
 

 

 

 

Abstract—The separation of Sudan dyes (I, II, III and IV) and 

Para Red were recorded using a high performance liquid 

chromatography (HPLC) separation equipment with LiChrospher RP-

18e column. The elution order of the analyte was Para Red, Sudan I, 

Sudan II, Sudan III and Sudan IV due to the interaction of the 

analytes with the non-polar column. The optimum mobile phase of 

acetonitrile: isopropyl alcohol (v/v) was found to be 94:6.With 

methanol and ethanol instead of isopropyl alcohol as one of the 

mobile phase solution, It was found that when the polarity of the 

mobile phase was increased, the elution times of the analyte also 

increased. The peaks were broad and the resolution is very poor when 

a chloroform and acetone were used as a solvent in the working 

solution instead of methanol. 

 

Keywords—Sudan dyes, Para red, HPLC, Mobile phase, 

Resolution, Chromatography.  

I. INTRODUCTION 

UDAN dyes belong to a family of industrial dyes normally 

used for coloring plastics and other synthetic materials. 

Sudan dyes are red dyes that are used for colouring 

solvents, oils, waxes, petrol, shoe and floor polishes. These 

dyes are banned as a food-coloring agent because they are 

classified as carcinogenic chemicals. For economical reasons, 

however, Sudan dyes are sometimes illegally used to color 

food to improve its appearance. The presence of Sudan I was 

detected in May 2003 by an official laboratory in France 

testing consignments of chilli powder and chilli product. (Y.P. 

Zhang et al., 2005).. Sudan I may have a genotoxic effect and 

Sudan I to IV have potential carcinogenic effects according to 

the International Agency for Research on Cancer. (H.G. 

Daood, P.A. Biacs, 2005). Consequently, the fraud identified 

by adulteration of food products by Sudan dyes constitutes a 

risk for public health. Legislation has since then been adopted 

at EU level to prevent contamination and to trace and remove 

contaminated product that were already in the food chain. The 

industrial dye Para Red is chemically similar to Sudan I. 

Hence, it is very important to determine the Sudan dyes and 

Para Red. Although there is very limited data available, the 

U.K. FSA independent scientific experts have advised that, 

Para Red could be a genotoxic carcinogen. Due to this fact, the 

EU does not permit the use of these colors as food additives 

(M. Matsumoto et al., 2006). 

HPLC is widely used with UV detection as it is a  rapid, 

reliable, as well as offering a simultaneous separation of all 
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four Sudan dyes (I, II, III,and IV) together with Para Red 

using one absorbance with the same wavelength for detection 

in short amount of time. Laboratories performing analyses for 

Sudan dyes are not required to follow defined methods. The 

EU has set detection limits at 0.5-1 mg/kg, and any food 

material containing more than the limit should be withdrawn 

from the market. 

 
Chemical structure of Sudan 1      

(1-phenylazonaphathen-2-ol)         

 

 
  Chemical structure of Sudan II      

(1-(2,4-dimethylphenyl) azonapthalen-2-ol) 

 

 
 

 Chemical structure of Sudan III      

(1-((4-(phenyldiazenyl)phenyl)azonaphthalene-2-ol) 

 

 
 

 Chemical structure of Sudan III      

(1-(2-methyl-4-(2-methylphenyldiazenyl) azonaphthalen-2-ol) 

 

 
Para Red 

 (1-[(E)-(4-Nitrophenyl)diazenyl]-2-naphthol) 

Effect of Mobile Phase Compositionson HPLC 

Separation of Toxic Sudan Dyes and Para Red 

Zango Z.Uba,and Zaharaddeen N. Garba 

S 

3rd International Conference on Biological, Chemical & Environmental Sciences (BCES-2015) Sept. 21-22, 2015 Kuala Lumpur (Malaysia)

http://dx.doi.org/10.15242/IICBE.C0915071 92



 

 

 

 

Fig. 1: Chemical formula of the Sudan Dyes and Para Red 
 

The primary aims of this work is to determine the 

concentrations of sudan dyes and para red using HPLC-VIS 

and to investigate pertinent chromatographic parameters that 

affect the separations. It is also aimed at studying the effect of 

flow rate and injection volume on the chromatographic 

parameters (e.g peak efficiency, asymmetry and resolution). 

II. EXPERIMENTAL 

A.  Instrumental 

A JASCO HPLC model with UV detector is used with 

LiChrospher RP-18e column (with column dimension: 250mm 

x 4mm and particle size of 5 µm). The flow rate is set at 1.3 

mL/min with injection volume of 20 µL. The detection 

wavelength for all dyes is also set at 506nm. The mobile phase 

is acetonitrile: isopropyl alcohol. 

 

 
Fig. 2: HPLC set up 

B. Reagents 

 Sudan I, II, III, IV and Para Red standards, acetone, 

methanol, acetonitrile, isopropyl alcohol, ethanol, chloroform. 

