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ABSTRACT

In this study, a new spectrophotometric methodHerdetermination of sunset yellow in adulterateffr&n without
pre-separation has been developed.It was foundaisaicond order spectra data matrix of Sunset yeldmstructed
from thesolvent components gradual change—-visibt®gption spectra can be expressed as thecombmafitwo
bilinear data matrices. With the bilinear modeletbecond order spectra data of mixtures contaildngset yellow
coexist with interferents (red pigments of Saffraguld be analyzed using the second order calibrati
algorithms.The algorithm used here was rank anatioh factor analysis.In the method investigatedehehe
components of the solvent were changed gradualigding 1,4-Dioxane into water,subsequently, theogitson
spectra of Sunset yellow and Saffron samples iriessef 1,4-Dioxane —water mixed solvents, weremdeo. Thus,
the concentration of Sunset yellow in a gray systemid be determined fromthe spectra matrices usexpnd
order calibration algorithms.This method is simptenvenient and dependable. The method has beerssiully
used for analysis of Sunset yellow in adulterataffr&n with satisfactory results.

Keywords: Sunset yellow; Adulterated Saffron; Solvatochromigdank annihilation factor analysis; Water-1, 4-
Dioxane mixed solvent

INTRODUCTION

Saffron, is produced from dried stigmas of “Cro8agivus L” [1]. It is known as the most expensipécs in the in
the world. Addition of its traditional value as @ofl additive, Saffron has been used in traditionatlicine for a
long time. The modern studies have shown its pgiateas an anti-cancer agent [2, 3] and demonstitae
carotenoid compounds in the Saffron could inhibavgth of tumors [4].

Because, Saffron is a rather high value plants ibecome frequently adulterated. Typical methads Saffron
adulteration include mixing of extraneous sahses like beets, pomegranate fibers and ssedhetic dyed
such as Sunset yellow, Tartrazine, PonceauMlgthyl orange and Erythrosine. The most commary of
adulteration is the mixing of artificial colorant§hese practicesperfect the appearance of the dtigthas and
increase the coloring strength [4, 5].

Quality control of commercial Saffron is resolveddpecifications recommended by the 1ISO 3632 [6].
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One of the main purposes of this procedure is #teation of added colors in the presence of “Crpcgaffron
natural color. The absence of these synthetic sohas to be indicated by TLC or/and ion-pair HPO®is
procedure has some inconvenience and is very ttmsurning involved sample preparation of Saffronadidition,
it involves the using of organic solvents that @angironmentally harmful.

The method of Saffron quality control thaande offered is UV-Vis spectrophotometry beedtss quick,
easy and low cost.

Unfortunately, this technique is non-specifind unable to adequately identify trueandeaBaffron due to
overlapping of the signal and thus unableptovide a quality category on the internatiomalrket [5,7].

In most cases, these problems are assocwmtdd the removal of the undesired compongB}svithout
affecting the concentration and prototype thfe analytes, but these separation methodge bame
disadvantages such as they arehard, expensiven aodne cases aren't available [8].

So, it is vital to develop some alternative spgutimtometricmethods without pre-separation for deiacof false
Saffron.

Multivariate and multi-way spectroscopic methodsa@mbination with chemometrics data analyses camsbd for
quality control of food [4, 9].

For the quantitative analysis of target analytesiixtures containing unknown interferents (gray

systems), without pre-separation, second-ordetbicdlon algorithms can be utilized[10]. The most thése
methods, such as parallel factor analysis (PARAFRQ}-14], rank annihilation factor analysis (RAFA),16],

generalized rank annihilation method (GRA)[17,1®@sidual bilinearisation (RBL) [19,20] and unfoldedrtial

least-squares/residual bilinearisation (U-PLS/RBIL)R2], are based on the rank analysis for therskorder data
matrices of the system that are produced by prapamners. For using these algorithms, the seconer-atdta
matrices should be able to be bilinearly analyZ3].[

The absorption spectra of analytes are often a&ffedty the components of solvent, in the other words
solvent polarity. It is referred as “solvatochromis Along with the change of solvent componertgjit absorption
peaks usually red-shift (bathochromic shift) orebkhift (hypsochromic shift) and the absorbancaieslalso
change accordingly. The sign of the solvatochromdapends on the difference in dipole moment betwéaen
ground and excited states of the chromophore [24].

