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The application of solid phase extraction (SPE) in the determination of picrocrocin by UV–vis spectropho-
tometry has been studied in order to develop a rapid and low cost method that can be used in the indus-
try for routine quality control of saffron spice. Parameters influencing the SPE procedure, such as
concentration of the initial extract, sample size and eluents, were studied and optimized. Twenty differ-
ent saffron spice samples from Greece, Iran, Italy and Spain were used in the intra-laboratory validation
of the SPE method. The results indicated the selectivity, trueness, linearity, precision (repeatability:
RSD < 6%, intermediate precision: RSD < 10%), good recovery (about 90%) and sensitivity
(LOD = 0.30 mg L�1; LOQ = 0.63 mg L�1). The method also proved valid for overcoming the limitations
of E1%

1cm 257 nm due to crocetin esters in the determination of picrocrocin.
� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Saffron spice, made up of the dried stigmas of Crocus sativus L.,
is chiefly used in food due to its colouring, flavouring and aromatic
properties. Saffron quality in the international trade has been
mainly determined by specifications recommended by the ISO
3632 standard, whose latest revision has given rise to the Technical
Specification ISO/TS 3632 (2003). This classifies saffron into three
categories with regard to a large number of physical and chemical
parameters that define saffron quality: microscopic characteristics,
presence of flower waste, moisture and volatile matter content, ash
content, E1%

1cm 440 nm (colouring strength), E1%
1cm 330 nm, E1%

1cm

257 nm, etc. These last three parameters are historically related
to the content of crocetin esters, safranal and picrocrocin, respec-
tively. The crocetin esters are a group of water-soluble carotenoids
that derive from crocetin (C20H24O4, 8,80-diapo-W,W0-
carotenedioic acid), where glucose, gentiobiose, neapolitanose or
triglucose are the sugar moieties and where trans- or cis-configu-
ration is found. This group of compounds is responsible for colour
and colouring properties of saffron spice and represents between
0.5% and 32.4% on a dry basis of saffron spice (Alonso, Salinas,
Garijo, & Sánchez, 2001). Safranal (2,6,6-trimethyl-1,3-cyclohexa-
diene-1-carboxaldehyde) is the major compound in the volatile
fraction of saffron representing around 70% (Carmona, Zalacain,
Salinas, & Alonso, 2007; Rödel & Petrizka, 1991; Tarantilis & Polis-
ll rights reserved.

: +34 967 59 92 38.
nso).
siou, 1997; Zarghami & Heinz, 1971). Picrocrocin (4-(b-D-gluco-
pyranosyloxy)-2,6,6-trimethyl-1-cyclohexene-1-carboxaldehyde),
with reported contents in saffron spice from 0.8% to 26.6% on a dry
basis (Alonso et al., 2001; Iborra, Castellar, Canovas, & Manjón,
1992; Sánchez et al., 2008b), is considered responsible for saffron’s
bitter taste.

The systematic use of the specifications recommended by the
ISO 3632 has managed to classify saffron in world trade by its col-
ouring strength, provided that the remaining requirements are ful-
filled. Consequently, this classification has led to the existence of a
spectrophotometer in almost all saffron companies. The colouring
strength is representative of the crocetin ester content. However,
the determination of picrocrocin through the parameter E1%

1cm

257 nm shows a problem of selectivity since other compounds of
saffron extract, primarily crocetin esters, also have absorbance at
this wavelength due to the glycoside bonds, causing interferences
in measurement (Carmona, Zalacain, Sánchez, Novella, & Alonso,
2006; Orfanou & Tsimidou, 1996; Sánchez et al., 2008b; Tarantilis,
Polissiou, & Manfait, 1994).

Up to now, other techniques such as thin-layer chromatography
(TLC) or high-performance liquid chromatography (HPLC) have
been used to quantify picrocrocin, with this last technique consid-
ered as being the most effective (Alonso et al., 2001; Lozano,
Castellar, Simancas, & Iborra, 1999; Sujata, Ravishankar, & Venka-
taraman, 1992; Tarantilis, Tsoupras, & Polissiou, 1995). Near-infra-
red (NIR) spectroscopy has also been applied to the determination
of saffron chemical composition (Zalacain et al., 2005b). However,
all of these methods can hardly be used for routine industrial work
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to monitor raw materials, processes or final products since they are
time consuming and, in the case of HPLC or NIR spectroscopy, re-
quire equipment that is seldom found in small or medium-size
companies that process and package saffron spice. Thus, there is
a real interest in the development of rapid methods for routine
quality control of saffron using UV–vis spectral information (Sán-
chez et al., 2008b; Zalacain et al., 2005a). Definitively, the main
requirements that such methods should fulfil are the following:
(a) to overcome the limitations of E1%

