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Abstract: A simple solvent extraction procedure for separation — enrichment of Sudan Il (1-[(2,4-dimethylphenyl)azo]-2-
naphthol from commercial food products had been presented. Two highly simple and sensitive spectrophotometric methods
were developed to quantitate Sudan Il in pure and in some commercial food samples. The two methods are based on redox
reaction with copper followed by copper complex formation (method 1) as well as oxidation—reduction reaction with
alkaline KMnO4 (method II). These reactions were monitored spectrophotometrically at two maximum absorbance’'s 364
and 610 nm for methods I and 11 respectively. Variables affecting these reactions were carefully studied and the conditions
were optimized. The stoichiometry of each reaction was determined. The equilibrium and stability constants (K, B) of
Sudan Il — copper complexes were calculated. Under optimized experimental conditions, Beer's law is obeyed in the
concentration range 5.53-44.21, 2.21-15.48 pg.ml-1 for copper and KMnO4 reagents respectively. The apparent molar
absorptivity, Sandell’s sensitivity, detection and quantification limit were calculated. Matrix effects were also investigated.
The procedures were successfully applied for the determination of trace levels of Sudan Il in the selected commercially
food samples by using multiple points standard addition method. Statistical comparison of the results is in good agreement
with the reported methods.
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orthophenolichydroxy group. These properties have made
azo dyes useful for metal complexation (Girkan and
Altunay 2013).

A variety of analytical methods have been proposed to
detect the presence of Sudan dyes in food stuffs as recently
reviewed (Rebane et al. 2010). The most popular analytical
methods are based on high—performance liquid

Ells_eIdV)a:rea(? di(;:?/zz Oifn aégogyeskogﬂgé h&)ver:;ir;ailrl]le%gélx chromatographic method associated with different detectors
P (Qiao et al. 2011; Lépez-Jiménez et al. 2010; Qi et

red—orange color and thus stimulate sales of these products | 2011 Enri _Gabei t al. 2012: Li et al. 2013
in the market (Qiao et al. 2011; Rebane et al. 2010; Sun et s  =nriquez-babeiras et al. € )
al. 2007; Soylak et al. 2011). Sudan dyes are thought to be

carcinogenic yet have been determined as a contaminant in tal. 2012). In additi th Ivtical method h
chili powder (Calbiani et al. 2004; Liu et al. 2007). The EU ea ). In addition many other analytica me_ 0as sHC
as fluorescence (Huang et al. 2013), electro—analytical

has set the detection limit at 0.5-1 mgkg-1 for Sudan technique (He et al. 2007; Ensafi et al. 2012) and Raman

dyes, and any food material containing more than those © AN :
™ . . spectroscopy (Di Anibal et al. 2012) have been available
limits showed be withdrawn from the market (Chailapakul ¢ “yeir individual and simultaneous analysis. Most of

6:1 al. 2088).' Sudtan dyeg ‘;r]e gf dmttertest Eecalise O; ;Ee!r these methods are expensive and time consuming, and thus
chromophoric nature and the bidentate character of €I ogpriet  their application in food safety examination.

1 Introduction

Synthetic dyes used in various industries are potential
pollutants for food and environmental samples. Sudan dyes

Electrochromatography has been used to analyze Sudan
dyes in foods (Fukuji et al. 2011; Mejia et al. 2007; Zhang
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Although UV and Vis. spectrophotometric methods are
simple and inexpensive, available literature is very scanty
dealing with measurement of Sudan Il (Di Anibal et al.
2009; Mustafa et al. 2013; Mustafa et al. 2013). In besides
that there has been no report of spectrophotometric
determination of Sudan Il depending on complexation
reaction with copper or oxidation with alkaline KMnO4.
Two important limitations in UV-Vis. spectrophotometric
determination of food colorants arise when levels of analyte
are lower than the quantitative limits of UV-Vis.
spectrometry and where there are influence of the
concomitants on the signal of the colorants (Pourreza et al.
2011). So various separation—enrichment procedures have
been used to solve these problems (Pourreza et al. 2011;
Soylak et al. 1996; Soylak et al. 1997; Ertas et al. 2007). In
our research work, Sudan 11 were extracted from samples of
chili powder, catsup and tomato sauces by ethyl alcohol
(Ertas et al. 2007) and were estimated by two simple and
sensitive spectrophotometric methods. The first is based on
redox reaction followed by complexation reaction of Sudan
I1 with copper ions and the second is based on oxidation of
Sudan Il with alkaline KMnO4 under optimum conditions.

