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Figure 1. Structure of Sudan dyes. 
 
Sudan dyes have been shown to cause cancer in laboratory animals and these findings could also be 
significant for human health. The International Agency for Research on Cancer (IARC, a part of 
WHO) has categorized some of the Sudan dyes as Group-3 carcinogens [2]. Moreover, most of the 
azo dyes are recognized to be carcinogens [3]. Hence they are legally banned for use the in food 
even at parts per billion (ppb) levels [4].  

 
Illegal addition of these azo dyes is presumably done to improve the visual colour and appearance 
and also to retain the colour for a prolonged time. This dye gradually deteriorates into organic 
amines which are identified as genotoxic [2, 5]. 
  
The regulations of the European Commission (EC No. 178/2002) announced the general principles 
and requirements of food law [6, 7, 8, 9] in the market or use in food or feed which lead to serious 
risk to health. Based on these, a method for the analysis of Sudan dyes in chilli matrix was 
promulgated by the EU [10] as the adulteration was mainly detected in ground chillies.  

 
To confirm the presence of the Sudan dyes, development of analytical methods is crucial. There are 
different methods for analysis of Sudan dyes. These include high performance liquid 
chromatography (HPLC) with a spectrophotometric detector [11] or flourescence detector [12]. The 
maximum absorbance (λmax) of Sudan I and II is 476 nm and that of Sudan III and IV is 520 nm. 
Hence a detector which is capable of scanning both these wavelengths simultaneously is needed for 
the analysis of Sudan dyes. However, since the target compounds cause health hazards, there is a 
need for their determination at ppb levels which requires techniques that are more sensitive than 
conventional HPLC detection. 

 
Liquid Chromatography coupled with Tandem Mass Spectrometry (LC MS/MS) is a sophisticated 
analytical tool for trace level analysis [13]. This technique relies on molecular level characteristics 
of the analyte and their behaviour towards the tandem mass spectrometer to produce highly specific 
and accurate results. The use of tandem techniques relies on the highly specific formation of 
daughter ions from the parent ions generated from the analytes, which makes this methodology 
highly reliable for trace work.  
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Several studies on analysis of Sudan dyes in other food matrices are reported [14, 15, 16]. However, 
no studies were reported for the analysis of these dyes in ginger matrices.  
 
Materials and Methods 
 
In the present study, LC MS/MS with Electro Spray Ionization (ESI) was used for the analysis of 
Sudan dyes in ginger and curry powder samples. Around 100 samples were taken for this study 
from different locations and with different compositions of curry powders as well as ginger. Eight 
MRM were used for the simultaneous quantification of Sudan I, Sudan II, Sudan III and Sudan IV. 
 
The reference standards for Sudan I – IV were procured from Sigma Aldrich India (purity ≥ 98%). 
HPLC grade acetonitrile, chloroform, acetone and formic Acid were obtained from Merck India, 
and high purity, HPLC grade water was obtained using Barnstead Diamond® RO unit. Filter papers 
used were Whatman #1 Qualitative Circles (Cat 1001 150). Merck 0.45 disposable 0.45 micron 
syringe-filters were used for filtering the extract prior to instrumental analysis.  
 
The API 2000 MS/MS system (AB Sciex) with Turbo Ion Spray (ESI), coupled to a Perkin Elmer 
quaternary gradient LC system with programmable autosampler, was used for the study. The 
column used was a Perkin Elmer RP-18 Shperisorb (220mm × 4.6mm × 5µm). Gradient elution was 
done with 0.2 % formic acid in water (A) and 0.2 % formic acid in acetonitrile (B). Flow rate was 
1ml/min and injection volume was 20µl. 40°C was column oven temperature. MS/MS conditions 
are summarised in Table 1. 
 
Table 1. MS/MS conditions.   
MRM Transition DP* CEP* CE* CXP* 

249  156 22 28 26 4 

249 128 22 28 35 4 

277 156 22 29 30 4 

277 120 22 29 28 4 

353 128 23 32 47 6 

353 156 23 32 36 3 

381 224 26 33 37 6 

381 106 26 33 47 3 
* DP = Declustering Potential, FP = Focussing Potential (400V), EP = Entrance Potential (10V),  
CEP = Collision Cell Entrance Potential, CE = Collision Entergy, CXP = Collision Cell Exit Potential  
Curtain Gas = 30, Ion Source Voltage = 5500V, Temperature = 350°C, Nebuliser Gas = 75,  
Heating Gas = 25 
 
Stock solutions of 500 mg/kg of the dyes were prepared in eluent (B). In the case of Sudan III and 
IV, the dyes were first dissolved in a minimum quantity of HPLC chloroform before making up to 
required volume using acetonitirle. Serial dilutions were used to prepare working standards in the 
range 1.0 µg/kg to 1.0 mg/kg for preparing the linearity curve. Fortified samples were prepared to 
estimate recovery of the Sudan dyes from ginger matrix. Required amounts of the stock solutions of 
the dyes were added to ginger powder and curry powder samples to obtain spike levels of 10µg/kg 
and 100µg/kg.    
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Table 2. Reproducibility measurements of Sudan dyes in the curry powder matrices. 