1cm 257 nm to determine picro-
crocin from saffron by avoiding interferences from other saffron
compounds, mainly crocetin esters; (b) low cost, which first im-
plies no investment in additional equipment and secondly, the
use of small quantities of the sample; and (c) rapidity and
straight-forwardness.

Solid phase extraction (SPE) is one of the most common and
least expensive purification techniques and is considered as a con-
venient approach for sample preparation in food analysis. In the
last few years much research has gone into SPE application to
the analysis of major and minor components of foods (Grigoriadou,
Androulaki, Psomiadou, & Tsimidou, 2007; Puoci et al., 2008). In
saffron analysis, SPE is applied to the detection of adulterations
by artificial colorants (ISO, 2003; Zalacain et al., 2005a). However,
it has only been marginally applied to saffron component purifica-
tion (Carmona et al., 2007; Escribano, Alonso, Coca-Prados, &
Fernández, 1996; Sujata et al., 1992).

The purpose of this work was to study the application of SPE in
order to avoid crocetin ester interferences in the determination of
picrocrocin by UV–vis spectrophotometry during the routine qual-
ity control of saffron spice. Parameters influencing the SPE proce-
dure such as concentration of the initial extract, sample size and
eluents were studied and optimized. The SPE method was vali-
dated and applied to different saffron spice samples from Greece,
Iran, Italy and Spain.

2. Materials and methods

2.1. Samples and chemicals

Twenty one saffron spice samples in filaments were used. These
were obtained directly from the producers and packers with a
guarantee of their origin and freedom from fraud (Table 1). They
Table 1
Origin, harvest and quality characteristics of the saffron samples according to ISO/TS 3632

Sample Origin Harvest Moisture and volatile matter content (%) E1%
1cm 440 nm

1 Greece 2005 8.3 234.4 e ± 2.0
2 Greece 2005 8.5 273.0 i,j ± 1.6
3 Greece 2005 8.9 255.7 g ± 1.1
4 Greece 2005 8.2 259.7 g,h ± 6
5 Greece 2005 10.4 162.6 a ± 4.6
6 Iran 2006 8.7 233.7 e ± 2.3
7 Iran 2006 9.6 267.0 h,i ± 3.
8 Iran 2006 8.8 170.5 b ± 4.2
9 Iran 2006 6.9 232.9 d,e ± 1
10 Iran 2005 7.2 199.7 c ± 4.9
11 Italy 2006 8.4 266.1 h,i ± 8.
12 Italy 2006 9.0 284.3 k ± 7.0
13 Italy 2006 8.8 199.1 c ± 2.1
14 Italy 2006 10.1 225.6 d ± 7.7
15 Spain 2006 6.1 258.5 g ± 7.2
16 Spain 2006 6.4 276.1 j ± 6.8
17 Spain 2006 6.4 230.7 d,e ± 1
18 Spain 2006 6.0 245.2 f ± 6.0
19 Spain 2004 7.7 162.4 a ± 6.9
20 Spain 2004 8.0 198.9 c ± 5.5
21 Spain 2006 6.1 259.3 ± 3.1

a For samples 1–20, the same letter in a column indicates non significant differences ac
SPE cartridge behaviour.
came from Greece, Iran, Italy and Spain, and were harvested during
the years 2004, 2005 or 2006. All Spanish samples from the 2006
harvest were of the Protected Designation of Origin ‘‘Azafrán de
La Mancha”. Picrocrocin purified according to the method de-
scribed below was used for calibration curves. C18 adsorbent
(125 � 10�8 cm pore size, 55–105 lm particle size) for picrocrocin
isolation was from Waters (Milford, MA). HPLC-grade acetonitrile
and cyclohexane were used from Scharlau (Barcelona, Spain). Ultra
high purity water was produced using a Milli-Q System from Mil-
lipore (Bedford, MA) and PTFE filters (11 mm, 0.45 lm) were also
purchased from Millipore. C18 SPE cartridges (Sep-pak plusTM,
125 � 10�8 cm pore size, 55–105 lm particle size, 360 mg sorbent
weight) were supplied by Waters, (Milford, MA).