2 Experimental

2.1 Apparatus

An evolution 300 UV-Vis. Spectrophotometer with 1.0 cm
matched cells fitted with vision pro software of Thermo
Electron Corporation (Cambridge, U.K) was used for
electronic spectral measurements. pH measurements were
made with Jenway 3040 ion analyzer — pH meter, equipped
with Jenway 924005 combined glass electrode. All
measurements were made in presence of ethanol-water
(50% v/v) at 25°C. pH values of partially aqueous were
corrected as described by Douheret ( Douheret 1967).

2.2 Chemicals and Solutions

All reagents and solvents used (ethanol, methanol, acetone,
DMSO and DMF) were of analytical reagent grade.
Deionized water was used to prepare all solutions. A
1.0x10-% mol L' stock solution of copper nitrate was
prepared by dissolving the required amount of the Analar
product in deionized water and standardized complex
imetrically with EDTA (Vogel 1973). The ionic strength of
solutions was maintained at a constant value of 1= 0.1 mol
L (NaClO4). A borate buffer solution (pH= 9.0) was
prepared in 100 ml volumetric flask. All measurements
were made in 50% (v/v) ethanol-water medium (method I)
and in 1.0 mol L!NaOH (method II). Potassium
permanganate (Merck, Germany) 1.0x102mol L' was
prepared in deionized water.

2.3 Standard Sudan Il Solutions

A 2x107mol L standard solution of Sudan Il (Sigma,
USA) was prepared by dissolving a suitable amount of
solid in ethanol (method 1) and in 1.0 mol L'NaOH
(method I1). Working, standard solutions were obtained by
stepwise dilution of the stock standard solution just prior to
use.

2.4 Preparation of Real Samples

Chili powder catsup and tomato sauce samples were
obtained from local markets of Assiut city, Egypt.
According to the procedures of (Palecek et al. 1993), 2.0 g
of sample was accurately weighed and added into 20 ml
ethanol in 50 ml calibrated centrifuge tube. The resultant
solution was kept in a thermostatic water bath at 50°C with
stirring for 30 min separation of the solid and Sudan 11 rich
phase (supernatant solution) was accomplished by
centrifugation for 20 min at 2500 rpm. After filtration with
a filter membrane, the extraction process for sediment
phase was performed three times using three separate
additions (10 mL each) of solvent. All the filtrate were
collected in 50 ml volumetric flask and diluted to the mark
with ethanol.

For determination of Sudan Il in real samples, 0.2 mL
extracted sample solution was used and analyzed according
to our methods. Finally the Sudan Il content of real food
samples was determined using the regression equation and
standard addition calibration procedure.

2.5 General Procedure
2.5.1 Method | (Complexation Reaction with
Cu(ll))

Into a 10 mL volumetric flasks, transfer a suitable aliquot
of standard solution (in ethanol) containing up to 55.68 ug
of Sudan 11 and 3.0 mL of 1.0x10-3mol L-* Cu(ll) solution.
After mixing with appropriate amount of ethanol, the
mixture was buffered to pH 9.0 with 1.0 mL of 0.05 mol
L! borate buffer. Dilute the resulting solution to volume
with deionized water and measure the absorbance at 364
nm by using 1.0 cm quartz cell against a similarly prepared
blank of the same pH. The calibration graph was prepared
by plotting absorbance vs. Sudan Il concentration.

2.5.2 Method Il (Oxidation with KMnO4)

Solutions containing 1.65-27.634 pg mL~* Sudan I1 (in 1.0
mol L"*NaOH) were transferred into individual 10 mL
calibrated flasks. 2.5 mL of 1.0 mol L=! sodium hydroxide
solution was added followed by 3.0 mL of 5.0x103mol L™
KMnO4 solution and it was diluted to the final volume with
deionized water. After 40 min, the absorbance was
measured at 610 nm against reagent blank treated similarly.

2.6 Interference from Matrix
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Samples were prepared by mixing 0.267 mg of Sudan 1l
(method 1) or 0.055 mg (in case of method I1) with various
amounts of common matrix cations, anions and dyes such
as Sunset Yellow, Sudan Orange G or Sudan IIl. The
procedure was continued as described under general
procedures.

