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Abstract: Elevated temperatures are the most crucial factor
deteriorating betalain stability. In previous studies, the most
significant decline of their integrity, especially above 85 ◦C was
noticed. However, the presence of specific food additives: chelat-
ing agents, antioxidants such as citric acid, as well as natural
matrix compounds, may exhibit a positive effect on betalain sta-
bility. Therefore, the effect of citric acid and matrix constituents
on the stability of betalains was investigated during the heating
experiments in their richest natural sources – Beta vulgaris L.
juices. Under the influence of the protective activity of matrix, a
certain increase of betacyanin stability was observed. The posi-
tive effect of matrix on pigment stability depends on the pH of
the tested solutions. This stabilizing effect is the highest in the
middle of the studied pH range (4 – 5). However, the protective
impact of the addition of citric acid was not effective in red beet
solutions.

1. Introduction

Betalains, beside anthocyanins, carotenoids, and chlorophylls, belong to the most
common natural food colorants used in food industry. Their occurrence is restricted
to several families of the plant order Caryophyllales. However, only red beet (B.
vulgaris L.) root constitutes source of betalains commercially applied for coloring
purposes. Red-violet betacyanins and yellow-orange betaxanthins are included in
this class of pigments. The most common betacyanin pigment, also in red beet, is be-
tanin (betanidin 5-O-β-glucoside), which is a subject of the greatest scientific interest.
Betanin is a nontoxic compound, which exhibits antiradical and anti-inflammatory ac-
tivities, thus a growing demand for betalains is observable not only in food but also
in pharmaceutical or cosmetic industry (Stintzing and Carle, 2007).

Unfortunately, limited stability of betalains hampers their more widespread use.
Temperature is the most important factor influencing betalain stability, especially
during food manufacturing or storage (Czapski, 1990). However, thermal process-
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ing of the raw materials is necessary to ensure food safety and to prevent microbial
spoilage. Upon heating of betalains, yellow compounds, such as 14,15-dehydrogenated
derivatives (neobetacyanins) may be generated by dehydrogenation. Other degrada-
tion products are mono-, bi-, and tridecarboxylated betacyanins. All compounds
are identified by high-performance liquid chromatography with tandem mass spec-
trometry (LC-MS/MS) and diode-array (LC-DAD) detection (Nemzer et al., 2011),
(Wybraniec, 2005). Determination of betacyanin degradation mechanism as well as
elaboration of conditions under which the pigments are the most stabile is crucial for
their potential application on a large scale. Numerous studies on thermal stability
of betanin were performed in different water/alcohol model systems at temperatures
50 – 60 ◦C or 60 – 85 ◦C. Thermal stability of betalains depends on temperature
and heating period but also on structural peculiarities and certain stabilizing and
degrading factors (Herbach et al., 2004).

A condensation of betalamic acid with amino compounds (betaxanthins) or cyclo-
Dopa (betacyanins) leads to differences in stability of betalains. In most conducted
studies, superior stability of betacyanins as compared to betaxanthins was proved at
different temperatures and upon storage. Among compounds presented in red beet,
half-life of vulgaxanthin I (glutamine-betaxanthin) was 11 times lower than that of
betanin in the same conditions (Herbach, 2006).

Fig. 1. Chemical structures of betanin and vulgaxanthin I – the main betacyanin and
betaxanthin in red beet (B. vulgaris L.) root.

Several food additives such as EDTA, citric acid or ascorbic acid may improve
betalain stability in their natural matrices as well as in purified pigment preparations.
However, very few studies provide information on application of citric acid to improve
betalain stability during heating. In general, the studies reported citric acid to be
less effective than the abovementioned stabilizing compounds.

Some studies showed that matrix effect governed the reaction pathways of beta-
lains. Matrices of natural plant materials contain ingredients such as pectins, sugars,
acids, guar gum, and locust bean gum, which, due to the lower activity value, stabi-
lize pigments. Higher water activity is detrimental to color stability through betalain
cleavage into their biosynthetic precursors. The mobility of food component and oxy-
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Fig. 2. Chemical structure of citric acid – a potent chelating agent.

gen solubility is increased with greater water content, thus betalain destabilization
may occur. Gelatine gels were supposed to improve betanin stability in comparison to
pectin gels due to the higher firmness of the former. Moreover, other studies reported
that matrix partly prevents hydrolytic cleavage of the aldimine bond (Herbach et al.,
2006).