2.2. Picrocrocin isolation

Picrocrocin was extracted from saffron and isolated by column
chromatography using a C18 adsorbent. For extraction, 30 mL of
cyclohexane were added to 5 g of powdered saffron and the sus-
pension was left in the dark at room temperature for 24 h with
sporadic agitation. Then the organic solvent was discarded and
the solid residue was dried under reduced pressure. Sixty millili-
ters of nitrogen-saturated water were added to the thus treated
saffron and the resulting suspension was stirred for 1 h in the dark
at room temperature. Then the extract was centrifuged at
4000 rpm for 10 min and the supernatant was collected and loaded
onto the previously conditioned C18 column (8 cm high � 2.7 cm
i.d.). Picrocrocin was eluted with 90 mL of 10% acetonitrile/water
(v/v) after the elution of flavonoids with 20 mL of 2% acetonitrile/
water (v/v). Finally, the solvent was eliminated by evaporation to
dryness under reduced pressure and the purified picrocrocin was
kept at �20 �C until its utilization. The chromatographic purity of
the obtained picrocrocin was 96%, calculated as the percent of
the total peak area at 250 nm.

2.3. Saffron extract preparation

Aqueous extracts of 2.5 g L�1 and 0.5 g L�1 concentration were
prepared with ultra high purity water by stirring the suspension
in the dark at room temperature for 1 h, as specified by the ISO
(2003). The former were used in the study of the retention and elu-
(2003).

(mean ± SD)a E1%
1cm 330 nm (mean ± SD) E1%

1cm 257 nm (mean ± SD) Category

41.3 i ± 0.6 83.4 e ± 1.1 I
36.4 c,d,e,f ± 0.8 99.2 i,j ± 1.4 I
39.7 g,h,i ± 0.5 93.7 f,g ± 1.4 I

.4 35.5 b,c,d ± 0.9 94.9 f,g,h ± 2.3 I
41.3 i ± 1.1 71.4 a,b ± 2.0 II
40.4 h,i ± 0.4 86.3 e ± 1.0 I

1 37.8 e,f,g,h ± 2.4 97.7 h,i ± 3.1 I
41.6 i ± 1.0 74.1 b,c ± 1.8 II

.7 37.7 d,e,f,g ± 4.5 93.5 f,g ± 4.5 I
38.5 f,g,h ± 0.9 79.4 d ± 1.9 I

2 33.8 b ± 1.8 97.2 g,h,i ± 3.5 I
35.0 b,c ± 0.9 101.9 j ± 2.5 I
36.1 b,c,d,e ± 0.8 79.4 d ± 0.7 I
41.8 i ± 1.8 92.2 f ± 3.5 I
29.9 a ± 1.0 93.4 f,g ± 2.5 I
30.9 a ± 0.8 95.4 f,g,h ± 2.4 I

.2 47.0 j ± 0.1 76.3 c,d ± 0.2 I
40.0 g,h,i ± 1.0 93.3 f ± 2.3 I
40.4 h,i ± 1.6 70.0 a ± 3.1 II
38.8 g,h,i ± 1.5 84.2 e ± 1.1 I
29.4 ± 1.4 99.2 ± 2.3 I

cording to Duncan’s test at the 0.05% level. Sample 21 was used for the evaluation of
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tion of saffron components in the SPE cartridges, while the latter
were used for the determination of the main characteristics of saf-
fron and in the optimized SPE procedure. The extracts were centri-
fuged at 4000 rpm for 5 min before being loaded into the SPE
cartridges.

2.4. Solid-phase extraction procedure

The C18 SPE cartridges were conditioned with 2 mL of acetoni-
trile, followed by 5 mL of water, 2 mL of acetonitrile and 5 mL of
water before the application of the saffron extract. Four milliliters
of a saffron aqueous extract (2.5 g L�1) were loaded into the SPE
cartridge. Then, to study the retention and elution characteristics
of the cartridge, this was washed successively with water, 5% and
15% acetonitrile/water (v/v). For each solvent, eluted fractions of
3 mL were collected and their absorbances at 250 and 440 nm
were measured until they were nearly zero. SPE procedure was
optimized with respect to sample size: 7 mL, 4 mL, 2 mL and
1 mL of a 0.5 g L�1 extract; and elution solvent: 5%, 10%, 12% and
15% of acetonitrile/water (v/v).