3 Results and Discussion

3.1 Acid—Base Equilibria of Sudan |1

The solution of Sudan Il in water/ EtOH, 50% (v/v) at I=
0.1 mol L (NaClO4) show four main absorption bands
within the pH range 1.0-13.8. At pH 1.0-2.5 the absorption
spectra of Sudan Il exhibit a symmetrical intense band at
525 nm corresponding to absorption by cationic form
(H2*L) of the compound. The double headed band
appearing at 500 and 525 nm in the pH range 2.5-10.5 is
presumably due to tautomericequilibria of the neutral
molecule (Gilani et al. 2012). Accordingly lower band at
500 nm is corresponding to an intramolecular CT within the
hydrazone form, whereas that at 525 nm is due to the CT
transition within the azo form. The double headed band
acquires a symmetrical nature with decreasing acidity of the
medium at pH > 10.5. The symmetrical band at 500 nm
with shoulder at 420 nm is due to absorption by
monoanionic form of the compound. According to the
results obtained in this work, the protonation process of
Sudan Il can be represented in Scheme 1.

The absorbance versus pH graphs at selected wavelengths
were interpreted (Kuban and Havel 1973) assuming that a
particular equilibrium is established under selected
conditions. Under our experimental conditions the
calculated dissociation constants are pKa; [H2'L / HL] =
2.40, pKaz, [HL / L~ (OH)] = 11.40 in 50% (v/v) ethanol /
water at 25°C. Also, acidic constant (Kay) of Sudan Il was
calculated using H-point standard addition method
(HPSAM) (Kubista et al. 1993; Reig and Falc6 1988) along
pH 10.0-13.0. The super acidic and basic spectra of Sudan
Il titration was used as HL and L~ species respectively. The
best wavelength pair that gives the higher value in
differences of slopes of calibration lines for pure standard
ethanol / aqueous solution of Sudan Il was selected. So, the
wavelength pair 500 and 530 nm that gives greatest slope
increment was selected for obtaining the highest accuracy.
Concentration of L~ was obtained by using HPSAM
equation (Kubista et al. 1993; Reig and Falc6 1988) and the
calculated pKa, [HL / L~ (OH)] is 11.68.

3.2 Absorption Spectra of Sudan Il Reaction
Products

Sudan dyes possess two reducible groups a
nitrogen—nitrogen double bond and a phenol group. The
latter is transformed into a phenate ion at a sufficiently high

pH and becomes reducible and thus could be oxidized by
Ag* ions (Wu et al. 2006). A similar reduction process,
which corresponds to a spontaneous—auto reduction of the
Cu* into Cu* was also observed in the cases of
complexation of Cu?* with Sudan | (Huo et al. 2010) or
Sudan Il (Girkan and Altunaye 2013).

On the basis of redox sensitivity in the Cu(ll) — Sudan 1l
interaction, the solution spectrum in water—ethanol (50%
v/v) at pH= 9.0 shows two absorption bands with maximum
at 364 and 576 nm corresponding to Cu(l)-L (MLCT) and
Cu(I)-L (LMCT) complexes respectively (Fig. 2a). Under
the same conditions the metal ion has no absorbance over
the 250-700 nm, all measurements were performed against
a reagent blank. Sudan Il does not absorb at the given pH
and wavelength range. Fig. 2b shows the spectrum obtained
for KMnQ, solution (maximum at 530 nm). With the
addition of Sudan Il dissolved in NaOH solution,
absorption curve with two maxima at 430 and 610 nm was
obtained. The latter band is attributed to the formation of
manganate ions as a result of the oxidation of Sudan Il with
alkaline KMnO4 (Hassan and Belal 2002; Saleh et al. 2015;
Saleh et al. 2016).

