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Abstract

In this application note, a method using UltraPerformance LC (UPLC)-MS/MS has been developed to

quantitate trace amounts of Sudan |, 11, lll, and 1V in tomato and chili sauce.

Introduction

In recent years, several processed food products, including chili powder, curry sauce, and mustard sauce
have been rejected or withdrawn by the European Union (EU) because of the presence of Sudan dyes,
particularly Sudan | and IV. Sudan |, II, Ill, and IV are a class of azo compounds produced synthetically for
coloring solvents, oils, waxes, petrol, and shoe & floor polishes. The dyes are considered to be genotoxic
carcinogens and have been linked to cancer in animals. To date, it has not been possible to identify safe
levels of Sudan dyes or quantify the health risks associated with their use in food. In response the European
Commission (EC) banned the use of Sudan dye as a food additive in January 2004 under Directive
2003/460/EC. However, Sudan Dyes remain a popular food additive as the color enhancement provided by
the dyes increases the selling price of various food products, such as chili powder, chili sauce and tomato

sauce. Figure 1 shows the structures of Sudan |, I, I, and IV.

A method using Ultra Performance LC(UPLC)- MS-MS has been developed to quantitate trace amounts of

Sudan |, II, I, and IV in tomato and chili sauce. A solvent extraction followed by a simple SPE method using
Waters Oasis HLB cartridges was employed to provide a clean matrix for trace amount analysis. By coupling
UPLC to the Waters Quattro micro API, the method is able to provide excellent sensitivity and selectivity, as

is demonstrated by a LoD of 0.1to 1.7 ug/Kg in the final injected solution.
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Figure 1. Structures of Sudan |, II, Ill, and IV.

Experimental

Chemicals and Solutions

Individual Sudan Red standards (I, Il, Ill, and IV) were purchased from Sigma Aldrich (St Louis, MO,USA).
HPLC grade Methanol, Ethyl Acetate, and Acetonitrile and ACS grade Acetone were purchased from JT
Baker (USA). The stock solution of each standard was prepared in Ethyl Acetate and further diluted using
Methanol.

Sample Preparation



Liquid/Liquid Extraction 1 g of tomato sauce was measured into a 50 mL centrifuge tube followed by an
addition of 10 mL Acetone. The tube was shaken for 5 minutes, and centrifuged at 4500 rpm for 10 minutes. 8
mL of the supernatant was transferred into another 50 mL centrifuge tube which contained 8 mL of 5% NH4
OH aqueous solution. This solution was further cleaned up using Waters Oasis HLB cartridges. The solid

phase extraction method is illustrated in Figure 2.



CONDITION

Qasis HLB, Vac Rec 60 mg cartridge
with 2mL Ethyl Acetate, 2mL MeOH then 2mL H,O

LOAD

lSomple solution, spiked with Sudan |, II, lll & IV

WASH 1

2 mL ACN : 5% NH,OH aq. Solution (40:60)

WASH 2

12 mlL H,O

WASH 3

12 mL ACN : 5% CH,COOH agq. Solution (40:60)

ELUTE

13 mlL Ethyl Acetate

Evaporate at 40 °C under stream of N,

Reconstitute dry residue in 1mL Methanol

Figure 2. Waters Oasis HLB Solid Phase Extraction.

UltraPerformance LC-MS/MS Conditions



Waters ACQUITY UPLC system

Mobile phase A:

Mobile phase B:

Column:

Flow rate:

Injection volume:

Gradient

Time Linear
0 min 60%B
5 min 100%B
7 min 100%B
7.01 min 60%B
11 min 60%B

MS Conditions

Waters Quattro micro API

Electrospray mode with positive polarity

Capillary voltage:

Extractor:

Water with 0.1% formic acid

Acetonitrile with 0.1% formic acid

ACQUITY BEH, 1.7 um, 2.1 x 100 mm, 30 °C

0.4 mL/min
10 uL
Curve
6
1
1
1
3.00 KV
1.0V



RF lens: 0.0V

Source temperature: 100 °C
Desolvation temperature: 450 °C
Desolvation gas flow: 500 L/hr
Collision gas pressure: 3.50 e
Multiplier: 650

Waters ACQUITY UPLC with Quattro micro APl Mass Spectrometry

System.

Each analyte was monitored for two Multiple Reaction Monitoring (MRM) transitions along with the collision

energy and dwell time as shown in Table 1.

Chromatograms corresponding to quantitation and confirmation transitions are shown in Figure 3 and 4

respectively.



Data was acquired using Waters MassLynx Software and processed using Waters QuanlLynx Application

Manager.

MRM Transition Cone (V] Collision (V) Dwell Time Inter Chonnel Del

wol |9 % % 0 o
Sden | 2;;21;0.: :: :]5 [.1 ggg
wa | @7 % 3 =
-

Table 1. MRM parameters (MRM transition in Bold represent

quantitation transition).

