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Abstract: The influence of the concentration of ascorbic acid on some food colorant degradation in the
solutions was studied. For this purposes some food colorants with naphtalenic structure, as: Ponceau
4R, Amaranth, Allura red, Carmoisine and Sunset yellow were investigated. Rate constant (k), time of
colorant half-life (t,4), as well as the type of the kinetic reaction have been determined. At the same
ume, the ascorbic acid degradation in the solutions, and the degradation of the investigated colorants in
the solutions without the presence of ascorbic acid under the similar conditions was followed. The
colorants and the ascorbic acid have been determined in the solutions by a high performance liquid
chromatography (HPLC) with a diode array detector (DAD) and UV-VIS spectrophotometry. It was
tound that when the concentration of ascorbic acid in the solutions of the colorants increases, the value
of the rate constant also increases and according to that the values of the colorants half-life decreases.
The values of the rate constants are 2.00-2.57 times higher when the colorant degradation was held in
the presence of 500 mg/L of ascorbic acid. According to the values of correlation coefficient in all the
cases it happened to be firs order kinetics.
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1. INTRODUCTION

Artificial food colorants are widely used in food industry, for coloring foodstuff matter, but in fact they
have no any nutritional value. The use of particular food colorant in food industry depends primarily of its
toxicity. However, at the same time, of major importance are also some other factors such as stability ot the
colorant used for coloring certain food product and whether there is a possible interaction between some
component of the foodstuff matter and the colorant. As it is known [1], some reducing agents present in the food
may react especially with azo dyes forming degradation products, which may react further with other food
components forming undesirable compounds. One of the agents, which can react with these dyes causing their
degradation, is ascorbic acid [2, 3]. Ascorbic acid is often used in soft drinks as a nutritional supplement or as an
antioxidant and provides a reducing environment in which azo dyes can easily be degraded.

Continuing our investigation on artificial food coloring [4], in the present study, the
influence of the concentration of ascorbic acid on food colorant degradation in the solutions
was studied. For this purpose some food colorants with naphtalenic structure (Ponceau 4R,
Amaranth, Allura Red, Carmoisine and Sunset Yellow), were studied. Rate constant (k), time
of colorant half-life (z2), as well as the type of the kinetic reaction have been determined. At
the same time, degradation of ascorbic acid in the solutions, and of the investigated colorants

without the presence of ascorbic acid was also followed.

2. EXPERIMIENTAL
2.1. Instrumental

HPLC system Perkin-Elmer equipped with Diode Array Detector 235 C, and binary
pump series 200 and UV-VIS Spectrophotometer, mode!l Milton Roy, were used. Liquid
chromatography column was used. Stainless steel 10 cm x 4.6 inside diameter, packed with 5
mm Pecosphere C18, was used (Merck).
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2.2. Reagents

Mobile phase was composed of solvent A (0.01 mol L' KH,PO, adjusted to pH 4.5
with o-phosphoric acid) and solvent B (Methanol HPLC grade, Merck). Acetate buffer (pH =
5.5) was prepared by dissolving 6.8 g of sodium acetate, adjusted with acetic acid in 1 L.
Reference food colorant standards were obtained from Etol (Slovenia) and Wurth (Austria).

2.3. Methods

Model solutions containing investigated dyes were made in acetate buffer (pH = 5.5).
Concentration of added dyes in model solutions was 40 mg L', and concentration of ascorbic
acid was 100, 250 and 500 mg L. All the solutions were preserved with potassium sorbate.
Dissolved oxygen was removed from solutions by purging with ultrasonic treatment.
Solutions were kept in dark at room temperature. Degree of degradation of ascorbic acid and
food colorants was monitored- within 4 weeks. The rate of ascorbic acid degradation was
monitored by HPLC, and the rate of food colorant degradation was monitored slmulmneously
by HPLC and by visible spectrometry.