3.3 ComplexationEquilibria of Sudan 1l -
Copper(Il)

The complexationequilibria of Sudan Il with Cu(ll) was
studied in water—ethanol (50% v/v) solution in the pH
range 4.5-11 at 1= 0.1 mol L (NaClQ4), 25°C. The visible
absorption spectra of the solution were recorded in
equimolar solutions and in presence of excess metal ion.
The absorption spectra of equimolar and of solutions with
excess concentration of Cu(ll) (Fig. 3a,b) at various pH
values are analogous and exhibit two absorption bands with
Amax at 364 and 576 nm (minor in excess Cu(ll)). The
absorption band at 364 nm belongs to Cu(l) complexation
with the oxidized hydrazone form while the other
absorption band (576 nm) is resulted from complexation
reaction of Cu(ll) with the high conjugated azo form
(Scheme I1). Maximum color development is attained at pH
8.5-10 and pH 9.5-10.5 for Cu*L and Cu?’L- complexes
respectively. At higher pH values a decrease of absorbance
is observed due to hydrolysis effect. The absorbance versus
pH graphs at Amax 364 and 576 nm were interpreted using
the relationships reported by (Voznica et al. 1980), (Idriss
et al. 1988; Idriss et al. 2000; Idriss and Saleh 1993) and
(Saleh et al. 2015; Saleh et al. 2016).

The following equations (1,2) are valid for equimolar
solutions and solutions with an excess of metal ion
respectively.
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Fig.1: Absorption spectra of 5x10-°mol.L* Sudan Il in ethanol-water (50% v/v) at different pH values: 1, pH= 1.1; 2,
pH= 1.38; 3, pH=1.46; 4, pH=1.57; 5, pH=2.76; 6, pH=3.9; 7, pH=5.6; 8, pH=7.27; 9, pH=8.58; 10, pH=9.50; 11,
pH=10.23; 12, pH=11.0; 13, pH=11.73; 14, pH=12.80; 15, pH=13.20; 16, pH=13.75;17, pH=13.85; 18, pH=13.95

.1=0.1mol.L* NaClO, at 25°C.
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Fig.2-a) Absorption spectra of Sudan II-Copper in 50%
(v/v ethanol-water, pH=8.57, 1= 0.1mol.L' NaClOy). (1)
Sudan Il 2x10°mol.L? ; (2) Cu(ll) 1x10*mol.L?; (3)1:1

Sudan 11-Copper complex; [Sudan Il]= [Cu(ll)]= 1x10

‘mol.LL.
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T T T T T T T T
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Fig.2-b)Absorption spectra of Sudan 11-KMnO4 reaction (in
alkaline medium).(1) Sudan 11=5x10-°> mol.L* (pH= 13.75);
(2) alkaline KMnO4 (5x10°° mol.LY); (3) Sudan 11-KMnQ4
reaction  products, [Sudan  I1]=5x10° mol.L?
[KMnO4)]=1.5x10"mol.L™, [NaOH]=0.25 mol.L™%.
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i AA were obtained with ethanol for copper—Sudan 11 complex.
log W =qpH+loge+logK, * (1)

€ -A ..

Sl 3.4.1.ii Effect of pH

[ AA . . o
IOg ——|=qpH+ Iog CM + Iog Kl (2)  With other conditions fixed the effect of pH on absorbance

_(51CL - AA) of Cu(l)-L complex at Amax = 364 nm was evaluated at pH

All symbols have their usual meanings. The logarithmic
transformation are linear with a slope of g= 1, indicating
the release of one proton during complication and an
intercept including Keq. By considering the value of the
dissociation constant of Sudan Il under our experimental
conditions, one can assume the following complication
equilibrium with Cu(ll) in the pH range 4.5-9.0 and 6.5-10
respectively.

3Cu(ll) + HL pH45-9.0
[Cu+H'L] > Cu'L*+H*
A
Excess Amax = 364 nm
H 6.5-10
2 cu(ll) + 2 HL 22 Cu'L® + Cu®L" + 2H*
(B)
Amax =364 NM  Amax = 576 NM
Th ilibrium constan * nd K wer
e equilibrium constants chu+y and Ky o, _ were

determined by considering equilibrium A and B. The
stability constant of Cu(l) or Cu(ll) complexes is related to
the equilibrium constant K* by the expression B= Ki* /
Kaz. The calculated values of log Ki* and log B for Cu(l)
and Cu(ll) complexes are (-1.5, 10.04) and (-3.68, 7.86)
respectively. It is appeared that Cu(l)—complex is more
stable than Cu(ll)—complex at the same temperature (25°C).
This order reflects the changes in the heat of complex
formation and arises from a combination of the influence of
both additional stability of d* metal ion [Cu ()] and
expected back donation ability.

