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Modification and Validation of HPLC Method for the Determination of Tetracycline and Its 


Derivatives in Shrimp 


n ·U'r~"(;l.j'W'lUrl:::n1~I?l~'d~'i'l'flUV'l'dl:JJ1on1~~'dtJ';jfi HPLC lWn1~l"mJj':JJlru'i'llnh:::n'flu~l?ll?l~lO]tJV'l~'W (TC) 

~~'i'l:::'fl'\f~'Wfr 2 'iI~Vl l~~~ri 'il 'EIn ;lhl?ll?l~lO]tJV'l~'W (OTC) ~~'i'l:::V'l'i'l'flfLl?lmlO]tJ V'l~ 'W (CTC) 1'W1fl'dm.h~~~ .yhlVltJn1~ 

'Yl Vl 'i'l!lU'i'l Jl1'd::: ~LUjJ1'fl1'lllV'l~~n~rlO]'W n1 ~ri1Vllltl'i'l~1'fl l'll bV'l~~n~'i'lO]'W bb'i'l:::bnn~tJ'W'ml'i'lO]'W ~UrJl~l ~'d'i'll~'i'll~'El'fln 
~ ~ ~ 

~1 n V'l'fl'lt:JJu (RT), r11V'l'dl:JJ'i'l 1:JJ1~Cl1'Wn1mtJ n~n'fl'fln~ln n'W (Rs) bb'i'l:::r11V'l'dl:JJ'i'llm~Cl1'Wn1~~Vl'i'l1~~ 1?l~'d~'i'l'fl lJ'l-) 
1'WV'l 'fl 'lt}.Ju (k') il V'l'dl:JJ bbl?ln 1711 ~'flth~ihrtJ~1 flClJ (ps:0 .05) 'i'lJl1'd :::~buULnn~tJ'W'Yl'1l\lo]'W1~1:.J'i'lii1'l'Wn1mlJ m~'i'l:::1oD' 

~:::tJ:::~'d'i'll~~"" :JJVl J''W~~Vl 'i'l1~:JJ11?l~jl'W'lJ'fl~ TC , OTC ~b'i'l::: CTC i1'i'l:JJn1n~'WI?l~~~nr11~:JJtl~:::~'Ylt~""~lJ'vV'Wjr (r) 

:JJlnnrJl 0.997 'lw'Jh~V'l'dl:JJb-t':JJ-t''W~:::1,,1rJl~ 004-0.32,005-032 bb'i'l::: 0.14-0.32 mgfkg 1?l1:JJ~lri1u ~'dW L'U~tJ¥'fltJ 
'i'l:::r11 n1m'ltu~'W1'Wn1H~nVli7l'l'flth~'flti1'W~nru"Y1n1~tJ'1l:JJfm:::ri1Uf:'11 n'i'l lVltJ'flti'l'W'li'd~¥'fltJ'i'l::: 81-107 '6'i'd'Wr11V'l'dl:JJ 

~ ~ 

~~m 'lJ'fl~%'YlVlf:'1'flU~~~'i'lVl~'l'Wr11 HORRA T ilr1 1iX'fl tJnrJl 0.51 ~'d :JJ~~iJr1 1m:JJlru~1~ Vl~';jfi'YlVlf:'1'fl UI?l~'d r.rYi u1~~:n~ 
r.] ru11l~ 'U'fl~ OTC, TC ~ ~'i'l::: CTC L'vllnu 0.012, 0.015 ~~'i'l::: 0.05 mgfkg W1:JJ~1ri1U 1'W'lIru:::~r11m:JJlru~1~Vl~';jfi 
'YlVl'i'l 'EljJl?l~'d~-rVl~:n~m:JJlru nrl1VVl1nlJ 0.05, 0.06 ~~'i'l::: 0.15 mgfkg 1?l1:JJ~lri1jJ 

Abstract 

The modification and valida tion for HPLC method the quantification of tetracycline (TC) and its 

derivatives (oxytetracycline (OTC) and ch lortetracycline (CTC)) in shrimp samples was carried out. The 

retention time (RT), resolution (Rs) and capacity factor (k') were considered between isocratic elution, 

modified isocratic elution and gradient elution. The RT, Rs and k' we re statistically different among elution 

condi tions (p.::;0.05). The gradient elution provided good performance In separation with the shortest total 

time consuming . The linearity of OTC, TC and CTC showed good correlations, the correlation coefficient 

was more than 0.997 at di fferent concentrations levels rang ing from 0.04-0.32, 0.05-0.32, 0.14-0.32 mgfkg, 

respectively. The average % recovery of sample extraction met the international acceptable level which In 

flru:;tj£;1~1\-1nm.nnl1I/l1 ~mUULYI",LUL\'l tiYl 1:::" 'i.l~ in~l L4'I t'lruYlVll~ ~1f1m:::u~ nt-l iYlYl'1 10520 

2~tl -.l 1.l{j 'U"in'1lj4"!JLi fl ::: i1l ~~ U'i.l IV11~ ",ru:::'iYltl11'11~ l/lf ,yq' \'l..] n1C\r)J\-11ljYltl1 ft~ Ilt-.llYl'W '1 10330 
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the range of 81-107% while precision shown in the HORRAT target was less than 0.51. The limit of 

detections (LOD) of OTC, TC and CTC were 0.012, 0.015, 0.05 mg/kg, respectively while the limit of 

quantification (LOQ) were 0.05, 0.06, 0.15 mg/kg, respectively. 

Keywords Shrimp, Tetracycline, Oxytetracycline, Chlortetracycline, Validation , HPLC 

tJ1h!n*H!PI!PInontJY'l~\J, l'll\J, !l!ln;l!PI!PI'i'lontJY'l~\J, (OTC), l!PI!PI'i'lontJY'l~\J, (TC) lb'i'l :;Y'l'i'l'Elfb!PIlPI'i'lontJY'l~\J, 

(CTC) lU\J,~Um.JLoDn\J,mn1\J,nl'i'Y'l'l1.wp..JiJ!l'ln\J, bb'i'l:;fn~lhY'l"nm~mbuY'lY1tStJl\J,~'l 'Y111i1~Unl'i'LoDtJ11\J,uhnru 
m n !ltJl'll'l!llti!l 'l bb'i'l:;1~~nl'i''vII'JI9ltJ1ri!l\J,nl'i'9U~'l9'l~'le.J'i'lI'l!lnl'i'!PIn~1'l'lJ!l'ltJ1 ('lI'i'l!l, 2543) 'Y111i1u'1! 'vi 1 

c;1'l n'6'il'l~'le.J'i'lI'l!lnl 'i'~'l!l!ln~\J,~ltJ'i':; ll1'V1 n'l l b'll b ~\J,bb'i'1:;n'l LL'lI LL~'l!ltJl'l~l n U 'i':; l'VIV'i ~.wl dh1~rll'v1\J,19I Almmru" ~ 