In general, for different analytes, the effectsolvent components on their absorption spectralidffierent. Using

the difference of absorbance values of the anaiptelifferent solvents, some second-order specita dould be
produced and could be used to determine the asaigtenixtures containing unknown interferents bypgar
chemometrics technique. Now, there are a few repooncerning the determination of the target aealyh
mixtures containing unknown (or uncalibrated) ifgegnts using the second-order spectra data prdduith this
manner [23, 25-26].

In the present study, it was found that the visaibsorption spectra of Sunset yellow in pure waiere different
from the spectra in pure 1, 4-Dioxane solvent.ddition, it was also realized that an absorptioacsum of Sunset
yellow in a water—1, 4-Dioxane mixed solvent cobllexpressed as a linear combination of a speatfuBunset
yellow in pure water with a spectrum of Sunsetawlin pure 1, 4-Dioxane. In the other hand, thesdwmrder data
matrix of Sunset yellow produced from the spedfaSunset yellow in a series of water—1, 4-Dioxameed
solvents with various 1, 4-Dioxane volume fracti@mmild be expressed as the combination of two drlindata
matrices. Based on this discovery, herein a naafinique for the determination of Sunset yellowriay mixtures
containing uncalibrated interfernts has been ingattd from the second order data of solvent corapbgradual
change-visible spectra using RAFA algorithms. Thithod is the first analytical method that usesd@nge of
solvent components to analysis of Sunset yelloadinlterated Saffron.

In the proposed method, complicated operation efg@parating mixtures is not necessary, the wayaducing
second order data is direct and dependable, arapiberatus used is common.
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MATERIALS AND METHODS

2.1. Apparatus and software

Visible absorbance spectra were collected usingif& mer Lambda 45 spectrophotometer equipped withcm
path length quartz cell. The spectrophotometer wasfaced to a personal computer. The recordedtspavere
digitized with one data point per nanometer. Thectjal wavelength range was 320-600 nm. A Metrolm pH-
meter furnished with a combined glass-saturateoheal electrode was used for pH measurements. Adulzions
were done using MATLAB 7.6[27].The m-file for performing of RAFA was doladed from
http://lwww.iasbs.ir/chemistry/chemometrics/histaityy, thanks to H. Abdollahi.

2.2.Reagents and solutions
All chemicals used in the experiments were of aiadlgrade and used without further purificatiédl. solutions
were prepared with doubly distilled water. Stoclkusons of 1000

mg L of Sunsetyellow FCF(Sigma) was prepared by didéstolution of 0.1000 g of the compound in 100.0
mL doubly distilled water and was stored in plestmber bottles at® and protected from light.

Working solutions were prepared by appropriatetitituof the stock solution.

2.3.Preparing the adulterated Saffron
Dried stigmas of safe Saffron samples were purchdsectly from a farm in Mashhad, Iran.

Saffron powder (0.1001 g) was weighed into a gtes¥rifuge tube to which water (10 ml)was added: Wiixture
was vortexed (1 min), kept in the dark (10 min)tatgd again (1 min) and finally centrifuged (60@®n, 15 min).
The supernatant was passed through a Whatman diiterd5um pore size and diluted in a 100.0 mL rr@dtric
flask [28]. Adulterated Saffron samples were prefddry spiking desired amounts of Sunset yellow agpropriate
diluted Saffron solutions.

2.4.Procedure
Two milliliters of standard solution containing table amount of Sunset yellow or sample solutios a@ded into
the cell. Then the solution was stirred and 1, dx@ne was added gradually. After every 25uL of -Didxane
added, spectrum scanning was carried out in theeleagth range of 320-600 nm. The total added volofme
ethanol was 1 mL.

