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Within a continuing review of the safety-in-use of food additives, colouring 
matter added to food has been the subject of particularly close scrutiny. The decision’ 
of the United States Food and Drug Administration to withdraw approval for the 
use of Amaranth (FD and C Red 2) is just one example of the trend towards limita- 
tion. In some countries, e-g_ Sweden’ moves have been announced to ban the use 
of synthetic food dyes altogether, whilst other countries, e.g. South Africa3 have im- 
posed legislative limits on the amounts of dyes to be added to particular foods. The 
tendency throughout the world is to reduce the number of food dyes permitted for 
general use. In the United Kingdom, the process of harmonization of the relevant 
legislation4 with that of the European Economic Community will be completed with 
the implementation of the latest amendment5 to the Community Directive6 on col- 
ouring matter in food. The current position is summariscd in Table I. 

In view of the desire to restrict the usage of synthetic food dyes, there exists 
a need to develop methods of analysis for these compounds, which will indicate not 
onIy the nature of the added dye but also the amount present. In the present work, 
the chromatographic behaviour of synthetic food dyes permitted in the United King- 
dom, and also the more common ones used in other countries, has been investigated. 
This information is needed to establish a scheme of analysis for food dyes, involving, 
where necessary, extraction of dyes from the food matrix followed by qualitative 
and quantitative analysis of the extract by high-performance liquid chromatography 

G=LC). 
The analytical chemistry of synthetic dyes, including non-food applications, 

has been extensively reviewed in a recent monograph’. For food dyes, numerous 
schemessz3 have been proposed for qualitative analyses : these have depended mostly 
on paper (PC) and thin-layer chromatography (TLC). Quantitative analysis has re- 
ceived comparatively little attention. After initial treatment to extract the dyes from 
the food, quantitative analysis has been attempted by a number of means which have 
included: (a) comparison of intensities of spots on TLC plates with those of a range 
of standardslJ, (b) spectrophotometric quantification15*‘6, (c) titration with titanous 
chloride solution”*‘* and (d) electrophoresis on polyacrylamide gel”. Finally, HPLC 
has been used in a number of ways for dye analysis, mostly for the detection of 
impurities in single dyes2“-z but also to a limited extent for the separation of dye 
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SyNTffETIe FOOD DYES USED IN THE STUDY 

No. EBC Cohr index commoR mnne Pure dye . Retention 
arliiitiive mzmber contenr of vol. 

mtnber (3rd ed.. 1971) St&d (%I (ml) *= 

Red dyes (monitored at 520 mn) 
1 El22 14720 Cxinoisine’ 89 
2 El23 16185 Amaranth(F,DandCRed2)* 90 
3 El24 16255 Ponceau 4R’ 82 
4 Et25 14615 Scarlet GN 
5 El26 1629@ Ponceau 6R 
6 El27 45430 Exythrosine (F. D and C Red 3)’ 94 
7 18050 Red2G’ 81 
8 16035 AlhraRcd(F,DandCRed40) 91 
9 18055 Red 6B 

10 1720 Red 10B 
11 16045 Fast Red E 
12 14780 RedFB 
13 16150 Ponceau MX 
14 14700 Ponceau SX (F, D and C Red 4) 91 
Orange and yehw dyes (monitored at 480 and 430 nm_ resp.) 
15 El02 19140 Tartrazine (F, D and C Yellow 5) l 88 
16 El03 14270 cllrysoin s 
17 El04 47005 Quinoline Yellow l 

18 El05 13015 Fast Yellow AB 
19 18965 Yellow 2G’ 86 
20 El10 15985 Sunset YelIow FCF (F, D and C Yellow 6)’ 88 
21 El11 15980 OrangeGGN 
22 16230 Orange G 59 
23 15970 Orange RN 
Green nnd blue dyes (monitored at 640 nm) 
24 El31 42051 Patent Blue V * 50 
25 El32 73015 Indigo Carmine (F, D and C Blue 2)’ 92 
26 42090 Brilliant Blue FCF (F, D and C Blue 1)’ 92 
27 El42 44090 Greens’ a8 
28 42053 . Fast Gnzen FCF (F, D and C Greei; 3) 89 
Brown and black dyes (monitored at 480 and 600 nm, resp.) 
29 - Brown FK’ 
30 - Chocolate Brown FB 
31 20285 Chocolate Brown HT’ 
32 El51 28440 Black PN - 75 
33 El52 27755 Black 7984’ 

l Permit&xi in United Kingdoms. 
-- On SAS-Hypezsil column. 

