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EXTRACTION (SPE) FOLLOWED BY UV/VIS SPECTROPHOTOMETRY

Abstract
Synthetic food dyes (E102, E104, E110, E122, E124, E132, E133) were concentrated by solid phase extraction on
aminopropyl modified silica with aqueous sodium hydroxide or selected amines as eluents. Ponceau 4R (E124)
was used as the model dye in the studies of the elution step. The recoveries of E124 differed depending on the
eluent and ranged from 76% (AMP) to over 90% (TEA, imidazole, NaOH). Diluted aqueous triethanolamine
(TEA) was found to be a suitable eluent for E124 but other dyes were eluted more effectively with NaOH. The
solid extraction process was combined with UV/VIS spectroscopy to quantify synthetic dyes in drinks and OTC
pharmaceutical tablets. The SPE-UV/VIS spectroscopic method was validated in terms of linearity, accuracy
(recovery of dyes from spiked preparations), precision (repeatability, intermediate precision) and limits of
detection/quantification. The method was found sufficiently fast, easy and reliable for the routine control of
dyes in these types of products.
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Introduction
Color is an important feature of food, often associated with its quality, taste, and flavor. Because the majority
of foods consumed nowadays are processed, much of what we eat would not look good if it was not colored.
Synthetic food dyes are frequently used for this purpose because they can be mass-produced at a fraction of
the cost of manufacturing natural food colorings, their shelf life is longer than that of natural dyes and the
variety of colors that can be artificially produced in a lab is almost unlimited.

Despite increasing awareness of their potential harmfulness, synthetic food dyes are commonly used in foods,
beverages, pharmaceutical preparations and dietary supplements [1]. Analytical techniques used for their
quantification in various matrices include chromatography (thin layer chromatography [2-5], reversed-phase [2,
6-9] or ion-pair [2, 9-12] liquid chromatography), electrochromatographic techniques (capillary electrophoresis
[12-18], micellar electrokinetic chromatography [19,20] or microemulsion electrokinetic chromatography [21]),
UV/VIS spectroscopy [22-26] voltammetry [27-29] or polarography [30]. Prior to further analysis sample
pretreatment is usually needed. Dyes are often isolated by separation techniques such as ion-pair extraction
[24,31] or solid phase extraction (SPE) [3,4,6,7,11,26,32,33]. The sorbent most commonly used for SPE of
synthetic dyes is RP-18 [3,7,11], but other supports such as cotton [6], Amberlite XAD-2 [7], polyurethane foam
[26], polyamide [7], N-vinylpyrrolidone and divinylbenzene copolymer [32], neutral primary amine modified
divinyl benzene polymer [33] or amino-modified silica [4] have also been used.

The purpose of this study was to develop a simple and cost-effective method of determination of synthetic
food dyes in beverages or pharmaceuticals by solid phase extraction combined with VIS spectrophotometry.

Experimental part
Instrumentation
SPE extraction was performed with the 12 position SPE manifold system purchased from Bioanalytic, Poland,
connected to a water vacuum pump and equipped with Cronus SPE aminopropyl columns (200 mg/3 ml).
Lambda 25 UV/VIS spectrophotometer from Perkin-Elmer was equipped with 10.02 mm quartz cuvettes from
Kuvette, Marco Roth Karlsruhe, Germany.
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Solvents, chemicals, dye standards
Methanol and sodium hydroxide were from Chempur, Poland. Morpholine, triethanolamine (TEA), imidazole
and 2-amine-2-methyl-1-propanol (AMP) were purchased from Sigma-Aldrich. All solvents and chemicals were
of analytical grade. Dyes used as standards were from Food Colours, Poland. Their purity was determined by
UV/VIS spectrophotometry according to Ref. [34]. The following synthetic dyes were investigated: quinoline
yellow (E104), tartrazine (E102), indigocarmine (E132), brilliant blue (E133), ponceau 4R (E124), orange yellow
S (E110), azorubine (E122).