'i'l'l'i'lI9l~tJ!l~ 'l~m~\J,e.J~!PI.nru'l'l (Maximum Residue Limits, MRLs) HLL!PInl'll'ln'Wl\J,LLI'I'i'1:;U'i':;l'VIV'i L'lI\J, 1\J,U'i':;L'VIV'i 
~ , 
~~\J, rll'v1\J,I9IAl MRLs 'lJ!l'l'i'll'i'l!PI!PI'i'lontJY'l~\J,ll'i'l:;!ll1~\J,jj 0.2 mg/kg 1\J,e.J~I?1.nru'l'l~'ll~l:;L~tJ'l (Fish Inspection 

and Quality Control Division Department of Fisheries, 2006) 

1fl~Y'l'i':l..Jl ~'VI n'i'l yjYl lU\J,1flnl'i''vIti'l~utJ:l..J1ojfl\J,nl'i'!PI'i''l''j 'i'l!lutJ11\J,n~~ l!PI!PI'i'leTItJY'l~\J, ~l'i'liJ L!PI!lfI?i1'l1 'lJ'El'l 

1flLY'l'i':l..JlL'VI n'i'lyjYJ~H1\J,nl'i'~"jl'i' rul rll'v1\J,19I1fl nl'i'1\J,nlnltJ n'i'll'i'r;l'l!l til'l!ltil'l 'i'l:I..Jmrubll?iH' l'l'i'llU!l tJ 1~ llri 
" 

l'l'i'll~ 'i'll'i'!l!ln"jlnY'l!l~~,r (retenti on time, tR) llyjm!PI'ElfY'l'll:I..J'1 (capacity factor, k') A1Y'l'l1~'i'l1:I..J1'i'rll\J,nlnltJn 
.wn!l!ln"jlnn\J, (resolution, Rs) m:I..Jl!P1'i'-0"'l'vl:I..JI9I'lJ'El'llyj'i'llV'l~!l\J,~~1ojfl\J,nl'i''lI:; (retention volume, V

R
) Al partition 

coeffic ient (K) ll 'i'l:; selectivity factor (OC) lU\J,ai\J, ;'lAl~l'i'liJl!PI!lfm~hd "j:;lU~tJ\J,bbU'i'l'l!Pl1:I..Jnl'i'U hHU~tJ\J, 
'11!P1'i'll~'l'lJ!l'lnl'i''lI:; !lru'vll1iJ '11!P1'i'l~'l\J,'lJ!l'llyj'i'lLY'l~!l\J,~ 'i'l111'l:; bb'i'l::U'i':;~'VIfi111~'lJ!l'lY'l!l~~t1 bU\J,ai\J, (bLii'\J,Lb'i'l:;!l:!..J'i' , " 
, 2534) !ltJl'lhn~ 1\J,nl'i'!PI'i''l''j1 bY'l'i'1:;~'VI1'lil!l'lU Du"""&inl'i'~"j:;1i1e.J'i'l~n rX!l'l bl'i'l:;dj\J,~Ull~!lCi'mr\J, 91bU\J,!ltJl'l~'l 
~ai!l'lI9l'i''l''j'i'l!l 1J f1'll :I..J~ n rX!l'l'lJ!l'l1fl'VI 19I'i'l!lU Ll9ltJ l'U~1:;nl'i'.wl1flm 1PI'i'J"1 \J,:I..J 1H'nu nl'i'1 lY'l'i'l:;~r;l'l!ltJl'lm'vll'i' 'vI1!l 

matrix ~1~1~rll'v1\J,19I1~\J,'lJ!lu'liltJ'lJ!l'l1fi0\J, nl'i'UfWU~tJ\J,1flm !PI'i'J"1\J,'vI1!l;'jfi~~!l~ b~:I..J 'vI1!l nl'i'1~fil'vI~ ;'lnl'i' 

!PI'i''l''j 'i'l!lU Y'l'l1:I..JLoD1~fi'VI 19I'i'l!lU bU\J,n'i':;U'l\J,nl'i'~ n~l'V11'lil!l'lUDu"""&i nl'i' b~!l~Wr\J,~ru~n~ru:; b'U~l :;'lJ!l'l1flnl'i' 

'VI 191 'i'l!lU (method performance characteristics) ll'i'l::U'i':: liJ\J,~'ltJ1fl nl'i''VI1'l'i'lCiWi rh;'jfl'VII9l'i'l!l Uc;1'l n'6'i l'l~ Y'l'll:I..J 

rl n rX!l'l bb'i'l:;m:I..Jl :;'i'l:I..J!PI1:I..J~!PI rlU'i'::'i'l'l Y'1'lJ!l'l nl'i'LoD'll\J, ;'l Y'lru~n~ru:; l'U~1:;~H'91ltl\J,ai!l'l1.jfl\J,nl'i'U'i':: liJ\J,Y'l'l1:I..J 
" q q 

H'1~'lJ!l'l1finl'i' 1~uri 'If'l'l'lJ!l'lnl'i''VII9I'i'l!lU (range) Y'l'll:I..J lU\J,l~\J,!PI'i''l (Iineanty) Y'l'll:I..JmJ\J,'lJ!l'lnl'i''VII9I'i'l!l U 

(accu racy) Y'l':ll:I..Jl~tJ'l'lJ!l'lnl'i''VII9I'i'l!lU (precis ion) m:I..Jlru~1~19I~1fi'VII9l'i'l!lU!PI'i'':l''j~u1~b:n'lV'.lrum~ (limit of 

detection, LOD) m:I..Jlru~1~19I~1fi'VII9l'i'l!lU!PI'i''l''jt)l9Il;n'lmmru (limit of quantification, LOQ) Y'l'l1~91l~1:; 
b"jl:;"j'l (specific ity/selec tivity) ll'i'l:;Y'l'l1~'VI\J,'lJ!l'l1fl (ruggedness/robustness) lU\J,rX\J, ~'lnl'i'~n~lV'.lru~n~ru:; 
l'U~l :;m'6'ild!ll"jhi91lU\J,!X!l'l CP11lU\J,nl 'i'-0"'l'j,1~191 -0"'ld;\J,nU1fl'VI 19I'i'l!lU lb'i'l:;t)!PIbJU'i':;'i'l'l Y'1'lJ!l'ln l'i'L-n'll\J, (Yi~'l'i"i'ru, 
2549) 

Cinquina et al. (2003) 1~~i?l..J\J,ll'VIY'lUY'lnl'i''i'lnl9lr;l'l!ltJl'lLb'i'l:;b'VIY'lUY'l HPLC mlojfl\J,nl'i'!PI'i''l''j'i'l!lU OTC, 

