[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

oln! 2188 giluo g 4085 pole aloxo
iﬂ—")\ Q:l:u'ba “f" }Ajl{ c‘“ O)L&.\i') ‘rg.b..\.é.b JLM)

2wy & lo- g lo Zl yoiwly ) b oulh 3aili (y5ge0 &olo—asle !yl ogy drawgd
9 &0 B diges 31 LS gu T 31 (B Elyiiw] Haliio 4 res ST D> iy
TS0 dezme ¢ pallasy e o (D AT e

Olnl ol el s (S pole olStils ¢ S5 S 0aStngly o ool Cdlagy Slighods 35 50 Simgsy -

Ol el el Ay Sop pole oladls ( S8y S 00Sidsls ¢ 28,5 (S)8ls2 w0 Dlandos 55 e JLoliwl : Jsius saiussi -V
samadi.mohammad@yah00.com : g xSl oy

R RRVARY SRRV VEe /2N 0 izdl o &b

° .

oolazw! ul.e‘? ).MJ‘),M: )Q UUP )é L&bd)w uLa)b 6‘)3 6‘0.)).,...5 )9.'0 L 0)5)4)‘ a5 Jlewd @L.o.,..w CJLJ)J Lbs_i.uyusui :éM’@u
Ero P8 wiile 2l38 Olge yo &us.uu’.u‘ 0xilowdl 0929 o 00l Aol (liae 5l s Brane 5 g B rae pie by Cule ) pus aigd oo
LS)’So)“'\J‘ g_A.Q.‘> WLA LS“B) C\MB—V U,u.@j).s L)"‘ )| RV Ml.l aily sossS d)@a w)‘Lw S9) » L;sua.al) u‘f‘ “\"‘9'\5" aS 09—*“5«0
i3y ol ple gl pely S b osd 524l Gjsen mle-gole gl ol olyie Cov sal)lS oy, SO (iagh IS ool o Hlagigy g g
5 &0 1058 lodiges 5l (ASGLe (ouSTs g JSCadal JS7 IO Ll 25 (ST o> b (s 2loe] jshate 4 Baae SESSI P>y e
A ool drwgi Y Sl L ale 81,5 55leg ST L LQQT S S o3l aes

IS PSSWH] Sy oy onl Gl asrid ax 0504 YO B 0 ooguze yo U] zlinl o yleaily il pul agy byl i cow sbasdl
ol odal sy ol 0,5 o)Ll JT sla M o5 B pan 4 ()5 oo ool (B9, 5500 Caje 5l 09 )5 5 e S5 YIV=F/F 0o50e
B354y 00g)] anlllas 3,90 Lng_i,.';%‘_,’_';fl S 4 Plas ooy s g £ 50 158 Sladiges 5l as s YAIOA a5 $ols

0295 ! Olgies onlnly g adbige Llo 1) &0 055 50 5550 slacSiign T (6 S oluil Sl (55 a4 ouh 03ls dngs bg, 56 305 AR
<85 54 eb 5 g 1ag alax 5l e mlio o ol gl aliEl Gaa b

€ o YU L L mle 3 Tsilos S «sras eSSl D DLLME «yi5am aslemgle gl il «Segus T oailasdly sgoal o83l

Ol slacdale ;5 5 009 bapasl g Koo 258 oo
56 b 5T as ) 5l Caslon b bags 551 a0 4,08
LT (S35 sl 5l 9,90 (Slplin b Slazs b jobie
alax 5l a5 Wgd oo (i ol AL loai o
do pl SV do 0y jsSlS giel 4 olgn o T 0 tages
S g O 5,5 o)L | b sSial g b dSolo |5
Jloiol ( Sglia @S (65,07 sbxsl axsle 556 55

doNio ©
GW‘ ‘LSA‘Q UYB_‘}JLO )‘ oolﬁ._wl QH} L d.>9.' l)
B pas (HBaS adg sbcaglsl cp e 3l So DY gae
Y gass ‘_joﬁ Al o Syl slagleilw g oS
) Il g ploonds 29,500 lo Sogll gloil wlg oo ol
Gyb 4 ol Yy amme Sogll 5l et LiSu 005 5y
3 Lm;ifs‘%s‘;ﬂ aiile (g0lge 5l eslai—ul J1 o olen—u
(V) v oo sloml ades anlp oy Lagge,se


https://nsft.sbmu.ac.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=samadi.mohammad-ATSIGN--YAAHHOO-.com&a_ordnum=3328
https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

hlSen g (oxid pdiye [ gl Seinly San b odds 3.4 igen mlemmile glysinl by dawg Voo

5lmoslol [ogy (gaawgi (gl IS ul 5l Bam (VY)
et 9 zly3el gl DLLME g HLLE , ies wal)ls
(eASals 5 e ST oo s (S SoS g T Lalis
5 EropsS Gl aiged )0 HSUlw (ST 5 Sl IS
Vi oI5 L e 8555l o b o1 s sl
P51l cnl o il gogo )] H5uSGo 4 e
L= 4 (Deep eutectic solvent) DES s.oe S
5 oSl il Pl lyieas Jsaxo S3glle (sl S
5 s o o0y 5l a5 s ool DLLME al>
P> Groe ST G Pl 113555 2 (53L 5 Coren
dw 3)lge gam ;3) oole 90 9,5 bl jlas wis oo
995l S Ngd (oo Jo b et (Jge S b (o5 5
Qg 0didd Glgie 4y b Pl ol LSl o a8 IS 4 oolo
doe (S390ed Wom od pdy Olye 4 650 5 (Sig,en
Smal 4 e 93 (nl e (Fhg e Ngm )l B0 1S s
ISt s Al ol s 4hB L o 595 K
S5 sl Pl e o oyl angs o b, IS 4 Slge
4 Canns 5 ) Vb Bes SaisS 2l 5 | & ,08 Gaes
(S aS oo 5 o b Lo Jghate JT (sl o>
AOY O scen
Lovgygdige @