Solutions
Solutions of bases (0.1 and 0.01 mol L-1 NaOH, 0.1 mol L-1 AMP, 0.1 and 1.0 mol L-1 imidazole, 0.1 and 0.01 mol
L-1 trietanolamine, 0.1 and 1.0 mol L-1 morpholine) were prepared in distilled water. Dye standard solutions
used to generate calibration curves were prepared at concentrations 4, 8, 12, 15, 20 and 25 μg mL-1 in distilled
water or in solutions of appropriate bases as listed above.

Commercial preparations
Commercial preparations analyzed throughout this study included:
 Over-the-counter sore throat tablets containing 2,4-dichlorobenzyl alcohol, amylmetacresol,

levomenthol, peppermint essential oil, star anise essential oil, sucrose, glucose syrup, tartaric acid and
ponceau 4R (E124)

 Fizzy drink containing water, carbon dioxide, sucrose, aspartame, citric acid, modified starch, ester
gum (E445), sodium benzoate, grapefruit flavor, azorubine (E122)

 Isotonic drink containing water, dextrose, maltodextrose, citric acid, sodium chloride, potassium
citrate, magnesium chloride, calcium chloride, potassium phosphate, strawberry and tropical fruit
flavor, acacia gum (E414), ester gum (E445), acesulfam-K, sucralose, brilliant blue (E133).

Lab-prepared preparation
Samples of an un-colored, commercially available fizzy drink containing water, carbon dioxide, sucrose,
aspartame, citric acid, modified starch, ester gum (E445), sodium benzoate and flavor were spiked with the
following dyes: E110, E104, E102, E132 at concentrations given in Table 5.

Preparation of samples for SPE extraction
Aqueous solutions of Ponceau 4R used for SPE optimization were prepared at 0.2 μg mL -1 concentrations. Fizzy
drinks samples (5 mL) were transferred to 50 mL volumetric flasks, degassed with ultrasounds and diluted to
volume. Pharmaceutical tablets (5 pcs) were dissolved in distilled water (250 mL) at room temperature and 50
mL samples of this solution (corresponding to one tablet) were subjected to SPE extraction.

SPE extraction
SPE aminopropyl columns were conditioned with 2x3 mL methanol and not allowed to dry. Samples prepared
according to the section “Preparation of samples for SPE” were passed through columns at ca. 2 mL min-1 flow
rate. Sorbents containing adsorbed dyes were washed with distilled water (ca. 10 mL) to remove impurities.
Adsorbed dyes were eluted with aqueous solutions of NaOH, TEA, imidazole, AMP or morpholine prepared
according to the section “Solutions”. The resulting solutions of desorbed dyes were collected in pre-weighed
vials (for aqueous solutions of dyes) or in volumetric flasks (in the case of drinks or tablet samples). Samples
collected in vials were weighted immediately after the collection to calculate their weight and volume; samples
in volumetric flasks were diluted to volume with an appropriate eluent.

UV/VIS spectroscopy
The absorption spectra of dye standards and dyes isolated from samples via SPE were recorded between 350
and 650 nm. The selected spectra of dyes (20 μg mL-1 in 0.01 M NaOH) are presented in Figure 1. The analytical
wavelengths used in spectrophotometric determinations were: E102 – 399 nm; E104 – 383 nm; E110 – 449 nm;
E122 – 506 nm; E124 – 506 nm; E133 – 630 nm; E132 – 610 nm.
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Fig. 1. Spectra of food dyes (20 μg mL-1 in 0.01 M NaOH)
Source: Author’s