A gradient profile used was as foliows: 3 minutes 100% A, 0 - 100% B in 4 minutes.
held at 100% B for 8 minutes, returned to 100% A and held 10 minutes before next injection.
HPLC determination of ascorbic acid was performed at 255 nm. Wavelengths for HPLC and
spectrometric determination of artificial food colorants are given in Table L

Table [. Wavelengths for determinations of some synthetic food colorants

Synthetic coloring EEC serial number Wavelength. nm

HPLC Vis spectrophotometry
Amaranth E 123 225 516
Allura Red E 129 235 500
Carmoisine E 122 225 505
Ponceau 4R E 124 225 506
Sunset Yellow E 110 245 370

3. RESULTS AND DISCUSSION

3.1. Degradation of ascorbic acid in model solution

Ascorbic acid is very rapidly oxidized by dissolved molecular oxygen in the model
solutions. In order to decrease the degradation of ascorbic acid oxygen was removed from the
solution by ultrasonic purging. Model solutiens of ascorbic acid are made in acetate buffer pH
the 5.5 and are preserved with potassium sorbate (48 mg L"). Results of the determination of
degree of degradation at various concentration of ascorbic acid in the dark at the room
temperature within 4 weeks show that hundred mg L™ of ascorbic acid is rapidly degraded
within an interval of 7 days in the dark and at room temperature, where as in the case of a
higher concentration (250 and 500 mg L) ascorbic acid is much more stable. After 28 days
of storage. the remnants of ascorbic acid were found to be 38 % from the original
concentration of 250 mg L™ and 74.1 % from the initial concentration of 500 mg L™,
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3.2. Degradation of food colorants in the presence of ascorbic acid

The rate of degradatlon of food colorants was established in the presence of ascorblc
acid (100, 250 and 500 mg L™). They were also preserved by potassium sorbate (48 mg L~ h.
The concentration of all added dyes was 40 mg L™, because this concentration happens to be
most commonly used in the preparation of soft drmks

The results obtained for the degradation of food colorants show that the remnants of
the undegraded colorants in the presence of 100 mg L™ ascorbic acid after 3 weeks of storage
are between 83.4 % for Allura red and 88.0 % for Ponceau 4R. On the contrary, a higher
concentration of ascorbic acid in the solution causes faster degradation of the artificial food
colorants. Even after 4 weeks of storage in the presence of 500 mg L' ascorbic acid, the
remnants of undegraded colorants in the solutions are between 59.0 % for Sunset Yellow and
69.4 % for Ponceau 4R. No significant changes in food colorant concentration were found
within 4 weeks in the absence of ascorbic acid.

According to the results for the degradation of investigated food colorants in the
presence of various concentrations of ascorbic acid vs. time, rate constant (&), time of the
colorants half life (#;,2) and correlation coefficient (r) were determined. The values of the rate
constants were calculated from the slopes of the straight lines obtained by plotting Iny vs.
time. This dependence has the form of the linear equation (Iny = -kz + Invy,) which shows that
the plot of Iny versus ¢ yields a straight line, so the reactions are first order [5]. The values of
k, t1;» and r obtained for the degradation of ascorbic acid and of all investigated colorants in
the presence of 100, 250 and 500 mg L' of ascorbic acid are given in Table II and IIL. As it
can be seen from the results for ascorbic acid given in Table I, the rate constant (k) and half-
life (¢,,2) increases by increasing the initial concentration of ascorbic acid in the solution.

Table II. Kinetics of degradation of ascorbic acid

% (mgL") k(dh ti (d) r
100 0.450 1.5 -0.976
250 ' 0.09 5 : 7.3 -0.999
500 0.065 10.6 -0.997

Correlation coefficients (Table II) for degradation in the presence of 100 mg L' of
ascorbic acid, were calculated for a 3 days period and the other parameters (k, f;,2) refer to
period of 3 weeks. All the parameters for the colorant degradation in the presence of 250 and
500 mg L' of ascorbic acid were obtained for the period of 4 weeks.

