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Figure 1- Structure of Crocin.

oo > glpil loj gl il o3l i (ol yialil
9 Brae P e gy (Siome «limes b g (092
Olonsils cnlplis sl Gogy ol ey S8 03930
moslol (gl b (059l Cowd 4 (sl Bais Jid 4 lien
FoS @l anje Gile Cgre i e b g0 5l
J33 B paseiss o S b Y €85 g cono ol
SS 5D et Al o gl 45 iges (jlwodlel dls o it
ooy oty 1 ol g5l LAl Lol il _olianss 50T
~Cby 5 Coad)y S Yoane 45 wilion Lty g Aige3
gy o any LT alp S b o dlose 5,5
5 il gl il aiile adsel (giluoslal (slaanlys
S a1y bl oo g oluebl culbl aedUl ojluls
"ol ol gyl (ANmed, 2001) an3 e )l b cos
S o sige Kl edUl Jis) gl (LLE)
silwodlol (glyy (glodins ysboay I L gliiel Ly M

Lo wlS 5l B dgng pl bl onds 48,5 ;S diges

1- Liquid-Liquid extraction

Comnb )3 29290 29400 Ao gi5g)lS i 5l (S (pamag S
3 cadMe ol g e s o 3 Slel 4 a8
g e Dy o 1D 0aimdcSS) lgie 4 ol mwg 3,8 LY
-l 3595)18" ) bl o o sig)lS sl 4y Cnd )
9039 Yy A5959)l8 1500 4y s i) 55 Cungd
Abdullaey, ) aad e i 365 I xmwy Sl s ol
S olys; S5y @,a8.(2002; Hosseinzadeh et al., 2009
L aS adlgo olite ) il oS uad odas sl el |
“i 8 il 0550 Ol 53 29290 s S pliee sl
S0 gy s 5 03l By Sy @) by 5,5
ol )15 51 (63L 5 Cumnl I g S
S el sl 75 Sl alej 53 Sty 3929
piY (Ewd ide e gl cunlio 00l 2yl diged
C8l iy LS awd Olipad i |y bl e
modlol el o syl 5 03,57 Joox e yobo & 1y Aiged o
plonl LaolSiws (ol dowy 4y 5 Sojlul 5l L8 diged (g3l

A dng Aol cowle glyseul (Bgy SO Gl e


http://www.sid.ir

YYyv oy o lo- oo gl pFiwlg ;S 3l eoliiwl byl jae ) (gdbdiges 30 (g S (i g gl pFiwl

33,5 oo e (gl 350 lmolKiws 4y ol bl (ggl>
Ghaedi et al., 2009; Dadfarnia et al., 2008; Dadfarnia et )
al., 2009; Khalili Zanjani et al., 2007; Xiaodong et al.,

Jb o isy mlemle gl 5,500 b9, 43 (2011)
56 95 ey ol alolady cplply bl o 5b; jla 36
S 5l a5 3590 (slodisS @y JU! crgo g 3980 )] 3
Copo Coduiis > 4S5 o oo (2l Mo 90 & u_ﬂ
o olgise ey crl eblie S5l Bl gy cnl el
o5 ool osliil g () (PgaiajaeS e (5ol
ST UM o8 oo 51 g, cpl pd &S sl 55,8 o,Lil diges
4565 g o odlazwl (Of ,d JI M JMoul culbld 4 an)
Comwlus g 9o glFal o5 w2 nl Gg) 3 )90
U YU Lalss i b gy S ol 4 5 03 Vb (s,
U9y 50 > yiiwl M (Biparva et al., 2012) cul o
it 45 il bolge I ity gl gl pls o
Cg3 S g Bl e Le (ool a ey 3 ok
Gy gliel il Pl gl S oo ] 3T )50 sladigad
SO bS5 g aibl sl (aSges Jodoxa) o 5B L oS
3 0 (325 s ka5 b 25515 Jglo) (538> s
sy ) (ol Jodome 4 oy P 3 sy Yo gl
Srd el g )y 1, Ul zl el Jadlsy 1L yuioron
il G oo Jsb 4l o g adl azsly sy M
2 Ll gy onl > ise Pl il alils o> m
(Cigmd Jlons) (o 36 5 (o35 gl sl J9) T 38 55
I (o (iiS algn a0l iozen AL 20y gl
= 518 5 5oy kb ygo a1y o g o8 008 el
018 gl sl Mo oles (el 6yt g b S o381,
San Ol 5 JEl el (pd g LS ]S diged ol