TC, CTC bb'i'l:; doxycycline 1\J,\J,:l..JbL'i'l:;bd!lt)'l 'i''l ~n'lnl'i'I9I'i''l''j'i'l!lUY'l'l1:I..JH1~fl'VII9l'i'l!lU ~U ~11flnl'i'~~i?l..J\J,1;\J,!PI'i''l 
!PIl~ ~!lrllWWI9I'lJ!l'l SANCO/1805/2000 European Decision requirement !ltJl'lhnI?11~ b~!l.wl1finl'i'c;1'ln'6'il'l:I..Jl 
c;1191 bbU 'i'l'l1ojfl\J,nl'i'l9I 'i''l''j'i'l!lU'j,11m:I..J1 ru'i'l 1 'i'!PI n ~1'l'lJ!l'l'i'l1 'i'U 'i'::n!lU bl9ll9l'i'lontJY'l ~\J, ll'i'l:;!ll1~\J, fi1\J,r;l'l!ltil'l ~'l ~U~l 1~ 

'i'llm'i'r1 1 oif'VI 19I'i'l!lul\J, l:ji'l Y'lru111Y~ bb'i'l:; b:n'lm~lru1~ lti!l'l"jl n~ nl'i'sii!l\J,y)u.wn'lJ!l'l~ l 'i'Un n!lU ll9ll?1'i'leTItJ Y'l~\J, ll'i'l:;
q 

!l\J,~\J,lj 9'l91lU\J,rX!l'l c;1191 UU'i'l'l1flnl'i'c;1'l n '6'il'l ll'i'l ::1lY'l'i'1 :;~-Y'l'll:I..J rl n !X!l'l'lJ'El'l e.J'i'lnl'i''VI 19I'i'l'tlU l~ !l1.jfl\J,nl 'i'~~\J,1 
q " 
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~n tJJll~'lI'el'l1X'el-.ltlB~nl:i'1,xblh.J~tJ'el~f'U!9l1~m !9l:i'.51'W ISO/IEC 17025 r>1-.lJ'W -.l1'W~~tJd~-.l* b~'Wl'Wnln'l1 
~m,):;~b'l-! ~I:;~~~IV1f'U nl:i''VI(?1~'el'Ub;n-.l~rum~~I:i'tI:i':;n'el'U OTC, TC bb~:; CTC l'Wr>1,)'elth-.l~-.lr;i'')m'VIf)ijf)~M~~ 
Lf):i'mL'VInn yjYl (high performance liquid chromatography-diode array detector, HPLC-DAD) bb~:;~mj'I~,) 

Yil~:;~1tJ~ bmJ1 :;~ ~ 1. 'W .rr'W!9l'el'W~ ~Yflm'el-.l n 1 :i'b!9l1m-J ~,)'elt.h-.l :i',) ~-0'-.l !9l:i',)9M)'U f)') 1:IJ1~Uf'll'el-.l~fi nl:i''VI ~~ 'elU ~ 
~ .l' " 

'I"i ~'Wl'l1'W(?1')tJ 

11l1:i'bf)ii bb~:;~I:i'~:;~ltJ~H lr;i'bbr1 b~fil'W'el~ (MeOH) bb~:;'el:;~L!9l1'Wlm~ (ACN) (H PLC grade), 1~­
t'1lb~mJlfltcn:i'b9'Wyj 'el~byj~ (AR grade) 'lI'el-.l'U1';'VI Merck (btJ'el:i':IJ'W), mcnl~t'1lb~tJ:lJb'elYi~'Wlcnb'eli1'Wb!9l!9l:i'I 'el:;;~ n 

mcn'llilin mcnl!9l:i'f)~'elt:i''el:;; tin bb~:;mcn'el'eln'1l1~n 91nu1';'VI Fisher Scientific ('fl-.ln~'jj') , SPE HLB Oasis 

Cartridge 200 mg , 6 cc. (Water, btJ'el:i':IJ'W), bb~:;~I:i':IJ1[?1:i'~I'Wb!9l!9l:i'I<B'tJf)~'W (TC) 'el'eln;b!9l!9l:i'I<B'tJf)~'W (OTC) bb~:;... 
f)~'elfb!9l!9l:i'I<B'tJf)~'W (CTC) 91nu1';'Yl Sigma (btJ'el:i':IJ'W) 

nl:i'b!9l1tJ:IJ~I:i'~I[?1:i'Jl'W LcntJ,i'l~I:i'~I!9l:i'Jl'W OTC 0.010 g ~:;~lmb~:;tlfum:IJ1!9l:i'r;i'')m:IJfil'W'el~1,x 
bvilnu 100 mI1'W'lI,)~rJ~m:IJ1!9l:i' vll L'll 'W b~tJ')n'Wl'Wnl:i'b!9l1tJ~ TC bb~:; CTC 9 :;1r;i'~I:i'~:;~ltJ~I!9l:i'.51'WbojJ:IJ;r'W 100 

mg/L 91 mr'WtlL1.J!9l~I:i'~:;~ltJ~I !il:i'~I'W-0'-.l 3 'lIucn mh-.l~:; 0.02 ml l~l'W'lI')cnrJcnm~I!9l:i''lI'Wl~ 1 0 ml bb~,) b9'el91'1 , , ... 
r;i'')myjl'M ~'el'WVi9'Wf):i'Umm[?l:i'1 0 ml 9:;1r;i'~I:i'~:;~l tJ~I [?1:i'Jl'WeJl1l~ i1f),)I~ b;r~ojJ'W 0.2 mg/L 

n1:i'b!9l1tJ:IJ~,)'eltil-.l tcntJH'iil,)'eltil-.l~-.l~~bb'li bb;-.l 5 g bb~')~ncniil,)'eltil-.lI?1I~~fi'll'el-.l Cinquina et a/(2003) 

bb~:;Yil1,xu1~'VIitcntJn1:i'eJl'Wf)'el~:IJ'l1 SPE HLB Oasis cartridge 91 nJ'W'VI cn~'el'Ur;i'')mf)i'el-.l HPLC-DAD ~,x'el 
Agilent ~'W 1100 series f)'el~~'l1 Z0RBAX Ec lipse XDB C-8 (250 x 4 .6 mm, 51Jm, 40°C) '1l!il:i'lnl:i'lV1~'lI'el-.lbyj~ 

bf)~'el'W~bviln'U 1 mllmin H'bfl~!l-.l !il:i',)9rJ~~b'kJb'kJlru bbuu DAD 365 'W1L'Wb:IJ!9l:i' bb~:;m~ll?1:i'iil,)'eltil-.l 20 IJI 

.,f1J~'fl ULUn1Hl~a'tJ.:I 
1. nri'\.l1'i'1 Jl1'l~ ~b'\.l:IJ1~ 'lf).rl'Umi'Vl~'lf'tJUL:a.:lfHlAll1'r1• 
vl"lb~ tJnl:i'~~~I:i'~:;~l tJm!9l:i'.51'WeJ'i'i:IJ 'lI'el-.l TC, OTC bb~:; CTC ~fl,)l:IJb;r:IJ;r'W 0 .2 mg/L 1(?1 tJH~m'):; 

