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Betanin and neobetanin (14,15-dehydrogenated betanin), natural betacyanin pigments were subjected to a gentle  reduction by 2-methylpyridine
borane. During each reduction reaction, the visible spectra were collected. The results were tentatively confirmed by LC-DAD-ESI-MS. In comparison
to a previous study with sodium borohydride, various types of products were obtained. Depending on pH, one or two double bonds are reduced. In-
terestingly, a preliminary decarboxylation of the pigments is also noticed. 
Betacyanins are plant red-violet pigments applied as colorants in food and pharmaceutical industry which are proven to have an antioxidant activity.
They are confirmed to be beneficial for human health as free radical scavengers. Therefore, betacyanins can prevent from many diseases which would
be induced by an excessive accumulation of free radicals in the human body. There are more and more reports of their pro-health properties. However,
the mechanism of betacyanins oxidation remains not completely elucidated. It is postulated that the rearrangement in the chromophoric system is 
a significant part of this mechanism. The products obtained as a result of reduction of betanin and neobetanin can be useful in oxidation investigations.
Betacyanins with partially destroyed chromophoric system by reduction of the double bonds would by perfect models for further studies on their 
oxidation.
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Introduction

Betacyanins are plant pigments which can be found in
many species of the Caryophyllales order. Betanin is one of
the most popular betacyanins in nature which is obtained
from red beet root juice for commercial application as 
a food colorant E 162.

The common chemical structure for all betacyanins
comprises a residue of betalamic acid and glycosylated cyclo-
DOPA moiety [1]. The conjugation of these two moieties
leads to a formation of specific chromophoric system, the
1,7-diazaheptamethin chain. The chromophoric system is
responsible for these pigments colours, which are in a range
from orange-red to violet [2]. Except betanidin, in the
structure of all other betacyanins, one of two phenolic
group of cyclo-DOPA moiety are glycosylated or acyl-gly-
cosylated. The presence of remaining free unbound phe-
nolic moieties (in case of betanidin) or one moiety (other
betacyanins) makes betacyanins strong antioxidants [3,4].
It causes betacyanins can free radical scavenge of free radi-
cals and therefore prevent many diseases. It makes this
group of compounds very beneficial for human health.

Elucidation studies on the oxidation mechanism gain
on an importance because of the great interest regarding
betacyanins in pro-health activity. The mechanism of be-
tacyanins oxidation is not proven but it is postulated to in-
volve a rearrangement in the chromophoric system and 
a formation of a labile quinone intermediate product [5]. 

In this study, betanin as well as its 14,15-dehydro-
genated derivative, neobetanin (Figure 1) were subjected
to a gentle reduction by 2-methylpyridine borane. No ex-
periment on betacyanins gentle reduction has been tested
before. This is a continuation of our recent study concern-
ing the reduction reaction of betanin as well as its decar-
boxylated derivatives using a more violent reducing reagent
NaBH4. The reduction products of the latter reagent pos-
sess a destroyed chromophoric system of conjugated double
bonds because of a four hydrogen atoms addition. We
wanted to compare the previous results with the action of
2-methylpyridine borane as a more gentle reducing agent
to identify reduction products with partially reduced dou-
ble bonds in the chromophoric system. Their simplified
structures would be perfect models for further investiga-
tions on betacyanins oxidation mechanism.

Materials and Methods

Preparation of pigment samples

Isolation of betanin
Betanin and neobetanin were obtained from the juice of
red beet root (Beta vulgaris L.) by means of a sequence of
chromatographic techniques. The first step was a purifica-
tion using a C18 cartridge. The betanin- and neobetanin-
contained fractions were eluted by aqueous solution of
30% acetone 2% formic acid (v/v). After that, a Flash chro-
matography was applied with gradient system: 5% A in B
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at 0 min;  gradient to 35% A in B at 30 min (A, acetone;
B, aqueous solution of 2% formic acid). The last step was
a preparative isolation by high performance liquid chro-
matography using HPLC PUMP 64 (Knauer, Germany).
The semi-preparative column was Bischoff C18 (Bischoff
Chromatography, Germany) 250 mm x 30 mm i.d., 10
μm, C18, with a 10 mm x 10 mm i.d. guard column with
the same material. The gradient system was 6% A in B at
0 min;  gradient to 10% A in B at 30 min (A, acetone; B,
aqueous solution of 1% formic acid). The injection volume
was 60 mL and the flow rate was 3 mL/min. The signal de-
tection was performed at 505 nm by a UV-Vis de tector
(Knauer, Germany). The temperature during chromato-
graphic isolation was ambient.

Reduction experiment details
20 μL of each pigment was dispensed into 6 wells with
buffer solutions in a pH range of 3-8 with 1 pH-unit step.
The used buffers solutions were acetic and phosphoric
buffers at pH 3-5 and 6-8, respectively. Immediately before
UV-Vis spectra measurement, a methanolic solution of
2-methylpyridine borane was added to each well to a final
concentration 140 mM in the tested samples. 