9.35 
10.45 
37.20 
10.70 
18.90 
6.15 
8.20 
4.45 
4.85 
8.90 
6.55 

10.50 
9.75 

16.35 

9.40 
2.85 
4.05 
4.50 
4.85 
4.60 
5.45 

11.20 
4.60 

3.55 
4.30 
4.55 
2.40 
4.30 

- 
- 
- 
18.00 
21.10 

mixtures. Anionexchange columns have been used for this purpose and frequently 
gradient elution has been specSed. A paper dealing with the determination of food 
dyes by HPLP describes the separation of 7 selected permitted dyes using a strong 
anion-exchange column. 

Initial attempts at the application of HPLC to the separation of dye mixtures 
were disappointing when conventional techniques were used, a fact which has already 
been noted in the literature 27. Much more promise was shown by the modification 
in which small amounts of suitable salts are added to the mobile phase, the salts 
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being chosen so as to generate large ions of opposite charge to the sample molecules, 
thereby giving rise to reversible ion-pair complexes. This teohniclue, known as pair&- 
ion chromatography, has found applications in the HPLC analysis of readily ionizable 
compoundsz7~28. 

A particular kind of paired-ion chromatography uses a &ionic detergent, 
cetrimide, to provide a large organic counter-ion in solution. Cetrimide ]cetyltri- 
methylammonium bromide, C,,H,,(CH&NBr] forms reversible ion pairs with the 
dye molecule anions and these pairs are then separated. “Soap chromatography”” 
has been used principally for the identification of some dyes and dyestuff interme- 
diates and has been applied in the present work to study the cbromatographic be- 
haviour of a number of food dyes. 

EXPERIMENTAL 

Appmatss 
A Waters Assoc. 6000A constant-volume pump fitted wirh a stop-flow injec- 

tion system and a Cecil In&r. CE 515 spectrophotometric detector together with CE 
500 control record module were used. This detector- can be operated in the range 
200+300 mu and has facilities for recording the spectra of individual chromatographic 
peaks. All experiments were carried out at room temperature with columns encased 
in cotton wool jackets. 

Ultraviolet and visible spectra were recorded in IO-mm cells on a Perkin- 
Elmer 402 spectrophotometer using the mobile phase as both solvent and reference. 

Reagents 
Where possible, samples of known pure dye content were used to make up 

reference standard solutions. Other dyes, not permitted for use infood in the United 
Kingdom, were taken from a stock held within the laboratory but no information 
was available as to their purity. Solutions of these dyes contained 0.1 y0 (w/v) of the 
solid dissolved in water; they were kept in a shaded position to minimise fading. 
El32 Indigo Carmine was kept in the dark. All solvents were of analytical reagent 
grade and were used without further purification. Cetrimide was obtained from BDH 
(Poole, Great Britain). The mobile phase was freshly made up each day and filtered 
through a porosity 5 sinter: in addition to removing particulate matter this also served 
to degas the liquid. 

Chromatographic conditions 
Conditions were as follows. Column A: 12 cm x 4.6 mm I.D. packed with 

4.6 pm SAS-Hypersil (Shandon-Southern, Runcom, Great Britain); flow-rate: 1.0 ml/ 
min;pressuredrop, 13.8 MPa(2OOOp.s.i.);detector,O.l a.u.f.s.;recorder, l.Ocm/min 
chart speed and 1 V f.s.d. ; mobile phase, iso-propanol-wateredeglacial acetic 
acid (41:59:0.25:0.25, v/v/w/v). Column B: 15 cm x 4.6 mm I.D. packed with 5 pm 
Spherisorb S5W (Phase Separations, Queensferry, Great Britain); flow-rate, 1.0 ml/ 
min; pressure drop, 17.2 MPa (2500 p.s.i.); detector, 0.2 a.u.f.s.; recorder, as for Cd- 

umn A; mobile phase, iso-propanol-water-cetrimide-glacial acetic acid (70:30:2-O: 
1 .o, vfv/w/v). 

Columris were packed by upward pumping of a slurry of the material at a 
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pressure of 34.5 MPa (5ooO p.s.i.). Most of the separations could be carried out on 
SAS-Hype&l but in one or two cases superior resolution was achieved on Spherisorb. 

Under the conditions specified 2000-2500 theoretical plates could be obtained 
from the SAS-Hypersil and around 1500 from the Spherisorb cohmm. Injections onto 
the columns were in the range 1-5 ~1. 

RESULTS 

The chromatographic behaviour ofxhe dyes is summarised in Table I and some 
separations are illustrated in Figs. 1-3. Fig. 1 shows the separation of 10 out of the 14 red 
dyes, 5 of which are permitted in the United Kingdom. The remaining 4 non-permitted 
red dyes (4, 10, 12 and 13) gave peaks in the region around 7, 1 and 2 and could 
not be separated under these conditions but they can be separated by PC or TLC. 