The proposed binding models of Sudan
complexes are shown in Scheme 1.

I1—-copper

3.4 Optimization of Variables
3.4.1 Complexation Method

In order to optimize the conditions we have investigated a
number of parameters such as pH, solvent, reagent
concentration and time.

3.4.1.i Effect of Solvent
Since Sudan Il is insoluble in water, different solvents such
as ethanol, methanol, acetone, DMSO and DMF mixed

with water (50% v/v) have been tried but the best results

values varying from 5.5-13.0. As can be seen from Fig. 3a,
the quantitative determination of Sudan Il was achieved at
pH 9.0. Hence, pH 9.0 was selected as the optimal working
value for further studies.

In order to determine the best buffer solution at pH 9.0,
several buffer systems including HCO3/CO3s?", NH3/NH4CI
and boric acid, KCI, NaOH at isomolar concentrations of
0.05 mol L™! were studied. The best analytical sensitivity
was obtained in presence of borate buffer. Next, the effect
of buffer volume on analytical sensitivity was also studied
in the range 0.5-2.5 ml, and the maximum absorbance was
obtained at a buffer volume of 1.0 mL. The results are
shown in Fig. 4a.

3.4.1.iii Effect of Copper(ll) Concentration

At optimum other conditions, effect of different volumes of
Cu(ll) (2x103mol L™) on absorbance of Sudan ll-copper
complex was studied in the range (0.25-3 mL) at 25°C (Fig
4a). The maximum absorbance was observed when 1.0 mL
of Cu(ll) was used. To ensure the complete complexation
for determination of Sudan 11, 1.5 mL of Cu(ll) was used.

3.4.2 Oxidation with KMnO4 Method

Potassium permanganate, as a strong oxidizing agent, has
been used in the oxidation—based analytical methods for the
determination of many compounds (Hassan and Belal
2002). Sudan Il was found to be susceptible for oxidation
with alkaline KMnQ4 producing a green color peaking at
610 nm (Fig. 2b). At this wavelength, the various
experimental parameters affecting the development and
stability of the reaction product were carefully studied and
optimized.

3.4.2.1 Effect of Time

During the current study the produced color intensity
gradually increased with time to reach maximum after 40
min and was stable for at least 24 h.

3.4.2.2 Effect of Solvents

NaOH (1.0 molL™?) solution was used to dissolve Sudan I1
since KMnO, oxidizes other solvents with the production of

green manganate.

3.4.2.3 The Effect of Potassium Permanganate
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Concentration

Under optimum conditions, the reaction increases
substantially with increasing the concentration of KMnO4
in Sudan Il solution (Fig. 4b). Maximum absorbance was
obtained when 2.0 mL of 5.0x10°molL? KMnQO4 was
used. Thus, the adoption of 2.5 ml of potassium
permanganate in the final solution proved to be adequate

for the maximum concentration of Sudan Il used in
determination process.
34.24  Effect of  Sodium Hydroxide

Concentration

With other conditions fixed, maximum absorption was
obtained when 2.0 mL of 1.0 mol L~*NaOH was used. Over
this volume no change in absorbance could be detected and
2.5 ml of 1.0 mol L-*NaOH was used as an optimum value.

3.5 Stoichiometry of Sudan Il Reactions

The stoichiometry of Sudan Il reaction with Cu(ll) or
KMnO4 was determined using Job's continuous variation
(Saleh et al. 2015; Saleh et al. 2016; Job 1928). In solutions
have Co= Cr + Csugannn = 3.0x10*mol L™ at pH = 9.0 or >
12.0. The plot of absorbance at Amax 364 or 610 nm versus
mole fraction of reagent Cu(ll) or KMnQs respectively
shows a maximum at 0.5 for copper suggesting the
formation of 1:1 (Sudan copper) complex, and a
maximum at 0.66 revealing the interaction ratio 1:2 (Sudan
I1: KMnOy).

3.6 Quantification
3.6.1 Validation of the Proposed Methods (I, I1)

Standard calibration curves for Sudan Il were determined
under optimized conditions using Cu(ll) (I) and KMnQOg4 (11)
methods. Beer's law for | and Il methods was obeyed over
the concentration ranges of 5.53—-44.21 and 2.21-15.48 ug
mL™? at Amax 364 and 610 nm respectively. For both
methods Sandell’s sensitivity, regression equations and
molar absorptivity are calculated. To validate the analytical
procedures both the detection Ilimit (DL) and the
quantification limit (QL) were determined (Narade et al
2010). The parameters of the proposed methods are
summarized in Table 1.

