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VALIDATION OF THE METHODOLOGY
TO DETERMINE SYNTHETIC DYES IN

FOODS AND BEVERAGES BY HPLC

M. A. Prado and H. T. Godoy*

Faculdade de Engenharia de Alimentos, Depto.

Ciências de Alimentos, UNICAMP,

CP-6121=CEP-13083-970, Sao Paolo, Brazil

ABSTRACT

Synthetic dyes are added to foods due to the many changes

which alter or destroy the natural colors of the products during

processing and=or storage, and principally to increase the accep-

tance of the product, by the customer. Synthetic dyes show sev-

eral advantages over natural pigments. The lack of adequate

analytical methodology has made it difficult to control the levels

of coloring agents in foods. Also, there is no methodology cap-

able of responding to the size and the demand for such analyses

by the industrial sector, in several types of food.

This work, proposed and validated a methodology for the

simultaneous determination of the eight synthetic colors: Sunset

yellow [E-110], yellow n�5 [E-102], bordeaux S [E-123], red n�40

[E-129], red n�17 [E-124], red n�3 [E-127], brilliant blue [E-133]

and indigo carmin [E-132], allowed in foods in Brazil, using the

technique of high performance liquid chromatography (HPLC).
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The dye was extracted with warm water (40 to 50�C), the solution

was centrifuged, and finally filtered through fluoropore filter

FHLP 01300 of 0.5 mm. It was then injected into the chromato-

graph. In the chromatographic process, the use of the column

ODS-2 and the mobile phases H2O=MeOH (70 : 30), plus

0.08 mol=L of ammonia acetate for conditioning and H2O=MeOH

(70 : 30) for the run, allowed for the elution of the synthetic dyes

in 20 min, plus 12.5 min to equilibrate the column before another

injection.

The detection and recovery limits determined were respec-

tively: 0.5 mg=mL and 96.3% for indigo carmin; 1.30 mg=mL and

98.2% for brilliant blue; 1.02 mg=mL and 102% for bordeaux S;

0.57 mg=mL and 96.8% for red n�17; 1.10 mg=mL and 100.3%

for red n�40; 0.51 mg=mL and 96% for red n�3; 0.70 mg=mL and

99.7% for yellow n�5; 1.83 mg=mL and 98.9% for sunset yellow.

The test for repeatability showed coefficients of variation below

5% for the colorings. The proposed methodology, validated here,

presents efficiency, versatility, speed, and simplicity.

INTRODUCTION

Adding dyes to foods has been a wide spread practice to make the food

more attractive. Many substances, like spices and seasonings, have been used as

dyes in foods, but have now been replaced by others that also give color.[1]

Interest in the use of synthetic dyes has grown considerably after their

discovery in the XVII and XIX centuries and, especially, after influence of color

on the consumer acceptance of food was confirmed. However, some abuses have

been committed in the use of these additives. They have been used with the

intention of masking badly processed or deteriorated foods, some of them being

colored with toxic substances.[2]

A lot of industrialized food products have no color, and others lose their

natural color during processing and storage. Dyes can supplement or intensify

lost color, especially aimed at guaranteeing product acceptance by the

consumer.

For many reasons, the food industry has been using synthetic dyes,

especially in large scale production, to guarantee food uniformity. Another fact is

that synthetic dyes are cheaper when compared to natural ones. They also have a

greater coloring range and intensity and are more stable and more available than

natural dyes.[3]

Up to 1980, 36 synthetic dye substances and 50 natural substances were

used as coloring.[4] Because of the wide range of dye substances, the permitted
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ones in each country vary considerably. Since synthetic dyes are being

extensively used in foods, it is necessary to control their use and check on

possible side effects on human health.

Nowadays, increasing globalization and growth in the importation and

exportation of products demands the use of methods, which are more reliable,

efficient, and fast in detecting, identifying, and quantifying dyes. It is not

enough to prove that a product contains synthetic dyes, it is important to detect

each one, or mixtures of them, and quantify each separately. Although, many

synthetic dye products are on the market and new ones are released every

day, their control has been hampered by the lack of adequate analytical

methodologies.