3O E eSS Aiges YO olasy 1 o beondd Slgo 9 (5,10 paiged
ghw y3 ad 50 STy 5l (Solas jsba WWAA Jlo Gliws;
S gea sl oailogdly Glies 5 IUT (sl 5 00d A Sy e
3 Epepss Slgioe iad i o8 _iulesl 4 o] 5o
P oA JF1e 50 500 isen wsslaez iyl By b
Al (6l ol )T il a0 =Y gles

(oSl 5 (ST e o el S ST s ]

Sigma, ) LS 8 -5 5 el STs 5 JSial IS
5/ HPLC—grade o1 3 Jgite «(ACN) L gl (USA
e oy S a9 (ChemLab, Belgium) .5,
«(PCRCI) 0y 15" (1l 55 9ind ol SS9 o S g 000
SSglgh el SSgiliST (DCA) sl Sl 4,15 (g0
S o &S 8 ) sl SS90 5 vl S3gSs ol
A (g5l S

2 &5 DES saryd ¢l 1@mes S5 Pl antd 09,
DLLME al> o o s0iiS zly5e ol Pl olsieas [ o]
Lo Slipiow 05,5 L3 15 al e g 5 o oolaz
6O b (Shayed W 0k S loie 4 WIS lsSehd
Ngey 00imd (lgie 4 s | S55il5090 5 o | St 1,8

S sl @ pglie (slapan S l5,See sl ol pu olox]
2 IS Saisal oy pln o Colns 2ol
o3l sl olas jo e Sigm ol oilendl 545 50
(V) sl oals

el S1ié sle s calise sloen BT 6 Fo5l0l (sl
S 5 pf e 098 (oo ooliin | (31 Fgileg S sla s
Ol 55 el la Jlw jo o by, (nl R iws
0594 05 Jloms glocdale b gl Ul e (5 503l
Jsbods oals Y ga e aile suzmy il sl s sladiges 4o
Ssie ons Uil gal o Ky 5 035 ppake Jo S
Sl sl Bl g Ldss i Cga dged gjlwosle]
O3 bl gl (T wdbios jLos g0 aiges il
al o> 31 (Homogenous liquid-liquid extraction) HLLE
sleclbl gl sl sl ol 5l plgise 5 sl lab,
ol S HLLE (%) 5,5 sslar il 13 slge 5l Cilises
Al 5 ised Jolme S yo ol (g5l laz iy 3
adgl b bl go oablas 51 9,0 4 LAl 00 slac Ul
J—ad Jdo 4 aBboe Gigen Jolome JoS—i5 (g o
ety Jos 2l 1306 5 45505 (s 5y s 5 e
2 ke 4 ©) s bisS gl il (o 5 955 oa Sl
Lzl | gloasl b b 56 g5le o lagw w0l
aal)5 g oLl b, o3 HLLE (8) il oo PH g oo oS
Sl b elas 5 gl | ploj bl anp a5 b b oo
pos sy ol US—te e (V) w00 e a5 1,
YL (Enrichment factor) Lads ;o506 a4 obaws oSl
&lp (M) 05,5 o Y L 45 Sga a4y e a5 aiil oo
2l ol S oty b b5 ol a5 3 Ui ol )
(Enrichment factor) iz mlemle 7l 5wy S il
Jbe 50 ,b gl slp a5 g, ol 5o () 09 (o0 ool ]
Pl Jolss 45 as prs G 5l Bpaa (Vo) Yo F
oidn Pl (ol b gl BB, Pl) ooisS zl Sl
ool sl T 56 5 (0T L glil LB JBl) oanss
2l s M bslie DLLME 5 .553 e oolicl
8 b e S bhw o G 4y 00uiS sy g 00S
idos (Folo b s ps 035 o0 555 o Ul (g5l
VL Lelis 555 g 5lis)jge diged o5 pn> oS (438
ooli ol ColilB pae (V1) widbige (g, onl sblie dlox
5 o S Slo Dl & 35 5 el (slasisns )5 ail o
W55le o Dl el) saisS 2l s | lgie 4y Ceagd ),F
Ngyest sled 4 gy cnl slatusgace 5l (095 (o0 o3l


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

Ve

VA Sloj odgame 0 Jgilie ooy A0 ] judS o
oolaiw | g £oiads b oo 4880 0 Do dy el g 4B
yhd e 5w V0 Jsb 4 Poroshell 120 EC-C18 oo
Jsb s5:59 sies,Sn YIV @ld b 5 e oo ¥ (L5
ol a5 ol ol 5 sl 4z 0 YO 0 e oo 3L
Ve inlogy ool Sleslanwl b il See Ve Jb se g ea
5 YOO P+ slagge Jobo 000 )5 i a1 555,500
=515 5 adSolsl 55 ST (g5l ) IK0T (sl 5 4 YV
4 O pokie 4 gl il byl b (g5l ae
s HLLE o jige cilizes glo ST 1YL clo lo w51,
sl ,eSl jshaie oy (285 )18 (o) 2 9,90 DLLME
30) p> g (o>l (G55 w0 Vo 110 oogame o) cilale
S oo g, Sliwl Jsle (i oo Yor B +,0 o59aa
Voo B o,V oogaore jo0 S a5 polase 09581 L)
V odgaze 3) px> 9 (Jobanonl 5 J el 98 oS
Oley Do g oaniS isulel i wl Pl (d Lo Y U
g5 3 HLLE al> o o (ainds ¥ 5 O ¥ ) S5
Sl IS (53 IS (55 gt Juls SISl (sl D)
St 5 IS (53 IS elsS s § s | SIS 2 |
Seioly 1T 68 1l IS o8 9dnd sl S3giligh ol
S 19,157 68 1l IS Gl S 9 8 9 s | ST o |
AD B Fe odgamme 10) poo g (Sl SSgilS 090 o]
8 Sos 35381 1) Sod i oS | ol (2 5o
Cat o 9 (oo S5 20,0 Vo B+ 03game 40 0jiged ol
Sde g (AiBs 5 yga Veee gFeve Beoee oo Xeoo)
DLLME al> o ;5 5eub il (48 V 5 0 ¥ 1) oo
3,5 S3lwdine

