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In this paper, 345 saffron samples were analyzed from different countries to study their picrocrocin
content using different analytical techniques. The E}%, of 257 nm results from all samples are
inflated in comparison by the high-performance liquid chromatography (HPLC) data, because of the
interferences with the crocetin ester pool and especially with those with a lower trans/cis relation. A
picrocrocin range update is proposed for International Organization for Standardization (ISO) 3632
normative because category lll should be incremented up to 50 units, while category Il should be
incremented up to 60 units. More accurate data are achieved when the AE,. measurement is
carried out. Consequently, improvements to the ISO method are suggested. Fourier transform (FT)-
near-infrared spectrometry analysis has also been carried out, showing excellent results from the
calibration with HPLC data. This spectrophotometric technique could be used by saffron enterprises

to obtain quick and more accurate data for picrocrocin determination.
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INTRODUCTION

Saffron, the dry stigmas of Crocus sativus L., is mainly used as a
spice. It is valued for the color, taste, and aroma that it gives to
foods and beverages (/). The compounds responsible for these
properties are a group of carotenoids, crocetin esters, picrocrocin,
and a wide group of ketones and terpenic aldehydes, with safranal
as the most important compound.

Picrocrocin is supposed to be the most important substance
responsible for the characteristic bitter taste of saffron (2). In
addition to the taste, picrocrocin is also related to the aroma of
saffron, because it is considered a safranal precursor generated
during the dehydration of the spice (3).

In the international trade, saffron quality is mainly determined
by specifications recommended by ISO/TS 3632-2:2003 (4). This
specification classifies saffron into three categories, taking into
account a large number of physical and chemical parameters. The
most important are the presence of flower waste, moisture and
volatile matter content, ash content, E1°%,, of 440 nm (coloring
strength), E}”, of 330 nm (wavelength of safranal maximum
absorbance), E} ", of 257 nm (wavelength of picrocrocin max-
imum absorbance), etc. While E| % of 440 nm is directly
correlated with the ability to transmit color to food and bev-
erages, the E%  of 257 nm and E}”,, of 330 nm do not give an

accurate measurement of picrocrocin and safranal, because of
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existing interferences. With regard to picrocrocin determination
at 257 nm, the crocetin esters also absorb there (5 —8). The direct
consequence is that the categories established by ISO/TS 3632-
2:2003 (4) related to E}”%, of 257 nm (category I, minimum 70
units; category I1, minimum 55 units; and category II1, minimum
40 units) do not represent the real content of picrocrocin. To
avoid these interferences, Corradi and Micheli (9) proposed the
use of ALy, parameter (9) for the determination of picrocrocin.

In addition, other techniques such as thin-layer chromato-
graphy (TLC), high-performance liquid chromatography—diode
array detection (HPLC—DAD) (I, 10—12) and near-infrared
(NIR) spectroscopy have also been used to quantify picrocro-
cin (13).

The aim of this work was to determine the accuracy of the
picrocrocin determination using the parameter £ %O/C“m of 257 nm,
thus determining the most important interferences in the mea-
surement, second, to relate the real content determined by HPLC
with quicker and cheaper estimations of picrocrocin carried out
by AE,;. (UV—vis) and NIR spectroscopy, and finally, to define
truthful levels of picrocrocin for the different categories estab-
lished in the current ISO/TS 3632-2:2003 (4) to improve it based
on the analysis of a wide number of saffron samples from
different countries and submitted to different manufacturing
procedures.

MATERIALS AND METHODS

Samples and Reagents. A total of 345 samples from different
countries were analyzed: 50 from Italy, 52 from Spain, 107 from Greece,
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Figure 1. (a) Coloring strength distribution for the samples from different countries in the different ISO categories. (b) Moisture and volatile matter content

distribution from the different countries in the different ISO categories.
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Figure 2. E;’¢m of 257 nm distribution of the samples from different countries in the 1SO categories.

and 136 from Iran. All of the samples were harvested in years 2005 and
2006.