3 5 Casd g Cuan 0l Glal38 (T 5L 4 o 56 )

slaMs g aigei 3bj we | oslitnl ygralgel JSits Jio
L 5Ll 5 oS omples () ) LLE (b9 oo ]
~h9) ey sl Lo 0jg el il o Lame
WS (0 (2o S (S9p g 2lge 5 B )3 oS Cunl oo
05 (ileSe S (gilwodls (ggu & Jab g Has ol
wed (M i sla yhg; 5l edlaiwl picren 5 A
P93 o gl Jod LB o33l shls g Can lame
T leSe S bt by | (a4 Gl (b
390 Jgese Slaby) slp (3Rl (e 4 gl sl gord
gslySas 4 gbe (ol Jl plgice o8 W8S )15 ()
ey ale JLB gllySee 3,5 o)Ll (LPME) g le 56
&l el ey 4 Cos Mo poe (18l L diged (53lu0be]
&l M ) tdgySee iz L ] 10 48 ol gl = o
& ) el [l 3y50 cilie (glmdges 5l ol Ll g
Cantwell, 1999; Kocurova et al., 2013; Zgota et al.,
o2 lo = golo gl Ldg) 4 s 5 (Ma 2011
D92 5k 390 Mo yid (oo o I e

sbaghy; 5l (S Ty plemgle gl S0 (b,
Rezaee et ) ui Syxe Voof Jlo o oS 039y gl ySciwlg Sun
8 A I S ) g See xS, ol 5 (all, 2008
A I S 3 (eaisSl el PM) ST L gliel LB
sl g o 58 g o b gyl LB &S (s JM)
o oy by SO pgpSie S by w9 2900 J>
S5t sl oo alolodl 39 00 (325 4905 (2] Joloxe
Bl M oy sl S 51 (86 b cpl oS 355 0
OBy dged Jolote yulipw )3 (gaSlS b 4y oS il o
- 5SS (ol Jslome Snin il Jos 1 Kigdh e

4 i B o] ) ey e e ol 56 5l g o i

1- Liquid Phase Microextraction(LPME)
2- Dispersive Liquid-Liquid Microextraction
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Table 1- Effect of type of the disperser solvent and extraction solvent on the extraction recovery of crocin (n=3)

S Jyilie Ry J g Jyill
Solvent Mthanol Acetone Acetonitrile Ethanol
P55 13.054151 10.00£1.31  9.69+1.11  14.12+1.12
Chloroform
e
ot 65714141 87.86+1.12 14.28+1.10 43.00+0.95
Dichloromethane
LT =5l
ol =i 5.65+0.60 2.86£0.95 10.71+0.98  6.22+0.98
Ortho-xylene
4]
.“b”lg <> 37.91+1.01 14.29+151 21.93+1.22 20.92+1.11
Dichloroethane
ke 51.8141.60 61.0040.52 20.09+2.10 49.12+1.98

Tetrachloridcarbon
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Figure 2- Effect of type of extraction solvent on the extraction recovery of crocin (Acetone disperser solvent).
Ve i S Viokag i 63 Yioh; —gisl il IS 53 Big S0 515
1: Chloroform 2: Dichloromethane 3: Ortho-xylene  4: Dichloroethane 5: Tetrachloridcarbon

N -
3

1 2
Organic Solvents

> ol 5 9 28l oe gl B 4 wigal Jslowo 51 U] O3l (oidy o paa il
035y s pos aldl asoldl Ly g o wnlyb o =935 Jl gl (oS M o Sl yp yolate &

o o8l aelal b 15 0,5 oo 353 4 (Jg35 g &l et el gzl b plyie 4 il Sen Voo oo b e

T b g bl Llidl Ol 53 s Mool bl (gl Ca Gyl 5 g )See ¥ee woe QLY Jgun) 2900

555 oo plol LBl b 4 2l el e L glgl 035l oy diges ) Gmg)S gl 5t

Bua 4 Sl 4 sy (Y SKE) dad o ol 1) duo > AV/AS

JUinl 5 lais iy olas oo sl oty Yo 5l et


http://www.sid.ir

Yy oy o lo- oo gl pFiwlg ;S 3l eoliiwl byl jae ) (gdbdiges 30 (g S (i g gl pFiwl

(1555 dlawi = ¥) crawgyS gl ysi] 8330 31 gl 2 351 -Y Jguis
Table 2-Effect of volume of aceton on the extraction recovery of crocin (n=3)

Volume of acetone (ml)

0.4 0.5 0.8 1

z! ol 03
Extraction recovery (%)

78.86+1.20 81.43+£1.32

87.86+1.35

80.01+1.30 78.84+1.30  65.02+1.09
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Figure 3- Optimization of volume of disperser solvent, aceton.
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Table 3- Effect of volume of dichloromethan on the extraction recovery of crocin (n=3)

(79 ,5we) (liog 5 (63 por
Volume of dichloromethane 100 200 300 400 500
(0]
| Seiwl 6330
7l o3 28.57+1.20 65.20+1.32 34.29+1.22 27.5+1.2 15.5+1.3

Extraction recovery (%)
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Figure 4- Optimization of volume of extraction solvent, dichloromethane.
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Table 4- Effect of pH on the extraction recovery of crocin (n=3)

oASly pas e 3 4 5 6 7
pH
gl el ol 10.10+1.30 12.2141.25 19.29+1.34 27.18+1.22 38.34+1.05
Extraction recovery (%)
ATy pad L 8 9 10 1 12
pH
ghel o2 45.601/v5 59.20+1.50 57.14+1.07 42.86+1.17 38.56+1.25
Extraction recovery (%)
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Figure 5- Effect of pH on the extraction recovery of crocin.
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Table 5- Effect of centrifuge time on the extraction recovery of crocin (n=3)