The optimized SPE procedure for picrocrocin purification was as
follows: 1 mL of the 0.5 g L�1 saffron extract was added to the SPE
cartridge, it was washed with 10 mL water, and then picrocrocin
was eluted with acetonitrile/water 12% (v/v) up to collecting
10 mL into a volumetric flask being measured. Finally, to check
the composition of all fractions, crocetin esters were eluted with
10 mL of acetonitrile.

2.5. Spectrophotometric analysis

Spectral characteristics of aqueous saffron extracts and eluted
fractions were monitored by scanning from 190 to 700 nm using
a Perkin–Elmer Lambda 25 spectrophotometer (Norwalk, CT,
USA) with UV WinLab 2.85.04 software (Perkin–Elmer). Colouring
strength (E1%

1cm 440 nm), E1%
1cm 257 nm and E1%

1cm 330 nm were deter-
mined according to ISO (2003). E1%

1cm 250 nm was assessed from the
absorbance at 250 nm of the fraction containing picrocrocin. DEpic
was calculated from spectral data of saffron extracts as defined by
Corradi and Micheli (1979):

DEpic ¼ E1%
257 � E1%

297 ð1Þ

All analyses were done in duplicate and two measurements were
also taken for each replicate.

2.6. RP-HPLC-DAD analysis

Twenty microliters of each sample (aqueous saffron extracts
and eluted fractions) were injected into an Agilent 1100 HPLC
chromatograph (Palo Alto, CA) operating with a 150 mm � 4.6 mm
i.d., 5 lm Phenomenex (Le Pecq Cedex, France) Luna C18 column,
thermostated at 30 �C. Eluents were water (A) and acetonitrile
(B) with the following gradient: 20% B, 0–5 min; 20–80% B, 5–
15 min; 80% B, 15–20 min; 20% B, 20–30 min. The flow rate was
0.8 mL min�1. The DAD detector (Hewlett Packard, Waldbronn,
Germany) was set at 250 and 440 nm for picrocrocin and crocetin
ester detection, respectively. All analyses were done in duplicate
and two measurements were also taken for each replicate.

2.7. Quantification of picrocrocin and crocetin esters

From the purified picrocrocin, solutions of seven different con-
centrations: 0.51, 2.56, 5.12, 10.24, 25.60, 51.20 and 256.00 mg L�1

were prepared in water while solutions of six concentrations: 0.60,
3.00, 6.00, 12.00, 30.00 and 60.00 mg L�1 were prepared in acetoni-
trile/water 12% (v/v). Quantification of picrocrocin was accom-
plished with the use of the calibration curves calculated by linear
regression analysis. Quantification of crocetin esters was done as
previously reported by Sánchez, Carmona, Ordoudi, Tsimidou,
and Alonso (2008a).

2.8. Validation of the SPE method

Intra-laboratory method validation was carried out according to
Eurachem Guidelines (Eurachem, 1998). The selectivity of the
method to determine picrocrocin was studied by measuring the
SPE fraction that contained picrocrocin with HPLC and checking
that no additional peaks appeared in the chromatograms. Accuracy
was studied as two components: trueness and precision. Trueness
was assessed as the closeness of agreement between the average
content of picrocrocin for the same samples obtained after SPE,
and the reference value of picrocrocin content determined by di-
rect injection of saffron extracts in the HPLC chromatograph. With
regard to precision, two parameters were determined: repeatabil-
ity and intermediate precision and they were stated in terms of rel-
ative standard deviation (RSD). Repeatability was checked for the
sample numbered as 15 (Table 1) analysed five times by the same
analyst within the same day. The repeatability limit, Lr, at the 95%
confidence level was calculated as:

Lr ¼ 1:96�
ffiffiffi
2
p
� rr ð2Þ

where rr is the standard deviation measured under repeatability
conditions.

Intermediate precision was determined for the same saffron
sample that was used to calculate repeatability. This sample was
analysed by different analysts on three separate days. The repro-
ducibility limit, LR, at the 95% confidence level was calculated as:

LR ¼ 1:96�
ffiffiffi
2
p
� rR ð3Þ

where rR is the standard deviation measured under reproducibility
conditions.