Saffron Working Solution. A total of 500 mg of ground saffron,
previously passed through a sieve of 0.5 mm pore diameter, were placed in
a 1 L volumetric flask, and 900 mL of distilled water were added. The
solution was stirred by a magnetic bar (1000 rpm) for an hour while being
kept away from light exposure. The flask was then filled to the 1 L mark,
and the solution was homogenized through agitation.

Moisture and Volatile Matter Content. Determination of moisture
and volatile matter content of saffron was carried out according to ISO/TS
3632-2:2003 (4).

UV—Vis Determinations. The spectrophotometric determinations
were carried out following ISO/TS 3632-2:2003 (4). In addition, two
different estimations of the picrocrocin content were carried out. (1) The
first one was the El %, of 257 nm parameter according to the formula:
picrocrocin (mg/100 mg) = E% 0f 257 nm x My, x 10/e, where M, is the
molecular weight of the picrocrocin and ¢ is the molar absorption
coefficient. (2) The second method employed used the AE;. parameter
as defined by Corradi and Micheli (9) according to AEy;. = Ej 4, of 257 —
El% of 297.

Identification and Quantification of Crocetin Esters and Picro-
crocin by HPLC. The nomenclature for the crocetin esters identified and
their identification have been carried out according to Carmona et al. (7).
The crocetin ester quantification was also estimated using the method
based on the extinction coefficient and the related area calculated. Hence,
the crocetin ester concentrations were calculated using the follow-
ing expression: concentration (mg/100 mg) = (4 x 100/4,) x (My/e) x
E}”., of 440 nm/10, where the extinction coefficient (&) was 89000 and
63350 M~! em™"! (1) for trans- and cis-crocetin esters, respectively, 4 was
the area of the crocetin ester peak in the chromatogram, 4, was the total
area of the crocetin esters, £} &, of 440 nm was the coloring strength, and
M,, was the molecular weight of the crocetin ester identified and
quantified, with T-5tG, 1139 g mol™!; T-5ng, 1139 g mol™%; T-4GG,
977 gmol '; T-4ng, 977 gmol~'; T-3Gg, 815 gmol '; T-2G, 653 gmol ;
C-4GG, 977 gmol ~'; C-3Gg, 815 gmol '; T-2gg, 653 gmol '; T-1g,491 g
mol™"; C-4ng, 977 g mol™"; C-1g, 491 g mol~'; and C-2G, 653 g mol .

The identification of picrocrocin in the samples and its quantification
were carried out using the standard isolated in a previous paper (/4).
Quantification was based on a six-point calibration curve of the picrocro-
cin standard (R* = 0.9998).
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Table 1. Picrocrocin Content by HPLC Expressed in mg/100 mg and lts Estimation Using Different Spectrophotometric Techniques®
technique HPLC (mg/100 mg) Aos7 (mg/100 mg)