The most widely used techniques employ the classical chromatographic

methods, such as paper.[5–9] thin layer,[10–18] and open column chromato-

graphy.[19–21] However, quantitative analyses using these techniques are too

lengthy and produce inaccurate, imprecise data. Gas chromatography methods

present restricted application with synthetic dyes, principally because of their high

molecular weights, lack of volatility, and limited heat stability at high

temperatures.[22]

The development of new equipment and chromatographic column fillings,

and the increasing interest in impurities formed during the synthesis of dyes, has

resulted in HPLC being considered as an attractive technique and an important

instrument in the control of these additives.[23–30] Recently, new advances in

analytical methods for synthetic dyes have appeared in the literature. Capillary

electrophoresis[31] is one of these new techniques, but is still very new and

sophisticated for routine analyses.

The latest trend is to search for methods that simultaneously determine

many compounds at low cost and short time, producing qualitative results.[32]

HPLC is one of the most appropriate techniques, since it is fast, precise, accurate,

and highly sensitive, even for compounds present in very low quantities and

within complex matrixes such as food.[33]

The quality of the analytical data is a very important factor to determine the

real quantities present in the food, in order to guarantee food safety. In recent

years, the AOAC (Association Official Analytical Chemists) has been stimulating

analytical quality control using experimental design and various statistical

analyses.[34–36] In Brazil, the validation of analytical methods has been a great

concern to researchers, but little has been done to validate new methods for

synthetic dyes.

The objective of this work was the development and validation of

methodology using HPLC, to simultaneously determine eight synthetic dyes:

sunset yellow [E-110], yellow n�5 [E-102], bordeaux S [E-123], red n�40

[E-129], red n�17 [E-124], red n�3 [E-127], brilliant blue [E-133] and indigo

carmin [E-132] permitted in foods in Brazil.
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EXPERIMENTAL

Materials

Six different food products that, according to their labels, claimed the

presence of synthetic dyes were analyzed. They were: jelly powder, ready to drink

juice powder, soft drinks, isotonic beverages, candies, and chocolate candies. The

samples were obtained in supermarkets in Campinas region, Brazil. Two different

lots of each product, in duplicate, were analyzed. Each lot consisted of the

contents of two packages homogenized together. The samples were separated

according to color=taste and manufacturer, giving a total of 45 samples analyzed.

Reagents

The synthetic dye standards were obtained from Importadora Brastóquio

Ltda. Chromatographic methanol (ominsolv) and ammonium acetate (analytical

grade) were acquired from MERCK, Brazil. The water used to prepare the sample

and mobile phases was purified in the Milli-Q system (Millipore). The mobile

phases were always filtered with fluoropore FHLP 04500, pore diameter of

0.5 mm and degassed in an ultrasonic bath.

Equipment

After extraction, the samples were centrifuged in a Hitachi centrifuge

model Himac CR 21. For the HPLC analyses, an HP liquid chromatography

series 1050 with an isocratic pump system, rheodyne injection valve, and 20 mL

loop, was used. The separation was carried out using a 15064.6 mm i.d.

Spherisorb ODS-2 column, 5 mm particle size (Sigma-Aldrich, USA), protected

by a 3064.6 mm i.d. Micropore, C18 guard column, 5 mm particle size (Varian).

The chromatograms were monitored by a diode array detector (DAD), HP series

1050, coupled to a HP ChemStation software, at three different wavelengths. This

helped the simultaneous analyses of all types of dye.

Method

Analytical Methodology

For the extraction of jelly and juice powders, 4.0 to 8.0 g of sample were

previously blended, and for candies and chocolate candies, 5.0 to 8.0 units of
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each color=taste. The dyes were extracted with 20 to 25 mL of heated water (40 to

50�C) and solutions transferred quantitatively to 50 mL volumetric flasks. In the

case of chocolate candies with a filling, re-extraction was performed, to guarantee

total withdrawal. After completing the flasks to volume, a small portion of 10 mL

was taken and centrifuged for 10 min at 15,000 rpm. The supernatant was filtered

with a fluoropore, FHLP 01300 (Millipore) membrane (0.5 mm pore) and injected

into the chromatograph. Soft drinks and isotonic beverages were simply degassed

and filtered.