Besides sample 15, samples numbered as 1, 2, 9, 13 and 19
(Table 1) were used in the recovery study of picrocrocin in order
to broaden the concentration range. Limit of detection (LOD) was
calculated as the picrocrocin concentration corresponding to the
mean value of 10 independent sample blanks measured once each
plus three times their standard deviation. As it was not possible to
have a sample of saffron without picrocrocin, water was used as a
blank sample. Limit of quantification (LOQ) was calculated as the
picrocrocin concentration corresponding to the mean value of 10
independent sample blanks measured once each, plus 10 times
their standard deviation.

Linearity for both the UV–vis method and the HPLC one was
determined by plotting signal response versus picrocrocin concen-
tration in water and acetonitrile/water 12% v/v in the range of
256.00–0.51 mg L�1 using at least six levels of calibration.

Data were subjected to a comparison of means with a Student t
test (a = 0.01) and analysis of variance (ANOVA) using the SPSS
15.0 statistical program for Windows (SPSS Inc., IL, USA).

3. Results and discussion

3.1. Evaluation of SPE cartridge behaviour

A 2.5 g L�1 extract was prepared with the saffron sample num-
bered as 21 (Table 1) from the Designation of Origin ‘‘Azafrán de La
Mancha”. In Fig. 1 the retention and elution characteristics of the
SPE cartridges loading 4 mL of the saffron extract are shown. They
were monitored at 250 and 440 nm because these are wavelengths
close to picrocrocin and crocetin ester absorbance maxima, respec-
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Fig. 1. Retention and elution characteristics of the SPE cartridges. Absorbance at
250 nm (A) and 440 nm (B) measured in 3 mL fractions after loading 4 mL of a
2.5 g L�1 saffron extract.
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Fig. 2. UV–vis spectra of a saffron extract and its corresponding crocetin ester and
picrocrocin fractions after SPE.
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tively. It was observed that very few substances were eluted with
water. The compounds that absorb at 250 nm (Fig. 1A) started to
elute with acetonitrile/water 5% (v/v) and after 73 mL of this sol-
vent, the absorbance of the eluted fractions was nearly zero, sug-
gesting that most of picrocrocin had been eluted. An increase of
absorbance at 250 nm followed by a steady decrease until reaching
a plateau was observed when acetonitrile/water 15% (v/v) was
added, showing the picrocrocin that remained in the cartridge.
Nearly 200 mL of acetonitrile/water 15% (v/v) were necessary for
complete elution of crocetin esters (Fig. 1B). These results sug-
gested a reduction of the extract concentration and a light increase
in the proportion of acetonitrile for the elution of picrocrocin in or-
der to use lower elution volumes and increase picrocrocin recov-
ery, which are crucial factors for a rapid and low cost method.

3.2. Optimization of the SPE procedure

The concentration of the extract to be loaded into the SPE car-
tridge was established as 0.5 g L�1 so that the same extract used
in the determination of the colouring strength could be used in
the proposed method, with the subsequent saving of time and
work.

Regarding the sample size, the maximum one that the SPE car-
tridge was able to hold was 7 mL, but there was not a good separa-
tion of picrocrocin and crocetin esters. With 4 mL the separation
improved, although too much eluent was still necessary to elute
all the picrocrocin. Two and 1 mL showed the best results, and
we decided to use the latter in order to shorten the time of analy-
sis. A volume of 10 mL of water was sufficient for the clean-up step,
while 10 mL of acetonitrile/water 12% (v/v) were necessary to
manage the elution of picrocrocin without that of crocetin esters.
Lower acetonitrile concentrations (5%) resulted in too many losses
of picrocrocin in the SPE cartridge, as previously mentioned, while
higher ones (15%) resulted in a contamination of the picrocrocin
fraction with crocetin esters. In Fig. 2 the UV–vis spectra of the
two eluted fractions containing the picrocrocin and crocetin esters
respectively are shown and compared to that of the saffron extract
from which they came. As could be observed when comparing the
spectrum of the picrocrocin fraction to that of crocetin esters, both
crocetin esters and picrocrocin absorb at 257 nm. Consequently,
absorbance of saffron extracts at this wavelength is influenced
not only by picrocrocin content but also by crocetin ester
composition.