coloring strength (ucs) Italy Spain Greece Iran Italy Spain Greece Iran
120—130 435+0.18 11.21 £0.12
130—140 4.8240.61 10.35+0.24
140—150 517+0.24 10.78 +0.25
150—160 5.95+1.28 12.25+1.10
160—170 7.09a+0.17 6.10a+0.89 13.21a+0.09 12.84a+0.37
170—180 7.93b+0.47 6.09a+ 0.87 13.61a+0.28 13.46a £ 1.02
180—190 7.86b+0.16 7.11a=+0.56 13.94a £0.18 1391a+1.12
190—200 10.92b +0.35 9.32b+ 0.1 7.38a+0.41 14.49a+ 0.04 14.65a+0.13 13.97a+0.52
200—210 10.31b+0.28 10.52b £+ 0.12 7.35a+0.15 7.66a=+1.03 1491b+0.30 13.93a+0.18 1328a=+0.15 14.76b £+ 0.45
210—220 10.49a 4 1.54 8.38a+1.41 13.73a+0.26 14.59a+0.82
220—230 12.14b £1.34 10.30a,b+£1.13 9.13a+0.98 16.48a+0.94 15.10b £ 0.51 15.49b + 0.46
230—240 13.38b+0.10  11.63ab+3.06 10.90a,b+0.89 9.88a+1.36 16.62b+0.76  16.78b+1.33  15.34a+0.60 16.20b 4 0.48
240—250 11.26 b+2.63 11.15b+1.64 9.94 a+1.04 16.35a+0.61  1595a+0.54 16.35a+0.84
250—260 14.02b+0.30 11.70ab+1.93 1280ab+1.68 1021a+072 1756ab+048 17.63b+0.66 16.68a+050 17.32a,b+0.48
260—270 156.72b+1.56 13.63b +2.56 14.84b £ 0.91 8.74a+0.12 17.33a+158 17.94a+090 17.57a+047 17.65a+0.12
270—280 16.69a + 1.09 14202+ 3.11 18.80a+0.39 18.12a+1.55
280—290 17.13a+£1.30 15.68a +2.59 14.75a£0.10 19.56a+ 090 18.75a+057 1861a+0.12
290—300 16.94a+0.95 16.24 a+0.99 20.02a+091 20.12a+0.10
technique AEi (mg/100 mg) FT-NIR (mg/100 mg)

coloring strength (ucs) Italy Spain Greece Iran Italy Spain Greece Iran
120—130 5.83+0.12 4.54+0.12
130—140 5.91£0.30 5.00+1.28
140—150 6.36 +0.15 5.92+0.79
150—160 6.96 +0.32 6.07+£0.12
160—170 7.52a+0.10 7.39a+0.27 742b+0.14 546a+1.72
170—180 7.95a+0.28 7.67a+0.84 6.92b+040 539a+1.15
180—190 8.07a+0.18 8.65a+ 1.28 8.41b+0.10 5.94a+0.98
190—200 9.14a+0.50 9.02a+0.13 8.76a+047  10.21b+0.66 6.37a+0.10 648a+1.60
200—210 9.92b+0.18 9.80b+0.18 874a+0.15 921b+023  10.56b+0.40 10.06b £0.12 9.06a,b+0.11 6.73a+1.26
210—220 9.50 a+0.64 9.78a+0.40 11.45a+2.15 711b+2.02
220—230 11.22 £0.39 10.05a+029  10.83a+0.34  11.46b+0.68 10.12a,b+ 1.31 8.46a+1.30
230—240 11.99b+0.17  11.41b+1.71 1052a+0.69  11.32b+0.39  11.62b+1.02 11.72b+373  10.75a,b+1.35 8.79a+1.86
240—250 1124a+089  11.03a+057 11.63a+0.53 10.66b + 1.58 10.20b £ 1.51 9.18a+2.10
250—260 12.92a+0.61 1218a+0.69  1225a+099  12.18a+044  1324b+039 1246ab+215 11.37ab+183 9.30a=+1.05
260—270 1385a+0.83 1307a+112  1324a+032 1259a+012 1511b+1.34 11.80b+2.59 12.45b+2.47 9.48a+05
270—280 1494a+043 13.90a+1.58 16.17a+1.08 1419a+ 4.75
280—290 15.30a+0.8 1463a+1.10  14.35a+0.12 16.30b+1.29 13.21b+3.34 12.07a+0.12
290—300 15.78a £ 0.91 156.01a+ 0.78 15.86a+1.30 15.65a+0.12

@The same letters in the same row for each technique indicate non-significant differences (p < 0.05).

NIR Spectroscopy. Samples were analyzed by Perkin-Elmer Spec-
trum One Fourier transform (FT)-NIR equipment coupled with a near-
infrared reflectance accessory (NIRA). Data processing was acquired over
a wavelength range of 10000—4000 cm ™', and the resolution was set at
16 cm™ . All samples were scanned in duplicate.