Results and Discussion

A series of matrix match calibration standards, spiked matrix samples, matrix blanks, and recovery samples

were analyzed in order to determine method repeatability, linearity, and recovery.

Figure 5 shows the observed peak to peak S:N ratio for quantitation transitions of Sudan |, I, I, and IV taken
from the lowest matrix match calibration standards. By extrapolation, the LoD, defined as the concentration
at which S:N is 3:1, is approximately 0.1, 0.15, 0.26, and 1.67 pg/Kg in the final injected solution for Sudan |, I,

[, and IV respectively.
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Figure 5. Chromatograms from lowest matrix match calibration standard with observed peak-to-peak signal-

to-noise ratio.

The linearity of the method is demonstrated by the calibration graphs obtained from matrix match standards

as shown in Figure 6.1 to 6.4,



ompound name: Sudan | (Q)
orrelation coefficient: r =0.999714, r'2 = 0.999429
alibration curve: 318.462 * x+ -185.675
Response type: Exernal Std, Area
urve type: Linear, Origin: Exclude, Weighting: Null, Axs trans: None
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Figure 6.1. Calibration curve of matrix match standard of Sudan | from quantitation transition.
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ICompound name: Sudan Il (Q)

orrelation coefficient: r = 0.999938, r*2 = 0.999876

iCalibration curve: 58.6103 * x+ -8.6046

‘Response type: External Std, Area

ICurve type: Linear, Origin: Exclude, Weighting: Null, Axs trans: None
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Figure 6.2. Calibration curve of matrix match standard of Sudan Il from quantitation transition.




Compound name: Sudan Il (Q)

Correlation coefficient: r = 0.999931, r2 = 0.999863

Calibration curve: 583.646 * x+ 10.4564

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: None
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Figure 6.3. Calibration curve of matrix match standard of Sudan Il from quantitation transition.



Compound name: Sudan IV (Q)

Correlation coefficient: r =0.996290, 2 = 0.992594

Calibration curve: 8.19847 * x+-1.41227

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: None
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Figure 6.4. Calibration curve of matrix match standard of Sudan IV from quantitation transition.

Method accuracy and precision were performed based on three replicates of blank matrix spiked with 1ug/Kg
of Sudan |, Il, and Il respectively and 10 pug/Kg of Sudan IV. The observed mean concentration and % RSD

for the three replicates are demonstrated in Table 2.

Sudan | Sudan Il Sudan Il Sudan IV
Spiked at 1 Ug/Kg | Spiked at 1 pg/Kg | Spiked at 1 pg/Kg | Spiked at 10 pg/Kg

Mean Concentration
observed 0.95 1.04 1.27 14.03

% RSD [n = 3) 2.88 1.00 2.56 2.70

Table 2. Results of 3 replicates of blank matrix spiked with Sudan |, I, Ill, and IV.

Commercially purchased tomato sauce in which Sudan |, Il, Ill, and IV were demonstrated to be absent was



used as blank matrix for recovery test. Recovery experiments were performed by spiking blank matrix before

and after sample preparation with Sudan |, II, lll, and IV at 2 concentration levels, each with 3 replicates. The

average area observed before and after sample preparation were used for recovery calculation at each

concentration level. Table 3 and 4 show recovery results at concentration level 1 and 2 respectively.

Concentration of

Concentration of

Sudan dye spike in | % RSD in | Sudan dye spiked in| % RSD in
blank matrix before Area blank matrix after Area % Recovery
sample preparation (n=3) sample preparation (n=3)
(Hg/Kg) (Hg/Kg)
Sudan | 1 7.88 1 247 60.77
Sudan |l 1 7.01 1 2.18 62.16
Sudan Il 1 20.08 1 3.28 75.46
Sudan IV 10 19.35 10 6.38 70.38
Table 3. % Recovery of blank matrix spike at concentration level 1.
Concentration of Concentration of
Sudan dye spike in | % RSD in | Sudan dye spiked in| % RSD in
blank matrix before Area blank matrix after Area % Recovery
sample preparation (n=3) sample preparation (n=3)
(Hg/Kg) (Mg/Kg)
Sudan | 10 17.5 10 6.38 55.46
Sudan I 10 12.16 10 .13 83.15
Sudan llI 10 14.83 10 3.79 50.55
Sudan IV 40 20.95 40 1.54 54.82

Table 4. % RSD in Area and % Recovery of blank matrix spike at concentration level 2.

Conclusion

By coupling the ACQUITY UPLC with Quattro micro API, a rapid and sensitive method has been developed

for the analysis of Sudan |, II, lll, and IV in tomato sauce. The ACQUITY UPLC is capable of performing fast




analysis with narrow peaks and together with the multiple MRM transitions in Quattro micro API provides
excellent sensitivity and selectivity for trace level quantitation and confirmation of Sudan dyes. In addition,

the simple solid phase extraction method provides a cleaner extract and aids in lower detection limit.
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