Another point to be taken into account is that E1%
1cm 440 nm

and E1%
1cm 257 nm are measured, according to ISO (2003), after a

dilution 1/10 of a 0.5 g L�1 extract. Therefore, the 10 mL volume
of the eluted picrocrocin fraction also supposed a dilution of 1/
10 with respect to the loaded extract (1 mL). This allows for
the use of the same factor which multiplies the corresponding
absorbance to express the results of colouring strength (E1%

1cm

440 nm), E1%
1cm 257 nm and also the results obtained with the

SPE method developed. Our proposal is to express the content
of picrocrocin as E1%

1cm 250 nm of the fraction in which it is con-
tained, firstly because the companies are familiarized with the
E1%

1cm, and secondly, because the conversion to percentage on a
dry basis of saffron, once known the molar absorption coeffi-
cient, e, of picrocrocin is immediate:

% of picrocrocin on dry basis¼
E1%

1cm250 nm
� �

�Mw�10

e
�F ð4Þ

where Mw is the molecular weight of picrocrocin, and F is a factor
included in order to correct the results according to the recovery of
picrocrocin in the SPE procedure.

3.3. Validation of the SPE method

Table 1 displays the main saffron quality characteristics accord-
ing to ISO (2003) of the 20 samples used for the intra-laboratory
validation. A total of 17 samples fulfilled the specifications for
the best category: category I, regarding moisture and volatile mat-
ter content, as well as the main characteristics using UV–vis spec-
trophotometry, whereas the rest of the samples belonged to
category II. The moisture and volatile matter content of the sam-
ples studied ranged from 6.0% to 10.4%, the colouring strength ran-
ged from 162.4 to 284.3, E1%

1cm 330 nm ranged from 29.4 to 47.0 and
E1%

1cm 257 nm from 70.0 to 101.9.
The sample composition in crocetin esters and picrocrocin is

shown in Table 2. As previously reported by Sánchez, Carmona,
Ordoudi, Tsimidou, and Alonso (2008a), the samples with the high-
est or the lowest crocetin ester contents were the samples having
the highest or the lowest E1%

1cm 440 nm as well, i.e. samples 12 and
19, respectively (Table 1). However, our results revealed that there
was no coincidence between the sample with the highest or low-
est content of picrocrocin (sample 4 or sample 17, respectively)



Table 2
Composition in crocetin glycosides and picrocrocin; DEpic; and E1%

1cm 250 nm of the saffron samples used in the validation.

Sample Total crocetin glycosides (% on dry basis, mean ± SD)a HPLC Picrocrocin (% on dry basis, mean ± SD) DEpic (mean ± SD) E1%
1cm 250 nm

1 24.7 d,e ± 0.7 17.5 f ± 0.5 0.552 e,f ± 0.004 48.5 e,f ± 2.5
2 28.4 g,h,i ± 0.9 26.1 j,k ± 0.8 0.749 k ± 0.006 73.2 j,k ± 3.7
3 26.4 f ± 0.8 23.3 h ± 0.7 0.671 h,i ± 0.008 61.4 g,h ± 3.1
4 27.6 g ± 0.8 27.0 k ± 0.8 0.723 j ± 0.018 71.4 j,k ± 3.6
5 17.8 a ± 0.5 12.3 c ± 0.4 0.396 a ± 0.012 33.5 c ± 1.7
6 24.5 c,d ± 0.7 16.3 d,e ± 0.5 0.568 f ± 0.007 45.0 e ± 2.3
7 27.9 g,h ± 0.8 19.8 g ± 0.7 0.715 j ± 0.022 46.8 e ± 2.3
8 18.1 a ± 0.5 11.6 b,c ± 0.4 0.412 a ± 0.010 29.9 b,c ± 1.5
9 24.2 c ± 0.7 22.3 h ± 0.7 0.652 h ± 0.004 58.9 g ± 3.0
10 20.9 b ± 0.6 15.3 d ± 0.5 0.501 c ± 0.012 39.1 d ± 2.0
11 28.6 h,i,j ± 0.9 26.2 j,k ± 0.8 0.745 k ± 0.024 75.8 k ± 3.8
12 29.4 j ± 0.9 24.7 i ± 0.7 0.794 l ± 0.021 65.5 h,i ± 3.3
13 20.8 b ± 0.6 16.8 e,f ± 0.5 0.522 d ± 0.004 45.2 e ± 2.3
14 23.7 c ± 0.7 19.8 g ± 0.6 0.609 g ± 0.021 52.0 f ± 2.4
15 26.2 e,f ± 0.8 26.3 k ± 0.8 0.744 k ± 0.018 69.6 i,j ± 3.5
16 27.9 g,h ± 0.8 22.7 h ± 0.7 0.758 k ± 0.019 59.6 g ± 3.0
17 24.0 c ± 0.7 7.1 a ± 0.2 0.437 b ± 0.002 20.8 a ± 1.1
18 26.1 e,f ± 0.8 25.2 i,j ± 0.8 0.676 i ± 0.017 66.6 i ± 3.4
19 17.2 a ± 0.5 10.7 b ± 0.3 0.417 a,b ± 0.017 28.5 b ± 1.4
20 20.6 b ± 0.6 19.8 g ± 0.6 0.543 e ± 0.001 47.0 e ± 2.4