Results and discussion
SPE procedure optimization
Synthetic food dyes investigated throughout this study are commonly used in drinks, confectionery, dairy
products, pharmaceuticals (e.g. tablets), oral care preparations (toothpastes and mouthwashes) and gelatin
desserts. According to some studies their quantification does not require any sample pretreatment apart from
dilution and filtration [22,23], but in the majority of cases dyes are isolated and purified by extraction prior to
actual determination. From the chemical point of view many synthetic food dyes (including the compounds
analyzed in this study) are strong organic acids (neutralized with suitable bases) and their acidic-basic
properties make them suitable objects for procedures such as ion-pair solvent extraction or ion-pair
chromatography. It seemed therefore reasonable to isolate them by solid phase extraction in the ion exchange
mode. Such an approach has been seldom applied so far. In the majority of published studies synthetic dyes are
subjected to SPE on C18, Amberlite XAD-2, polyamide or polyamide foam [3,6,7,11,26,32,33] - supports
dedicated primarily to separation of neutral molecules of different polarity and size. Anions of carboxylic or
sulfonic acids can be effectively separated on anion exchange sorbents [4,7,33,35]. Retention of an analyte,
bearing a negative charge, requires a positively charged anion exchange sorbent to ensure suitable ionic
interactions. This can be achieved on strong anion exchangers (SAX), where the sorbent (a silica bonded
quaternary ammonium salt) bears a permanent positive charge or on weak anion exchangers (WAX) containing
silica bonded neutral NH2 groups that must be ionized during the retention step with the solution of the
suitable pH (at least 2 pH units below the pKa of the sorbent). During the elution step the charge on either the
sorbent or the analyte must be neutralized to break the ionic interactions that make the analyte bind to the
sorbent. In the case of food dyes analyzed in the course of this study weak anion exchangers are more suitable
since anions of very strong acids such as sulfonic acids may retain irreversibly on strong anion exchangers [35].
In previously published papers on isolation of synthetic food dyes on WAX type sorbents both strategies of
elution were presented and the solutions used as eluents were either acidic (to neutralize the positive charge
on the sorbent) or basic (to neutralize the negative charge on the analyte), respectively [4,33]. After the SPE
extraction chromatographic (TLC [4] or UPLC [33]) determination of isolated dyes followed.

We have decided that prior to the spectrophotometric determination the synthetic dyes analyzed in this study
should be isolated by solid phase extraction on the WAX type aminopropyl sorbent with basic rather than acidic
elution. This step can be achieved with aqueous sodium hydroxide [35] or methanolic ammonia [33] but such
conditions are not particularly mild. In the course of this study the solutions of selected organic bases
(morpholine, imidazole, triethanolamine, aminopropylmethanol) were tested in search for mild yet effective
conditions. The optimization of the elution step was carried out using ponceau 4R (E124, 40 μg in 200 ml
water) as a model dye. The recoveries of this dye obtained by different basic eluents given in Table 1 were
determined spectrophotometrically on the basis of calibration plots generated for E124 in the solutions of
appropriate bases (Table 2). After the analysis of these recoveries the least effective of all organic bases (AMP,
morpholine) were excluded from further studies. The effectiveness of imidazole solutions as eluents was also
considered unsatisfactory since to achieve the reasonable rate of elution relatively high concentrations
(compared to TEA) of this base were needed.
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Table 1. Recoveries of E124 after SPE with different eluents. Volumes of solutions after the elution step were determined
by weight. Standard solutions used to generate calibration plots were prepared in appropriate media as described above

(“Solutions”).

Eluent Volume after elution [ml] Dye concentration [µg mL-1] Dye weight [µg] Recovery [%]

TEA 0.1 M 1.39 26.6 37.0 92.5
TEA 0.01 M 2.83 13.0 36.9 92.2
imidazole 1 M 1.36 27.5 37.4 93.6
imidazole 0.1 M 4.47 8.3 37.2 93.0
morpholine 1 M 1.25 24.2 30.3 75.8
morpholine 0.1 M 1.30 25.5 33.2 83.0
AMP 0.1 M 1.19 25.6 30.5 76.2
NaOH 0.01 M 2.27 16.4 37.3 93.3