The higher concentration of ascorbic acid leads to the higher rate constant and lower
colorant half-life. The values of the rate constants are 200 2.57 umes higher when the
colorant degradation was run in the presence of 500 mg L of ascorbic acid than in the

presence of 100 mg L' ascorbic acid.

Table III. Kinetics of degradation of the synthetic food colorants in the presence of ascorbic acid

Food colorant Ascorbic acid (mg L) k(dh f12 () -
100 0.006 105.1 -0.995

Amaranth 250 0.009 76.7 -0.999
500 0.013 52.6 -0.999
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100 | 0.007 103.9 -0.995

Carmoisine 250 0.010 66.3 -0.997
500 0.014 50.5 -0.999

100 0.006 115.5 -0.993

Ponceau 4R 250 0.008 86.6 -0.997
500 0.012 57.7 -0.998

100 0.007 100.8 -0.992

Sunset Yellow 250 0.011 62.0 -0.997
500 0.018 38.5 -0.998

100 0.008 85.0 -0.991

Allura Red 250 0.014 50.2 -0.995
500 0.018 38.0 -0.999

NCIIUTYBAILE HA JETPAJALIMIATA HA HEKOU CUHTETHYKH NPEXPAHBEHU BOU
BO MIPUCYCTBO HA ACKOPBMHCKA KHCEJIHMHA CO HPUMEHA HA HPLC

Becna Pnzosa', Tpajue Cracpumnos’ u Knpo Crojanockn’
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McmuTyBaHo ¢ BIMjAaHHETO, HA NPHCYCTBOTO Ha acKOpOMHCKaTa KUCE/IHIHA Ha KHHeTHKAaTd Ha
pacrafamkeTo HAa HCKOM NpexpaHOcHU GOM co HacpTaNeHCKAa CTPYKTYpa (MOHKO 4R. aMapaHT. anypa
UPBEHO. KAPMOH3HH I COHUEBO KonTo). Ilpi Toa, onpefenyBana e KOHCTaHTaTa Ha Op3IIHATA Ha peak-
umjaTta Ha gerpagauuja (k), IONyBpeMe Ha pa3rpagyBathe Ha doure (1,2), KAKO M THIIOT Ha KHHCTHKATA Ha
peaxuujaTa. Bo MCTO Bpeme. UCHIITYBAHO € M pacnafameTO Ha acKOpPOMHCKATa KHCEIIHHA KAKO M Ha
fonTe Ge3 NPUCYCTBO Ha aCKOpOHHCKATa KHceMiiHa. bouTe u ackopOHHCKAaTa KHCE/IHHA CE ONpee 1yRa-
HY CO NpHuMeHa Ha BHcoKocdukacHa TeuHa xpomatorpacduja (HPLC) co geTeKTop coO Husa ON RHOAH
(DAD) u Ha UV-VIS cnexTpocOoToMETpIja. YTBPICHO € AeKa CO 3rofieMyBare Ha KOHUEHTPauijaTa Ha
acKOpOGHHCKATA KUCEIHHA BO PACTBOPUTE Ha 0OINTC. BPEAHOCTa Ha KOHCTAHTaTa Ha Op3HHaTa Ha fcrpa-
Jauija cc 3rojemyBa, AOACKA MOAYBPEMETO HA pasrpayBame Ha OOMTe ce HaManaysa. Bpefmocra Ha
KOHCTaHTaTa Ha Op3MHATA HAa peakUijaTa Ha Acrpagaluja ¢ nosucoka 3a 2,00-2,57 naTi BO npitcycTsO lid
ackopOHHCKaTa KucelHHa co KoHucuTpaumja o1 300 mg/L. Cropen BpefHOCTa Ha KOCHUIHCHTOT IHi
KOpeTauuja HajaeHo € AeKa OBHe MPOLECH ja CNeaT KHHETHKATA Ha PEaKIlija Off nps pet.
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