Therefore, a set of thermal degradation experiments of betacyanins in their richest
natural matrices of red beet juices was performed. In another study, the protective
effect of citric acid on pigments in these same conditions was examined.

2. Material and methods

Plant material

Juice from red beet root purchased in a local market was obtained in a juice extrac-
tor (Zelmer, Rzeszów, Poland). Before the start of the experiment the solutions of
Beta vulgaris L. juices were prepared at pH range 3 – 8. For this purpose, metric-
converterProductID25 mM25 mM acetate (3 – 5.5) and phosphate (6 – 8) buffers were
used.

Heating experiment

The solutions of B. vulgaris L. were prepared at pH range 3 – 8. The tested samples
with and without citric acid were heated for 60 min at 85 ◦C in a water bath in a
special deep 96-well plate. The concentration of citric acid in the tested solutions was
0.01 % (w/v). Every 10 – 20 min from the start of the heating, samples were collected
and analyzed by spectrophotometry and HPLC-DAD.

Spectrophotometric and HPLC analysis

The spectrophotometric measurements were performed in a microplate reader (Inifnite
M200, TECAN, Austria) in a wide range of the visible spectra.

For chromatographic analysis a Gynkotek HPLC system with UVD340U, Gynkotek
HPLC pump Series P580 and thermostat (Gynkotek Separations, H.I. Ambacht, The
Netherlands) was applied. The analytical column was a Luna C-18(2) 250x3 mm
I.D., 5 µm (Phenomenex, Torrance, CA, USA). For the separation of analytes, the
following gradient system was used: 3 % A in B at 0 min, 16 % A in B at 17 min
and a gradient to 50 % A in B at 30 min (A, acetonitrile; B, 2 % formic acid in wa-
ter). In each case, the injection volume was 10 µL, and the flow rate of 0.5 mL/min
was applied. Detection was generally performed with a DAD (diode array detection)
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system at 538, 505, 480 and 310 nm, respectively. The column was thermostated at
35 ◦C.

3. Results and discussion

The spectrophotometric measurements enabled the determination of betacyanin ther-
mal stability in their richest and the most popular source – red beet root. Additionally,
the protective effect of citric acid on the pigment stability was examined. These results
were compared to the data obtained for the purified compounds such as betanin.

In Fig. 3, the initial spectra betalains from Beta vulgaris L. before the start of
heating are shown. Betacyanins from these sources possess absorption maxima at
λmax 540 nm due to the aromatic structure of cyclo-Dopa. This source of pigments
contains also yellow-orange betaxanthins, which exhibit absorption maxima at λmax

460 nm. They consist of betalamic acid, whose lemon-yellow color is a result of the
occurrence of 1,7-diazaheptamethinium resonance system in its structure, exhibiting
three conjugated double bonds. Maximum absorption of betaxanthins varies between
460 and 480 nm and depends on the chemical structure of the amino compound.

Fig. 3. The comparison of red beet juices spectra with/without citric acid in aqueous
solutions, depending on pH.

Subsequent spectra in Fig. 4 - 7 show the absorption maxima of genuine pigments
of red beet juice together with their degradation products. After thermal treatment,
generation of a complex mixture of derivatives is observed. The profile of degradation
products, generated after heating of natural juices, depends on the process conditions.

In samples without citric acid, the fastest changes are observed at pH 8. Generally,
betacyanin absorption band at λmax ca. 540 nm decreases quickly with increasing
heating time. Strong hypsochromic shift of absorption maxima to 460 nm or even
lower wavelengths is noticed, especially after 60 min of heating. The largest bands are
observed at pH 6 – 8. Compounds absorbing at λmax 450 appear in higher abundance
at pH 6.

In the solution with citric acid, absorption maxima of betacyanins disappear at
the initial stage of heating. After 40 min a hypsochromic shift of absorption maxima
at λmax ca. 540 nm is also noticed. The main degradation products, generated after
prolonged heating of natural juices with citric acid, are compounds with absorption
maxima at λmax ca. 470 nm.
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Fig. 4. The comparison of red beet juices spectra with/without citric acid in aqueous
solutions after 10 min of heating, depending on pH.