) )5 4 g (Ll Holaieds 1l s Slasiie
L S sl 10903 s i 3l dloS5n 5T 5T (61
«(Linear range) iy, hs osguze ¢ gl JS Jovio
Limit ) 5 .50 ;lal o> (Limit of detection) e is oo
S i)l (Ko -5 930 (OF quantification
zlpe—ul leusly «(Relative standard deviation; RSD%)
055 o ple jo Ladss 93518 4 (Extraction recovery; ER)
(VF) B0 deslns § oy E0

JB plsabl az o b a5 il 5 5 oml 109 (oS 02
Sgad 55 ol Bl hos &jgo a4y olltylel o Joo3

Ol &S el 5 S 5l slale jslaie (nl 6l

JFo 4 goad bolss V:V:) (Jgo slaceni a (Sg,000
e 00 )50 Jitte sl oo Ve ekl sl
PO sloo b Ol plo 19,0 4B Vo S 4 Liwle;l sl
cdlgl (ol Jleel 5 s ol ool 13 018 Sl gas o
Ol plo & Toaome 5 ou s ()5 4ids ¥ s 4 L]
5k 90 (50,5 S5 9 o)l Jlesl g4 2 ol Jae
Olea &5 w8 o b (S ple Coled)s g ad 1SS 55
Sl o el 55 L g a0 g0 S Dl
AR E A B PR SA NP FA R S EA FA NP FA ) B SRR S
ool 5l plaSn ;o (Jg aiid 8 )18 () 8590 5 (V:iF)
Al Bees SESSI P oS oz oS SasSl Pl
S35 thams Sl IS (58 10 IS (5 s 5l o
S5 b o HNMR g FTIR (sla g, 5l ool wl b au!
el 43,5 513 oS g2 525390
3 o Lgli) £ a5 digai |5 ¥ ity | gy
2SN ) beldilTLoods Solaw | (o (g0 00,
Sl o 555 oy YO e il o VIO
bole g ou b Alsl 0 IS o 05 -IV0 5 59,
Sl o ¥V e A 00 0B S d Djg0 A VA TS
@ ode] Caw 04y boglie g oo 03938l bglsee 4y | yisgiw |
VEEVS TN PRWRTRSE SR JIPEICN JEY
29y B @i B0 a0 Beer Ce Wl A B0 Sow
g 0al ails (e zlZeiwl sl cUT ol> s yiigiwl)
ol i & s w935 Jiie s Uy s 4
odb i SGISS Pl 5l g Se £e 8 al> e
S | S lg 157 (60 1l IST oS 9aund 5l oad g D)
L Jols bl 5 dolol jo .0l adlo! (! S3gilS0g0 4
A G, oo ol sl e 8 U3 4 e o 4 S5 p
4888 5 90 Beer P Ad B0 Lo A el e
Do 51 sl Sao Ve e ol 5150 68 0305 i 5
oS Ul gl g oo rex Giolel o) slel Ho ST
08 &5 HPLC &
i ka1 81 Syl ol o b 50T oyl
Lo JUT g3kl « 3,5 55leg 5 s Slozel LB b &,
HPLC g Ll & .08 5 &g o aiage L], 3 jo
——JsT sl,— (Agilent, 1200 DAD System, USA)
RO PRV g S R P O PYRL

1N Gyl opigs ol blste oolaiul 5,40 S pxie 56
Leodbl Gioss asbn bl oo Joilio 5 s S )8 0o )0
5 adds \ Sae 4 Jeilie o 0 0l eolazw! Jelds yeiw 3l


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

hlSen g (oxid pdiye [ gl Seinly San b odds 3.4 igen mlemmile glysinl by dawg Vv

badl e
HLLE al> yo 55 gl ikl Jag s (55 lusdionts

)| oola il C_ul..; 169 Sl ! Jalz AL ﬁjis

Jslore (ool S35 do)s To b 10) Gilises slaclale
@ azg b el oad ools las G-y JSE s g, Sl
b (59, oliw] Jole clale 2l L gl ysen ] oL mbs
wile g0 Cull 5l o g a8l 158l cem/ J3g a0 )0 YO
Ol 4 (o>l (559 92,5 VO (sany Slalllas ,5 ol b
s bl gy, il Joloe aings cialé

S osliin | 4y by o gl 159y wlin | Jolxo pme pil
bl Joloes 51 Gid Loa Y/
o) 5B o lagny p edimdog) Jole plgie 4 )
GRIBL gl 2l mls 4 4z b wload 034
b 5 48 Gl S e VB 6 (55 Sl | Jybons o
WS e g rals 15

595 2 Seod Gl S| oy sl 1S yldie 53l
Sas dilitee polie HLLE sal> e o zl 5l oS
ol il (caiges 4 (p,5 VIO B < IVO) 3 IS oo
hl Ses lade b GlBlL mls @ az g b