3.6.2 Accuracy and Precision

The accuracy and precision of the proposed
spectrophotometric methods (I and I1) were determined at
three different concentration levels of Sudan Il by
analyzing five replicate samples of each concentration. The
relative standard deviation (R.S.D) obtained for the
analytical results did not exceed 2% (Table 2) which

proved a high reproducibility of the results and precision of
the methods.

3.6.3 Intraday and

Accuracy

Under optimum conditions the intraday precision was
carried out for our procedures through replicate analysis
(n=5) of Sudan Il corresponding to 19.34, 23.49, 27.63 pg
mL? (2.76, 3.32, 3.87 pg mL~ for KMnOg4 method). The
interday precision was also evaluated through replicate
analysis of the pure sample for three consecutive days at the
same concentration levels as in within day precision. The
results of these assays are reported in Table 2. For intraday
and interday precision, the recovery and RSD values were
in the range of 81.07-102.17% and 0.61 to 1.99%
respectively. The green manganate produced from Sudan |1
— KMnQ4 reaction was stable only for 24 hours.

Interday Precision and

3.6.4 Analytical Recovery and Matrix Effects

The effect of the matrix components of the real commercial
food samples are a critical parameter in extraction studies.
Therefore, under our proposed methods, the influence of
various cations and anions on the recoveries was
investigated. Tolerance limits were defined by the
concentration of dyes, cations and anions which caused an
< 5% error in the preconcentration and determination of
Sudan Il. The obtained mean recoveries and standard
deviation ranged between 95.18-106.90 and +0.8-2.5
respectively are shown in Table 3. These results proved the
accuracy of the proposed methods and absence of
interference from common matrix. The accuracy of our
methods was also checked by studying the influence of
various dyes on the recovery of Sudan Il. Sudan Il
determination was possible in presence of few mg L™ of
Sunset Yellow, Sudan Orange G and Sudan Il (Table 3).
This was attributed to the great sensitivity of the methods
that necessitated dilution for the food sample and
consequently the matrix beyond their interference
capability.

3.7 Applications

The complexation method was successfully applied for the
determination of Sudan Il in extracted chili powder, catsup
and tomato sauce by applying standard addition method.
The results are given in Tables 4 and 5. The recovery
values for Sudan 11 were in the range 96.233-99.378%. The
results were compared with reported methods (Qiao et al.
2011; Lopez-Jiménez et al. 2010; Long et al. 2011) using
student's t-test (to determine the accuracy) and F-test (to
determine the precision). Tables 4 and 5 list the calculated
t- and F-values at the 95% confidence level. The results for
Sudan Il contents in the investigated commercial food
samples are given in Table 6.
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Fig.3-a: Absorption spectra of Sudan I1-Copper complexes
in 50% (v/v) ethanol, [Cu*?]=3x10"* mol.L, [Sudan I1] =
1x10* mol.L* at different pH values,1, pH=5.53; 2,
pH=6.2; 3, pH=6.35; 4, pH=6.74; 5, pH=8.34; 6, pH=9.11,
7, pH=10.36; 8, pH=11.08; 9, pH=11.8; 10, pH=12.5
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olume of 2x10°M copper(l)
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Fig.4-a) (I) Effect of borate buffer volume (pH= 9.0) on
absorbance of Sudan Il1—copper complex, [Sudan 11]=1x10"
“mol.L1,[Cu*?]=3x10* mol.L?, 50% (v/v) ethanol at
25°C.(I1) Effect of copper(ll) volume(2x10-% mol.L) on

absorbance of Sudan Il—-copper complex, [Sudan 11]=1x10"

“mol.L2,50% (v/v) ethanol - water, pH= 9.0(borate buffer)
at 25°C.