~ .. 
nl:i'''ll:; cn-.l 'U 

- bbuul'elL'1I bmilin~~<K'W '1l1?l:i'1~,)'W'lI'el'l mcn'el'eln'l!l~n : MeOH : ACN bvilnu 60 15:25 (v/v/v) I?Il~1fi 
~ 

'lI'el-.l Cinquina et a/ (2003) 

- bbuul'elt'1lbfl:i'~n~~'iI'W~r>1cn bbtl~-.l '1l!9l:i'I~,)'W'lI'el-.l mcn'el!ln'l!l~n : MeOH : ACN bviln'U 83:5:12 (v/v/v)
~ 

- bbuubmb~tJ'Wm~<B''W '1l!9l:i'I~,)'W m~'el'eln'lil~n : MeOH ACN btl~ tJ'Wbbtl~-.lv)-.l d~ 'el b,)~I~ 0 'W1Yi 
~ 

'1l!iln~,)'Wbvilnu 83:5:12, b,)~I~ 7.0 'W1Yi bvilnu 705:25, b'1~1~ 7.5 'W1Yi b'vilnu 70 :525, b,)~I~ 9.0 'W1Yi 

bvilnu 83512 bb~:;15.0 'W1Yi bviln'U 83:5: 12 l'W bbi?l~:;~m'l:;'VI~~'elU~I~I'W'l'W 1 0 ~1 b~'elVllr11b,)~I~~I:i''el'eln 
91nfl'el~~'l1 (RT) , r11 ml~~I~ln) l'Wn1:i'bbtJnY1n'el'el n91nn'W (Rs) bb~:;f),)I:IJ~lm:i'n1'Wn1:i'~~~I:i'~ !il:i',)9'i'i'elul'W 

f)'el~~'l1 (k') 

2. m~'V1 ~'lf'tJutJ~d~'VlG1l1'r1L'U nri~~'l ~'i'I 'fl U tK1'tJtil.:1 

Lcnmili~'i'il:i'~:;~ltJmmJl'W TC, OTC bb~:; CTC ~f),)I:IJbojJ:lJojJ'W'lI'el'l~lnbi?l~:;"llucnbvilnu 0.2 mg/L 1'W 

iil,)'eltil-.l~-.l bb~:;~ncniil,)'eltil-.l !ill~~fi 'lltl -.l Cinquina et a/ (2003) 91nJ'W'VI~'i'i'el'UI?lI~l1lm'):;1'WojJ'el 1 ~1'W'l'W 1 0 ~1 
Y; 91:i'rul~n 'rtru :;'lI'el'l Lf):i':lJlt'VI bbm:IJ 

_ ~ ~ "I ~ .., .::If._. 
3. mi'Vl~'lf'tJU(Jl1'Vl1a~a1tJ'VlL'\.I"'1~ 'lf'" ~WllU9l'tJ'U'lf~'Vl1El"ll 'tJ.:In1iL9IiEl:IJ~1'tJm~. 
vht~tJn1:i'l1ln~iil,)'eltil-.l~-.lI?lI:IJ~fi'll'el-.l Cinquina et a/ (2003) bb~:;1'W.rr'W!il'el'W~cnYfltJ'lI'el-.ln1:i'b!il1tJ:lJiil,)'eltil-.l 
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n'l "l:;H'IYl'J'v'hrl:;rlltJ 2 LL1JU i'i'fl IJHil'W'flrl llrl:; 1?l'J'v'ilrl:;rlltJe.l~).J~tl)':;n'flU~'mmV1'fl'fln'lll~n: MeOH : ACN 1'W , "'. , 

'1l1?1),1~'J'W 83:512 "llmr'WYlV1~'flU~'JmV';~'fl'l HPLC Jl1tJ1~~Jl1'J:;n1)'"n:;YiL~"lln1i'fl 1 l lg\''J'''l y;i ll'il.~tJ~'fltJrl:;n1), 

4. n1'i1P1'i1~~'iltJ fl'l1 1Ji."i!'~"lI 'il 'l1B'VII?1~'ilU 
';h bV1tJ ~ n'lt'YII'J'Im)'Yl (91~'flU (range) ll~::;A'll).JlU'Wl~'WI?1N (linearity) m)'tl)'::;d'J'W1B).J1ru~l~(91~~~ 

Yl (91 ~'flU~l).J1),bll91),'l"l~1JL~ l:n'l "l ruJl1~ (LOD) m)'tl)'::; li:i'Wuhn ru~l~ (91~~fiYl (91~'flU~1).J1),bll?1),'l"l1(91 l:n'Iuhn ru 

(LOO) m)'tl),::;li:i'WV'I'll).Jll,j'W'1J'fl'lm),Yl(91~'flU (accuracy) m)'tl),::;li:i'WV'I'll:lJL~tJ'I'1J'fl'lm),Yl(91~'flU (precision) b(91tJ 

tl),::;Ln'WV'I'l1:lJ1.nr;1'1J'fl'lr:ifin1),Yl(91~'flUI911:lJ1i'flll'W:;'l11'l1'fl'l EURACH EM GU IDE (1998) 

n1'i1~fl'i1 ::: ~'VI1-3~Ci~ 

'll'1Ue.l'Wn1),Yl(91~'fl'l llUU~:lJ ~:lJ\!mr (Completely Random Design CRD) ll~:;'Vl(91~~UA'J1Wltl~)':'W 

(ANOVA) Yl(91~'flUV'I'Jl).Jlll?1nrkN'lI'fl'ly;il L'il.~ tJ r;1'JtJr:ifi T-test: Paired Two Sample for Mean 1?11).J~1cKu Yl)':;cKUV'l'Jl ).J L~'fllJ'W 

~'fltJ~:; 95 bV1tJ1.jfftlnlnmn1)'Yl(91~'flUYl1'1~i1~ 

~ ll1'J::: m 'i"!!::: Vi L'\.u.n :::~1Jl1Jnl 'iGl 'i'J ~~'il tJ~;a~ fl t\lI11 Yi "ll 'il{j ~1'H~ ::: ~:ntJ 1J1 Gl'i':STU. 	 .. 
e.lrlm),I91),'J"l~'flU~l)'tl)'::;n'flU TC, OTC lL~::; CTC r;1'lmyj~lV'l~'fl'W~~LLl?1nfiil'1n'W 3 llUU~l).J1nm~(91'1cK'I 

Figure 1 ~U~lm)'H'lyj~lA~'fl'W~llUUL'flb'~LV'I)'iiin~\3i'W 1?11:lJr:ifim)''1J'fl'l Cinqulna et al. (2003) "l::;H'L'l~11'Wm)' 
(91),'l"l~'flU~'1~'Wtl)'::;).J1ru 4 'W1Yi L Lr;i1V'1j').J11YlLLm:lJ'lI'fl'l~1),:lJ1191)'Jl'W~U~1 J1'WY1n'll'fl'l OTC U~::; TC sii'fl'Wo,1un'W 

