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Abstract: Safranal is the main aroma component of saffron stigmas. It is also a great antioxidant
with known pharmacological properties and is a potent indicator for the grading and authentication
of saffron. In this study, the optimum extraction conditions of safranal from saffron stigmas were
investigated using solid-phase microextraction-gas chromatography-mass spectrometry (SPME-GC-
MS) and response surface methodology (RSM). A rotatable-central composite design was applied,
and a linear regression model has been used for the model building. The optimized factors were as
follows: sample weight (15 mg), water volume (4 mL), exposure time in the headspace (20 min), and
extraction temperature (45 ◦C). All factors were found significant; however, extraction temperature
and exposure time were the most important for the isolation of safranal. The obtained model was
successfully validated with a test set of saffron samples analyzed under the optimum extraction
conditions. The optimized SPME extraction conditions of safranal found in this study contribute to
the efforts towards the detection of saffron authentication and adulteration.

Keywords: Crocus sativus; safranal; gas chromatography-mass spectrometry; solid-phase microex-
traction; optimization; response surface methodology; saffron

1. Introduction

Saffron, the dried red stigmas of Crocus sativus L., is highly valued in the food industry
for its aroma, taste, and color and is one of the world’s most expensive spices. Approx-
imately 150,000 flowers are required to produce a single kilogram of saffron, which is
subsequently sold for $1400–2600 USD (price for export) and $2–12 USD per gram (retail
price) [1–3]. It has been estimated that the global annual production of saffron is approxi-
mate 205 tons, 80 percent of which comes from Iran, while Spain and Greece export around
60 and 4.5 tons, respectively [4].

Saffron releases its aroma after it has undergone a thermal process, with safranal
being the main component [5–7]. Although various other components—and not only
safranal—play a role in producing the saffron aroma, safranal is viewed as the key sensorial
compound, and this suggests that the development of methods for the extraction and
analysis of safranal would be extremely useful for categorizing and grading saffron’s
commercial quality [6,8,9]. Safranal is a highly rated antioxidant and acts as a protective
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agent against indomethacin-induced gastric ulcers, while in vitro tests have shown that it
is also effective against certain cancer cells [10].

In order to differentiate between different qualities of saffron, the sector uses a spec-
trophotometric method described at ISO Normative 3632-1:2011 [11] to categorize saffron
according to the strength of its aroma (expressed as safranal), flavor (expressed as picro-
crocin), and coloring (expressed as crocin). Nevertheless, this type of general analysis
cannot tackle the issue of quality grading, which would make a positive contribution to
the international market in saffron sales [8,12–15]. One further disadvantage to using this
method is its inability to ensure the authenticity of saffron [16–18]. The safranal index used
by ISO Normative cannot be harnessed to make distinctions between commercial samples,
since safranal is not fully solubilized in water—the solvent used in the method for UV
determination at λ = 330 nm [14,15]. It has also been pointed out that the cis-crocetin ester
isomers interfere at precisely the same wavelength [19,20].

One commonly used method for determining food aroma compounds is the combina-
tion of solid-phase microextraction (SPME) and gas chromatography-mass spectrometry
(GC-MS). This approach has a number of advantages, namely the following: it precludes
the co-extraction of less volatile compounds from real sample matrices and does away with
the need to use toxic solvents and laborious sample preparations [21]. This method has
been employed to quantify safranal in a range of saffron samples [22–26], saffron drink [9],
for the detection of adulterants [18], and for the purpose of geographical discrimination of
saffron [27,28]. However, several factors that affect the SPME extraction of safranal such
as the quantity of saffron and the volume of water added have not been yet evaluated
and optimized. In particular, the quantity of saffron can be a very important factor, as it
increases the cost of analysis.

This study set out to examine the factors that affect the extraction of safranal by SPME
and methods of upgrading and improving the SPME procedure through the optimization
of the factors affecting the analysis in order to attain the highest possible concentration of
safranal. GC-MS was used to analyze the aroma profile, and experimental design was based
on a five-level rotatable central composite design (RCCD), combined with the application
of response surface methodology (RSM).

2. Materials and Methods
2.1. Saffron Samples

Saffron and dried red stigmas (11 samples) were originated from the Kozani prefecture
and were offered by the “Cooperative of Saffron producers, Kozani Greece”. The stigmas of
Crocus sativus L. were dried from the producers by the traditional drying method. Stigmas
were spread on a silk sieve and dried at a controlled temperature of 25 to 30 ◦C for 12 to
24 h. The moisture of the final product varied between 10 and 12%. Samples were collected
from 2018 to 2020.