NIR calibration for picrocrocin was studied in relation to the HPLC
results. Equations for NIR prediction were developed by Spectrum Quant+
software (Perkin-Elmer) with the principal component analysis option and
two passes to eliminate outliers. The spectra were pre-processed using the
standard normal variety (SNV) transformation followed by first-derivative
transformation to reduced baseline variation and enhance the spectral
features (/5). Calibrations were developed using partial least-squares
regression (PLS) and included the standard error of calibration (SEC),
the standard error of prediction (SEP), and the coefficient of determination
in calibration (R%cal). To evaluate how well the calibration model could
predict picrocrocin content of saffron, the full cross-validation included the
coefficient of determination in validation (R?).

Statistical Analysis. Statistical analysis was performed using SPSS
15.0 statistical software (SPSS, Inc., Chicago, IL). The analyses carried out
in the results of picrocrocin and crocetin esters were analysis of variation
(ANOVA) and Duncan test to be able to classify the samples.

RESULTS AND DISCUSSION

Selection of Samples. The choice of saffron samples, number
and the country origin of samples, is selected according to the

availability of samples in the international saffron market. All
samples have an origin certificate.

The higher number of samples are from Iran, which is the most
important saffron-producing country (>90%). Their samples
have been supplied by different international saffron trade
companies, which ensure that samples were obtained directly
from different saffron producers and also from different harvest-
ing years.

Although all Greek samples came from Krokos cooperative,
they are obtained from different farmers. About 50% of the
Spanish samples came from the D.O. Azafrdn de La Mancha, and
the rest were supplied by the different Spanish saffron producers
located mainly in the Castilla-La Mancha region. Italian samples
came from various Sardinian producers. Although Indian saffron
is also highly appreciated, itis not exported; thus, no samples were
obtained.

Coloring Strength, Moisture, and Volatile Content. Coloring
strength is the parameter employed by saffron trade companies to
determine its price, established on basis of the current three
quality categories: category I, higher than 190 units of coloring
strength (ucs); category 11, from 150 to 190 ucs; and category III,
between 100 and 150 ucs (7). From the analyzed samples, 84.35%
belonged to category I according to ISO/TS 3632-2:2003 (4),
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Figure 3. Relation of the total crocetin ester amount and picrocrocin concentration to the coloring strength in the samples from different countries.

with their distribution being 50 Italian, 52 Spanish, 99 Greek, and
90 Iranian samples. Within this range, sample distribution was
mainly allocated in the upper echelon (Figure 1a). Saffron
samples from Spain presented a coloring strength more uniform
around the average value (253.5 ucs), with a maximum limit
(299.0 ucs) close to the ITtalian one. Greek samples presented
similar distribution, with an average value of 241.8 ucs and with
75% of the samples within a 16 ucs range (234.1—250.1 ucs).
Finally, Iranian samples presented the narrowest range of color-
ing strength (77 ucs), and their distribution was in the lower
echelon (Figure 1a).

Second category samples were composed of 46 samples: 8
samples from Greece and 38 samples from Iran. Category I1I was
only configured by 8 samples from Iran. It is noteworthy that
Greek samples at categories I and I1 can be considered the most
homogeneous because they show the lowest variability. With
regard to moisture and volatile matter content, all collected
samples presented values lower than 12%, with the maximum
limits established by ISO/TS 3632-2:2003 (4) for Crocus sativus L.
to be considered as saffron spice (Figure 1b). The range for
category I can be considered similar (between 5.4 and 10.5%) for
the different countries (Figure 1b), except for Italian samples
(minimum of 7.0%). There was no relationship between ISO
quality categories and moisture and volatile matter content,
because the range for category II (6.6—10.5%) was similar to
the values of category I and the category I1I measurements were
lower (6.6—8.1%) (Figure 1b).