RESULTS AND DISCUSSION

3.1. Absorption spectra of Sunset yellow in 1, 4-Dkane and water

Typical normalized absorption spectra of Sunsdbye(Scheme 1) in pure 1,4-Dioxane and pure watershown
in Fig. 1. From Fig. 1, it can be seen that thecBpéprofile of Sunset yellow in 1,4-Dioxane idfdrent from that
in water. When the solvent is changed from watet,td-Dioxane, red-shift of absorption peak of Sngellow
occurs slightly and the absorbance values alsogehearrespondingly.
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Fig. 1. Normalized Absorption spectra of Sunset Yiew in pure water and 1, 4-Dioxane
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Scheme 1 — Chemical structure of Sunset yellow

3.2. Evolution of bilinearity in second order absoption spectra matrix of Sunset yellow

For a certain concentration of Sunset yellow, whésorption spectra at (=40) added volume point of 1, 4-
Dioxane were scanned and the absorbance valye$=#80; 320-600nmyvavelength points were recorded, data
matrix could be shown as follows:

t t t t

Ay = (al, az, ...,ai, ...,an) Eq. (1)
Where  a; = (a;1,a41, .-, a5 -, )iS the absorption spectrum vector at added 1,4-d@exvolumeg; is the
absorbance value at wavelength pgjrstuperscript denotes the transpose of a matrix or vector.

Singular value decomposition was used to analyzexa(in different concentration of Sunset yellow). Tiesults
show that the number of significant factors of rixafr is only two, which means that the rank Afis two (Fig. 2)
or means that Sunset yellow exists in water- ligk@ine mixed solvents with two species and the rbiem
spectra of the two species are different. Thugeztsum of Sunset yellow in a mixed solvent carctesidered as
the result of the linear combination of a spectafrone species with a spectrum of another species.
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Fig.2. Calculated singular values for second ordespectra data matrix of Sunset yellow.
Sunset yellow concentration (a):9; (b):18.1 and (7.1 mg L.

3.3. Second order calibration algorithm: Rank annililation factor analysis

To quantitative analysis of the desired analytegdmplex matrix with unknown interference, usirgend order
data, it is very important to select proper chemivite technique according to the character of th.dAs it was
known, Sunset yellow has two absorption spectmaiixed solvent. The absorption spectra of Saffropune water
and 1,4-Dioxane, are shown in Fig. 3.It displayt thider species related to natural red pigmentsafffon have
visible spectra too and they overlap with the speof Sunset yellow in pure water or 1,4-Dioxankug, it can be
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resulted that there are linear dependencies irs¢ivend order data, or the spectral matrices ate deficient.

Therefore, some second order calibration algorithamot be applied to linear dependent data. RA&AE used
to analyze the second order data matrices whelilgemiatrices are rank deficient or not and its allgors is very
simple and direct.

At first, let us consideA as a data matrix obtained by spectrophotometiicgat titration that can be decomposed
into two concentration and spectral matri€eand S, respectively.

A=CS'+E Eq.(2)

Matrix A is the spectral data matrix containing rows dbible spectra recorded during the titration experit. The
columns of theC matrix are the pure solvent -dependent concentratiofiles of the modeled components and the
S matrix are their related pure spectra dhds the matrix of residuals which not explainedthg model and
includes any other components in unknown matrixewthe sample solutions consist of just one compoeo
chemical components, sévents aNd Aonenta are expected. If both of them were active inblisiregion, rank 2 is
obtained for this data matrix. But, if in additiohanalyte, other components are present in thepkearsome other
equilibria should be considered and in this cask the calculated rank of the system differs frora éxpected
values.

The rank analysis on the data mathixcan be done by singular value decomposition (S\WIDemical components
give rise to larger singular values than noise natrument contributions. Therefore, the chemicakraan be
estimated by the number of singular values largantsingular values associated with noise. Inedasystem,
containing analyte and other interfernts, the nunafesignificant components calculated by SVD i&éo than the
true number of spectroscopically absorbing spetieg are expected based on chemical informatioris Th
phenomenon is known as rank deficiency and conlglétieders the correct resolution of the respectilata
matrix[29,30].

