mru 10 il~~~lilTLL~'lL~'fl 

"l1~1iXi'.hnmlil1 loo il~~~lilT ~'lml'1nkumn 
' ... 

lil::ntiu~::~1u1~~~i;i"l::n1'fl~lil::n'fluY1~::~1ut!u 

_r;l'lum::i;i1~mtl~LtJ'flf . 42 LL~'lU1mLc.J1L~~iln 

~f~r;l'lm~~'lL w LL~'lu1lt1~::;~1u1umi;i1 ulil'1niln 

LL~'lU1LtVlLF111::;~mLLFl~L=iit1~L~~nLL~~rlti~rlti1'~ 

... 
1. ~1rn::~1ll~11il1~1'ULLFl~L'l!ll~ 1,000 ppm 

2. ~1rn::~1t1mlilT~'l'UL~~n l,ooo ppm .. 
3. ~1rn::~1mL~uvt1t!~ 50,000 ppm 

4. ~1rn:::~1u~1lili~1urlti~Lrllil P = 50 ppm 

' ..... 
0.500, 1.000, 1.500 2.000, 2.500 ppm 'l!~~LL~'U 

mu~Lif~ifu 5,ooo ppm LL~::;mi;i1ulil'1n 1% 

mnlilrt1~~1rn::~1m ~~ n~1~1uYi1m1rlm1L Yluu 

~11i11~1u LlilTt1~~1rn::~1u1 iXi:Jm1).JL if~if u o, .. ' ... 
0.100, 0.200, 0.400, 0.600, o.800, l .ooo ppm vt 

· ijmi;ilwlil1n 1% 
' .... .., . ... 

3.4. mnlilrn~~1rn::~1mritiu1~1l'ln~ 

1i;iuH UV-VIS spectrophotometer mnlilrll~ 

~11~::~1t1rl'fl~Yhi1'~~1~fovhm1rlm1LY1uu~11il1~1u 

Lli1Tt1~~1rn::~1u1 ,Xijl'l'l1~Lif~ifu o, 0.001, 

.003, 0.005, 0.010, 0.020 ppm L~~~11~::~1ll · 

c.i~~ (combined reagent) 8 il~~~lil1Yi11iX 

L~ 'fl"l 1~ r;\'lmr1 n ku~~iJ i;itJ1~11il1'll'fl~'IJ') i;i 
m~11il1'1J'U1i;i 100 iJ~~~lilT 

3.5. L1ti'UL'llvlL-n' 

L1ti'UL'llffi-Dlum1;1n~ 1i;iu AAS LL~i;i~ 

wave lenght 

Lamp cooent · 

Silt width 

Flow type 

L1ti'UL'llffi-Dlum1;1n~1i;iu UV-VIS 

spectrophotometer 

Lamp : VIS ( l1~~Llil'U) 

Slit width : 2.0 nm 
' .. 

Fl'l1~tn'll'l~'U : 880 nm 

3.6. 1fi1Ll'ln:::~mmmruLLFl~L=illl~LL~:: 

... ' 
- I cv ... 

i;ii;i~11~::;~1lllil'l'flll1~U~~~Lc.J1FIT~Vll ,. 
~Lr.iti"l1~10 Lvl1 mmlilT 5 il~~~lilT L~L'U'IJ')i;i 
.)i;im~11il15o il~~~lilrn~::i;ii;i~1rn::;~1ui;l'ltitl1~ ,. 
LL~~~Lc.J1Flf~~ 2 m~11il1 5 iJ~~~lilTL~'IJ'li;i.)i;i 
mmlilT 50 iJ~~~milnLtJ~~~ L;j~~1rn::;~1t1 
LL~'UV11U~ 5 il~~~lilT LL~::mi;i1ulil'1n 4 'U'flf 

~'fl~ 5 il'Cl~~lilrnn'll'li;iYi111XL"i'fl"l1~r;\'lutl1nku . , 
"lU~~ili;immlilTL'IJU1LL~'lU1LtVlLl'ln::~1i;iu AAS 

... ' 
V)V)~11~~~1tJ~'l'tltJ1~LL~~~L~1fi'lf~Yi 1 tf1-,. 

mlilT 5 iJ~~~lilTL~'IJ'li;i.)i;itJ1~11ilT 50 iJ'Cl~~lilT 
" ' 

LL~~~~~11~~~1tJ~'l~£11~LLiJ~-.lL'-J1Fl1~V} 2 tfi-,. 
mlilT· 5 il~~~lilT L~'IJ')i;i.)i;im~11il1 50 il~~~lilT 