04

Absorbance

T T
300 400 500
Wavelength (nm)

Fig.3-b: Absorption spectra of Sudan I1-Copper complexes
in 50% (v/v) ethanol - water, [Cu*?] = [Sudan 11] = 1x10*
mol.L? at different pH values,1, pH=4.68; 2, pH=5.94; 3,
pH=6.3; 4, pH=6.6; 5, pH=6.9; 6, pH=8.57; 7, pH=9.9; 8§,
pH=10.9; 9, pH=11.6; 10, pH=11.9; 11, pH=13.21

14
Reaction conditions for oxidation of sudan Il with alkaline KMnO, i at25 °c,
127 X volume of NaOH (1.0 mol L-1)
10 D volume of KMnO“(5X10'3 mol L-1)
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Fig.4-b) (1) Effect of NaOH (1.0 mol.L) (by volume)on
absorbance of MnO.,, [Sudan 11]=8x10° mol.L-
1 [KMnO4]=1x10° mol.L? , Amx=610 nm, t=40 min.(ll)
Effect of KMnO,; (5x10°mol L) by volume, [Sudan
111=8x10-°mol.Lt,[NaOH] =0.25 mol.L?, Amax=610 nm ,
t=40 min.
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Table 1: The analytical parameters of the proposed methods for determination of Sudan 11 dye.

Method / Reagent Copper(ll) KMnO4
Parameter
Colour Yellow Green
Amax (NmM) 364 610
Beer's law limits (ug.mL™) 5.53-44.21 2.21-15.48
Ringbom limits (ug.mL™) 6.31-39.81 3.98-13.49
Molar absorptivity (L.molt.cm™) 3.75x10% 1.17x10%
Sandell's sensitivity (ug.cm?) 0.074 0.0236

Regression equation A =a + bc

A=0.01243c + 6.613x103

A=0.0401c + 7.3096x1072

Slope (b) 0.01243 0.0401
Intercept (a) 6.613x10-3 7.3096x1072
Correlation coefficient 0.9928 0.9985
Limit of detection (LOD) (ug.ml) 0.4194 0.1300
Limit of quantification (LOQ) (ug.ml?) 1.2711 0.3940
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Fig.5: Absorption spectra of Sudan I1-Copper complex in 50% (v/v) ethanol-water, pH=9.0 (borate buffer), Sudan Il
concentration range 3.0x10°mol.L(l) to 2.0x10*mol.L™ (11) with regular successive additions in presence of 3x10

“mol.Lt Cu(Il) at 25°C.
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Table 2: Inter- and Intra-day accuracy and precision of the proposed methods for determination of Sudan 1l

in pure form.
Method / Reagent Amount pg.ml! RSD Recovery C.L°
Taken Found £SD? % %
Cu(ln
19.34 19.66 + 0.12 0.610 101.65 +0.149
Intraday assay 23.49 21.35+0.17 0.796 90.89 +0.211
27.63 23.04+0.21 0.911 83.39 +0.261
19.34 19.42 £ 0.19 0.978 100.41 +0.236
Interday assay 23.49 20.91+£0.24 1.148 89.02 +0.298
27.63 22.40+£0.22 0.982 81.07 +0.273
KMnO,
2.76 2.82 £0.05 1.773 102.17 + 0.062
Intraday assay 3.32 3.19+£0.06 1.881 96.08 +0.074
3.87 3.51+0.07 1.990 90.70 +0.087
2.76 2.64 £0.03 1.136 95.65 +0.037
Interday assay 3.32 3.09 £0.06 1.807 93.07 +0.074
3.87 3.54 +0.05 1.412 91.47 + 0.062

(a) Mean for 3 independed analysis.
(b) C.L., confidence limit at 95% confidence level and 4 degree of freedom (t = 2.776).

Table 3: Matrix effects on the recovery of Sudan II.

Complexation method Oxidation method
Matrix components Concentration Recovery Concentration Recovery
mg.L™ % mg.L? %

1) Na*, K* Mg?*, Ca*, CI, 2500 99.1+1.0 2300 98.2+15
S04?*, POs*

2) Fe¥, Zn?*, Ni?*, Cr3*, Cd? 150 96.16 + 2.4 100 95.18+ 25
3) Sudan orange G 53 1055+1.2 0.4 106.7+1.6
4) Sudan 11 5.0 101.85+1.0 0.44 102.45+1.7
5) SunsetYellow 4.52 104.69 £ 0.8 0.34 106.9+ 1.0
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Table 4: Statistical analysis of results obtained by the complexation method for Sudan Il in chili powder samples.