< 10) Sglaie slo x>

s Ol S Ay e

- | -
e -
A ol -

8]l e el
'} B z
1
\
\
VIR |
\

[ pmmmi 5n E I T TR ._I_h.'li il

R b
el Tl w

e
i ‘ el
a

T i aghn

|_._.:r’ :It‘,.i_._l

A 0 LOQ plp el b oo Ve plp g JiSw S
g o0 4388

ot Ul UK oS Bl oy Sl f pmdeiad o
g <o ool bl o tlbioe (gd) aie) sla JUSe—
1> & g o sae LOD sl (gl LOQ b )] dulic
Al ales s VY 4 o9 (oS

o clale b ol Jole ysliie opl gl 1 ohis o39ume
oleimiay b, b ol (nl o walys aslw calise
A aialgs Ul gle L3S ple,S L 5 oa ]Sl
J—eST o e Glacdale ol a sl o slo JLSK—
oS ol 5 LOQ (s Al B Jloged ol ,o il anlys s
Olgie 4 ams Lis Byl o s jlan,0 b Jovie
RWIRTAPEPUE I N E R EEPRPRE

chle S ale Jokme johiie (ol sl gy 5SS
b laJoloo (al o aanlos ags )15 7 Jlas b jasie
Slr sl S lSew g oud glzn | golerin b,
0, laliw 1ALzl liae upw 05l o0 oS cdale o 1SS
ST sskre plsie a5 dlre (5,55 slagll sl (e

R L SURCE R

B
it ol
i el -
3 B _,__-_-_'__—':'—__'_-_- - o e
£l i o —
_ __:;_,. > e
4 L - e
—h == -
(] ¥ e o
3, = e -
1 L ol
=
PE] L
T e u'
0
cebtaber
= 1 o L4
&l » __'_,.'-'-' ———
2 _::-__,_,-P' —% — o — g
1 o e - .
2w g el i T
g "
llk L] ir"". 4 ____.-"
N
¥ oam .:-"'f
-
"
-
16

(), Sl Joloxe > & slwainge (Al (g, Sliwl Jolo cdale g3lwaigs HLLE al> 0 o C‘)ﬁc‘;m‘ Lyl s osleange J&w
(3) suuisS M/C‘)M‘ Pl vz o 5lwdige (z) sdusS u:iég/@bér.‘l.w‘ P> & S olwdige


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

VoY

DLLME al> 1o ;o Sos ial38l 515 53 Sed 1 o 50
(oY S ) ol oa s .cd,8 18 w0550 3
oealS zlul o5 Sad Jladke ial3dl L ass wssls lis
B ez g (e S jshate s aS s | S5 LG b o
J.»lﬁj ()....Js)i..a Vo £ ‘/(b) P9 64.1?).0 5o 03 um;da
5l Kb i Gl RS b gl (50 Al
IN>) oaisS sl Pl o cox>/ G59 dmo )0 V0
5515353 1apunl Sl IS (63 10y IS )5S g S5
Sl See TY 7ol ooleidg (b9, 4o oolaiwlsge (Sl
o Slalllas sanlor oty mli @ ax g b .2dl rals

LB Oyge Sl jpax e

2l Pl o 00588 glyssw | > oo il
Sty IS (g0 1l IS eS a0 w8 SaSTl Pl>) ouisS
Ol b als ol jo 05l (glwaige 4 ks as o il oo
)LS S ‘JMJSJS..A/\Q d.:;" )‘ od..ufc‘)z._m‘ J)l:- e
Fieatayile g goleidy oy, a5l ol diias
3 5s5en B oy 23l 3l s San YA ) -

s ol dgs ez lgre 4 oald i SESS! Pl
al> o cnl )3 Gomis il Glojise 5 S sl el
zlpe! ol IRV CWRYS s Gab g Wloads g3lwaigs

wgwbwlplwoa5¢wofﬁaaw‘ u.c)_...‘b
Sl §auty yilow dgy lojindne g Cae i lgie 4y adBo
995 dite ) o 16O (P95 4 (i sk
Ll b cod goleiming () by ool 50 S slasully
o 5 ooi —isu,Luel(VF) FDA Joalygiwo b e
s a4 azgi b ailoads sols pli i) Jgaz 50 sdwlias sa
polie shls siagh )5l jo sa all g, sdelios day
=15 o YIV=F/F sloosgamse 0 sy 4 LOQ 4 LOD
YL oI5 gosmolas as wii Lo p,5 0 p,Seb VY/T
Sl polie o pSoslail sl ol Cubld g sosasl)| o,
g.«.__.wl;ac Ja.o,l.su )9,~Sl3 du-._.MJL!‘S& 4&]”4.40)940 GL{b WJLJ
Godgaze (BA=VAL) YL zlZu—ul Hlessl, (Y YV=YY0D)
SrSoill cops (p )5 e SPLVY/F-00 ) row g >
4 59) S5 ) w3 5 pdylSE s (7 2 - /AY) b
o9y sl o e K0 3l (o VIV B0 o w3y

mh e F - laad

£ 1
) : 1
d &
| .I

Pl Sl gl 000 s/ gl o | Pl 45 il
Josigil 5 Jgbsnonl Gl Pl al> o (ol jo clis
-V JSes) Jols mls w am g b aws S 13 alesl 350
b Bl agy P plgre 4 gl (g

Ol ey 10ARSS i/ gyl Pl e il
285 L8 sz 50 Sl Slee YUY o3l yo il
s @ axg b ailoadosls lis o) JS& 0 Jolb mls
Obesly oo Y U (b gl o 238 L ol
boe 2o I ey 5 a8l Gl ] Fel

¥ ooael Cwoty bl 4 az g b 1S 9 yloy o ).uia
03g: S5 aslllae 550 slo ol 50 gl Fei | (sl akBs
Ll gan ol sl 0S5 e by e plsie 4
VANt