a The same letter in a column indicates non significant differences according to Duncan’s test at the 0.05% level.
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(Table 2) and those with the highest or the lowest E1%
1cm 257 nm,

samples 12 or 19 respectively (Table 1). In addition, these last
two samples were also the samples having the highest or lowest
E1%

1cm 440 nm, showing the influence of crocetin esters in E1%
1cm

257 nm. Although Corradi and Micheli (1979) proposed the mea-
surement of saffron’s bitter taste by means of DEpic (Eq. (1)), there
was no agreement between the sample with the highest picrocro-
cin content (sample 4) and the highest DEpic (sample 12), nor
between the sample with the lowest picrocrocin content (sample
17) and the sample with the lowest DEpic (sample 5) (Table 2).
All these lacks of coincidence seemed to corroborate the effect
of other components apart from picrocrocin in E1%

1cm 257 nm and
DEpic. Results of E1%

1cm 250 nm are presented in Table 2 and, unlike
E1%

1cm 257 nm or DEpic, these results demonstrated a higher capacity
of E1%

1cm 250 nm to order the samples according to the content of
picrocrocin determined by HPLC. Some exceptions in the relative
order of the samples were found.

Moreover, the regression analysis of E1%
1cm 257 nm, DEpic and

E1%
1cm 250 nm versus picrocrocin content (%) gave the equations:
5 10 15

0

Picrocrocin 

Crocetin esters 

min 

A 

Fig. 3. Chromatograms at 250 and 440 nm of a saffron extract (
E1%
1cm257 nm¼ 1:49ðpicrocrocin content;%Þ þ 58:66; r ¼ 0:8964

ð5Þ
DEpic¼ 0:02ðpicrocrocin content;%Þ þ 0:21; r ¼ 0:9241 ð6Þ
E1%

1cm250 nm¼ 2:69ðpicrocrocin content;%Þ þ 0:68; r ¼ 0:9866 ð7Þ
showing the good results for E1%

1cm 250 nm in relation to the other
two parameters.

The proposed method showed a good selectivity to determine
picrocrocin. Its corresponding peak at retention time
5.84 ± 0.03 min was practically the only one present in the chro-
matograms of the picrocrocin fraction obtained by SPE (Fig. 3).

As shown in Table 3, the method also had a good linearity with
r > 0.999 for both HPLC and UV–vis analyses. Quantification with
HPLC and UV–vis data was based on the calibration equations dis-
played. The HPLC calibration curve in water was used to quantify
the picrocrocin by direct injection of a 0.5 g L�1 saffron extract
while in the rest of determinations the sample underwent a 1/10
dilution before measuring. For that very reason its range was
higher than in the rest of the calibration curves. The e of picrocrocin
20 25

5 10 15

Picrocrocin 

250 nm 

440 nm 

250 nm 
440 nm 

min 

B 

A) and its corresponding picrocrocin fraction from SPE (B).



Table 3
Linearity of picrocrocin analysis by HPLC and UV–vis spectrophotometry.