C. Preparation of Stock solution and Working solution  

For the preparation of 200 ppm stock solution, 0.025g of 

each standards: Sudan I, II, III, IV and Para Red are weighed 

and put into 5 different beakers and dissolved in small 

amounts of acetone. After dissolving, they are put in five 

25mL volumetric flasks and diluted with methanol 

respectively. The working solution of 10 ppm is prepared by 

taking 250 µL of the 1000 ppm stock from each solution and 

diluted with methanol respectively in five different 25mL 

volumetric flasks. The mixture solution is prepared by adding 

5mL each of the working standards into 25mL beaker. For the 

optimum mobile phase composition, acetone and chloroform 

is used as solvent instead of methanol to investigate the use of 

different solvents. 

D. Mobile Phase Preparation 

Different mobile phase composition (v/v) is prepared: 90:10, 

98:2, 96:4, 94:6, and 92:8 (acetonitrile: isopropyl alcohol) in 

500mL volumetric flasks for each composition. The solution is 

put in ultrasonic bath for 20 minutes.  After deciding the 

optimum composition, methanol and ethanol is used instead of 

isopropyl alcohol to investigate the different mobile phase 

solution. 

III. RESULTS AND DISCUSSIONS 

A. Chromatographic Parameters: 

The formulae used to calculate chromatographic parameters 

are given below and the calculations were made to obtained 

the values. 

For Retention Factor: It was expressed as 

k’ =  tr– t0     (1) 

           t0                    

where  t0 is the solvent peak and, tr is the analyte peak 

For Peak Efficiency: It was expressed as 

N = 16 ( tr/ w ) 
2                                      

For Resolution: The formula is given by 

R =  2( tr2 – tr1 )         (2) 

( w1 + w2 ) 

For Separation Factor 

α  = k’2 / k’1                 (3) 
TABLE I 

RESULTS OF THE PEAKS FOR ACETONITRILE:ISOPROPYL ALCOHOL 

(OPTIMUM: 94:6) 

 Retention time, rt Peak width 

Solvent 1.808 0.118 

Para Red 2.475 0.355 

Sudan I 2.992 0.311 

Sudan III 3.667 0.311 

Sudan II 4.008 0.355 

Sudan III 5.008 0.377 

Sudan IV 6.917 0.400 
 

TABLE II 

RESULTS OF THE PEAKS FOR ACETONITRILE:METHANOL (OPTIMUM: 94:6) 

 Retention time, rt Peak width 

Solvent 1.833 0.266 

Para Red 2.575 0.311 

Sudan I 3.142 0.311 

Sudan III 3.925 0.266 

Sudan II 4.308 0.311 

Sudan III 5.508 0.355 

Sudan IV 7.842 0.400 
 

TABLE III 

 RESULTS OF THE PEAKS FOR ACETONITRILE:ETHANOL (OPTIMUM: 94:6) 

 Retention time, rt Peak width 

Solvent 1.800 0.266 

Para Red 2.508 0.311 

Sudan I 3.042 0.266 

Sudan III 3.750 0.311 

Sudan II 4.108 0.400 

Sudan III 5.167 0.266 

Sudan IV 7.217 0.444 
 

B. Discussion 

Optimum mobile phase composition (acetonitrile: 

isopropyl alcohol) is found to be 94:6 because the retention 

time for all the peaks from Para Red to Sudan IV are shorter 

than the other composition. Moreover, the peaks are sharp 

with well separated resolved peaks with symmetrical 

chromatographic peaks compared to other composition. With 

symmetrical peaks, there is no peak tailing and peak fronting, 

hence band broadening is reduced forming an efficient 

separation. The peaks are also relatively narrow indicating that 

the separation method has efficiently removed the component 

from the mixture of solution leading also to high efficiency. 

From the chromatogram, with 90:10 compositions, the 
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baseline separation is not well resolved; separation is very 

difficult with broad and wide peaks which are not sharp. With 

92:8, the baseline separation is well resolved with tall sharp 

peaks but compared to 94:6, the retention times are longer as 

can be seen for Sudan IV it only takes 6.917 minutes to be 

eluted with 94:6 composition but it takes 7.883 minutes which 

is one minute longer from 92:8 composition. It is also similar 

with 96:4 compositions in which the retention times are longer 

compared to 94:6 and also there are some asymmetry in the 

peaks with peak tailing for Para Red and Sudan IV.  Lastly, 

for 98:2 compositions, the retention times are also longer 

compared to 94:6 which can also be clearly seen with Sudan 

IV in which 8.308 minutes is needed to elute Sudan IV 

compared to only 6.917 minutes with 94:6. There are so some 

peak tailing for Sudan I and Sudan II peaks. In conclusion, 

94:6 mobile phase composition of acetonitrile: isopropyl 

alcohol is chosen as the optimum mobile phase composition. 

 The order of separation of the mixture is Para Red, Sudan I, 

Sudan II, Sudan III and Sudan IV. The presence of Sudan III 

peak before Sudan II is not concluded in the order of 

separation as it is due to the isomerization characteristics of 

Sudan III which is attributed to photochromic E–Z 

isomerization of the Sudan III dye. The identification of Sudan 

III peaks from the Sudan III working solution shows that there 

is a presence of two peaks before Sudan II and after Sudan II. 