DLLME al> yo ;8 g/ gl bl pis (g 5lwdiogg

sty Pl Sl gl 00 gl ypiw | Mo g 95 il
lo Pl el aizb 8 5 ialej] 5,50 calises glo >
S e ingsy 5o S aSbn T SVl S 4 a5
(WY JS8) osnl v mlis 4 a5 L .(V0) Cew | o
& LIS S e slea o LS a5 SGisSl Pl
] M lsie dy s SKSpilS 90 s Sl IS
2,8 il gan Ul ye (gl diagy oaisS

b 5 =S

P T T
et

L2

wal)
1 23a 305 4

B e T e
— e
..I:a ol _-—— e ______t:::—_—-_-_t-_- _ Hrrdal i =
- —
—-—
o e
1

g N | BT | e —— Y

Sl DLLME al> o s gl Lyl g jloangs ¥ JSi
5 S i1 gyt (i) DLLME al> yo 5 00§ gl 5l >
(w) DLLME (sal> 5


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

e 5 (b o5y [ gl ySeiolg S b ol 3.8 5900 mlommile gl el i) duwgs V- f

&0 055 iged ;o anlllans jgo Sl T (sl soleiday LB, Sl sl S Y Jgus

PIog ) Slp 9y Sl Seed I caghy ) cnl 5o

30 99250 OloS 5 plo ) ol eolain | £ 00dd (sloyii
5o g oaid Jiite oasS gzl Pl Sl 4 § e o350
Gl b S gy (S oo Sl (St 5l a8
5 03l JoSi5 uSeS baetin n b (65 slogslS Sl

b (g p aais )0 5 4l pall wge o bl cubl>
AT xS gl pH o) s 40 .(VY) wusS o0 o,y
Joloes sloslaiwl o 5L o 7 B ¥ oogame jo by p
b 590 O3S @o—) $ln STl e 3, Sl—
VAT

Gl 6,555 yol )y sassoslizal g5, vl Jslne oo
5 S s L3 8t cou | lgeul oLl wlg e 4
iz gl il by, 5o glpl o3jl (il Bl slael,
Sl o w3505 & K 35381 b slome (s 5,08 il
ol hlie 31 g5 Sad tal3dl i | gla by, ,o Logas
Ca D> jals ce b Wl oo Sad 0938l a5l s
Loy ] JWES] ol 58] s Ao )0 g 00l diges ,o e JU]
a5 opl pgd 00,5 gl Siw | el aoli8l g JT 56 S5 &
Gl L g ools il Bl Ages (640 598y (Sl 58]
S5 2 e 5256 Wi a5 090 SlacUT Lazl y pi
Crp &y pwolilslelas o abl ails zl el SIS
e alss e Lale T 5T & jeo ol o ail asls
el (e y b Sad lade 31 bl e 4 (VA N Y)
e Jole ploie & Sod 5l (2o S (nl 5o Grigeen
o0 JSi5 (g0 Joloe (a8t s 5 55 oS
FoS polae jo s o LBl Vb jo 4 jshailen 09 o colaiul
S 93 i) 03105 &) (3 (il sy 0,5 VO
s L2l BB soleining (09, 5 (998 ood oS5

HLLE al> o s suiiSl sl Dl solgiing og,,
03l zl DLLME al> s s 008 jidy D> lsie 4

9099 (5,90 odliiusls 50 P> (g 5ludiy (ol pl 09 o0

T Ly eS Tzl sleadl 3l ol b H9dme G ySojlail o> T AN RPN EN
Sl Bl st il (1) Sien oS 2 eFH)  GF S F e il
n=Y) n=Y) n=%)
\YEYYD f+vd Yy < [A9AY \Y/f YV O+ -\Y/Y OlSlul s ST
FEAVY v N NELEE VEIF i b+ e-\¥IF SolSils ST
\WEY- ¥ £ 5V % <[A3AY VE/ fIY ISREYIE R
atvy. Yztv. ¥a +/2940 \YIY ¥/ Oee-\YIY Sl ls”
- e YO 5IUT 5 enneloe woas gl 1 b (glo digoi JR[H]

L s gl 5 0 4 e oS chlihs aiges
L ges 40 09250 Sos (5,050 5l 3) HPLC 5l oolaz__ul
T 50 a8 waes o i (0 s cillas abgs o o lail il
035lesBl (0o, VFIVA) o0t iolej] (Sl yoe6 5l diges
YEU VY hle gosgumms ;o) UK el IS &;..’9».’(5».’]
VVEY) &t & gad ez )3 2318 9929 (25 5 p S5l
SHale (go0game) alSolul 55 ST Sg T 55 (000
YIAP) diges S& po 03 <l (05 pp,Seb YT L YA
2 eSP0 YY) JSeiiol)lS g 150 52 5 (aoyo
Aol lag (05 2 p 550 W) GalSolul s (ST s (05
S I ey )90 58 (S sl diged jo S5 e
oSz 551 iz slacBle L ladigas sliie cal sl
FES o4 CanipS peSeloe 9 Te)ond Sl |
o ol dnlie oul S8l G Sogm 5T L g (e Ul
o 3 VoA B AT gojl o comi 2Lk polae aS ols ol

Syl 1,8

1 (d
_‘t _________________________ o
T |l = \I"
.3) “‘. I‘!\ I’_‘. \\‘
% [(1)
L “‘(2)
\‘ i) I @

10 11 12 13 14 15 16 17 18 19 20
(48:83) (o )3k Sla)

5l eakins 33,5 (WNHPLC-DAD (clapl S5ilog,s ¥ JSci
Gl S koo 0 Cle @y S j0) dalllas 3,50 (glo Siigen (]
eSSl e cbale sl CobT L oo (ol § o 036 diges ()
oleria gy 12 5l o 0atd SOl £ e 035 diged (@) 55
S e alSoles (18 1Y 0 )leds S e cralSolul 5 (ST H) 6 leds S

a5 F o)led Sy g (2 ek (0 Y 0)led


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

Vo0

ol onl SR8 so—w 5l el oo Rl ] Fel lendl,
4 yie 5 ozl 5B o lac Ul il 38, s o>
(VF) 05800 sl SloJlSom 9 Lalis )51 als