(CADRUY
Time (min)

2 4

6 8 10

gzl o33l

- 20.13+1.04
Extraction recovery (%)

28.57+£1.15

42.86+0.94 63.50+1.11 50.22+0.95
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Figure 6- Effect of centrifuge time on the extraction recovery of crocin.


http://www.sid.ir

IFAD 5l o oyl F oo oyl yhe ) 559Ld g celyy a9 pis VY

=031l cpal iy 2,5 o0 518 i)l 590 0l 3 9250 (g
el Jly55 52 (Sl ogag Cumnl Sl lydes g)S ke (S
S o odgle MalS )y 5 ol St digas jl p,5+/+0
QMQMD«&QM@ab}lﬁ@gTQ&AV' L o)l
9o okl j (e Voo @2 4 s D9 g0 03] o2
s (e Ve e g atdly Joloee ol Sl ) (e V-
Sladiged 4 g Sl (patude ClE w95 o0 0L
PH g 6Ll oais o3l 5,510 5 B wyyh o e
Ve Uialoj] dglyn 315 sl 0 oy & & e Jslono
-ojlil g gl el g oad aisy) olyie) gladiged Il e
—ojhsl sl gy cme 98 e pldl Al bl 5> (65
cbale (3,8 LAl o (e Sladiges )3 (g 5
48 amd e Ll gl e Pl (g8 ) asuie
s el el gl s 218 5 Gbay g 039 Yl sl 03l
Joa) ol j3)0 5 Gl sladigas ) (pg)S (g pSejll

W

sicdi (Bala (540 940 43 (e g S Syl
o bbb > pd5o plo —ple glpmly Se SiS5
28 (Siglan Ko )3 (pwnyS s xSojlul g glSeul e
YA 03y 3 S 4 &S Cuiy (py Gl 0050)5 aolail
$aged Celw £ 3l a9 b 03 lyae o5 Lo +/0 Al
aged Sy (e ¥ eiged ang sl )5 pslae el
aie cdale b g S kil o 4 g o anslyy i
s il 003 (G5l 58y O] (oS L e 5 555
00 outs yilaw 4883 Yo dgag a3l o] 4 Jgilio (g, ludo
BL L ol g A58 o gus) i o oy s
B U e 9B w4 (59) Jolome PH S50
i o Ve il Aghym 51 5 05 (sl 35 1 e

Ol plls ke
(rs)S gl S0 laygSlh gilwainge )l
2 Oy 28kl sl Jotone sl (gl S (et
i s g )See oo 5 ALl PH ) ate klys
obes 9 liegy IS 3 ghseinl P yidg)See Voo g (gt
A5 ssbilan 8,8 )5 aullan 350 4igh> Cali fosiy il
—efeven aaly 2 el ST e dd o s il
e addlas ol (b ) (e o pySgySee +/ND
oyt 9035y = IVAMX + /Y10 el S
cbale X g 0ls b plpy oS ol +/2AVY o Siusen
A &S (hy) et 3> (P Jgd) Mdlise (wg)S Jolone
e s oy e LS Jgloxe 3)lasbusl Bl ol
P ey SrSae fee et AL ply sl (ygpl S
0315l 3 gy YL Gl sazims jLis o5 sl cowy

A5l o pwgyS (05

o9y S w g g (ad L T Jgaa
Table 6- Figures of merit of the proposed method
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Table 7- Analytical results for determination of crocin in saffron samples

olyie; digod OIE5 55 00Wd (31,35 cmwe,S CAAAE ool Cuwd 4 (pwgyS Clilé Uad woyd R::Jv)er
Saffron samples Spiked (pg.mL™) Found (pg.mL ™) RSD (%) (%) y
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Table 8- Analytical results for determination of crocin in milk sample
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Abstract

The main component responsible for color in saffron is crocin with the chemical formula of
C44He4024. Crocin is one of several carotenoids in nature that is soluble in water. This solubility is one
of the reasons for its widespread usage as a colorant in food and medicine compared to other
carotenoids. The coloring strength of saffron is one of the major factors that determine the quality of
the saffron stigma. It will be evaluated with measuring of crocin. Microextraction is the newest and
easiest method that can be successfully applied for the preconcentration and separation of crocin in
saffron samples. The advantages of this method are faster, cheaper and easier analysis by UV-Vis
spectrophotometry in measurement of crocin compared to the chromatographic analysis methods. The
studies showed that the type and volume of disperser and extractant solvent have a significant effect
on the efficiency of crocin extraction. In this work, acetone as the disperser solvent and
dichlorometane as the extractant solvent were found to be suitable combinations. Under the optimal
conditions, the calibration curve was linear in the range of 0.15-0.00001 pug mL™ and the limit of
detection (LOD) was calculated based on 3 Sb/m (where, Sb and m are the standard deviation of the
blank and slop ratio of the calibration curve respectively) was 0.000008 pg mL™. The procedure was
applied to saffron samples and the good recovery percent for the saffron samples was obtained.
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