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Abstract

A non-aqueous capillary electrophoresis (NACE) method for quantifying the seven crocin metabolites that are the major biologically active
ingredients of saffron was developed. Separation is done by using a fused silica capillary filled with a 12 JBOM3A.5 mM sodium
tetraborate methanolic solution as background electrolyte. The results obtained were compared with the total index “safranal value”, widely
used as a quality measure of saffron products. The comparison revealed that the proposed NACE method provides useful information not
obtained in the safranal value. Infact, samples with a similar safranal value can contain crocin metabolites in different concentrations and
relative proportions. This new method is very useful for quality control in commercial saffron samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction is the volatile oil responsible for the characteristic colour and
aroma of saffron. Safranal can be determined spectropho-
Saffron which consists of dried stigmas@focus sativus  tometrically according to ISO 363[B] by measuring the
L. is a very expensive spice used mainly as herbal medicineabsorbance at 330 nm of saffron in aqueous exfgdcHow-
for a food colouring and flavouring agent in various regions ever, safranal is only sparsely soluble in water and some
of the world[1-3]. In Castilla—La Mancha (Spain), which  crocins exhibit an absorbance maximum at the previous
is one of the largest saffron producer regions, saffron prod- wavelength that interferes with the analy{gi6,11] In 1996,
ucts are ranked in three quality grades, namely: Mancha, Spain adopted a SOIVRE method for the quality control of
Rio and Sierrg4]. The major biologically active ingredi- natural saffron4]. This method, determines total safranal
ents of saffron are crocin analogues, which are all glyco- (viz. safranal present in the sample plus safranal formed by
sides oftrans-crocetin, a carotenoid derivative (sEgy. 1). picrocrocin hydrolysis), by using a modified version of the
Cis-Crocetin and its glycosides are also present. Crocin method of Corradi and Miche[B]. This method is labour-
gives saffron its albeit at much lower levels. The spice intensive and suffers from safranal instability in the distillate,
contains the flavonoid derivative, picrocrocin and its a gly- so it warrants improvement for revision of ISO 3632 in order
cone safranal, in small amounts. Safranal, 2,6,6-trimethyl- to insure accurate quality control of commercial saffron.
1,3-cyclohexadienl-carboxaldehyde, is formed during the  Quality control of saffron involves identifying and quan-
manipulation and storage of saffron and by the subsequenttifying crocin derivatives which are the major biologically
chemical or enzymatic dehydratation of picrocro&n7]. It active compounds in the spice. Most determinations of saf-
fron components are based on colorimetric measurement
* Corresponding author. Tel.: +34 957 218616; fax: +34 957 218616, [ 12], thin-layer chromatography (TLC) scannifig], high-
E-mail addressgalmeobj@uco.es (M. Vaiccel). performance liquid chromatography (HPL{)4,15,9,10]
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o] CH, CH, advantages over existing HPLC described methods, namely:

| R, reagent consumption and higher resolution.
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2 2.1. Reagents, standards and samples
HO o\ HOH,C
HO CH Hoﬂ All chemicals used were analytical reagent grade. The

OH < o HO crocin mixture and safranal used were purchased from Fluka
HO OH (Bushs, Switzerland). A 10 gt standard stock solution of
(A) HO OH (B) each analyte was prepared in chrom_atographic purity g_rade
methanol (Panreac, Barcelona, Spain) and stored refriger-
Fig. 1. Structure of some crocin compounBs € R, =A; Ry =AandR; =B; ated in the dark. Standard working solutions (0.1-5 mglinl
Ry =AandR, =H; Ry =B andR, =H) and crocetin, =R, =H). were prepared on a daily bases by dilution the standard