Cla Sas ool b ol Jsle (G pud Sl
39) s2lizee SISl W lg8 oo 55 DLLME al >, 4o 05590
s g asb adls sl oLl g9, p (ad SIVL i
R e

9 a3l Gl sl DLLME (fg))3 5908 sl plxl
o I gyl 00siS il Ml b g5 sar
sla el cnlplo (TF) wdlion (59,2 00 gl 5l
Ailgi oo Sonta yile loy Sae g Cep ol (1L Las s
s 18 Sb co | 2l pel oL

gl o eolei—inn b9y 2 —n Gl
3ol s Gha) sz glo il (Bl S ]
d—o)3 g bt eogame (5, S el v (e iS5 o> alex
sl (TO-YV) oa (5135 (3 slagty, b (oo Sl 2l
1545 0 A aglie cilies gladiges 5| aolUT 2] Sl
A g a5 de el oo o L il T4 ¥ Jgu
2l banlie JBL 5 Somb ol () s xSojll
b awslio B Ly e 5 Ghoy 6 )5 Cal by,
b9y B> edgame izmes w B oe S sla)ls
el gyl b acalie BB L5 Say goleiiny
aS Cwl Coadly ol Sl ise ol o saelawody @l
5 3L sl e T (g, oleiiay s,
o aigei 1o y5 e o Saige T 5T gl olozel 16
2blse £r0p5S

5| adllans,go o BT i | gl B o084 opdle
Rl Sl je—a> 50 (6593 ptw S5 g diges 2L
5o oolails jge oau Szl Zi il P> She ion <o LB
(V+) 9l 4zl 55 1, DLLME al>

aS Gl (6,550 oyl auilS sy Pl pox>
HLLE al> yo )5 1, aigas <l 5l aeolbl 2l 5l Wl oo
)8 5t cou |, DLLME al> 1o 5o (6 Jsloee LS5 4
A1) 098 (gjlwdisge Wb g awo

g Gl (sl SS9 an B iagh IS ol o
i | D 5 el ogle ot slojT (saiges Cpus Lpolad
&5 s HLLE al> o jo a3, )5 4 (h yiigisl) o0iS’
alikd 50 4 eolbl oz JE ca po ) gl i | an]s
S 5 0l ookl (Wl go i3l causS zl 2wl Pl 5,
s 13 5l cou 1) gl ol Wis e o] b

O lo il Sla e sl Wb eassS zlpmen | P>
5 2l 50 08 Cudsloe ol @ s el i an il
=295 )l 5o (V) bl e b (S81S5keg 57 L8,
Ol i 05 S S 4 oo ST sl P> S
a0l S 5 o Jl o P slras o O3] 5 o]
ke A3l b gla Pl o Pl ool s jo 0l solat |
2l ol §euis yGle 5l G T isls » B 65,5 ol
(YY)

2 550 bl ly oo 5l oS gl Sl P
Pl o> 04l g5l aige 4 jls a5 I DLLME g,
Fomond @oslaez JI 56 oz wlgi oo 0uiS gl 2o |
6 e |y glped LI s @bl 6,8 gl Bl
oaisS zliul Pl pane Sl L (IS sk 4 es 13

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

alise slo by, b cilisee ladises 5l lacSsgn 51 gl pel ;o soleiins (e 2 amlic ¥ Jgua

Eao 3 laskiwl Gl pmilas yo G xS ojlailas EEYC AR b eoguze Wgal Ty
(AR (ngg?) (ngg™) (ngg?)
Yo YIN-¥1- YIV-YIb < IA=YY NSRS bA e <l
\td ZINO-Y < /¥ \Y-YA OIA-NY - - w; -
Yy f17-fIA VYIA-YVIE fIY-AIY Yef-veo/f Je z
ol g, AARWIN VY188 YIV-$If VY0 o o35



https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

hlSen g (oxid pdiye [ gl Seinly San b odds 3.4 igen mlemmile glysinl by dawg V-7

Sran il oy ooy Gde dy azgs pas g (90 ez )
oS5l (5o 5le Sl 4z 95 b Geizmen (V) wib
595 @ 55 g—ma 3l oad ) slraiges
255l aslllaes y 9o sl g Sl 2l eiul gl solpiay
& 35 Al

O () S 5T oz eaileBly o b aslllas o
22 (GelSelr ST 5 Sl IS ISl 5 ]
5 oyt HPLC o8 5l onli ool U § o sladiges
S 5IUT 5 L8 —sagh IS cpl jo s lade s
Gl HLLE sl )lS g sar (g, 5l oo (o) 2 sladiges
Slsie 4 45 Geoe S5l M 4 e DLLME L oo
Ldis i s gl | sl Wigd oo ai5lid e sla D>
Saiges 56T o5 ool ol aslllans yge (slo Soge T
@ eyl oo, YABA a5 ols il anlllacs 90 & o
clale 05 s gl IS il IS 5 ISl s ST
elSoll 5 ST ke g YL badigas o Setiel 1S
g slme oaileil iSTas Sl 5l
Gl omdlio B)led oSz B oy 1 @dluo (o ylai
&5l el

e References

1. Landers EF, Cohen B, Wittum TE, Larson EL. A review of
antibiotic use in food animals: perspective, policy, and
potential. Public Health Rep. 2012; 127: 4-22.

2. Menkem ZE, Ngangom BL, Tamunjoh SSA, Boyom FF.
Antibiotic residues in food animals: Public health concern.
Acta Ecol. Sin. 2019; 39: 411-5.

3. Hyoétyldinen T, Critical evaluation of sample pretreatment
techniques. Anal. Bioanal. Chem. 2009; 394: 743-58.

4. Farajzadeh MA, Bahram M, Zorita S, GhorbaniMehr B.
Optimization and application of homogeneous liquid—
liquid extraction in preconcentration of copper (I1) in a
ternary solvent system. J. Hazard. Mater. 2009; 161: 1535-
43.