The column was conditioned with a water=methanol (70 : 30) solution

containing 0.08 mol=L of ammonium acetate. The flow rate was 0.5mL=min for

12.5 min. After this period, the same mobile phase, without ammonium acetate, at

the same flow rate, separated the dyes by isocratic elution. The eight dyes were

separated in 20 min. The column was reconditioned with ammonium acetate in

the mobile phase for 12.5 min. The compounds were detected by visible

absorption, and the chromatograms were registered simultaneously at three

different wavelengths, 595 nm for the blue colorings, 525 nm for the red ones, and

450 nm for the yellow ones.

The identification was performed by comparison of retention times with

standards, under the same conditions. Also, co-chromatography and absorption

spectra using the diode array detector was performed. Dye quantification was

effected using external standard curves with five concentration levels. Each

concentration represented the average of three determinations.

The flow chart of the methodology developed for the determination of

synthetic dyes present in foods, is shown in Fig. 1.

Methodology Validation

The detection limits were established using standards, successively diluted

to determine the lowest detectable quantity, at approximately two to three times

the equipment noise. Higher and lower concentrations of the detection limits were

added to candies. The dyes added to the candies were the ones not originally

present, in order to determine the detection limits using the extraction method

described. The quantification limits were established as twice the detection limits

for each dye.[37]

A recovery test with standards was carried out, in duplicate, with candies at

two different concentration levels.

The repeatability was determined from 10 duplicates of synthetic dye

standard solutions, added to the candies. It was calculated according to the

following formula:

R ¼ tð2DPÞ
1=2
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where: R¼ repetition, with 90% significance

DP¼ estimated standard deviation

t¼ 2.92 (according to Caulcutt and Boddy, 1983, Table 1)

The ruggedness study was performed through fractionated factorial

planning with eight assays, in order to evaluate how five critical variables

Figure 1. Flow chart of methodology used to determine synthetic dyes.

Table 1. Pre-Established (þ) and Alternative (�) Conditions to

Determine Ruggedness in the Method Developed

Variables (þ) (�)

A-sample weight 4 g 7 g

B-centrifuge rotation 15.000 10.000

C-centrifuge time 10 min 8 min

D-filter pore diameter 0.5 mm 0.45 mm

E-period between extraction and injection 0 h 24 h
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could affect the coloring concentrations. The fractionated factorial planning[38]

used was the 2nd (Table 2).

RESULTS AND DISCUSSION

Analytical Step

Besides the advantagses of using an isocratic system, the mobile phase

water=methanol (70 : 30) allowed for the eight of the 11 synthetic dyes permitted by

the Brazilian legislation to be eluted in a single run of 20 min. Fast conditioning of

the column before each injection was significant, since the presence of the buffer

improved the selectivity, retention, and symmetry of the peaks. This effect was

greater with Sunset yellow [E-110], yellow n�5 [E-102], bordeaux S [E-123], red

n�40 [E-129], red n�17 [E-124], red n�3 [E-127], brilliant blue [E-133], and indigo

carmin [E-132]. Similar results were obtained by Boley et al.[25] using a buffered

mobile phase in a gradient elution system for synthetic dyes.

Preliminary tests were carried out using an ion-pair agent (cetyltrimethyl-

ammonium bromide) in the mobile phase, but two days were necessary to

condition the system. Although the ion-pair chromatography is the most quoted

for synthetic dye analyses,[23–25,28–30,39–41] its use requires long periods of

conditioning.

The use of DAD coupled to an HP ChemStation software, allowed for the

simultaneous chromatographic registration of many wavelengths, providing the

Table 2. Fractionate Factorial Planning—(PROC FACTEX,

the SAS System)

Variablesa

Assays A B C D E

1 7 7 7 7 þ

2 þ 7 7 þ 7
3 7 þ 7 þ 7
4 þ þ 7 7 þ

5 7 7 þ þ þ

6 þ 7 þ 7 7
7 7 þ þ 7 7
8 þ þ þ þ þ

aAccording to Table 1.
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profiles of the absorption spectrums required for identification and also allowing for

lower detection limits, since each dye can be quantified near its wavelength of

maximum absorption. This result can also be achieved by changing the wavelength

during the chromatographic run.[24] However, favorable conditions must be present

in order to effect this shift, which makes the process much slower.

The qualitative and quantitative compositions of the synthetic dyes present

in the samples analyzed are shown in Table 3. The Brazilian legislation permits a

different maximum of synthetic dyes in the final product.[42] In the juice powders,

Figure 2. The chromatograms were registered simultaneously at three different

wavelengths, 595 nm for the blue colorings, 525 nm for the red ones and 450 nm for the

yellow ones. Chromatograms (A) purple candy, brand K, (B) chocolate candy, blue brand,

(C) tangerine isotonic beverage brand H, (D) drink from powder juice, brand A.