LL~::;ny;ilL'l~l~~l),'fl'tm"ll n V'l'fl~:lJ tr (RT) 1ng\'L~tJ'In'W ),'l).J~'1ny;ilA'l1).J~1).Jln)1'WmnltJnY1n'fl'fln"llnn'W (Rs) 

Lvhnu 1.04 .yh1,n,j~1m),ClI1l),'J"l~'flu'fl'fln).J11'Wttl'1J'fl'l"lruJl1~Ll~::;m).J1ruL r;1 (Figure 1a) LL~::;y;i1 Rs ~m).J1::;~).J 
V'I'J)'ny;i1mnn~1 1.5 9'1"l::; dJ'W~ tJ 'fl).Jfu (Hsu and Chien, 1994) n1j'cKV1LLtl~'1~Jl1'J::;1'Wn1),YlV1~'flU b(91tJH\yj~ 
LV'I~'fl'W~lLUu1'fl1'lllV'l)'iiin~\3i'W ~U~l ~lmj'mltJn~lj'tl)'::;n'flu OTC LL~::; TC Lr;1'fl ti l'1i(91L"l'WLLrl::;ny;il Rs '1J'fl'l TC 

L'l'h nu 5.99 LLfiiy;il RT ~lV1fu CTC Lvhnu 17.3 'W1Yl 9'1H'L'lm'Wl'W1'Wmj'fi1j''J''l~'flU (Figure 1b) ~n~'1Y1nn 
~n1j'ru::;LimL~::;Jl'WY1nn~l'1 ",'~ 'fl broad peak LL~::;!l1"l~'1e.l~111m),fi1j''l''l~'flUnV'l'l1).Jlj(91~~1(91y;i'fl'W-lil'1~'1 ~'J'W 
~Jl1'l::;LLuuLm L~tJ'WvYel\3i'W 1~e.l~mmtJn~i(91L"l'W LL~::;~l)'tl)'::;n'flu OTC, TC LL~::; CTC nJl'WY1mLV'llm~::;~'1 

,J;J ., 
:.\ 

(a) (b) 

:.s 
TC 

" 
me j'"! 

, 

0 
I, '-' 
y ----­

TC 

n , 
'Y 

Figure 1 	 Chromatogram of 0.6 mg/kg standard mixture of oxytetracycline (OTC), tetrac ycline (TC) and 

chlortetracycline (CTC) (0.2 mg/kg of each standard) ; isocratic elution condition (a ), modified 

isocratic e lution condition (b) and gradient e lution condition (c) 
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j''J:l-JvY'Iii~1 Rs bvhn'U 5.02 ~-1 ii~I ~~ I:l-Jlnn':il 1.5 bb'tl:;l'ifb'ltnvY'I~'W 10 'WlY! (Figure 1c) vl'l~'W~m'J:;bb'U'Ubm 
b"i1l I'J'WvYe)'tli'W 9'1 b'l..nn:;~:l-Jl'Wnlj''VlI11Ml'U~lnh:;n'il'U b~(fIj'lil'J rl~'Wbb'tl:;'il'W~'WlfvY'I 2 

~ , 
nlmnmJ b Y!I'J'U ~m'l:;nl'j'<Jj:;bb'U'Ut'il L 'll bflj'~n~~i'Wn'U bblJ1JL'ilL 'll bflj'fin~~i'W~ vlV1 bbU 'tl'l bb'tl:; U'U'U bnn~I'J'Wvl 

~~i'W ~'U':ill'WbbI,i'tl:;~m'l:;"l:;'6'1'1e.J'tl1~ RT, Rs bb'tl:; k' iifl'll:I-Jbb(flnl>1l'ln'W'iltil'lr11!I'J~I~'1J~j':;vl'Url'll:I-Jb;'tl ~'W 
¥'ilI'J'tl:; 95 (Table 1) 

Table 1 Retention time, capac ity factor and resolution of tetracycl ine , oxytetracycline and 

chlortetracyc line 

Compounds Parameters 
Eluting cond itions 

Isocratic elution Modified Isocratic elution Gradient elution 

Oxytetracyc li ne RT 2.697± 0.013
c 

5.842±0.243
a 

5.505±0 .990
b 

(OTC) k' 0.058±0005
c 

1.291 ±0095
a 

1.159±0036
b 

Rs 3.132±0.204
c 

18.295±1.173
b 

22087±3885
a 

Tetracycline RT 2807±0.026
c 

7 .182±0.332" 6.271±0096
b 

(TC) k' 0.103±0.005
c 

1.817±0.130' 1459±0037
b 

Rs 1044±0.077
c 

5.986±0.219' 5027±0.061 
b 

Chlortetracycline RT 3.534±0049
c 

17.302±1.067' 9.202±0.1 17
b 

(CTC) k' 0.386±0.0 19
c 

5.746±0460
a 

2609±0046
b 

Rs 6.328±0.187
c 

25.012±4.096' 18.675±0.653
b 

' . b. r 	 Mean with different letters wi tll in a row are statistically significant difference (a =0.05) 

RT = retention time, Rs = resolution and k' =capacity fac tor, 

nlj'uf'U~m'l:;bb'U'UL'ilL'llbrlj'~n~~i'W~vll11 bbU'tl'l "l:;"1111~~1 RT 'lI'il'l~Ij':l-JI(flj'JI'WvY'I 3 'lInl11 b~:W~'W ~'I e.J'tl 

1~~1 k' bb'tl:; Rs b~ :W~'W (Table 1) vl'l~'W~ 'I~ I:l-Jlj'mbI'Jn OTC bb'tl:; TC 'il'iln"llnn'WLc1i'~~'W UI>1 CTC tJ'Ifl'lH'b'J 'tl1 

~'el'WojJl'l'Wl'W bbl>1b~'ilH'b b~'U,bn:b~I'J'Wvl~~i'W ~'U':il RT 'lI'il'l~Ij':I-Jl(flj'JI'WvY'I 3 'tlV1'tl'l ~'Ie.Jtll~~1 k' bb'tl:; Rs tll11tl'l 

I'Jm1'W~1 Rs 'II'il'l OTC y!bYl:I-J~'W 

n 1'S"91'l'l ~'i!J'tl'UtJ'5'~ ~\'Iff1ll'Yi1 'Wm'5'l1 ~ll'tltJ ~'l'tl!h 'l 

nlj''VlV1~'il'Uvl'l'f)til'ln'lY! b~:I-J~Ij'tl:;tlll'J:l-J1 (fIj'~I'W OTC, TC bbtl:; CTC Y!fl'll:I-J b ojJ:l-JojJ'W~J'il'l~lnblPi'tl:;'lInV1
, 	 d.9 

