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FT-Raman Spectra of Saffron (Crocus Sativus L.);
A Possible Method for Standardization of Saffron
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ABSTRACT: FT-Raman spectra of saffron (crocus sativus L.) with a partial assign-
ment is reported. Based on the Raman data, it is concluded that main pigments in
saffron are crocins and crocetin. It is proposed that the quickly attainable FT-Raman
spectrum of solid saffron, may be used as a means of saffron standardization.
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INTRODUCTION

Saffron is the dried stigmas of the plant crocus
sativus L. It is used as a spice and colorant in a
variety of foods. The coloring properties of saffron
are due t0 a number of carotenoid pigments, both
water scluble and fat soluble [1].

The two major water soluble pigments are croce-
tin and crocins [2]. Crocins are glycosyl esters of
crocetin. Fig. 1 shows the molecular structure of cro-
cetin and crocins [3].
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Fig. 1: Moleculer structure of crocetin and crocin

Saffron pigments have been the subject of few
experimental studies. These include UV-Vis spec-
troscopy, mass spectrometry and HPLC [3]. The only

Raman study of saffron is a resonance Raman study
in which the main pigment was assigned as crocetin
[4,5]. No FT-Raman study of saffron has been repor-
ted. We therefore report here the FT-Raman spectra
of saffron and will discuss its possible application to
standardization of saffron.

EXPERIMENTAL

Iranian saffron was obtained from commercial
sources. Both aqueous solution and solid powder
were used to obtain the spectra. FT-Raman spectra
were recorded using a Perkin Elmer FT-Raman sys-
tem model 2000 equipped with an indium-gallium-
arsenide detector. The excitation wavelength at 1064
nm was obtained from a Nd/YAG laser (L.LE. Opto-
mech, model 385).

RESULTS AND DISCUSSION

Fig. 2 shows the FT-Raman spectrum of an aque-
ous solution and Fig. 3 shows the FT-Raman spect-
rum of solid saffron. Both specira have been recor-
ded in the wavenumber shift range 200-1800 cm ™. It
can be seen from Fig. 1 that the FT-Raman spectrum
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of aqueous saffron solution contains a fluorescence
background, whereas the FT-Raman spectrum of solid
saffron (Fig. 3) has a better quality with a flat base
line. The fluorescence background in the FT-Raman
spectrum of aqueous solution may have resulted from
impurities.

f
K _ s
1860 1400 1000 600 200

em™!

Fig. 2: FT-Raman spectrum of aqueous soluiion of saffron in
the wavelength shift range 200-1800 em™!
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Fig. 3: FI-Raman spectrum of solid saffron in the wave-
number shift range 200-1800 cm ™!

The position of Raman bands in the FT-Raman
spectra of saffron with a partial assignment is given
in Tabte 1. In the resonance Raman study, the main
saffron pigment was reported to be crocetin [4,5]. It
has been also pointed out that the principal pigment
of saffron may be a-crocin [6}. Comparing the mole-
cular structure of crocin and crocetin (see Fig. 1) it
can be seen that except the R, and R, substitution at
the chain ends, the main structure of these molecules
is the same. In the Raman spectra of saffron, it is this
chain which dominates the spectrum. It is not pos-
sible to distinguish between crocin and crocetin.
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Table 1: Raman bands of solid saffron

v/(cm") TIntensity Assignment N

1709 VW
1612 VW C=0 str
1538 Vs C=C sir
1453 vw
1397 vw  CH,and CH, bending
1356 W
1283 m
1210 m C—0 str in different
1164 s [ paris of molecule
1020 w
955 W C—C str
850 v
\552 vw Cc-C-C deformalion/

In the FT-Raman spectrum of solid saffron the
strongest band appears at 1538 cm™! and is assigned
to the C=C bond. It is a fingerprint of the crocin
and/or crocetin chain. Other Raman bands are also
more or less characteristics of these two pigments.
We therefore propose that this spectrum may be
used to develop a technique for the standardization
of saffron. The advantage of this technique is that the
FT-Raman spectrum of saffron is very strong and can
easily be recorded within a few minutes.

CONCLUSIONS

On the basis of Raman data we conclude that the
principal water soluble pigment of saffron can be
crocin and/or crocetin. We also conclude that the
FT-Raman spectra of saffron may be used for the
standardization of saffron. o

ACKNOWLEDGEMENT

1 would like to thank Prof: Fredericks and CIDC,
QUT(Australia) for allowing the use of Raman equip-
ment. Especial thank goes to Dr. M. Ghiaci, College
of Chemistry Isfahan University of Technology for
many helpful discussions on the assignment of FT-
Raman spectra. Finally T would like to thank Isfahan
University of Technology for their financial support.



Iran. J. Chem. & Chem. Eng. FT-Raman spectra of saffron ... Vol 19, No. I, 2000

Received, 27th February 1999 ; Accepted, 24th October 1999 [3] Tarantilis, P. A., Tsoupros, G. and Polislou, M,,
I Chromatography, 699, 107(1995).

REFERENCES [4] Merlin, J. G., "Proc. Spectrosc. Bio. Mol", 427
[1] Thorpe, J. F. and Whitley, M. A, "Thorpe’s (1985).
Dictionary of Applied Chemistry”, Vol. 3, 4, ed,, [5] . Aminzadeh, A., "Proc. 2nd Conf. Saffron and
Longmans Green Co, New York, 428(1946). Herbs", 15(1994).
[2] Alonso, G. L., Varon, R., Gomez, F., Navarro, [6] Tsimidou, M. and Tsatsaroni, E., /. Food. Sci, 58,
M. R. and Salinas, M. R., J. Food. Sci, 55, 595 1073(1993).
(1990).

5