5. Ghiasvand AR, Shadabi S, Mohagheghzadeh E, Hashemi P.
Homogenous liquid-liquid extraction method for the
selective separation and preconcentration of ultra—trace
molybdenum. Talanta 2005; 66: 912-6.

6. Hoogerstraete TV, Onghena B, Binnemans K.
Homogeneous liquid-liquid extraction of metal ions with
a functionalized ionic liquid. J. Phys. Chem. Lett. 2013; 4,
10: 1659-63.

7. Ebrahimzadeh H, Yamini Y, Kamarei F, Shariati S.
Homogeneous liquid-liquid extraction of trace amounts of

S Sl S5 g 5T wodel sy gyl

Ipa > 0dd o p sladiges 3 JSeikel IS g IOl 15
olSole ST g 2 el (o sl s T 5 Wl
FYL Ceod ol (nl Jd0) Sl 0925 badises jl plaSTgen o
oolaiw! g HudSlo onSTo g > b o le.mS....}...sJ
olie aglie (13loe (S slapls (395 5 Wil 5
e oo b Sl 55 ST S et iy
Feo) EropnS A gai 10 (TA) Seigm ol opl oni La 8L
S (e bl ol 3l b 05 5 ¢S
50 Soigmss! opl odiledl jlade Al g5 a5 wao o

slopiiog slme o 3l JaS 0l ) € oS sladigal
‘5*-’5*’5'-" odiladl a5 el Jl> ol ol oo

(GOS0 )o) IR W) R 5)‘1”‘7” 6&4.35,0.3 o JM‘/JS
)Lo_&gd.\?m&i(r:)fﬁln)fjjlj\”?l}\'\ G»Jalc

slJoadlygiws G Sign S cnl Sy—an | 09,0
30 g ol ol oailendly jloee a>) co i mie Mol iy
odh a3 ) Jla) 1 1o € e alex | els (slaes gl 8
Gl Vo Sy, goaimo sl o] owilasdly 5 (el

39 Seise 5] brosilail 3535 il oo brodiS s an
slagls Brae JyuS )3 Gladd Jds ) Cosl (oo i yopS
0d )83 8 g0 28,5 i 15 eau gls 5l oolainl ( S jusls

mono nitrotoluenes from waste water samples. Anal.
Chim. Acta 2007; 594: 93-100.

8. Sorouraddin SM, Farajzadeh MA, Hassanyani A, Afshar,
Mogaddam MR. A combination of homogenous liquid-
liquid extraction and  dispersive  liquid-liquid
microextraction for extraction and preconcentration of
amantadine from biological samples followed by its
indirect determination by flame atomic absorption
spectrometry. RSC Adv. 2016; 6: 108603-10.

9. Rashidipour M, Heydari R, Maleki A, Mohammadi E,
Davari B. Salt-assisted liquid-liquid extraction coupled
with reversed—phase dispersive liquid-liquid
microextraction for sensitive HPLC determination of
paraquat in environmental and food samples. J. Food
Meas. Charact. 2019; 13: 269-76.

10. Rezaee M, Assadi Y, Milani Hosseini MR, Aghaee E,
Ahmadi F, Berijani S. Determination of organic
compounds in water using dispersive liquid-liquid
microextraction. J. Chromatogr. A 2006; 1116: 1-9.

11. Sajid M, Alhooshani K. Dispersive liquid—liquid
microextraction based binary extraction techniques prior
to chromatographic analysis: A review. Trends Anal.
Chem. 2018; 108: 167-82.

12. Farajzadeh MA, Mohebbi A, Pazhohan A, Nemati M,
Afshar Mogaddam MR. Air-assisted liquid-liquid
microextraction; principles and applications with


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

AR

13.

14.

15.

analytical instruments. Trends Anal. Chem. 2020; 122:
115734,

Afshar Mogaddam MR, Farajzadeh MA, Mohebbi A,
Nemati M. Hollow fiber—liquid phase microextraction
method based on a new deep eutectic solvent for extraction
and derivatization of some phenolic compounds in
beverage samples packed in plastics. Talanta 2020; 216:
120986.

Fazaieli F, Afshar Mogaddam MR, Farajzadeh MA,
Feriduni B, Mohebbi A. Development of organic solvents-
free mode of solidification of floating organic droplet-
based dispersive liquid-liquid microextraction for the
extraction of polycyclic aromatic hydrocarbons from
honey samples before their determination by gas
chromatography—mass spectrometry. 2020; 43: 2393-400.

Mohebi A, Samadi M, Tavakoli HR, Parastouei K.
Homogenous liquid-liquid extraction followed by
dispersive liquid-liquid microextraction for the extraction
of some antibiotics from milk samples before their
determination by HPLC. Microchem. J. 2020; 157:
104988.

16. U.S. Food and Drug Administration, Guidance for

Industry:  Bioanalytical Method Validation. http://
www.fda.gov/downloads/drugs/ guidance compliance
regulatory information/guidances/ucm368107.pdf.

17. Polson C, Sarkar P, Incledon B, Raguvaran V, Grant R.

18.

19.

20.

Optimization of protein precipitation based upon
effectiveness of protein removal and ionization effect in
liquid chromatography-tandem mass spectrometry. J.
Chromatogr. B 2003; 785: 263-75.

Mohebbi A, Farajzadeh MA, Yaripour S, Afshar
Mogaddam  MR.  Determination  of tricyclic
antidepressants in human urine samples by the three-step
sample pretreatment followed by HPLC-UV analysis: an
efficient analytical method for further pharmacokinetic
and forensic studies. Excli J. 2018; 17: 952-63.