0.2 mg/kg LV1l'Jnlj'H'~m'l:;bb'U'U bnn~I'J'WvYel\ji'W "l:;"I111~Y1n 'll'f)'I~Ij':I-Jl ~j'JI'W vY'I 3 'lInl11 bbI'Jn"lln~b1Jb1Jlru'll'f)'I 
#f'l 'f.l£ll 'l ~'IHi'ilth'liV1 b"l'W bb'tl:;H' b 'ltlll'Wnlj'(fIj''J''l~'il'U.w'f)1'J vl'l~'W nlj''Vl V1~'il'U #f'l'f) til'l ~'I bb'U'U bn1\~ I'J'W 'tFii \ji'W 
(Figure 2) ~ -11~e.J'tlnlj'~j''l9~'f)'U b~'I~runl~~~n':ilbblJ'U1'1lL'II bflj'~n~~i'W bb'tl:;bb'U'UL'ilL'll brlj'&in~\ji'W~ vl111 bbUtl'l 

91'lYh~::'ill eJ.;l LVlJ.Jl~'i!JJ.J1U.rU91'fl 'W?! ~ Y11!J"lI 'tl -3 m'iLlJli!J J.J 91'l'tl ti I 'I... 
Lfl j':I-J I L 'VI bbm:I-Jnl j'~j''l''l~'il'U~Ij':l-JI(flj'~I'Wb(fl (fIj'lil'Jr1~'Wbbtl:;'f)'W~'Wlf'l1'1 2 c1i''ltlnlj'tl :;tlll'Jvl'l'iltil'ln'll'W..' 	 ,

.fr'WWil'W~V1YiII'J'II'il'l nln~1I'J:I-J#f'l'iltil'l bbtl:;'tl:;'tlII'J~ Ij''tl:;tlll'J:l-JI(flj'.sl'Wc1i''l m~~ bfl~'il'W~ bb~I11'1vl'l Figure 2a ~'I e.Jtl 

1~i'ln~Lc1i'n~n".ru:;~'I (peak high) bbtl:;~:W:I-JI(flj' b~'il'l"ll n#f'l'f) til'l~'tl:;tlll'J'il~l'Wvl'l"l1I'tl:;'tl11'J e.J~:I-J~U j':;n'il 'Uc1i''J1'J 

mV1'f)'f)n'lll~n(85) • MeOH (5) • ACN (12) bb'tl:;~V1~'l'W'lI'f)'Ivl'l"l1ltl:;'tlIU~''I 3 ~H'bU'Wb~~br1~'il'W~l'Wnlj'~I~lnojJl 
j':;'U'U HPLC bU'W~V1'6'1'l'Wb~l'J'ln'W ~'l'W#l'l'iltil'ln'l~tl:;tlll'Jl'W b :Wfil'W'il'tl bbliil.ll~ l nojJlj':;uu HPLC c1i''lm~~bfl~'il'W~~, 
uj':;n'iluJi'll'JmV1'el'eln'lll~n, MeOH bbtl:; ACN LJi'[r1j':I-Jlt'VIbbm:l-Jbb~I11'1~'I Figu re 2b ~'U':il yjnn~n".ru:;b~1'J 
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bri'1l'l91n n1J'H'~'dY11~::;~ltJ~iJi'Hbl7lnfill'191myL;'lbf1~'1l'W~ ~'Ie.J~1~ Y;niJ~m~ru::;b~tJ bb~::;iJliil'WY;n~nh,m~l '111 
I S/ I I 'fJ 

11~'hJ~lmJ'bl :W'1l'l b~'WY1 n-l1-n~ b9'W !91'111'W~'l f1'dJ'11f ~'dY11~:;~ltJ-I1 btl'W'JJ~~ b~tJ'd nu byj~ bf1~'1l'W-I1 ~1'j,\~u1'Wn1HI7I1tJ:w 

~1 J'~:;~ltJm l7IJ'liil'Wbb~::;~lJ'iil'd'1l~l'1 91n e.J~n1J''VI ~~'1l'l ~'dY11~ :; ~ltJ e.J~:W~ 1..h::;n'1lu ~'dtJ nJ'Ci1'1l'El n'Jll~ n (85) : 
d.9 

MeOH (5) ACN (12) 'j,\1'1l1'W'Ell7ln~'d'W~H'bUU byj~ bf1~'1l'W~ 9:;1~Y1n~~'Ibb~::;iJ!1'Wbbf1U ~'I~'Ie.J~~~fil'1ln1J' 
17IJ''d9~'1lu1'Wb~'Immrubb~::;f1ruJl1~ ( V'l~runn bb~::;m~J', 2550), ~ 

a 

TC 

b 

l O l C 
I'C 

I ~ "n CTC 

)j 
0', 
'{l ~; C>

r-JI ·n -I> 
~ ,/'--"-1LJ~_ /\. ~\ 

I' 
I I 

" R c' m." 

Figure 2 Chromatogram of tetracyc line (TC), oxytetracycline (OTC), tetracycline (TC) and chlortetracy­

cline (CTC) In spiked sample which dissolved in (a) mixture of oxalic acid : methanol and 

actonitrile (83:5:12), and (b) methanol 

e.J~n lJ' 'VI ~~'1lU ri 1 b'U~tJ~m.m:;n1J'n~u ~'W'lI'1l'l~1J' 'lJ'1l'l iil'd'1l ~1'l~11f iil'dY11~ :;~ltJ~ bbl7l n fill 'I n'W1'Wi'WI7I'1l'W 
" ~ ~YfltJ'lI '1l 'l n1J'bI7l1tJ:W ~'d'1l ~1'1 ~U~ 1~ fP1'dl:W bbl7l n fill'1 n'W'1l~l'liJl1tJ~l AblJ'VI1'1~niii (p.::;O ,05) 'W'1l n91 ni1e.J ~ nl 'l' 

'VlVl'i'l'1l'lYflJ':l1 n1'l'Hiil'dY11~:;~ltJe.J ~:W~ th:;n'1lu~'dtJnJ'Ci1'1l'1ln'Jll~n(85): MeOH (5) ACN (12) L-'Wnl'l'b17l1tJ:w 

~lJ'~::;'i'lltJml7l J' ~l'W bb~:;iil'd'1l~l'1n'l i:i ~lb'U~ tJ ~'1ltJ ~ :; n1J'n~Uf1'W'lI'1l'l OTC, TC b b~::; CTC b'Yl1nU 107 , 90 
d.9 • 

bb'i'l ::; 89 I7IllJ~l~U ~'Irilb'U~tJ~'1ltJ~:;n1J'n~U~'W'1l'El'l~1'l'btl'W1U I7l1:woii'1lbb'W::;tJl'l1'1l'l Codex Alim entarius 