Chromatographic conditions are described in the text.
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all the flavors of brand A showed higher concentrations than permitted by the

legislation, and in the grape flavor, a mixture of four dyes was detected. All the

soft drinks, candies, chocolate candies, isotonic beverages, and jelly powders

analyzed, were in accordance with the values established by the legislation. Only

one brown chocolate candy sample of brand F presented a mixture of four

different dyes and a cherry jelly of brand I, a slightly higher quantity of the

allowed limit. For the chewable candies, one of the eight samples showed a

concentration higher than the allowed limits. None of the samples showed dyes

not permitted by the Brazilian legislation.

All the chromatograms for the isotonic beverage, powder juice, chocolate

candies, and candies samples are shown in Fig. 2. There was practically no

interference during the detection process.

Methodology Validation

The detection limits found for the synthetic dyes in standard solutions, and

in the candies, were the same, and they are presented in Table 4, detection limit

signal-to-noise ratio of 3 (36S=N). The quantifying limits were considered as

double the detection limits. The parameters evaluated agree with those of

previous papers.[43–45] No report of these limits was found in the literature on

artificial dyes.

The recovery rates for all the eight dyes (Table 5) varied between 96–103%

at both levels of candy enrichment. These values indicate an adequate recovery

rate. The recovery percentages found in this work are a little higher than those

determined by Graichen and Molita[20] and Graichen,[46] and very close to

those of Ashkenazi et al.[47] who used open column chromatography to determine

food dyes.

Table 6 shows the dye concentrations determined in the candies using

factorial combinations of the variables in pre-chromatographic procedures for the

evaluation of ruggedness.

Table 4. Detection Limits and Quantification of Synthetic Dyes, According to the Work

Conditions of This Study

Synthetic Dyes

Limits (mg=mL) E-132 E-133 E-123 E-124 E-129 E-127 E-102 E-110

Detection 0.51 1.30 1.02 0.57 1.10 0.51 0.70 1.83

Quantification 1.03 2.60 2.04 1.13 2.19 1.03 1.41 3.66
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In the evaluation of possible interactions during the pre-chromatographic

stage, the statistical results show that one of the variables studied, centrifuge

rotation time, influenced the analysis of yellow sunset.

Table 7, shows that the methodology presented good levels of

reproducibility, with values for the coefficient of variation below 5%.

CONCLUSIONS

The use of a water=methanol buffered mobile phase to condition the

column between injection, is essential to obtain good resolution of the dyes

without the use of ion-pairs.

The recovery and repeatability data recommend the application of this

methodology to foods. The ruggedness analysis of the method showed that the

only variable that influenced the determination of yellow sunset was the rotational

speed of the centrifuge. The other variables showed no effect on determination of

any the dyes.

The new methodology gives satisfactory results when applied to the foods

analyzed. However, the data obtained indicated the need for a better control of

these additives.

We recommend the methodology presented here for the determination

of synthetic dyes by HPLC, because it shows advantages in relation to the

routine methods, and can simultaneously determine eight synthetic dyes. It is

simple and versatile in the extraction phase, with lower losses and fast

performance.

Table 7. Repeatability of Dyes in Candies and in Standard Solution, at Two Different

Levels of Concentrationa

Dyes

Candy

Concentrations

Repeatabilitya

Candy

Standard

Concentration

Repeatabilitya

Standard

E-132 0.57� 0.00 0.00 3.20� 0.08 1.17

E-133 1.14� 0.01 0.41 3.22� 0.016 1.65

E-123 2.10� 0.02 0.58 6.83� 0.18 1.75

E-124 13.86� 0.96 4.05 6.21� 0.30 2.26

E-129 5.87� 0.17 1.70 4.07� 0.20 1.85

E-127 1.96� 0.02 0.58 5.25� 0.22 1.94

E-102 8.14� 0.33 2.37 9.52� 0.38 2.55

E-110 2.39� 0.03 0.72 26.02� 0.98 4.09

aMean of duplicate determinations according to Caulcutt and Boddy.[37] Significance level

of 10%.
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