Picrocrocin Determination by ISO/TS 3632-2:2003. Currently,
the only standardized method to determine picrocrocin content is
that proposed by ISO/TS 3632-2:2003 (4). This standard does not
establish a concentration of picrocrocin for each defined ISO
quality category; it simply establishes a minimum value of molar
absortivity for the saffron solutions: 40 units for category III, 55
units for category II, and 70 units for category I, from the results
obtained using UV—vis spectrophotometry.

The 345 saffron samples were analyzed according to the
standard method, and results are shown in Figure 2. Again,
Italian samples presented the widest variability (45.6 units),
although the distribution was more uniform compared to the
E}”., of 440 nm data shown in Figure 1a. All samples from
category I, except three Iranian samples, presented a E} 2o, of 257
nm mean value over the minimum level established for this
category. The reduced number of outliers related to the analyzed
samples (291) suggested that 70 units is an adequate value as the
minimum limit for this parameter (Figure 2). On the contrary,
samples from category II presented a value over 60 units for this
parameter, except for one Iranian sample (59.3 units) (Figure 2).
Thus, the limit could be increased from the current 55 units to
reflect the reality of the international market. Category III
samples did not fall below 53 units (Figure 2), quite far from
the 40 units established in ISO/TS 3632-2:2003 (4); thus, for
category II, this could be increased on the normative.

When the data of E1 %, of 257 nm are converted into milligrams
of picrocrocin/100 mg of saffron (A4,s7) (Table 1) and compared to
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indicates non-significant differences among the samples (p < 0.05).

the picrocrocin quantification by HPLC, an overestimation of the
picrocrocin content calculated from the absorbance at 257 nm
through the £} %, of 257 nm parameter is observed. According to
other authors (5), this overestimation could be justified by the
interferences of crocetin esters.

However, the overestimation did not show a good relationship
with the HPLC data. For UV—vis determination, statistical
differences within the same coloring strength section at a level
of 0.05 only appeared for different countries, but it does not
coincide with the same data obtained with A4,s; (Table 1).

Study of the Relationship between Crocetin Esters and Picrocro-
cin. The crocetin ester quantification was carried out to be able to
conclude with the potential interference of them in the determina-
tion of picrocrocin content in each country (Figure 3). With
regard to crocetin esters, similar performances were found for the
four countries, with good linear behavior with slopes around 0.1,
confirming that coloring strength is a good reference parameter
directly related to chemical composition.

Picrocrocin also followed a linear relation, although not so
precise, with a similar increase rate for Italy, Spain, and Greece
with a slope around 0.07. Iranian samples again showed a
different relation because they maintained a linear progression,
although the rate was almost half the value of the other countries.
Looking for a relation between the total crocetin ester content
and picrocrocin for the different countries, these presented a good
linear relation, being higher than 0.86 in all of the countries. When
the coloring strength increased from 160 to 270 ucs, the over-
estimation decreased, approximately from 6 to 3 units, especially
Greek samples (UV—vis from 13.21 to 17.57 and HPLC from
7.09 to 14.84 mg/100 mg) (Table 1). Picrocrocin can therefore play

an important role in the saffron quality control, the importance of
which has not been considered up until now. Great numbers of
adulterated saffron batches have appeared with gardenia fruit
powder because it contains the same crocetin esters but no
picrocrocin. Consequently, picrocrocin can be the biomarker
key to avoid fraud. The use of the different dehydration proce-
dures may modify picrocrocin content (/6). Finally, the picro-
crocrocin increment is lower than the crocetin ester increment;
therefore, their potential interference would also increase with the
coloring strength. However, this hypothesis was the opposite of
what we found.

From the identification and quantification of each crocetin
ester, we were looking for further information about their
interference. Figure 4 shows the behavior of these six main
crocetin esters (T-4GG, T-3Gg, T-2gg, C-4GG, C-3Gg, and
C-4ng). The sum of the amount of the six compounds represents
more than 92% of the total crocetin ester content.