Commission (2002) ~il~'d tJf1'dl:WCJn~'fl'll'WnlJ''VlVl~'flUVllm:Wlru~iJril~'1ltJ~:;mm~u~'W'lJ'1l'l~ l J'J':;'j,\~1'l 
7 0-11 0 ~'l,r'W e.J~mJ''VlCi1~'1lu!91'ln~h'd ~'I i:i f1 'dllJ bVllJl ::; ~lJl'Wn1J''VliP1~'flU~lJ'lwb~ 'l f1ru[ll~ bb~:;mlJl ru bb~:;, 
I?lN 1?l1lJoii'fl bb'W:::tJl'l1'fl'l Codex ~rJ'WnlJ'Hiil'dY11~ ::; ~ l tJb:l-Jfjl'W'fl'i'l 1'Wnl nI?l1 tJ :l-J~1J'~:;~ltJmm~1'W bb~:; 

, ", ct..9 , 

~'d'1lci l 'ln'l iJ ~1 b'U~tJ¥'fltJ'i'l:::nl'l'n~Uf1'W'flciJ' ::; 'j,\~ l 'l 11 0-248 ~ 'l dJ 'W~lVi~'I niloii'1l bb'W:::tJl bU'1l'l"'n n .wnViiJ 
• 'U 'U 
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~n1:tru~l~tJ u~~ ijJ 1'WYl n n-11~ l ~'il'VI C91g)'il 'lJ e.!~L'Wl~~m~ 1 n.l"l ~ij Fi1~ln n~ 1 fI'".ll~ dj'W"l1'1 mJ l'1hr'l 1iI1~ 
n l'i''VI C91 g)'il 'lJ~L.jj f'l'".lYl1 ~ ~~ 1U~ lllilmil'I n'WL'Wn 1n"l~u~~l~~ 119l~J1k\ll~~f'l'".l'ilth'l~'1 '\,\1'il 1-iil~D1'W'il ~ lYJU'l 

'iltJ 1'1 b~ ~J '".l"l ~L~1"i1l'U~ tI ~'iltJ~~n1m~u~'W~ ~ 1n~ 1 '\,\1'El~'1 n~ 1oii'illl'W~1.11 l~'El'l~ l"lln fI'".ll~ lll9lnl?i1'1'lJ'il'l 

-rr'".lL'Wn 1 ~1.11 ~ 1 n1J1 ~~u 'lJ H PLC C91'1~'W n 1 ~ ll9l1tJ ~g)1~~119l~J1'Wll~ ~f'l'".lmh'l 1") '1 C91'".ltJ 19l'".l'VI1tl~1.'llU e.J ~~~ 
t1~~n'flu Ji'".ltJmC91'il'fln'll1~n(85) : MeOH (5) : ACN (12) ~'1lU'W~C91~'".l'W~l-lfltl 'Wlyj~lfl~!l'W~ "l:;1~ri1l'1l.~tI¥!lUtl~n1~ 
f1k\n~U'lJ'il'l~l~'il'il n:] l!9ll9lnitlf1~'Wll~~'il'W'W'WlfvY~ 2 'il tJ l'W'li'".l'l19l1~oii'il ll'W~1.11'lJ'il'l Codex ., ~ 

nl'iPl'i')"H'l'il 'U R11 ~1.it~"lI i1-1 m 'i'Vl ~~'El'IJ 

n1~I9l~'".l"l ~tl'lJ PI'".l 1 ~t;nJi'lJ'fl'ln1~'VIC91~'il'lJ19l1~"'.!rw~m~rw~l'1l.~1~'lJ!l'l:)fin1~'VIC91~'il'lJ (method performance 

characteristics) i'l 5 "'.!rw~n1:trw~'lJillri 'li'".l'l'lJ'il'ln1~'VIC91~'flU (range) lltl~fI'".ll~lll'Wl~'WI9l~'1 (linearity) mmrw 

~l~C91~ijfi'VIC91~ 'fl 'lJC91~'".l"l~'lJ'lJil;n'lflrwm~ (limit of detection, LOo) mmrw~l~C91v11fi'VIC91~'il'lJm'".l"l<)C91 l~'1m~lrw 
'I 'I 'I 1 

(limit of quantification, LOQ) fI'".ll~llJJ'W'lJ'fl'ln1~'VIC91~'il'lJ (accuracy) lltl~fI'".ll~ LVi U'l'lJ'fl'ln1~'VIC91~'il'lJ (prec ision) 

~l~l~ClMtlri1'1 Table 2, 

Table 2 Performance characteri stiCs for method va lidation in shrimp 

Parameters Oxytertracycline (OTC) Tetracycline (TC) Chlortetracycline (CTC) 

Range (mg/kg) 0.04- 0.32 0.05- 0.32 0.14-0 .32 

Linearity (r) 0.9982 0.9991 0.9977 

Limit of detection (mg/kg) 0.012 0.015 0.05 

Limit of quantification (mg/kg) 0.05 0.06 0.15 

Accuracy (%) 82 (0.04 ) 81 (005) 81 (014) 

103 (0.2) 81 (020) 88 (020) 

107 (028) 88 (028) 91 (0.28) 

Precision 0.34 (004) 0.27 (0.05) 0.46 (0.14) 

o 12 (02) 0.25 (0.20) 0.48 (0.20) 

0.22 (0 .28) 0.36 (0.28) 0.51 (0.28) 

The number in ( ) means concentration of fortified sample (mg/kg) 

e.Jtln1~I9l~'".l"l~'il'lJ'li '".l'lfl'".ll~ loii~oii'W'lJtl'ln1~'VIC91~'fl'lJ (range) 'lJ'fl'l TC, OTC lltl:; CTC ~fI'".ll ~lll'Wl~'WI9l~'1 

(linearity) l'W'li'".l'lfl'".ll~ loii~oii'W 0.05 - 032, 0.04 - 0.32 lltl~ 0.14 - 0.32 mg/kg 19l1~~hri1'lJ lC91U fl'".llwllk\l~'WI9lN 

~~1k\'".l rw"llnri1-K~t1~~i\Y1t~'\,\~~'W'Wlf (r) ~~VI~l'1f1'".llWoii~oii'Wfl'lJ~'W~L~Y;n i:l~ 1 r2 ~nnn~l 0.995 ~'1n1~ 
ri1C91lltl~'1'ifin1~'VIC91~'il'lJ d1~'li'".l'lfl'".llWoii~oii'W'lJ'il'l~1~ TC, OTC lltl~ CTC lll'W-KC91~'".l'W1C91UI9lNn'lJfI'.l1~loii~-1''W'lJ'fl'l~1~ 

" 
mlil~~l'WVI'I 3 g)'1~ln"" ... 

m~lrw~lM)~1fi'VI C91~'il'lJ~lm~ClI9l~'".l"l~'lJ'lJil:n'lflrwm~ (limit of detection, LOo) 1'Wn1~19l~'".l9~'il'lJ, , 