~n1u~rt~L;j~mi;i1ulil'1n 4 utif~'fl~ 5 il~~~lilT 



'fln'IJ'lr;iYi11 iXL~'fl<11-l~'lml1n-ku<1un-l~ r;i1fo.nU1n 'llu1 LL~'li.111mLM1~,,.1r;iu AAS 

J.7. ~Lf'l11~"1mm~1ruvl'fl~vl'fl1'~ 

7 

r;ir;i~1rn~'i'l1Ulli''l'flU1-lLL~'i'l-lL~1f'lf-l~ 1 (~L~'fl"l,1-l 100 Lvl1) m~1m 1 ~'i'l'i'l'i'llJlT LitU'IJ'lf;lt)r;i 
\I . " I 

t11~1U11 50 ij'i'l~~in1 LL'i'l~f;lf;l~11'tl~'i'l1ulll'l'flu1-lLL~'i'l-lL~1f'l1'-lY1 2 t11~1U11 2 ij'i'l~~lJl1 1~"lu'IJ'lf;) 
\I ' • " ' 

t)r;itl1~1U11 50 ij'i'l~~i;i1 ~nLu\-lil-lL~~~1rn~'i'l1u~~~ e iJ'tl~~U11 'fln'!l'lr;iYi111XL~'fl"l1-l~'lui.11niu<1u 

