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Abstract

Carminic acid, isolated from cochineal, was analyzed by matrix-assisted laser desorption/ionization (MALDI) and electrospray mass
spectrometry (ESI-MS). Application of both techniques to the analysis of carminic acid suspended in linseed oil and applied to a piece of
canvas, demonstrated the ability of MALDI and ESI-MS to identify this organic dye in a mixture as those used in easel painting.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Carmine is an organic violet-red colorant obtained from
cochineal, the dried bodies of the female scale insectCoc-
cus cacti (Dactylopius coccusCosta). Cochineal was the
main red dye used in Central America before the Span-
ish conquest and during the 16th century it was imported
into Europe and began to replace the domestic kermes
as an artist’s pigment and for dyeing. Due to its fugitive
nature, carmine is now used principally in cosmetics and
in student-grade artists’ paints[1]. Carminic acid (1), an
hydroxyanthraquinone linked to a glucose unit (Fig. 1) is
the coloring principle of the cochineal extract. This an-
thraquinone glucoside has been shown to be a potent deter-
rent to ants[2] and dietary-carminic acid has been used for
defense by larvae of insects[3]. Recently, the first synthesis
of carminic acid has been reported[4].

Carminic acid has been quantitatively determined by
HPLC in foods[5] and identified by reversed-phase HPLC
in an extract from silk fibers from an archeological textil
[6]. UV-Vis spectrophotometric analysis has shown to be
suitable for the identification of this dye in wool fibers[7].
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Recently, carmine alum lake has been identified by nega-
tive ion laser desorption mass spectrometry in a mixture
of the lake suspended in linseed oil and applied to paper
[8].

As part of our research on pigments used in South Amer-
ican colonial paintings we have recently reported the iden-
tification of a carmine lake in three paintings by hydrolysis
of the lake and further TLC of carminic acid on acetylcellu-
lose[9]. These results enabled us to search for new analyti-
cal methods that could allow us to identify carminic acid on
different supports without previous application of extraction
techniques.

In this work, we report the results from MALDI and
ESI-MS analysis of carminic acid isolated from cochineal
and of an artificially aged sample of carminic acid suspended
in linseed oil, applied on a piece of canvas and covered with
dammar resin.

2. Experimental

CochinealC. cacti were purchased from Kremer Pig-
mente, Aichstetten, Allgäu, Federal Republik of Germany.
Cochineal was extracted with hot water and carmine lake
was precipitated from the aqueous solution by addition of
lead acetate. Carminic acid (1) was obtained by hydrolysis
of the lake in methanolic sulfuric acid solution[10]. Further
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Fig. 1. Chemical structure of carminic acid.

purification by CC (column chromatography) over Sephadex
LH 20 afforded pure1, identified by comparison with pre-
vious IR, 1H and 13C NMR spectral data[4]. TLC was
performed on precoated cellulose F254 (AcOEt/THF/H2O
(0.6:3.5:4.7 v/v/v)).1H and13C NMR spectra were recorded
in (CD3)2SO in a Bruker ACE-200 spectrometer. The IR
spectrum was obtained on a Nicolet Magna-550 FTIR spec-
trophotometer. LSIMS (positive ion mode) was performed
on a VG ZAB-SE magnetic sector mass spectrometer. The
primary ion beam was supplied by a CsI gun (10 keV, Cs+).
The sample was dissolved in 3-nitrobenzylalcohol matrix.
Matrix-assisted laser desorption/ionization (MALDI, nega-
tive ion mode) spectra were performed on a PE Biosystems
Voyager DE time-of-flight mass spectrometer. The samples
were dissolved in�-cyano-4-hydroxycinnamic acid and run
in normal mode (no reflection). Electrospray ionization mass
spectrometry was performed on a Micromass Q-TOF Ultima
instrument operated at a resolution of 10,000 in reflectron
mode. The samples were dissolved in an infusion solution
of MeOH/H2O/AcOH (50:49:1 v/v/v).

Fig. 2. MALDI mass spectrum (negative ion mode) of carminic acid (1).

Fig. 3. MALDI mass spectrum (negative ion mode) of1 applied on a
piece of canvas.

Fig. 4. ESI mass spectrum (positive ion mode) of carminic acid (1).
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3. Results and discussion

Several modern mass spectrometry techniques have been
explored to characterize natural organic pigments and dyes.
The chemical identification of very low quantities of these
substances traditionally used as dyes in textiles and as lakes
in artists’ paints is important in the fields of art history, con-
servation and restoration and can be helpful in their dat-
ing. Laser desorption mass spectrometry (LDMS) has shown
to be a useful tool for analyzing flavonoids in traditional
yellow pigments used as dyes[11] and for the analysis of
carmine alum lake on paper[8]. Naphthaquinone pigments,
characteristic ofAlkanna tinctoriaTausch have been identi-
fied by MALDI [12]. A mixture of laccaic acids produced
by the lac insectKerria lacca Kerr and used as a red pig-
ment in easel painting has been successfully analyzed by
HPLC/electrospray mass spectrometry[13].