Source: Author’s

Table 2. Calibration plots for Ponceau 4R (E124) in different media

Imidazole
0.1M

Imidazole
1M

Morpholine
0.1M

Morpholine
1M

TEA
0.01M

TEA 0.1M NaOH
0.01M

a (slope) 0.043 0.043 0.042 0.040 0.043 0.042 0.025
b (intercept) 0.004 0.0065 0.0047 0.0053 0.0079 0.0037 -0.009
Sa 0.00025 0.00018 0.00027 0.00010 0.00022 0.00022 0.00050
Sb 0.0038 0.0027 0.0040 0.0015 0.0033 0.0033 0.0075
R2 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9985
Sxy 0.0041 0.0029 0.0043 0.0017 0.0036 0.0035 0.0081
LOD/LOQ [μg mL-1] 0.29/0.87 0.21/0.63 0.31/0.93 0.12/0.36 0.25/0.75 0.26/0.78 0.99/2.97
Linearity range
[μg mL-1]

0-30 0-30 0-30 0-30 0-30 0-30 0-30

Source: Author’s

Spectrophotometric calibration in selected media
Further SPE experiments involved elution with either NaOH or TEA. It was established that synthetic dyes differ
significantly in terms of their affinity to the aminopropyl sorbent. Elution with diluted aqueous organic amines
is possible in all cases, but the necessary amount of the eluent is different for different dyes so in most cases
(E122, E133, E110, E104, E102, E132) aqueous NaOH was preferred to keep the eluent volume within
reasonable limits. 0.01M NaOH was effective for all dyes but further reduction of the eluent volume was
possible with NaOH at higher concentrations (e.g. 0.1M). Parameters of calibration plots generated for
different synthetic dyes in 0.01M NaOH are presented in Table 3 and for E122 and E133 in 0.1M NaOH in Table
4.

Table 3. Parameters of calibration plots of different dyes in 0.01M NaOH

E122 E110 E104 E102 E124 E133 E132

a (slope) 0.045 0.029 0.053 0.040 0.025 0.162 0.037
b (intercept) 0.016 0.011 0.017 0.014 -0.017 0.099 -0.012
Sa 0.00046 0.00036 0.00052 0.00042 0.0005 0.003 0.00042
Sb 0.0074 0.0060 0.0078 0.0071 0.0075 0.04 0.0060
R2 0.9996 0.9994 0.9996 0.9996 0.9985 0.9989 0.9995
Sxy 0.0081 0.0065 0.0084 0.0076 0.0081 0.038 0.0065
LOD/LOQ [μg mL-1] 0.54/1.62 0.68/2.04 0.49/1.47 0.59/1.77 0.99/2.97 0.81/2.43 0.53/1.59
Linearity range [μg mL-1] 0-30 0-30 0-30 0-30 0-30 0-20 0-30

Source: Author’s
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Table 4. Parameters of calibration plots in 0.1M NaOH

E122 E133
a (slope) 0.045 0.155

b (intercept) 0.0079 0.093
Sa 0.00023 0.0032
Sb 0.0036 0.042
R2 0.9999 0.9987
Sxy 0.0039 0.040

LOD [μg mL-1] 0.26 0.89
LOQ [μg mL-1] 0.78 2.67

Linearity range [μg mL-1] 0-30 0-20

Source: Author’s

Table 5. Recoveries of dyes – purea and spikedb products

Product Dye

Mean determined dye content
[µg mL-1 of drink]
[µg per tablet], n=3
(SD [%])

Expected dye content
[µg mL-1 of drink]
[µg per tablet]

Recovery
[%]