8 

9 II 
7’ 

1 

n6 

Fig. 1. Separation of 10 red dyes on column A. 5~1 of a mixture of 0.1% (w/v) solutions of each dye 
were injected. Chromatographic conditions were. as in the text, peak numbers refer to dyes listed in 
Table I. 

Fig. 2 shows the separation of the orange dyes of which only one is permitted. 20 
and 23 can be separated on column B. Fig. 3 shows the separation of 5 yellow dyes, 
3 of which are permitted. 178 is a minor component of Quinoline Yellow. 

Of the brown dyes only Brown FK elutes under the conditions described, giving 
rise to 4 distinct peaks having retention volumes of 1.45, 2.45, 2.70 and 3.50 ml. 
The other two brown dyes remain on the column. 

DISCUSSION 

As can -be seen from the cbromatograms, practically aJ.l common food dyes 
can be separated on the SAS-Hypersil column. The three brown colours require other 
means of identification, e.g. TLC, and so do the red dyes Red LOB, Red FB, Scarlet 
GN and Ponceau MX. These dyes can be separated by PC8.11~1z. 

Identifkation, by comparison- of retention volumes with those of standards, 
is aided by- the fact that the dyes have absorption maxima at different wavelengths 
in the visible region. Even when Wo dyes elute very close together, monitoring the 
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Fig. 2. Separation of orange dyes on column A. 2 ~1 of a mixture of 0.1% (w/v) solutions of each dye 
was injected. Chromatographic conditions as in text, peak numbers refer to dyes listed in Table I. 

Fig. 3. Separation of yellow dyes on column A. 2.5 ~1 of a mixture of 0.1% (w/v) solutions of each 
dye wzs in&ted. Chromztographic conditions as in text, peak numbers refer to dyes listed in 
Table I. 

column effluent at a wavelength where one absorbs weakly or not at all permits a 
quantitative analysis to be performed. A colkcti6n of the spectra of the dyes is re- 
quired and this was recorded on the spectrophotometer but most of the spectra are 
available in the literature?. There remain, however, some cases where, in a particular 
samp!e, dyes are present whose HPLC peaks coincide or substantially overlap and 
where each dye absorbs signifkantly at the other’s spectral maximum. In such cases 
prior separation of the dyes on e.g. polyamide c0lumns3~ must be performed. 

The method, as described, has potential application in the identification and 
quantification of food dyes, especially in routine repetitive analyses of known prod- 
ucts. In favourable circumstances (aqueous sampIes such as soft drinks, fruit squashes 
etc.) an aliquot of the sample can be injected directly without lengthy clean-up 
procedures_ 

Non-aqueous samples must first be treated to remove the dyes from the food 
matrix: several methods have been suggested in the literature’3-16~31~7 and a study 
is in progress to determine the relative efficiencies of the procedures. Quantifktion 
of the amount of dye extracted can readily be achieved by comparison of peak heights 
or (preferably) areas with those of standards or with that of a single internal standard 
or by standard addition. From reference to spectra the wavekngth of maximum ab- 
skption can be selected to monitor the column eEhrent thus assuring maximum sen- 
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sitivity. At the present time the limit of detection is of the order of 0.1 pg of pure 
dye in an injection volume of 5 ,~l which corresponds to about 10 ,ug dye per ml of 
solution used for injection. The limit of detection in foods in general cannot be 
precisely stated being dependent on the extent to which the dye extracts are con- 
centrated prior to injection. In the curses where peaks are eluted late tid in con- 
sequence are broad in shape, increasing the iso-propanol concentration to 45 or 50 % 
is necessary for more rapid elution and accurate quantification, e.g. Poncean 4R or 
the black dyes. With 50% iso-propand, the elution volume for Ponceau 4R becomes 
4.15 ml. Alternatively, gradient elntion could be used. 

When using the method for quantikation it should be noted that most com- 
mercial food dyesh&s contain at most SO-90 % of the pure dye, the rest being made 
up by subsidiary dyes and inorganic matter such as sodium chloride or suiphate. 
Standards must, therefore, be of known pure dye content. 

The TXPLC procedure described can also be used to monitor the behaviour 
of dyes during the various stages of food processing. Some dyes react with food con- 
stituents or with metal packaging to yield colourless, sometimes toxic, degradation 
products3p, whilst Red 2G under certain conditions gives rise to Red 10B3’, not con- 

sidered suitabIe for food use in most countries. Since these last two dyes are resolved 
completely nsing the conditions described, the progress of the degradation c&n readily 
be followed. 
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