T-4GG and T-3Gg content increased throughout the entire
range of coloring strength. However, T-4GG showed statistical
differences within categories II and III established by ISO/TS
3632-2:2003 (4), i.e., 120—150 and 160—190 ucs at a 0.05 level.
Because T-4GG is the major compound with around 48% of the
total crocetin ester content, it also has a high contribution to the
saffron coloring strength; therefore, the categories established by
ISO/TS 3632-2:2003 (4) are partially justified.

T-2gg content only presented light variations. Two groups
showed significance differences, but the samples in the level
150—160 and 280—290 ucs presented the lowest values. Mean-
while, samples belonging to the 180—190 ucs level have the
highest value of this crocetin ester. However, the rest of the
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Figure 5. Overestimation of the E; 5y, of 257 nm refers to the picrocrocin amount obtained by HPLC in each range of coloring strength in samples from different
countries. Evolution of the ratio cis/trans-crocetin esters with the coloring strength from the different countries.

Table 2. Descriptive Statistics of the Picrocrocin Calibration Content in Each Country (mg/L) Using NIR Spectroscopy

mean value sD? maximum minimum CV (%)° SEC® SEP? intercept slope R?
Italy (N = 50) 14.77 241 18 9.72 16.32 0.84 0.91 0.38 0.90 0.90
Spain (N = 52) 11.90 3.10 18.30 413 26.05 1.08 1.16 1.48 0.97 0.97
Greece (N=107) 10.52 1.90 14.79 5.89 18.09 1.01 1.03 2.20 0.79 0.79
Iran (N = 136) 7.22 1.97 14.67 2.61 27.29 1.14 1.18 1.60 0.78 0.77

23D = standard deviation. °CV = (SD/mean) x 100. °SEC = standard error of calibration. ?SEP = standard error of prediction.

samples had intermediate values in both groups with no signifi-
cant differences.

C-4GG content increased up to the 240—250 level and then
decreased slowly, although this increment was not significant
until the last section 290—300 ucs. C-3Gg content showed similar
behavior, because it increased to a maximum between 230 and
260 ucs before it decreased. On the contrary, C-4ng content
presented the highest contents with low coloring strength, but its
content decreased in the following levels, presenting a similar
concentration.

This different evolution could justify the higher overestimation
of the picrocrocin using E} %, of 257 nm in samples with a higher
content of cis-crocetin esters. To check this hypothesis, the degree
of overestimation for each country related to the existing ratio
trans/cis-crocetin esters was studied (Figure 5). The overestima-
tion ranges were from 10.24 to 44.64% in Italian samples, from
19.58 to 50.65% in Spanish samples, from 18.37 to 86.23% in
Greek samples, and finally, from 63.81 to 157.80% in samples
from Iran. The results for Iranian samples were surprisingly
higher in relation to the rest of the countries.

Independent of variables such as edaphic or climate condi-
tions, dehydration or storage procedures may have effects on
the picrocrocin content and crocetin ester. There is a similar

evolution of the prediction capability of Ei”., of 257 nm

depending upon the trans/cis ratio, because it is reduced as the
coloring strength and the trans/cis ratio increase. The highest
values of the trans/cis ratio were found in samples from Italy
(12.0%), where the overestimation was lower (19%). Spain
showed higher overestimation of E} "%, of 257 nm (58%) with a
lower relation of the trans/cis value (4.4%). Finally, Greek
samples presented higher values of overestimation, especially in
intermediate ranges of coloring strength and lower trans/cis
ratios. In the case of Iran, a reduction in the overestimation
was also observed when the coloring strength increased, despite
the fact that additional interferences from other compounds
could influence it.

Picrocrocin Determination Using Other Spectrophotometric
Methodologies. Other spectrophotometric techniques used the
parameter AE;. (9). The results obtained using AE;. were more
accurate than those obtained with E} %, of 257 nm (Table 1) and
can be proposed to ISO.