stock solutions with methanol. Sodium tetraborate (Sigma,
or gas chromatography (G@)6] assays. HPLC has been St. Louis, MO, USA) and boric acid (Panreac, Barcelona,
widely used in the quality control of saffron because itallows Spain) solutions in methanol, and NaOH (Fluka Chemie,
the simultaneous determination of saffron components suchBushs, Switzerland) solutions in Milli-Q quality water were
as picrocin, its aglycone (HTCC), crocin derivatives and used to prepare the different electrophoretic solutions. Herbal
safranal[17,18] Capillary electrophoresis (CE) has been saffron samples were obtained from Spain local herbal shops
extensively used as a high-resolution separation techniqueand supermarkets.
over the past two decades and can surpass HPLC in terms of
simplicity, resolution and economy, it has not yet been used 2.2. Preparation of saffron samples
to determine saffron metabolites. In general, saffron metabo-

lites are assumed to neutral. Also, CE is used to separate Saffron samples were powdered to a uniform blend, and
charged analytes which migrate in a background electrolyte 10-20mg of the bled was treated with 1 ml of methanol.

under thﬁ |an]Lc1rendcehof an eIegtnc ?eld. hHowe(;/er, varlouz The mixture was magnetically stirred in the dark for 1h,
approaches afford the separation of uncharged COmpoUNGS, e\ hich the plantresidue, was separated by centrifugation

Such approaches use either a complexing agentin an aqueoug >0 \nm for 10 min. Finally, the supematant was passed
system, a surfactants (in micellar electrokinetic chromatog- through a filter of 0.4%m pore size, and the clear solution
raphy (MEKC)) or a non-aqueous solvents (in non-aqueous used for CE analysis '

capillary electrophoresis (NACE)).
Capillary zone electrophoresis (CZE) only allows charged )
compounds to be separated. However, the migration pattern?-3: Instrumentation

of the analytes in the capillary can be altered if by chelation )
with ions in the background electrolyte. One example is the  CE Separation was done on a Beckman Coulter (Palo Alto,

use of a borate buffer to form charged complexes with neutral A USA) P/ACE 5500 capillary electrophoresis system,

carbohydratefl9,20] The separation of flavonoids based on €duipped with a diode array detector and PACE software.

borate complexation of carbohydrate residues has also beerf* fused-silica capillary, of effective length between inlet and

reported[21]. In any case, the most widely used capillary detector of 40cm (total length 47 cm), and % i.d. was

electrophoretic technique for the separation of unchargedYSed for this purpose.

analytes is MEKC, which was introduced by Terabe et al.

in 1984 [22]. In this technique, when a neutral analyte is 2.4. Operating conditions

injected into a micellar medium, a fraction incorporates into

the micelles and migrates atthe same veld@8}. The use of The background electrolyte solution was a 25:75 mix-

non-aqueous solvents is one effective other choice separatingure of a 50 mM HBOs in methanol and 50 mM N#&840;

uncharged analytes. Organic solvents can facilitate separatioralso in methanol. Separation was accomplished by using an

through are impossible or too weak in aqueous media. Also, applied voltage of 16 kV and a capillary temperature ofQ0

the solubility of both neutral analytes and potentially effec- The current thus produced was aboveguQ Detection was

tive additives for analyte, additive interaction is substantially performed at 245, 335 and 435 nm. The capillary was condi-

higher in some organic solvents than in water. Further detailstioned by rinsing with Milli-Q water for 5min, 0.1 M NaOH

can be found elsewhef24]. for 5 min, methanol for 5 min and the running buffer for 5 min
This paper discusses available choices for separating neuonce a day. Before each analysis, the capillary was flushed

tral saffron compounds and reports a new NACE method for with running buffer for 10 min. Samples were introduced into

the quality control of commercial saffron with two major the capillary under a pressure of 3.5 kPa for 8 s.
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3. Results and discussion involving the different borate complexes was thus introduced
that might resultinimprove aresolution. However, the results
The quality control of saffron involves the determination were similar to those obtained in the absence of borate. This
and quantification of neutral crocin compounds. However, is consistent with the result with CZE results and confirms the
separating neutral compounds directly by CZE itsimpossible. low stability of these complexes. The low resolution achieved
For this reason, the neutral crocin compounds were separateavith MEKC was due to the rather weak analyte-micelle inter-
as borate complexes, in micellar media (MEKC) and organic actions. The carbohydrate residue probably hindered penetra-
solvents (NACE) The three approaches used to this end aretion of the analytesinto the micelles lowing to its high polarity
discussed. An NACE is proposed for the quality control of and the resulting ability to form hydrogen bonds with water.
commercial saffron samples. The influence of the variables In fact, the migration time was only slightly increased by