li-l~r;immU11L'!lu1 LL~'li.111mLf'l11~\-11r;iu UV-VIS spectrophotometer 

. 4 ' ' 
1. n1'i'J,/il'i1::1"/ilCU/il1'iJ11"1'i • 

"l1nm17iLf'ln~"1f'lru~1'fl1m11uLL~'i'l-lm~'ll'flu{-l,,.°1r;im-liu mmrn~~~i;i1~ijiJ'tl·1vi 'fl1m1 , ~ ~ 

~~~~U11~iju~'tl-ln1~'ll'flu LL'i'l~'fl1\-11rn~~.~U11~ij{-l,,.1r;im-liu1~~'i'l~-lU1111-l J 

~ ... :; 
l.Li-!ft'3 "1'3\41"\41'3ftU fl1\411~t\i-i 

1 
n1::11t1u 1.111~ 

60.9 61.0 22.8 

( +0.275) (tl.30) (tl0.5) 

0.001 0.001 8.10 

(;to.oo) (to.oo) {!1.85) 

20.47 18.32 10~05 

(t0.24.4) (t0.770) (t2.89) 

4.92 6.19 3.8' 

(:!'6.298) (:tl.165) (;.t3.54) 

12.56 10.27 0.110 

(tl.970) (tl.955) (±24.0) 

1.15 3.92 55.10 

(;.tl8.00) (±10;00) (t4.332) 

( tn'llfl1i1 !J'Nlfl!JLLJtJFi110ti.Jl!JW.J11111J1U ($.D.)) 

fl11'111eJIM 911.fndi-I 

1.Li-ift'301Z'!lflU {.nt"f.111"-Wl~ 

17.6 

(:t:2.02) 

&.27 

(tl.28) 

10.37 

(;tA..S) 
3.AS 

(tL56) 

7.17 

(t1.63) 

53.14 

(t1.173) 

15.9 

{;t3.18) 

6.29 

(.t4.55) 

. 56.25 

,(t1.A39) 

"11nlJl111-l"l~ L iiu 1~~1 f'l ru~1'fl1"'11'1J'fl-l LL~'i'l-lm~'ll'flU LL'i'l~{-l\-1°1r;im-liUYln'l!Uf;lij~11n~LPlU-lrlU~'lU . , , 
~ ru~1mm1'll'fl-lmmrn~~m-nLiu-liU1{Yl f;l'tl'fl-.l"l~ L ~u 1~~1 · m\-111~~~iJ'tl1V,Jij1''flu'tl:;'IJ'fl-l LiJ1~umnn~1 ,, ,, 
LL~'i'l-ln1~'ll'flULL'i'l~~-l\-11f;l\-11-liUL~nU'flU 
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n1j?11'1j1ZUU1mJ.J1ClJnj6)fl::ijf u 

m1~Lf'ln:::,Xm(;lfl:::m u~r.i1Li'.h.i.t u~..:it-1'1(;lm..:iiuLL lX..:i 

l. n1"Uflft-n1iin (Aspartlc acid) 

2. 'Ylttflilu (Threonine) 

3. L"llflttU (Serine) 

4. n1"n'tJt'lijf'I (Glutamic acid) 

5. tv.1fiu (Proline) 

6. Lnft'Du (Glycine) 

7. fl:::ft1ilu (Alanine) 

8. =DftViu ( Cystine) 

9. U')ftU (VaHne) 

10: Li.JLVlLflilu (Methionine) 

11. LflL'D,=iiu (ls~leucine) 

I 
12. ,:nu (Leucine) 

13. 1Yl1"'Du (Tyrosine) 
I 

: 14. ~ilftfl:::-a1ilu (Phenylalanine) 

15. ~ftti;iu (Histidine)· 
I 

16. Lft=Du (Lysine) 

11. ·fl1~ilu (Arginine) 

3442.90 

1641.96 

1681.57 

5310.38 

2600,43 

2646.80 

4804.44 

IJ11'lll\ 1>.l-nu 

2589.87 

573.75 

1699.75 

3172.05 

2230.82 

3001.34 

1129.11 

2383.50 

2605.23 

HPLC ~..:iL~fu 

5055.27 

2258.51 

2408.50 

7533.86 

3124.97 

2963.94 

6134.04 

fl1')1l\ \i.im.1 
3166.01 

852.49 

2399.39 

440.1.46 

2536.51 

3916.03 

1636.03 

'3154.44 

3310.65 

. 

"nni;11n..:i'Yiu~1 i'.ltfh.nrum(;l'tl:::i'Jluti..:i 16 'JlU(;l 'JlU(;l~Yiumn~~(;lL~LLn m'(;lLLfl~Yi1~n m'(;l , 
n't'li;ni'Jf'l LL't'l:::'tl:::'t'l1UWrim.h:::Li'JUf'lCWll1Yilth~ul(;lt1f.i(;lf'l:::LLUt.mT(;l'tl:::i'JluYiU~1 f'l:::LLUUm'(;l'tl:::i'Jlw'll'tl..:I 

~ , .... .... 
Clio q - I ._.. I -