FT-NIR is another technique that is apt for use in the
enterprises because results are obtained easily and quickly and
can successfully be applied to saffron (/3). The good performance
of NIR parameters can also be seen in Table 2, where the PLS
calibration statistics are shown. SEC and SEP values showed that
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Figure 6. Comparison of the picrocrocin concentration over/underestimation obtained with AE;; and overestimation using FT-NIR in each range of coloring

strength for the different countries.

Table 3. Categories According to the Current ISO Standard and the Proposed Limits for Picrocrocin Content of Saffron by HPLC and lts Estimation by UV—Vis

Parameters

categories according to the current ISO 3632 standard

proposed limits for the UV —vis technique

coloring strength 1%,
of 440 nm

ranges of coloring
strength

picrocrocin

limits for E1%,

257 nm parameter

of limits for picrocrocin

proposed limits for real

estimation using AEy; parameter  picrocrocin content by HPLC

100—110
110—120
120—130
130—140
140—150
150—160
160—170
170—180
180—190
190—200
200—210
210—220
220—230
230—240
240—250
250—260
260—270
270—280
280—290
290—300

category IlI
100—150 units

category |l
150—190 units

category |
190—300 units

category IlI
=40 units

category Il
=55 units

category |
=70 units

category IlI
>50 units

category Il
>60 units

category |
=70 units

>4.2 mg/100 mg of saffron =2 mg/100 mg of saffron

=6 mg/100 mg of saffron >4.3 mg/100 mg of saffron

>8.5 mg/100 mg of saffron >7.5mg/100 mg of saffron

NIR spectroscopy provides a suitable prediction of the picrocro-
cin content in each country, indicating that the PLS models based
on NIR spectra explain more than 77% of the variation in the
data. The calibration curves of the picrocrocin content obtained
between NIR results and HPLC for each country were reported in

Table 2.

If the results obtained by AE;. are compared to the results
obtained by FT-NIR already calibrated with HPLC data, the
samples generally presented higher values of picrocrocin content
using FT-NIR than the results obtained using AE. for all
coloring strength ranges. In Figure 6, it is shown that the under-
estimation was higher in [talian samples using the first technique.
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The results obtained in samples with lower coloring strength
presented higher underestimation than the results obtained from
the samples with higher coloring strength using the parameter
AE,;. and the results from FT-NIR. Unexpected outcomes were
obtained in Iranian samples, because they presented an over-
estimation using AE;. higher than the underestimation obtained
with FT-NIR. In conclusion, the FT-NIR achieved more accurate
results than those obtained using AE;;. in Iranian samples. Because
the Iranian samples represent 90% of the total commercial saffron
samples, it could be said that FT-NIR spectroscopy could be a
good technique to determine picrocrocin content in saffron.

Determination of New Quality Categories. The results shown in
this paper indicate that the ISO standard should be updated to
adapt more accurately to the current categories in relation to
picrocrocin content. During the latest update of ISO 3632 (year
2003), it was impossible to reach an agreement between all
countries involved, mainly because of the absence of robust
scientific data. Attending to the results obtained in this paper,
the proposal is shown in Table 3. In relation to the actual
measurements (E}o/‘;m of 257 nm), a minimum level (50) for
category III should be proposed. Although our samples did not
present a coloring strength lower than 120 units, an increase
minimum level for category IT up to 60 should be proposed, while
no changes in value are needed for category I (Table 3).

If picrocrocin could be expressed as AE,,ic (expressed inmg/100
mg), the quality categories should be as reported in Table 3.

Finally, if HPLC determination could be included in the ISO
normative, because its benefits as a precise analytical technique are
already known, then the limits proposed are around 1 mg/100 mg
of saffron for category I and almost 2 mg/100 mg of saffron for the
remaining categories (Table 3), as a result of the overestimation of
the picrocrocin content using the spectrophotometric technique in
samples with a high content of cis-crocetin esters.
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