affecting electrophoretic separation is described below. presence of micelles and continued to be of similar to that of
the electroosmotic flow.
3.1. Separation of crocin analytes As alternative the separation of these compounds in non-

aqueous medium was studied. Similarly to CZE, NACE

Based on previous HPLC studies, saffron samples usuallycan only separate charged analytes. The main advantage of
contain six different compounds. Crocin compounds contain using an organic solvent is that it ensures strong interactions
a neutral carbohydrate residue in their structiig.(1). We between additive and the analytes. For this reason, we used a
should note that these compounds posses no acid or basisolution of borate in methanol as BGE. One important effect
groups that can be charged by changing the pH. In fact, to be considered is that the organic solvent affects the acid-
the crocin compounds were found to collapse in two-three base properties of analytes. Thus, depending on the particular
peaks at pH 8-10 adjusted with a 50 mM borate solution. solvent, the K5 of a chargeable compound can be many
This was probably a result of a low stability of the borate orders of magnitude different. In this case, protonation might
complexes. In fact the migration time was close to that of the affect the borate-analyte interactions and as charges of the
electroosmotic flow, consistent with a low charge. In order to complexes. Two different solutions were therefore required.
examine the behaviour of these compounds at lower pH val- One consisted of 50 mM BO3 in methanol and the other
ues, a mixed phosphate-borate solution was used as BGEof 50 mM sodium borate also in methanol. In order to study
Based on the obtained results, analyte-borate interactionghe effect of acid and bases, the two solutions were mixed in
were negligible below pH, where the analytes migrated at the variable proportions. As can be seerfig. 2, the best reso-
electroosmotic velocity. In order to increase borate-analyte lution was obtained by mixing 25% of the 50 mM boric acid
interactions and hence resolution, we explored the use ofsolution with 75% of the 50 mM borate solution. It should
organic modifiers such as methanol and acetonitrile. A sin- be noted that these conditions enabled the resolution of 7
gle peak was obtained observed in the electropherogram withpeaks for their commercial crocin standard. One of the advan-
acetonitrile as modifier. Therefore, methanol was to be pre- tages of non-aqueous systems, in this context, is their low
ferred for this purpose. In general, increasing the amount of current, which occasionally allows one to increase the elec-
in the background electrolyte, increased borate-analyte inter-trolyte salt concentration or to use stronger electric fields.
actions was observed, and hence in longer migration timesWe therefore examined the effect of the total concentration
that clearly departed from that of the electroosmotic flow. The of salt and the applied voltage. The former was studied over
best results were obtained by using a high methanol concen-10-100 mM range. All solutions contained boric acid and
tration (60%). However, even with such as high proportion borate in the same proportion as above. A concentration of
of methanol, crocin exhibited only four peaks because reso-50 mM was adopted because higher salt levels resulted in
lution can be also be improved via the applied voltage, we current instability during the electrophoretic separation. The
also examined its effect voltage above 15kV produced an effect of the voltage was investigated over the range from 6
unstable current in the capillary and irreproducible migration to 22 kV. In general, the migration times of all crocin com-
times. Also resolution was scarcely improved by operating at pounds decreased with increasing voltage. A voltage of 16 kV
15kV. thus chosen as a compromise between running time, current