Abbaspour M, Farajzadeh MA, Sorouraddin SM, Mohebbi
A. Monitoring of nine pesticides in different cereal flour
samples with high performance liquid chromatography-
diode array detection. Anal. Methods 2019; 11: 4022-33.

Shi Z, Huai Q, Li X, Ma H, Zhou C, Chu X, Zhang H.
Combination of counter current salting-out homogenous
liquid-liquid extraction with dispersive liquid-liquid
microextraction for the high-performance liquid
chromatographic  determination  of  environmental
estrogens in water samples. J. Chromatogr. Sci. 2020; 58:
171-7.

21.

22.

23.

24.

Mardani A, Afshar Mogaddam MR, Farajzadeh MA,
Mohebbi A, Nemati M, Torbati M. A three-phase solvent
extraction system combined with deep eutectic solvent-
based dispersive liquid—liquid microextraction for
extraction of some organochlorine pesticides in cocoa
samples prior to gas chromatography with electron capture
detection. J. Sep. Sci. 2020; 43: 3674-82.

Mohebbi A, Farajzadeh MA, Mahmoudzadeh A, Etemady
A. Combination of poly (e—caprolactone) grafted graphene
quantum dots-based dispersive solid phase extraction
followed by dispersive liquid—liquid microextraction for
extraction of some pesticides from fruit juices prior to their
quantification by gas chromatography. Microchem. J.
2020; 153: 104328.

Sixto A, Mollo A, Knochen M. Fast and simple method
using DLLME and FAAS for the determination of trace
cadmium in honey, J. Food. Compost. Anal. 2019; 82:
103229.

Farajzadeh MA, Mohebbi A Fouladvand H, Afshar
Mogaddam MR. A new and facile method for preparation
of amorphous carbon nanoparticles and their application
as an efficient and cheap sorbent for the extraction of some
pesticides from fruit juices. Microchem. J. 2020; 155:
104795.

25.Jing T, Niu J, Xia H, Dai Q, Zheng H, Hao Q, Mei S, Zhou

26.

217.

28.

29.

Y. Online coupling of molecularly imprinted solid-phase
extraction to HPLC for determination of trace tetracycline
antibiotic residues in egg samples, J. Sep. Sci. 2011; 34:
1469-76.

Ahmadi F, Shahbazi Y, Karami N. Determination of
tetracyclines in meat using two phases freezing extraction
method and HPLC-DAD. Food Anal. Methods 2015; 8:
1883-91.

Yang X, Zhang S, Yu W, Liu Z, Lei L, Li N, Zhang H, Yu
Y. lonic liquid—anionic surfactant based aqueous two-—
phase extraction for determination of antibiotics in honey
by high—performance liquid chromatography. Talanta
2014; 124: 1-6.

Codex Alimentarius Commission. FAO, WHO. Codex
veterinary drug residue in food online database. Updated
as at the35th Session of the Codex Alimentarius
Commission (July 2012).

Jiménez V, Rubies A, Centrich F, Companyd R, Guiteras
J. Development and validation of a multiclass method for
the analysis of antibiotic residues in eggs by liquid
chromatography-tandem  mass  spectrometry.  J.
Chromatogr. A 2011; 1218: 1443-51.


https://dor.isc.ac/dor/20.1001.1.17357756.1401.17.3.1.5
http://nsft.sbmu.ac.ir/article-1-3328-en.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.17357756.1401.17.3.1.5 ]

Iranian Journal of Nutrition Sciences & Food Technology 108
Vol. 17, No. 3, Autumn 2022

Development of the Homogenous Liquid-Liquid Extraction in Combination with Deep
Eutectic Solvent-based Dispersive Liquid-Liquid Microextraction for the Extraction of
Antibiotics from Egg Samples and Their Quantitative Analysis Using High
Performance Liquid Chromatography

Fathi M*, Rostami H!, Samadi M ?*

1- Health Research Center, Life style Institute, Bagiyatallah University of Medical Sciences, Tehran, Iran

2- *Corresponding author: Exercise Physiology Research Center, Life style Institute, Bagiyatallah University of Medical Sciences,
Tehran, Iran. Email: samadi.mohammad@yahoo.com

Received 6 Sept, 2021 Accepted 25 Dec, 2021

Background and Objectives: Antibiotics are chemical compounds, which are extensively used in the treatment of
diseases in animals worldwide. Ignorance or negligence of the withdrawal time and use of antibiotics more than that
prescribed have resulted in the presence of antibiotic residues in food products such as eggs that can include adverse
effects on the consumer health. The aim of this study was to develop an appropriate method to assess antibiotics in eggs.

Materials & Methods: In the present study, an efficient method called homogeneous liquid-liquid extraction in
combination with deep eutectic solvent-based dispersive liquid—liquid microextraction was developed for the extraction
of penicillin G, oxytetracycline, chloramphenicol and doxycycline from egg samples and then analyses were carried out
using high performance liquid chromatography. To achieve high extraction recoveries, effects of various parameters
including concentration and volume of the zinc acetate solution, salt quantity, type and volume of the extraction/dispersive
solvent and vortexing time were investigated and optimized in HLLE step as well as type and volume of the extraction
solvent, ionic strength and rate and time of the centrifuging procedure in DLLME step.

Results: Under the optimum extraction conditions, extraction recoveries were in the ranges of 59—75%. Detection limits
of the method for analytes were in the range of 3.7-4.4 ng g*. Consumption of small volumes of the organic solvents
has been addressed as another advantage of this method. Moreover, 35 egg samples were analyzed with the highlighted
method and results indicated that 28.58% of the investigated egg samples were contaminated by at least one of the listed
antibiotics.

Conclusion: The current developed method could effectively assess contents of the antibiotics in eggs.

Keywords: Antibiotic residue, Homogenous liquid-liquid extraction, Dispersive liquid-liquid microextraction, Deep
eutectic solvent, High-performance liquid chromatography, Eggs
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