Regression curve data: picrocrocin concentration (mg L�1) = axa + b

Slope, a (mean ± SD) Intercept, b (mean ± SD) r Linearity range (mg L�1)

HPLC (water) 0.0496 ± 0.0004 0.2709 ± 0.0667 0.9998 256.00–0.51
HPLC (acetonitrile 12%) 0.0453 ± 0.0001 0.1563 ± 0.0021 0.99995 60.00–0.60
UV–vis (water) 31.548 ± 0.193 0.030 ± 0.037 0.9998 51.20–0.51
UV–vis (acetonitrile 12%) 33.209 ± 0.200 0.123 ± 0.025 0.9998 60.00–0.60

a x = picrocrocin peak area in HPLC determinations or absorbance at 250 nm in UV–vis determinations.
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obtained in acetonitrile/water 12% (v/v) was 9936 ± 113 L cm�1

mol�1 and totally agreed with the reported value of 9927
L cm�1 mol�1 (Sánchez, Carmona, Zalacain, & Alonso, 2005),
whereas e of picrocrocin in water was 10,482 ± 53, and also was
in accordance with the value of 10,515 L cm�1 mol�1 reported by
Sánchez et al. (2005) and the value of 10,100 L cm�1 mol�1 re-
ported by Buchecker and Eugster (1973).

Although for routine quality control in the industry, our pro-
posal is the expression of results as E1%

1cm 250 nm, it was necessary
for the results to be stated as % on a dry basis in order to compare
the proposed method with the HPLC reference. With regard to
HPLC data, it was only necessary to relate the picrocrocin concen-
tration obtained through calibration curves with the saffron con-
centration in the extract. In the case of data from the proposed
method, Eq. (4) could be applied. Recovery results ranged from
87.9 ± 1.8 for sample 9, to 93.1 ± 1.9 for sample 2 (Complete results
are shown in the Supplementary Data). Taking into account the
mentioned e of picrocrocin in acetonitrile/water 12% (v/v) and
the satisfactory recovery results of approximately 90%, therefore
a factor of F = 1.1, Eq. (4) was applied as:

% of picrocrocin on dry basis ¼ E1%
1cm250 nm

� �
� 0:366 ð8Þ

The comparison of means with the Student t test for checking the
trueness resulted in no significant differences in the content of
picrocrocin determined by both methods in any of the samples
studied except in sample 7. In addition, the results from the two
methods correlated significantly at a 0.01 level; y = 0.9849x
�0.2647, (y = % of picrocrocin determined with the proposed SPE
method, x = % picrocrocin determined with HPLC method);
r = 0.9866. If it was assumed that E1%

1cm 257 nm and DEpic are only
due to picrocrocin, their corresponding content of picrocrocin as %
on a dry basis could be assessed with the e obtained, but they would
be clearly overestimated from E1%

1cm 257 nm and sometimes over and
sometimes underestimated from DEpic.

Neither origin nor commercial grade of saffron was found to dif-
ferentiate method performance as exemplified in the case of recov-
ery (Supplementary Data).

An RSD = 5.6% indicated that the repeatability of the procedure
was satisfactory. From the repeatability standard deviation it was
useful to calculate the Lr (Eq. (2)) which enabled the analyst to de-
cide whether the difference between duplicate analyses of a sam-
ple, determined under repeatability conditions, was significant.
Its value was 2.5 expressed as % picrocrocin on a dry basis and
7.6 expressed as E1%

1cm 250 nm. Intermediate precision determined
by different analysts on three separate days was also found satis-
factory (RSD = 9.3%). The LR was calculated according to Eq. (3)
and indicated the same as Lr but under reproducibility conditions.
Its value was 4.6 expressed as % picrocrocin on a dry basis and 13.7
expressed as E1%

1cm 250 nm. These values found were in consonance
with those reported by Sánchez (1996) with regard to repeatability
and reproducibility of E1%

1cm 257 nm: 2.8% and 8.5%, respectively.
More recently, Lechtenberg et al. (2008) have reported values of
8.9% for repeatability and of 9.0% for intermediate precision in
the analysis of picrocrocin by HPLC.
The proposed method also showed a good sensitivity, the LOD
was 0.30 mg L�1 of picrocrocin (0.6% on a dry basis of saffron)
and the LOQ was 0.63 mg L�1 of picrocrocin (1.3% on a dry basis
of saffron). This value was approximately 100 times lower than
the value reported by Lechtenberg et al., 2008.

4. Conclusions

The SPE procedure developed and validated in this study gave
good results for determining the content of picrocrocin in saffron
spice samples from UV–vis spectral information. The procedure
was found to be accurate, reproducible and sensitive enough for
this application in samples from different countries. Furthermore,
its common points with the ISO determinations in saffron, the
short time necessary to carry it out and its simplicity make the pro-
posed procedure of particular interest for routine quality control in
the industry. The results obtained suggest that this SPE method
could even be included in the present ISO/TS 3632.
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