Pink drink Azorubine
E122

13.9a (5.9) - -
29.5b (7.8) 30.5 96.7
47.3b (6.5) 47.1 100.4

Blue drink Brilliant blue
E133

3.4a (5.6) - -
8.0b (5.1) 7.4 108.0
11.8b (7.0) 11.4 103.5

Red tablet Ponceau 4R
E124

335.0a (4.0) - -
416.6b (4.6) 412.0 101.1
474.3b (6.2) 489.0 97.0

Lab-prepared
fizzy drinks

Orange yellow E110
9.1 (6.8) 10.0 91.0
27.3 (8.1) 30.0 91.0
47.5 (7.3) 50.0 95.0

Quinoline yellow
E104

9.5 (4.9) 10.0 95.0
29.1 (5.3) 30.0 97.0
48.6 (9.1) 50.0 97.1

Tartrazine E102
10.3 (5.8) 10.0 103.0
31.0 (3.7) 30.0 103.3
50.1 (6.3) 50.0 100.0

Indygo Carmine
E132

9.4 (6.5) 10.0 94.0
28.8 (4.9) 30.0 96.0
48.9 (5.4) 50.0 97.8

Source: Author’s

Table 6. Repeatability and intermediate precision of dyes determinations

Product Dye

Determined dye content
[µg mL-1 of drink], [µg per tablet]

Day I, Analyst A Day I, Analyst B Day II

Pink drink Azorubine E122 13.9 13.8 14.0
Blue drink Brilliant blue E133 3.4 3.5 3.3
Red tablet Ponceau 4R E124 335.0 338.0 335.0

Lab-prepared
fizzy drinks

Orange yellow E110 9.1 8.9 9.1
Quinoline yellow E104 9.5 9.4 9.4
Tartrazine E102 10.3 10.2 9.8
Indigo Carmine E132 9.4 9.3 9.5

Source: Author’s
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Determination of synthetic dyes in selected commercial preparations
Samples of beverages and tablets colored with food dyes under investigation were prepared according to the
section “Preparation of samples for SPE”. Elution of E122 and E133 was achieved according to the section “SPE
extraction” with 0.1M NaOH, E110, E104, E102 and E132 with 0.01M NaOH and E124 with 0.01M TEA and the
concentrations of dyes in the resulting solutions were determined spectrophotometrically according to the
section “UV/VIS Spectroscopy” (Table 5).

Procedure validation
To estimate the accuracy of the proposed procedure samples of drinks and tablets analyzed during these
investigations were spiked with appropriate dyes and subjected to SPE extraction followed by
spectrophotometry. The expected dye contents, results of experimental determinations and recoveries are
presented in Table 5. The method precision was also evaluated - the repeatability was tested according to [36]
by replicating the entire method on the same day, using the same products, batches of solvents and SPE
columns, by the same analyst (Day I, Analysis A and B). Intermediate precision was verified according to [36] by
repeating the procedure on the same products but on a different day, by a different analyst, using other
batches of solvents and SPE columns (Day II). The results of these experiments presented in Table 6 prove that
the method accuracy and precision are sufficient for determination of selected food dyes in beverages and
pharmaceutical tablets.

Limits of detection and quantification of the spectrophotometric determinations were estimated on the basis
of the parameters of the calibration curves according to the formulas: LOD=3.3*sb/a and LOQ=3*LOD, where a
is a slope and sb – a standard deviation of the intercept, respectively (Ref. [36]).

Conclusions
Synthetic food dyes may be effectively quantified in beverages and pharmaceutical tablets by VIS spectroscopy
after isolation by SPE extraction on the aminopropyl sorbent. The elution of the dyes from the sorbent can be
achieved with aqueous NaOH or diluted amines. The calibration plots of Ponceau 4R (E124) used as the model
dye differ significantly in terms of slope depending on the eluent – the sensitivity is better when TEA is used
instead of NaOH. Other dyes, however, e.g. brilliant blue (E133) or azorubine (E122) are eluted faster with
aqueous NaOH than with amines so for the elution of these colorants NaOH is the reagent of choice.
Substances present in drinks and tablets (actives, sweeteners, flavors) do not interfere.
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