No.  Compound Spike Level (µg/kg) Reproducibility (%CV) 
n=5 

1 Sudan I 10  4.09 

100 9.93 

750 1.37 

2 Sudan II 10  8.38 

  100  7.46 

  750  1.83 

3 Sudan III 10  9.21 

  100 6.78 

  750 1.82 

4 Sudan IV 10  9.39 

  100 7.76 

  750 3.12 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Linearity curves of Sudan dyes in spiked matrices. 
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Figure 4 shows the observed peak-to-peak S/N ratio for determination of limit of detection (LOD) 
and quantification (LOQ) of Sudan I to IV. As per norms, S/N ratio for LOD should be ≥3 and that 
for LOQ should be ≥10 [17]. As per the present study, the lowest matrix matched calibration 
standard (1 µg/kg) gave S/N ratio well above the requirement of even the LOQ.  
 
Conclusion 
 
The results of the study indicated that the method under consideration was well suited for the 
analysis of trace level Sudan contamination in ginger and curry powder. These two matrices are 
known to be particularly difficult ones for trace work; hence it is presumed that the method which 
works well for these two matrices can also be extended to other spice matrices as well without 
much difficulty.  
 
Acknowledgement 
 
The authors would like to acknowledge support from the Spices Board.   
 
References 
 
1. M.S. Reisch (1988). Top 50 chemical products. Chemical Engineering News, 66. 
 
2.  IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to  
      Man, vol.8, IARC, Lyon, 1975, p.125. 
 
3. M. Boeninger, Technical Report: US Department of Health and Human Service,                    
      Publication No. 80-119 NIOSH, 1980. 
 
4. The Colours in Food Regulations (1995). ISBN 0110537319, http:// www.hmso.gov.uk.  
 
5. M. Stiborova, V.Martinek, H.Rydlova, P.Hodek, E. Frei (2002). Sudan I is a Potential   
     Carcinogen for Humans: Evidence for its Metabolic Activation and Detoxication by    
     Human Recombinant Cytochrome P450 1A1 and Liver Microsomes, Cancer Research,  
     62 5678.     
 
6. EC Regulation No. 178/2002 of the European Parliament and of the Council of 28   
        Jan.2002 laying down the general principles and requirements of food law,  
       Establishing the European Food safety Authority and laying down procedures in  
        matters of food safety, OJ L. 31, 2002.  
 
7. Commission Decision of 20 June 2003 on Emergency Measures regarding hot chilli  
      and hot chilli products, notified under document No.C(2003) 1970, (2003/460/EC),      
      OJ L. 154/114, 2003. 
 
8. Food Standard Agency: www.food.gov.uk. 
 
9. Implementation of Commission Decision 2003/460/EC, on Emergency Measures   
      regarding hot chilli and hot chilli products, notified under document No. C (2003)   
      1970, 2004 
 
10. News notification 03/99, European Commission, Health Consumer Protection  
      Directorate- General. 



As. J. Food Ag-Ind. 2012, 5(05), 448-455                   455 
 
11. M. Nagase, Y. Osaki, T. Matesuda (1989). Determination of methyl yellow, Sudan I and 

Sudan II in water by high-performance liquid chromatography. Journal of Chromatography 
A, 465 434-437. 

 
12. A. Pielesz, I. Baranowska, A. Rybak, A. Wlochowicz (2002). Detection and determination 

of aromatic amines as products of reductive splitting from selected azo dyes. Ecotoxicology 
and Environmental Safety, 53 42. 

 
13. W.M.A. Niessen (1999). State-of –the-art in Liquid Chromatography- Mass Spectrometry, 
       Journal of Chromatography A, 856 179-197. 
 
14. F. Calbiani, M. Careri, L. Elviri, A. Mangia, L. Pistara, I. Zagnoni (2004). Development and  

in-house validation of a liquid chromatography-electrospray-tandem mass spectrometry 
method for the simultaneous determination of Sudan I, Sudan II, Sudan III and Sudan IV in 
hot chilli products. Journal of Chromatography A, 1042 (2004) 123-130. 

 
15. A. Jonathan, Tarbin, A. Karen, Barnes, John Bygrave, H.H. William, Farrington (1998).  
       Screening and confirmation of triphenylmethane dyes and their leco metabolites in  
       trout muscle using HPLC-vis and LC- electrosprey MS, Analyst, 123, 2567- 2571. 
 
16. F. Tateo and M. Bononi (2004). Fast Determination of Sudan I by HPLC/APCI-MS in Hot  

Chilli, Spices, and Oven Baked Foods, Journal of Agricultural and Food Chemistry, 52 
655-658.  

 
17. David A. Armbruster, Margaret D. Tillman, Linda M. Hubbs (1994). Limit of Detection 

(LOD)/Limit of quantification (LOQ): comparison of thje empirical and the 
statistical methods exemplified with GC-MS assays of abused drugs, Clinical Chemistry, 
40/7, 1233-1238. 

 
 
 
 