Anionic and cationic micelles were tested to separate level and peak resolution. Above 5068, the BGE had
crocin compounds. Only three, partially resolved peaks, were to be reviewed too frequently. Moreover, high voltages and
obtained by using a solution of 50 mM sodium dodecy! sul- currents can lead to bubble formation through solvent evap-
phate (SDS) in 30 mM ammonium acetate at pH 5.0 as BGE. oration and result in current interruptions.
Resolution was optimed at pH 8.5, which allowed four peaks  The stability of the BGE solution was studied in several
to be resolved and quantified. The use of a cationic surfac- consecutives analysis. By using vials containing 4 ml of BGE
tant such as cetyltrimethylammonium bromide (CTAB) was we found the same solution to be usable for eight analyses.
discarded because it provided worse results. Pressurizing the system at 3.5 kPa on both sides of the capil-

Because the separation was based on the partitioning oflary end was found to raise such as ato 12.
analytes between the micellar and non-micellar phase, the A diode array detector was used to determine the maxi-
effect of adding borate was also studied. A new equilibrium mum absorbance of the analytes. Crocins 1, 2 and 3 exhibited
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Fig. 2. (A—F) Influence of the buffer pH on peak resolutiar(245 nm). Crocin standard concentration: 5 mghPeaks: (1) crocin 1, (2) crocin 2, (3) crocin
3, (4) crocin 4, (5) crocin 5, (6) crocin 6 and (7) crocin 7. Solution A: 50 mpBB3 in methanol. Solution B: 50 mM Nd&40O7 in methanol.

present an absorbance maximum at 335 nm, crocins 4 and 5STable 1 Eleven replicate analyses were performed on the
one at 435 nm, and crocins 6 and 7 one at 245 nm. standard solution (5 mg mt crocin) in order to evaluate the
precision of the method for each compound. The relative stan-

3.2. Performance of the NACE method dard deviation was less than 7.3% in all cases.

Calibration graphs were obtained by using crocin standard 3.3. Analytical uses
solutions of concentrations over the 0.1-5 mgtange.
Each point in the calibration graph represented to the mean The proposed method was used to analyse natural saffron
value obtained from three separate area measurements. TheamplesTable 2shows the results obtained for five different
proposed method allows crocins to be determined at differ- types of natural saffron samples, aR). 3 a typical elec-
ent concentration levels (s&able 1. The limits of detection tropherogram for a real sample. As can be seefainle 2
and quantification were calculated a§g/sensitivity and not all crocin metabolites were found in the saffron sam-
10-Syx/sensitivity, respectively. The corresponding regres- ples. Also the relative proportions of the crocin metabolites
sion equation and other characteristic parameters analyticaldiffered among samples. Thus, the metabolite crocin 6 was
for the determination of these crocin analytes are shown in present at a concentration significantly higher than the others.
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Table 1

Analytical figures of merit for the proposed method

Crocins y=a+bx Syix R Precision RSD (%) LOD LOQ
Crocin 1 a=—-23265.1+5225.8;b=11586.5+ 178.1 7927 ®m97 34 21 6.8
Crocin 2 a=-11199.9+2832.6;0=11508.3+379.8 38707 0.998 65 10 34
Crocin 3 a=-39945.7+10630.4p=11413.9+-318.4 153738 0.997 43 4.0 14
Crocin 4 a=-99595.9+34744.7b=11353.6£ 113.0 455546 0991 73 12 40
Crocin 5 a=-173432.2+-70540.7b=11323.2+-163.7 113543 0.997 25 30 100
Crocin 6 a=-1243383.0: 207277.8p=11531.2 261.6 34852% 0.998 53 91 302
Crocin 7 a=-—31459.9+26476.2;0=11929.8+-4178.9 9788 0.999 48 25 82

a: Intercept;b: slope;R: correlation coefficient; g : standard deviation of residuals; RSD: relative standard deviation of the peakarg)( LOD: limit of
detection; LOQ: limit of quantification. Concentrations, LOD and LOQ, are expressegirin L.