The reaction products were tentatively identified after 
3 h of the reaction assay by means of liquid chromatography
coupled to a diode-array detector and mass spectrometer. 

Visible spectra measurement
The spectra were recorded in the range of 350-550 nm at
25oC within 2 h, 6 times per hour. The calculated optical
path-length for a total volume of sample 200 μl in a mi-
croplate well was 0.53 cm.

LC-DAD-ESI-MS analysis
The reaction products were identified by mass spectrome-
try technique. The positive ion electrospray mass spectra
were recorded on a Shimadzu LCMS-8030 (Japan) mass
spectrometry system. The electrospray voltage was 4.5 kV;
temperature of capillary was 250°C and sheath gas was N2.
The Kinetex column 100 x 4.6 mm i.d. with a guard col-
umn (Phenomenex, Torrance, CA, USA) thermostated at
40 ºC was used. The injection volume was 40 μL and the
flow rate was 0.5 mL/min. An applied gradient system was:
15% A in B at 0 min; gradient to 40% B in A at 12 min
(A, acetonitrile, B, 2% (v/v) formic acid). The controlling
software, LabSolutions LCMS Ver. 5.6 Shimadzu (Japan),
was used for mass spectra recording and elaboration.

Results and discussion

The UV-Vis spectra were collected within 2 hours, but
after 1 h the absorption maxima of particular pigments be-
came flattened, indicating destruction of the main chro-
mophoric system. A case of an increasing of a new
absorption maximum may suggest creation of reaction
products.

In contrast to a previous study with sodium borohy-
dride, new di- and tetra-hydrogenated betacyanins as prod-
ucts of reduction by 2-methylpyridine borane were detected
by LC-DAD-ESI-MS. All chromatographic and mass spec-
trometric data of compounds detected in the postreaction
mixtures of each tested sample are presented in Tables 1-2. 

A strong influence of pH or buffer type on the reduc-
tion products is shown. At pH range 3-5, major part of be-
tanin (2) remains not reduced (Table 1). Nevertheless, 
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Figure 1. Structures of tested betacyanins

Table 1. LC-MS data of characteristic ions of products of betanin reduction
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a case of prior decarboxylation before reduction is noticed,
because the protonated molecular ions [M+H]+ indicating
a presence of decarboxylated betanin (3), decarboxy-dihy-
dro-betanin (4) and bidecarboxy-tetrahydro-betanin (5) are
detected. In samples at pH range 6-8, the only product,
the tetrahydrogenated betanin, is found (1). This is proven
by m/z of [M+H]+ 555 indicating an increase of betanin
m/z by four hydrogens equivalents as well as a decreasing
of betanin absorption band at 538 nm during the reaction
(Figure 2).

Neobetanin reduction results in a formation two iso-
mers of dihydro-neobetanin in the entire range of pH
(Table 2). It is confirmed by a presence of two compounds
of different retention times and m/z 551 of [M+H]+. Dif-
ferently, there is no one tetrahydrogenated product de-

tected. A higher stability of neobetanin in reaction with 2-
methylpyridine borane is revealed, different from betanin.
It is confirmed by the spectra collected during reaction
(Figure 3). The absorption maximum of neobetanin at 470
nm is shown even after 1 h of reduction while betanin ab-
sorption band is flattened.  Interestingly, the spectra
recorded for sample at pH 7 as well as 8 demonstrate an in-
creasing new band at 390 nm. No other bands are appeared
in the spectra for the samples at pH 3-6. 

Based on the tested betacyanins structures (Figure 1),
it is postulated that two double bonds C-11,12 and C-
17,18 of the chromophoric system can be reduced in a case
of hydrogenation by 4 hydrogen atoms. The hydrogenation
and decarboxylation positions in the analyzed structures re-
quire more comprehensive studies. 
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Figure 1. Structures of tested betacyanins

Table 2. LC-MS data of characteristic ions of products of neobetanin reduction
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Conclusions

In this study, significantly more different hydrogenated de-
rivatives were obtained in comparison to NaBH4. The re-
sults show the reduction of one or two double bonds. 

The impact of pH on betacyanins reduction products is
very interesting and has to be investigated further. At pH
range 3-5, a major part of betanin remains not reduced, but
a case of prior decarboxylation before reduction is noticed.
In contrast, at pH range 6-8 the tetra-hydrogenated product
prevails. In contrast to betanin, neobetanin reduction results
in a formation of only dihydrogenated products and no de-
carboxylated nor tetrahydrogenated products appear. 

In the case of hydrogenation by 4 hydrogen atoms, the
reduction of two double bonds C-11,12 and C-17,18 is
suggested. The positions of two hydrogen atoms reduction
is still unknown and will be studied further. The products

of reduction by 2-methylpyridine borane will be useful in
a study on an oxidation mechanism of betacyanins.
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Figure 3. Visible absorption spectra collected during the neobetanin reduction at different pH