Fig. 5. The comparison of red beet juices spectra with/without citric acid in aqueous
solutions after 20 min of heating, depending on pH.

Fig. 6. The comparison of red beet juices spectra with/without citric acid in aqueous
solutions after 40 min of heating, depending on pH.

The spectrophotometric measurements enabled the determination of the pigment
stability, which is expressed by ’retention’ – the percentage of pigment residue after
heating time relative to its initial concentration. A comparison of pH-dependence of
betanin retention obtained for all tested solutions with/without citric acid is shown
in Fig. 8 - 9. Retention values depend on the pH and the heating period. Retention
values decrease significantly with prolonged heating time.

The comparison of matrix effect on pigment stability in aqueous solutions of red
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Fig. 7. The comparison of red beet juices spectra with/without citric acid in aqueous
solutions after 60 min of heating, depending on pH.

beet juices with/without citric acid is presented in Fig. 8.The protective impact of
addition of citric acid was not effective in red beet solutions. After 60 min of thermal
processing a slight increase of retention only at alkaline pH was observed. More
significant increase of retention is noticed only in the initial stage of heating, after 10
– 20 min at pH 7 – 8. Retention value increases from about 40 % to 60 % in these
conditions, whereas in other tested solutions the trend is reversed. The addition of
citric acid diminishes retention value, from values of 40 % to 20 % at optimal pH
range of pigment stability.

Fig. 8. Comparison of retention of heated B. vulgaris L. juice with/without citric acid
in aqueous solutions, depending on heating time and pH.

The positive effect of matrix on pigment stability depends on the pH of the tested
solutions. This stabilizing effect is the highest in the middle of the studied pH range
(4 – 5). Pigments from the samples of red beet are more labile in alkaline media,
especially at pH 6.5 – 8. In these conditions, pigments in B. vulgaris solutions exhibit
high lability during the whole heating experiments. After 60 min of heating, the
retention values remain at a level of ca. 10 %.

Under the influence of the protective activity of matrix, a certain increase of be-
tacyanin stability was observed as compared to results of previous studies on purified
pigments, such as betanin. In aqueous solutions of betanin, the pigment underwent
rapid decomposition. After 60 min of reaction, betanin was almost completely de-
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Fig. 9. Comparison of retention of heated betanin solutions with/without citric acid
in aqueous solutions, depending on heating time and pH.

composed. However, the effect of citric acid on betanin in aqueous solution is also
negligible. In betanin solutions with citric acid, the only difference is shifting of
optimal pH range of 1 unit towards more acidic pH-value. Moreover, the pigment re-
tention values were almost at the same level after 60 min of thermal processing in the
case of betanin solutions with/without citric acid. Nevertheless, a minimal increase
of the retention values was noticed in the initial stages of heating (15 min after the
start of the experiment). The optimal pH of betanin stability in aqueous solutions
with/without citric acid at pH 5 – 6 was noticed.

In general, betalains from red beet are most stable in the pH range around 5
– 6. At alkaline pH, betalains may be cleaved into betalamic acid and cyclo-Dopa
(betacyanins) or amino compounds (betaxanthins). They may further decompose,
leading to color fading.

Summarizing, under the influence of the protective activity of matrix, a significant
increase of betacyanin retention was observed in comparison to results of previous
analogous studies on purified pigments, such as betanin. However, the addition of
citric acid to improve pigment stability was not successful in these conditions.

4. Conclusion

The results of this study confirm the protective activity of matrix constituents on
stability of betalains in their natural matrices of B. vulgaris L. juices. Under the
influence of the protective activity of matrix, a certain increase of betacyanin stability
was observed as compared to results of previous studies on purified pigments, such as
betanin. The positive effect of matrix on pigment stability depends on the pH of the
tested solutions. This stabilizing effect is the highest in the middle of the studied pH
range (4 – 5).

The protective impact of the addition of citric acid was not effective in red beet
solutions. After 60 min of thermal processing, slight increase of retention only at
alkaline pH was observed. The main products of betacyanin thermal degradation in
these solutions are compounds characterized by absorption bands around the wave-
length at ca. 420 and 470 nm. The protective effect of citric acid is less effective than
EDTA or ascorbic acid, respectively.
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