Hence, Sudan III can be identified. The HPLC used with C18 

column is reverse phase HPLC. Hence, more polar analytes 

will be eluted first followed by less polar analytes. This is 

because the more polar analytes will not be retained longer in 

the column as there is less interaction between the polar 

analytes and the non-polar C18 column. For the non-polar 

analytes, it will retain longer in the column because of its high 

hydrophobicity, making it interact longer with the C18 non-

polar column by Van der Waals interaction. In the experiment, 

Para Red is the more polar, followed by less polarity of Sudan 

I, Sudan II, Sudan III and Sudan IV is the least polar of all the 

dyes. The presence of aromatic rings and extra methyl groups 

decreases the polarity of the dyes as it increases the 

hydrophobicity of the dyes. Hence, as Para Red is more polar 

due to the presence of nitro groups, it will be eluted first as 

there is less interaction with the non-polar column, followed 

by Sudan I, Sudan II, Sudan III and Sudan IV. Sudan IV has 

four aromatic rings with the presence of two methyl groups 

hence increases its hydrophobicity making it less polar, hence 

interact longer with non-polar column, making it to be eluted 

longer. 

 From the chromatographic parameters, the effect of the use 

of methanol and ethanol instead of isopropyl alcohol as one of 

the mobile phase solution can be investigated. It can be seen 

that the retention time increases for all the peaks compared to 

acetonitrile: isopropyl mobile phase. This is because with 

methanol and ethanol instead of isopropyl alcohol, the mobile 

phase polarity increases. Hence, with reverse phase HPLC, 

increasing the mobile phase polarity will increase the elution 

time. This is because the non-polar analytes will spend less 

time in mobile phase of high polarity as it will spend more 

time interact with the non-polar column. Comparing the 

chromatographic parameters, the efficiency and resolution is 

better with acetonitrile: methanol. However, it suffers with 

some asymmetry with peak tailing for Sudan I and Sudan II. 

With acetonitrile: ethanol on the other hand, the efficiency and 

resolution is lower than acetonitrile: isopropyl alcohol and 

acetonitrile: methanol and it also suffers some asymmetry in 

some peaks.  

 Effect of the use of acetone and chloroform as solvent in the 

working solution instead of methanol is also investigated. It 

can be clearly seen from the chromatogram that the peaks are 

not well resolved with peak overlapping and broad peaks. This 

is because acetone and chloroform are not a good solvent to 

dissolve Sudan dyes and Para Red. The dispersion of the 

analytes are not well dispersed in the solution resulted in peak 

overlapping and not well resolved analytes.  

IV. CONCLUSION 

The separation of Sudan dyes and Para Red has been 

studied by using reverse phase HPLC. The optimum mobile 

phase composition with acetonitrile: isopropyl alcohol (v/v) is 

found to be 94:6 as the peaks are sharp, symmetrical, well 

resolved and the retention times of the analytes are shorter 

compared to other compositions. It is also found out that with 

methanol and ethanol instead of isopropyl alcohol as one of 

the mobile phase, the polarity of mobile phase increases thus 

increases the elution of the analytes which is not desirable. 

Moreover, with acetone and chloroform as the solvent in the 

working solution, the peaks are not well resolved with peak 

overlapping and short broad peaks. 
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Comparison of Chromatographic Parameters  
TABLE IV 

 CHROMATOGRAPHIC PARAMETERS FOR ACETONITRILE:ISOPROPYL ALCOHOL (OPTIMUM: 94:6) 

Chromatographic Parameters Para Red Sudan I Sudan III Sudan II Sudan III Sudan IV 

Retention factor, k’ 1.475 1.992 2.667 3.008 4.008 5.917 

Peak efficiency, N 777 1480 2224 2039 2823 4784 

Asymmetry None None None None None None 

Resolution, R     - 0.68 0.84 0.45 1.46 2.97 

Separation factor, α     - 1.35 1.34 1.13 1.33 1.48 

 
TABLE V 

  CHROMATOGRAPHIC PARAMETERS FOR ACETONITRILE:METHANOL (OPTIMUM: 94:6) 

Chromatographic Parameters Para Red Sudan I Sudan III Sudan II Sudan III Sudan IV 

Retention factor, k’ 0.405 0.694 1.116 1.322 1.969 3.227 

Peak efficiency, N 760 1097 3484 3070 3852 6150 

Asymmetry None None None None Peak Tailing None 

Resolution, R     - 2.572 2.714 1.327 3.603 6.183 

Separation factor, α     - 1.713 1.608 1.185 1.489 1.639 

 
TABLE VI 

CHROMATOGRAPHIC PARAMETERS FOR ACETONITRILE:ETHANOL (OPTIMUM: 94:6) 

Chromatographic Parameters Para Red Sudan I Sudan III Sudan II Sudan III Sudan IV 

Retention factor, k’ 0.393 0.690 1.083 1.282 1.871 3.009 

Peak efficiency, N 733 1041 2093 1688 6037 4216 

Asymmetry None None None Peak Tailing None None 

Resolution, R     - 1.85 2.45 1.007 3.181 5.774 

Separation factor, α     - 1.754 1.570 1.184 1.459 1.609 
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