Table 2

Analysis of natural saffron samples

Analytes Wavelength (nm) Sample 1 (%) Sample 2 (%) Sample 3 (%) Sample 4 (%) Sample 5 (%)
Crocin 1 335 0.014-0.001 nd n.d n.d n.d

Crocin 2 335 n.d n.d n.d n.d. n.d

Crocin 3 335 0.0230.001 nd n.d n.d n.d

Crocin 4 435 0.0630.002  0.045@:0.0002  0.0556-0.0009 n.d nd

Crocin 5 435 0.86:-0.07 0.45+0.02 0.26+0.02 0.20+0.02 0.103t 0.006
Crocin 6 245 7.5:0.4 5.3+ 0.4 3.8+0.1 2.9+0.1 1.81+0.09
Crocin 7 245 0.0280.002  0.024+0.001 0.023t 0.001 0.0225:0.0002  0.022@-0.0009
ISO 3632 method, safranal value 330 58.17 56.81 55.75 29.27 33.15
Soivre method, safranal value 357 3.64 3.56 3.44 1.92 1.80

Values are expressed as meastandard deviatiom(= 3).

The total concentration of crocin also differed among sam- fron, distillation in a vapour stream and measurement of
ples. As can be seenlig. 4, when crocinrelated compounds the absorbance of the distillate at 317.5nm. Finally, the
are analysed by HPLC, following the method described inref. total index called the “safranal value” was calculated from
[18], the crocin 1 is the most abundant analogue. The com-“E=ABS330v/(100x p)” (where ABS3g is the measured
parison of the spectral peaks obtained by HPLC with those absorbance at 330 nwj;the volume of HO added in ml; and
obtained by CE pointed out that spectrum of peak 1 in HPLC p the weight of the saffron sample in g) for the ISO method
correspond to peak 6 in CE; peak 2 in HPLC corresponds to and as four times the measured absorbance at 317.15 nm for
peaks 1 in CE; peak 3 in HPLC corresponds to peak 2 in CE the SOIVRE one. This totalindex has been proposed as amea-
and peak 4 in HPLC corresponds to peak 5 in CE. sure of quality of natural saffron. As can be seefafle 2

We also determined the “safranal value” according to the safranal value for samples 1, 2 and 3 were roughly 1.5
ISO 3632[8] and using the SOIVRE methopt]. The times higher than those found for samples 4 and 5. As can be
ISO method is based on measurement of the absorbance atlso seen frorTable 2 samples with a similar safranal value
330 nm of an aqueous extract of 20 mg of saffron extracted exhibited a different concentration and distribution of crocin
with 200 ml water at room temperature in the darkness for metabolites. Therefore, the safranal value, which is widely
24 h. SOIVRE method involves alkaline hydrolysis of saf- used as a total index, does not suffice to establish the quality

3nm | 435n0m \ 245 nm 300+ 1
1
200 : !
3 | .
150 : ! ) 200 5
)] | <
< 1
1907 : : 1 - 100 :
| h 2
50 EOF 3 6
I 1
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Fig. 3. Electrophoregrams for natural saffron samples. Peaks: (1) crocin 1,
(2) crocin 2, (3) crocin 3, (4) crocin 4, (5) crocin 5, (6) crocin 6 and (7) Fig. 4. Chromatogram of a crocin standard obtained following the method
crocin 7. (a—h) Not identified in this work. described if18].
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of saffron and should be completed with the information pro-
vided by the proposed method.

4. Conclusions

The proposed NACE method is a simple, effective choice
for the identification and determination of seven crocin

metabolites, and hence for assessing saffron quality. The
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[4] Parametros de Calidad en el Azafr, Laboratorios del Soivre
(Boletin Técnico Informativo), Direcéin General de Comercio Exte-
rior, Ministerio de Econonia y Hacienda, Lekro Print, Madrid, Spain,
1996.

[5] P.C. Curb, G. Micali, L. Lanuza, Res. Chim. 6 (1986) 331.

[6] H. Pfander, H. Schutenberger, Phytochemistry 21 (1982) 1039.
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NACE method surpasses the RP-HPLC analysis, not only 10} pA. Tarantilis, M. Polissiou, M. Manfait, J. Chromatogr. A 664

in expeditiousness but also in ease operation. Also, it uses

relatively low volumes of electrolyte in electrophoretic
run.
Although the method is mainly intended for the separation

and quantification of the main crocin metabolites present in
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