''H\-IT(;l'!..n..:l~t.JLVl1nu 16.39 LL't'l:::LL)J't'l..:lm':::'ll'tlt..!1Vl1nu 24.35 

n1j?1M1ZUl'!Cldn1W f LJj~1J . . 
m11Lf'ln:::if f'lrumYil1h~uL~"l1nmT~(;liai;inm1L"lrn 1L~ULi;J'lJ'tl..:iviu L(;lt1V11"l1niai;in~'lW'llfl..:I , •1;1 ~ 

J1viunviu~L~)J{u~'tlJ1viunlu1~u"l1nmmrn~)J~viunuL-n'11u(fon~1~1 PER ~..:ii;i1n..:i s 
~ ~ 
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w.i•·:m1::11eu .. .. .. 
~~MfllWNJU 
~, 

(ul'lLfi'!lhnnfl111iJ·w•i1 RSD (Relative strmdard deviation) 

' 
tnmn.J"1\)J"1\IMVJiJ 

" 

.. .. - - ""' ' n1j'J,l'lj1::UU1'l~.1~1J" fi::lnfiil" j 

mi1Llili1::~m1Ei.ntll11J11i1u i;11 L ihm111111u"1\ muu1~u1YltnP11"1l 111fo ~..:l'Jl1~L~~'f))J~i;)..:i 111111..:1 6 
" 

" " ·•nn 1111n..:i r.i:::Liiu~1~..:i"11111 i.n..:i -Kuil~1111ijuL'fl 

ii;i1iJui1 i u~:::~r;11iJui1 2 1 ULL)J~ ..:i~..:i"1l'fl ..:iilhl)J1n LL~LL)J~ ..:im::: 'll'fluill um;iu)J1n n~11 u~..:i"11111m..:iiu 
\J1::'l.J1 N 2 L Vh 
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n1'i~Lfw1::i.1V111Ei.11NLLFlftL;lt1i.1LLft::L \llftn L"!.1 AAS 

"l1nm1';)LF1T1:::ihrnR~1ruLLl'1'tlL'i!m.JLL~:::L~~n 1uLL~'tl..im:::'l!'flULL'tl:::~..i~1"1m..iiu L~t.Jft 
"1'1[11111'1 7 

"' ,,,,.,-3 7 tliJJ1ruuiB1,,1uuJJfi'3 100 niJJ1111 .. nrnuM'3 

IWtl~O~'lltlU 

(m11V1i'3lu 

• 

191.1· ! 46.3 

152.6. ! 47.7 

. ' ' 
(·m.nEirnUJ : ·i1uvi11'1flJiiir::v1umwL ;tJ:JuftJv~:: 90 ) 

n1'i~Lfl'i1::i.1mm,:"J1tuW'll~W'll-i~'trJ1t1 UV-VIS spectrophotometer 

m1~LF1n:::i.fmyj'fl'jqyj'flf'jqL"1U UV- VI S sp ecfro p_h o t o met er 

~~1"1m..iiu 'l~t.J'tli..i11111 1 ..i 8 

1111'i1'3 d lliJ.J1rlJW'iJi'IW'i1i11L1JLU.J'iN 100 niJ.JJ1uumLir~ 

1.UJft~m'~'HIU 
" .. 
~~'4111'41~iu 

' ' ' 
(iunm~UJ : • i1uvi11'1'lJYlr::v1um1i.JL;tJ:JuftJv~:: 90) 

~jtJLL~::~~1jrU • 
"l1nm1~mnF1rur\1mm11u11.J'!l'fl'1hh~u h~u Ln1 LL'tl::: m n Lri'flfi"1Lllu1'flu'tl:::'ll'fl'1J1inrmLlX..i 

, . '\I , 

{..i~'1"1~1..iiu1~ 61 .00, 18.32, 6.19 LL'tl::: 10.27 m~i1iu~riuu>.noi..im:::'l!'fl'UL~ 60.9, 20.47, 4.92. LL'l'l~ 
12.56 [111~i1iu L~'flYl"'l11tu11'1tu111Yi'IJ'fl'1 hh~u1 'ULL~V11'1Ll'1ij;'1fl"1LU'U1'flU'tl!:'IJ'fl'11'1!:LL 'U'Un1"1'fl:::ii1 U11fl.:J 
"' "' , . 
~'1~T"1~1'1iULvl1rlU 16.39 LL'tl!:'IJ'fl'1LL~'tl'1m:::'l!'fl'ULvl1rliJ 24.35 l'ULL~m..i=ilrimYiYl"l11tu1"11nrl1 PER 

.Jj' " . Iv .Jj' " ~... ::. ... 
'IJ'fl'1Wl;fY1L'tlU'1"1'lU'fl1W11t.J'jq~ LL~'tl..im:::'l!'flULY11niJ 1.645 LL'tl::: 'IJ'fl'1~1;f YlL'tlfN"1'lU"'l'1~1"1~1'1'jqUL YiU'l 0. 948 

" " ~1~fUi:J'tln11';)Ll'111!::Wl"11iJUYiU~1 <i..i~'1"1m'1ium1111.iJ'UL'fl LL'tl:::';)1111iJu'il Lvl1rlU 2348 IU/lOOg 
' 

LL'tl!: 770.08% (mg/ g ) · LU'!Jru:::ViLL~'tl'lm:::'l!'flUijflu..i 257 IU / lOOQ LL'tl!: .460.69%(mg/g) [111~fi1l'lu 