OTC, TC lltl~ CTC 1'W1'1'".l'ilth'l~'1iJFi1lVhn'lJ 0.012, 0015 l l1.'l :; 0.05 mg/kg 19l1~~1ri1'lJ ~'1 e.J tln1~'VIC91~'fl'lJ~'lJ ~l 
bll'Ufl11~loii ).J .;r'W~~ln~1 l~'fl lYlU'lJflU~fin1n~~~1-ii1'Wn1~19l~9~'fl'lJ~1~i'l 3 1'Wl~'fl-K19l1 ~nfh LOo 'lJ'El'l OTC, 

TC ll1.'l~ CTC lvhn'lJ 0.107, 0.121 lltl~ 0 .129 mg/kg (Cinquina et 81. ,2003) i 'ln 'fl19~'W'fl~n'lJfI'".l1~'l'".l 
(sensitivity) 1'Wn1~I9l~'".l9<)C91'lJ'il'llfli'fl 'l HPLC k\'fln91n~tJ'I~'lJ~1 m~l rw~1~C91~1fi'VIC91~'fl'lJ~1~1~ClI9l~'".l9<)C91l:n'l 
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tIh nru (limit of quantification, LOO) 'lJ'El'l~1~ OTC, TC LLg'1:; CTC lW~,)'Elth'l~'I il~l LOO LVl1n1J 0.05, 0.06 

bbg'1:;015 mg/kg 1?l1J-.1~1~1J ;'lr11~'In~1,)btl'W~1~~ln~1'lJ'El'l Cinqulna et al. (2003) ~m,)~~'El1Jl:n'WLn'El~(Wr~iJ 
r11 LOO 'lJ'El'l~1~~'l 3 'El~~:;VI~l'1 0.11- 0.13 mg/kg ri;')m'll'Wn'W bbM1'1~1~fin1~~~~bb1Jg'1'1~'Wd ilfl,)lJ-.11') 1'Wn1~ 
'Y1~~'El ti b:n 'lmJ-.llrulJl~n~l 

, , 

LiJ'El'l11~jj~'Imh')m'Y1~~'El1JfI,)lJ-.1bb:W'W (accuracy) LLg'1:;f1,)lJ-.1LYltJ'I (precision) 'lJ'El'l OTC, TC bbg'1:; CTC 

~~:;~1J~1'1 1 '1~1J~1 f1'dlJ-.1bb:W'W il~l L'\l,~tJ~'EltJg'1:;n1m~1JA'W'El~rntJl'W-ii'El bb'W:;'l11'lJ'El'l Codex tVl~il ~l'El~~:;VI~l'1 81­
~ ~ 

107 bbg'1:;djtlY; ~l~rulf1'dlJ-.1b~tJ'l'lJ'El'ln1~';h~l Jl,)tJn1~H'~l HORRA T ~1J~lil~l'El~~:;VI~l'l 0.12-0.51 ~'I~ln~l 
2 ~btl'W-iimb'W:;'l11'lJ'El'l Codex b'll'Wn'W bb~~'I~1~jjn1~~~Vlbb1Jg'1'1~'Wddj\t1fi~1,xfl,)lJ-.1r1n~'El'l bbg'1:;bb:W'W~l'lJ'El'l~fim ~ 

~ ~ 

~'l 'l!'Wm~1?l ~'d~~'El1J fI 'dlJ-.1H1.Ji'lJ'El'l m ~1J f1J 1J ~'I ~m'd:;m ~'Y1 ~~ 'Eltlmm ru bl9l!91 ~lontJ fI ~'W bbg'1 :;'Elt{~'Wfl1'W ~'I 

~1J~1 dJ 'W~n1~'Y1 ~~'El1J~il f1,)lJ-.1 C1n~'El'lt ~tJ eJl'Wbnruevlmnh:; L~'W!9I1J-.1-ii'El bb'W:;'l11'lJ'El'l Codex ~'l~lm~n'l11';)fi
~ 

'Y1Vl~'El1J1tIH1'Wm~~(i)v'il~:;1J1J ISOII EC 170251~ 

'5191~l~'d'W'lJ'El'lm~'El'Eln'lll~n blJfll'W'Elg'1 bbg'1:;'El:;ontI9l1'W1191~gfihjg'1IJl'Eln1n btJn~1~1J~:;n'El1J OTC, TC bbg'1:; 

CTC LLIil nlJll'1 n'Wl'Wm~'Y1 ~~'Eltl Ji')m'Y1f'1ilfi H PLC bbg'1:;~m,):;n1~']j:;bb1J1J b nn~tJ'W'Vl~g'1i'WLtl'W~rn'):;~ bV!~.n :;~~il'W 
~ 

n1nbtJn~l~1J~:;n'El1J~,m~l'd t~tJil Rs J-.llnn~l 1 .5 bbg'1:;H'~:;tJ:; b'dg'11i'Wn~1 bbtl1Jl'Elt'll LfI~~n~g'1i'W~~Vlbb1Jg'1'1~'I'lI'dtJ
~ 

g'1VlmJ-.llru~1 nrJij bbg'1:;b'd g'111'Wn 1 ~1Jll1J~'Il'WlJi ~'d'Wm ~v'i 19'1:;g'11 tJ~ bVllJ 1:;~ J-.ll'Wnl nl9l1tJJ-.I ~ 1~g'1 :;g'11tJJ-.l1191 ~Jl'W 
bbg'1:;~l~c;l'd'El~l'llJibb ri c;l')v'ilg'1:;g'11tJOJ~J-.I~1J~:;n'El1JJi'dtJm~'El'Eln'll1~n (85) : MeOH (5) : ACN (12) t~tJilr11~'EltJg'1:; 
nlm~1JA'W'lJ'El'l~l~ 'El~~:;VI~l'1 89 - 107 b~'ElI?l~'d~~'El1JfI,)lJ-.11.nJi'lJ'El'l~jj~~~bb1Jg'1'1~'W ~1J~l~jj'Y1~~'EludiJmlJ-.1 
Ltl'WL~'WI9I~'IIilg'1'El~'lI'd'lmJ''Y1Vl~'ElU (r > 0.9977) i"11f'1,)lJ-.1LL:W'W'lJ'El'l~jjiJrh b'\l,~tJ~'EltJg'1:;nlm~uA'W 1'W'lI'd'l 81 - 107 

LLg'1:;f1'dlJ-.1b~tJ'I'lJ'El'l~fit~tJ HORRAT ~ril~ln~l 2 1'W~1J'1JJ':;n'ElU OTC, TC bbg'1:; CTC ~'IJ'W~jjmJ'~~li1bb1Jg'1'1~'Wd 
~lm~n'l1111Jl'iiLtl 'W-ii'Ell;j g'11'WmJ'~Ii1v'il~:;uu ISOII EC 17025 ~lV1fU'\~'El'l1JlllJiJmJ'lJi 

~ ~ 
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LLYmU 1::·M'l~ ('j1filj'ru"l'lJ. nt~ LYI~'1. 123 \.I,J1 . 
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