“In RAFA algorithm, the main matrix equation anedyg can be expressed as follows:
A, =BA;+R+E Eq.(3)

WhereA; is the second order spectra data matrix of a $ye#lew standard solutior,is the second order spectra
data matrix of a mixture sample of Sunset yellowediwith pigments in Saffron componerisis the background
matrix, E is the remnant error matrix ajfds the regression coefficient which is the rati@gcs (wherec, andcs are
the concentrations of Sunset yellow in mixture sienamd in standard solution, respectively)” [25].

The process of RAFA algorithm can be describeals\vis: let different values in a rational rangedssigned tg,
then execute principal component analysis for th&imA, SAs with eachpvalue, extrach principal components to
constitute new matribR*and calculate the eigenvalugs of R*. The optimized solution can be reached by
decomposing matriR* to the extent that RSD of the residual matrix hemca minimum. The RSD is a measure of
the lack of fit of a principal component modelechtdata set. The RSD is defined as below [30]:

c Y2
8i
o =( 2 ) o

Wheregiis the eigenvalue andis the number of considered principal componentkcan the number of samples.
Fig.4 and Fig.5 show the absorption spectra odadsrd sample of Sunset yellow and a spiked saffaomple with

Sunset yellow in a series of water-1, 4-Dioxand #@vent components gradual were changed by adding
Dioxane into water.
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Fig. 2. Normalized Absorption spectra of Saffronn pure water and 1, 4-Dioxane
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Fig. 4. Absorption spectra of a standard sample dunset yellow(13.6 mg mt) in a series of water-1, 4-Dioxane mixed solverithe
spectra are recorded after every 25uL of 1, 4-Dioxse added
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Fig. 5. Absorption spectra of a spiked saffron samp with Sunset yellow (15.8mg mt) in a series of water-1, 4-Dioxane mixed solvent.
The spectra are recorded after every 25uL of 1, 4ibxane added

2.5. Analysis of adulterated Saffron by Sunset yellow usg proposed method

Six adulterated Saffron plus one true Saffron sasiplere analyzed using the proposed method. Theranod
Sunset yellow in the spiked samples was selectethénlinear range of sunset yellow that was prelany
determined. These samples were used to evaluafditability and accuracy of the method. The resuwlere
summarized in Table 1.

Tablel.The results obtained by RAFA on the spikedaulterated) saffron samples by Sunset yellow

Sample Actuallmgt) Predicted(mg £)° Recovery (%)

1 Not spiked Not detected

2 10.40 10.21 98.2
3 15.8% 16.0¢ 101.¢

4 20.09 20.21 100.6
5 18.10 18.19 100.5
6 24.43 24.22 99.1
7 22.62 22.85 101.0

“Average of three measurements.

From Table 1, it can be seen that the recoverieduoket yellow for individual sample are variedwestn 98.2%
and 101.4%. The good agreement between the obtaemdts and known values indicates the successful
applicability of the proposed method in complex pls.

The relative standard errors (RSE) and averageveegovalues [25,31-32] parameters were selectedssess
overall accuracy and prediction ability of the ppepd method for determination of sunset yellowdoleerated

Saffron.

The average recovery (AR) of Sunset yellow in migtucan be calculated as

AR(%) = 100 x ( {Llc‘/ci)/n Eq. (5)

Wheren is the number of samples in the prediction seis the actual concentration of Sunset yellow iaith

sample, and; is its estimated value. The prediction error on&at yellow in the mixtures can be calculated as th
relative standard error (RSEs) of the predictecteatrations:
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?:1(61 - Ci)z

RSE(%) = 100 x
i1 (c)?

Eq.(6)

Calculated results of AR and RSE are 100.1% anb,lr@spectively. These results show that RAFA hgwved
predictive ability for this system.
CONCLUSION

This research investigated a novel procedure Herguantitative detection of Sunset yellow in éadsiffron. The
proposed method is based solvent components gralaabje—visible spectra matrices using RAFA as#wond

order calibration algorithm. In this paper, the @icated operation of pre-separating mixtures (8tigsllow from

crocin, Saffron natural color) is not necessarye Tiocedure of producing second-order spectra mhatiaix is

simple and fast. The bilinearity of the spectranuas is dependable and the apparatus used isesifiipé proposed
method has been successfully used for determinaticBunset yellow in synthetic adulteratedwith Sfatitory

results.
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