Comercial | Present | Added | Found | Recovery Mean t- F- Reportedmethod(
simple? | ug.ml* | pg.mi* | pg.mi?t % value® | value® | Lopez-Jiménez et
al. 2010)
Recovery | £RSD Recovery | £tRSD
% % % %
Chili 0.552 | 5.526 5.941 97.745 99.378 | +£3.2 | 1.802 | 1.485 96.8 3.9
powder 8.290 8.981 | 101.561
11.052 | 11.468 98.83
Red 0.414 | 5.526 5.803 97.694 98.96 +2.9 | 1669 | 181
peperpow 8.290 8.843 101.59
der 11.052 | 11.192 97.61
Paprika 0.552 5.526 5.94 97.75 97.843 +24 | 0973 | 2.641
powder® 8.290 9.119 96.96
11.052 | 11.468 98.82

(a) From local markets of Assiut city, Egypt.

(b) Theoretical t-value (v = 4) and F-value (v = 4,4) at 95% confidence level are 2.78 and 6.39.
(c) Made in Lebanon.

Table 5: Statistical analysis of results obtained by the complexation method for Sudan Il in catsup and tomato sauce

samples.
Comercial | Present | Added | Found | Recovery Mean t- F- Reportedmethod(
sample? | pg.ml?* | ug.ml* | pg.ml? % value® | value® | Qiao etal. 2011;
Long et al. 2011)
Recovery | £+RSD Recovery | +RSD
% % % %
Hot 0.414 2.763 3.04 95.688 96.996 +28 | 1437 | 194 95.2 3.9
catsup 5.526 5.803 97.693
11.052 | 11.192 97.61
Hot sauce | 0.552 2.763 3.178 95.587 98.139 +36 | 1.829 | 1.174
5.526 6.079 100.00
11.052 | 11.468 98.83
Extra 0.552 2.763 3.178 95.587 96.233 +23 | 1.006 | 2.87
hotsauce® 5.526 5.803 95.475
11.052 | 11.33 97.638
Tomito 0.552 2.763 3.316 100.00 98.85 +37 | 221 | 1111
catsup 5.526 5.94 97.73
11.052 | 11.468 98.83
Tomito 0.4698 | 2.763 3.178 98.298 98.57 +39 | 1476 | 1.78 96.0 5.2
paste (1) 5.526 5.941 99.08
11.052 | 11.33 98.33
Tomito 0.552 2.763 3.178 95.87 97.08 +2.7 | 0.896 3.7
paste (2) 5.526 5.941 97.746
11.052 | 11.33 97.638

(a) From local markets of Assiut city, Egypt.

(b) Theoretical t-value (v = 4) and F-value (v = 4,4) at 95% confidence level are 2.78 and 6.39.
(c) Made in Saudi Arabia.

© 2018 NSP

Natural Sciences Publishing Cor.




J. Pharm. Appl. Chem. 4, No. 3, 155-167 (2018)/ http://www.naturalspublishing.com/Journals.asp

N SS e

165

carbon electrode with carbon nanotube-ionic liauid

Table 6: Sudan Il content in chili powder, catsup and tomato sauce samples.

. Red . Extra . .
Chili Paprika Hot Hot Tomito | Tomito | Tomato
Samples owder PEppeT owder | catsu sauce hot catsu aste (1) aste (2)
P powder P P sauce PP P
Sudan Il 690 517.5 690 517.5 690 690 690 690 587.25
pg.mi— + 152 +9 +14 +8 +15 +16 +14 +14 +12

(@) Mean = standard deviation.

4 Conclusions

The proposed methods are accurate, time saving and have
the advantages of simplicity, sensitivity and reproducibility.
Method | is based on Cu(ll)-Sudan Il redox reaction
followed by complexation to form Cu(l)-L complex. While
method 11 is based on oxidation of Sudan Il with alkaline
KMnOs to produce green manganate species under
optimum conditions. From method I, it is found that the
stability constant of Cu(l) complex formation is higher than
that of Cu(lIl). This order reflects the changes in the heat of
complex formation from a combination of the influence of
both additional stability of d'® copper ion and expected
back donation ability. Student t- and F-values gave lower
values than theoretical ones indicating high accuracy and
precision compared to the reported one. Complexation
method is sensitive enough to determine trace amounts of
Sudan Il in extracted chili powder catsup and tomato sauce
using standard addition method.
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