Carminic acid (1) is a polar non-volatile low-mass
molecule difficult to be analyzed by the traditional method
of electron impact mass spectrometry. Liquid secondary
ion mass spectrometry (positive ion mode) of1 using
3-nitrobenzylalcohol/Li as matrix yielded a weak lithiated
pseudomolecular ion atm/z499 [M + Li] +. Therefore, we
decided to evaluate whether matrix-assisted laser desorp-
tion and electrospray ionization mass spectrometry could
be used as rapid and simple techniques to identify carminic
acid. Since this pigment has been found in paintings mixed

Fig. 5. MS-MS spectrum of sodium cluster dimer at 40 eV.

with a medium, we dissolved1 in linseed oil, applied it on
a piece of canvas and covered it with dammar resin. Further
exposure to 50◦C [14] for 8 h and daylight for three weeks
yielded an artificially aged sample of carminic acid that
was analyzed by MALDI and ESI-MS.

Matrix-assisted laser desorption mass spectra of1
were run in positive and negative ion modes. The most
effective mode was shown to be that of negative ion
(Fig. 2). The spectrum was characterized by a relatively
strong pseudo-molecular ion atm/z 491 [M − H]− to-
gether with ions atm/z 188 and 144 corresponding to the
�-cyano-4-hydroxycinnamic acid used as MALDI matrix.
Peak atm/z 399 could presumably be due to an impurity.
The negative ion MALDI spectrum of an artificially aged
sample of carminic acid (1) applied on a piece of canvas
(Fig. 3) showed the [M− H]− pseudo-molecular ion of1
at m/z 491 and a peak atm/z 447 representing the neutral
loss of CO2 from the deprotonated molecule, allowing the
identification of the pigment in the mixture of linseed oil
and dammar resin. Ions different from 447 and 491, and
those corresponding to the MALDI matrix, could be due to
the components of dammar resin and linseed oil.

Electrospray is a soft ionization technique suitable for the
detection of very small amounts of polar molecules that con-
tain functional groups capable of charge retention. Analysis
of carminic acid (1) by electrospray mass spectrometry in
positive ion mode gave a spectrum (Fig. 4) that displayed
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two pseudo-molecular ions atm/z 493 [M + H]+ and 515
[M + Na]+ together with a few fragment ions atm/z402,
424, 559 and 594, and an intense peak atm/z1007. MS-MS
experiments of the isolated protonated molecule (m/z493)
of 1 at different collisional energies showed that at 20 eV
the MS-MS spectrum displayed the peak atm/z 493 to-
gether with fragment ions due to successive losses of water
at m/z475, 457, 439, 427, 397, and a base peak atm/z373
[M −CO2H−2CO−H2O]+. At 40 eV, the pseudo-molecular
ion atm/z493 was no longer observed and the spectrum dis-
played fragment ions atm/z421 [M+H−4H2O]+ and 403
[M +H−5H2O]+, and a base peak atm/z355 [M−CO2H−
2CO− 2H2O]+. MS-MS experiments of the isolated ion at
m/z1007 at 40 eV (Fig. 5) showed the sodiated molecular
ion atm/z515 as the predominant peak, confirming that the
ion atm/z1007 is a sodiated dimer cluster of1. The electro-
spray ionization mass spectrum in positive ion mode of the
artificially aged sample of carminic acid (1) (Fig. 6) showed
the protonated molecular ion atm/z493 together with a peak
at m/z512, presumably due to the presence of the species
[M +2H+H2O]+ and fragment ions atm/z415 [M+Na−
CO2 − 2CO]+ and 257 [M+ H − 162− 2CO− H2O]+.
The ESI-MS in the negative ion mode of artificially aged
1 gave a very clean spectrum (Fig. 7) displaying a strong
pseudo-molecular ion atm/z491 [M− H]−. MS-MS exper-
iment of the isolated pseudo-molecular ion atm/z491 at a
collisional energy of 20 eV (Fig. 8) gave this peak together

Fig. 6. ESI mass spectrum (positive ion mode) of1 applied on a piece of canvas.

Fig. 7. ESI mass spectrum (negative ion mode) of1 applied on a piece
of canvas.
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Fig. 8. MS-MS spectrum of isolated pseudo-molecular ion [M− H]− at
20 eV.

with the fragment ions atm/z447 [M−H−CO2]− and 327
[M −2H−glucose]−, in coincidence with the spectrum ob-
tained by negative ion laser desorption mass spectrometry
of carminic acid in linseed oil on paper[8].

4. Conclusions

The results obtained show that soft ionization techniques,
as matrix-assisted laser desorption and electrospray ioniza-
tion mass spectrometry, both in the negative ion mode, are
excellent screening methods for confirming the presence of
carminic acid in mixtures as those used in easel painting.
The presence of other compounds, usually used as binding
media, such as triglycerides in linseed oil, do not interfere

in the identification of the organic colorant. In this way,
both mass spectrometric techniques are powerful tools for
the rapid identification of carminic acid in works of art. Re-
lated studies with textiles such as wool and silk dyed with
cochineal are currently under study.
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