. - .... - - . .... .... " 
~1'-111.J'llJ11J.l'U1.Jl 'llJ11i.l'U1.J2 J.l'UtltJYHl1 

rl'UL 'ULLi.t'i'l'l~'l~tl'l~'l'UL 'Utl1;n'U {..:i'-11i;im..:ii'Uil 

135.86% (mg/ g ) 

(mg/ g) 

... 
LLJ.l'i'l'ln1:'lltl'UJ.1225. 78% 

~'l'Umrn (;)'lltl..:immi.11rufi11J1mm1'l 'ULLi.t'i'l..:i , 
~.... :; "'" -.J' n1:'lltl'U U'i'l:"l'l'-11(;)'-11..:i~u Lf;l~'i'ln11~i;i'i'ltl'lf;l'l'U 

Pltlilmi.11ruLLl'l'i'lL;jtJJ.I 191 .l LL'i'l: 152.6 mi.t1ru 

m~n 37 LL'i'l: 9.0 mi.t1ruvJtl~vJtl1'~ 54. l LL'i'l: 

54.0 L'UWU'ltJ % (mg/ g) J1m!mL~..:i1J11i.t~1~u 
,, ..1 - "' ..JL" - , .Li.ttl'r'i"I 11ru11111~ii~i,i'i'l~ i;i1111nmnLF111:'-I 

l'lru~1'fl1"'11LL~'l · °t1..:i~*1~LL~Li.tMm:'lltl'U't-D , 
Lil'Umm11~;i1i;i tJ L'il'r'i1: 1 tMt'ULdtl P1 i;i L il'U1'tlti'i'l: 

" " ' • - " .... ... 'I.I' - I I ... 
iltl'l'U1'-l'UnLL'-l'l"l:i.ti.t1nt1'l1tltJ'i'l: 60 ~'l~LLIJILJ.ltl 

i.11fl11111ru11'1:LL'U'Un1f;ltl:i1t'U LL'i'l:~1 PER iltl'l 

LL~'i'l'l~'l~tl'l LL~'l"I: L i1'U~11iJ1~'U"l1 n L~J.l'i'l'l m:'lltl'U 

... ... I I •~.l'I~" I 
r-i=~~run1Yif;ln'l1 11'ln1tJ~1i.t1rn'U1 LU L'JI Lf;ltltJ1'l 

iliJ1:;~fin1Yii.11nn~1 
- - .. - "" ... 'llJ11~'U1.Jl 'llJ11~'U1.J2 

~i;i1i1'U'i! LL'i'l!:L 'Um:n'ULL~'l LLJ.l'i'l'l~'l~tl'lilmn'r'itl1 
nw flu ..:i LL~{..:i'-11i;im..:ii'Uil~ i;ni1'ULtl~..:ii.1 1 n~'l'U 

'II 

illi.11ruLLl'l'i'lL;lt1i.1L '-l~n LL'i'l :vJ'El~vJtl1'~fititi~1m 'U 

11 

mi.11ru~t:i'Ui:..:i~..:i tlth..:ihn1J11~ ~tl\jfl~ru~1 
I ~" .J'1 " ... - ' tl1'-1111J11'l1 ~ L(;)J.11'Ul'ltl'Uil1'l~'lL 'Utl'l"l1n'lLM1:'-I 

"11 n ~'ltlU1'l~ LL ~'l LL"1 Ldt:i ;j (;) L i'.l'UJ1'-1Uniltl'l LLJ.l'i'l'l 

~(;)LL~'l"l!:H'LLJ.lfl'l-i1'U'l'Ui.t1n tlU1'lLTnlJ11i.tn11 

u'11nl'lm'-l11-i1Ltl'Urnt:i..:iu'11nl'lmm1'-lfl1t11 'l!tl" 
Y I I '/.I ... -~ I ~ Y I ... 

LLJ.ILLIJILL '-l'i'l'l rn11Jl'Un LJ.lfll'l1"1!: Lf;l"l1nLLJ.lfl'lLLIJIL Yitl'l 
I ... 

tltl1'l Lf;ltl'l 

L 'Um'N~il~UTL!)fll LLJ.l'i'l'l'Jltli;i 'li;i'Jl\lf;l'-lrl'l Lil'U 

~1'U'l'Ui.11n1 Lil'UiJ1::-i1i!'Uu1111:1~iln11~n'l'.n'l'U 
L:n..:i~'i'lm::~rn~t1'lnumi.11ru~11=ih 1i.tL'i'l~'i'l~1..:i 1 

.J - J' - !¥1 -~ ~ Ln (;)1J'Utl'UL u'U~'i'li.11"11r. LJ.llJ111.Jtl'i'l'l!i.t ~11tl1'-111 

1111mLi.t'i'l..:i~..:in~1'lJ'U LU'UrM'U~1 tl'i'l\ji1'U1mn~ 
L'lltltt1i;i° LfllL'i'l~LIJltl1tl'i'l LL'i'l:mi;i~'T"' Ll:l'Urn'U m1 

~ n'l'.n~ ru~1tl1"'11L il'UL;itl'ln'Udrl1.JLLJ.l'i'l'l~'U1 fl 
Lil'Udtl..:i~u1~n~~'ltJ'Utln1111nd~1J11i1'U'-l'i'l1tJ~'l 
Lf;ltJL'il'r'i1:tlU1'l~'l~IJ11i1'UUl LL'i'l!:~IJ11i1'U;I 111: 

tintltin:n1i;i'll"l~~1ti ~..:iu1111::ilm1~n'l'.nmi.11ru 
'II 

~mi1'U~~t1JL~ti1Ul 'U1:'-l~1..:im1iJ\..:itl1m1 L 'll'U 
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