2.2. Experimental Design

Experimental design was performed using the Design-Expert 11.0.5.0 software (Stat-
Ease, Inc., Minneapolis, MN, USA). A five-level rotatable central composite design (CCD)
in combination with RSM methodology [29,30] with four quantitative factors (A, B, C, and
D) and one response (safranal) were used. A total of 30 runs were analyzed by a linear
design domain (Table 1) using a randomly selected saffron sample. Analysis of variance
(ANOVA) and the coefficient of determination (R2) were used to test the model’s fit. The
robustness of the model was confirmed by the response data of 10 different samples of
saffron, which were provided from various producers of the Kozani prefecture collected in
years 2018 (1 sample), 2019 (8 samples), and 2020 (1 sample). The samples were analyzed
under the optimized SPME conditions proposed by the model.
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Table 1. Central composite design for the four independent experimental factors (A, B, C, and D)
along with the experimental values of the response (safranal).

Run A: Sample Weight
(mg)

B: Water Volume
(mL)

C: Temperature
(◦C)

D: Exposure Time
(min)

Safranal
(% Area)

1 15 4 45 40 95.3
2 35 4 45 20 95.5
3 35 2 45 40 93.4
4 15 4 55 40 94.6
5 15 2 55 20 94.6
6 25 3 50 30 94.9
7 35 4 55 20 94.7
8 25 3 40 30 95.4
9 15 4 45 20 96.2
10 35 4 45 40 94.8
11 15 2 45 40 95.4
12 25 5 50 30 94.9
13 25 3 50 30 95.1
14 25 3 60 30 92.0
15 25 3 50 50 93.6
16 15 2 45 20 94.9
17 35 2 45 20 94.7
18 25 3 50 30 94.7
19 45 3 50 30 93.9
20 5 3 50 30 94.4
21 15 4 55 20 94.9
22 35 2 55 20 94.4
23 25 3 50 10 95.4
24 35 2 55 40 93.2
25 15 2 55 40 92.9
26 35 4 55 40 93.1
27 25 1 50 30 93.1
28 25 3 50 30 94.3
29 25 3 50 30 93.9
30 25 3 50 30 94.6

2.3. Isolation and Analysis of Volatile Compounds

Saffron dried stigmas were ground and transferred in a 15 mL screw top (22.7 × 86 mm)
vial with PTFE/silicone septa, adding the corresponding volume of distilled water (pH 7.0).
Then, a portion of 7 µL of cyclohexanone (Alfa Aesar, Kandal, Germany) was added as
an internal standard for the semi-quantification of volatile compounds. Safranal was
semiquantified by dividing the peak area of the compounds by the peak area of the internal
standard, multiplying this ratio by the initial concentration of the internal standard. The
samples were equilibrated for 30 min in a water bath (±1 ◦C accuracy). Isolation of the
volatile fraction of saffron was performed based on the RCCD runs reported at Table 1 and
the SPME solution proposed by the model.

For SPME experiments, a divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/
PDMS) 50/30 µm fiber of 1 cm length (Supelco, Bellefonte, PA, USA) was used. Condi-
tioning of fiber was performed at 270 ◦C. GC-MS analysis was achieved using a Trace
Ultra Gas Chromatograph (Thermo Scientific Inc., Waltham, MA, USA), coupled to a
Mass Spectrometer (DSQII, Thermo Scientific Inc., Waltham, MA, USA). A Restek Rtx-5MS
(30 m × 0.25 mm i.d., 0.25 µm film thickness) column was used. Helium was the carrier
gas with a flow rate of 1 mL·min−1. Desorption was performed at an inlet temperature
of 260 ◦C for 3 min, operated in the splitless mode, using a 0.8 mm injector liner (SGE
International Pty Ltd., Ringwood, Australia). Chromatographic analysis was performed
with the following conditions: initial temperature 40 ◦C, held for 6 min, heated to 120 ◦C
at a rate of 5 ◦C/min, heated to 160 ◦C at a rate of 3 ◦C min, heated to 250 ◦C at a rate
15 ◦C/min, and held to 250 ◦C for 1 min. The MS source and quadrupole temperatures were
240 ◦C and 150 ◦C, respectively. The transfer line temperature was 290 ◦C. The acquisition
mode was electron impact 70 eV with a mass range of m/z 35–650. GC-EI-MS data have
been recorded in full scan mode. Peak identification was performed by utilizing the Wiley
275 mass spectra library, and the arithmetic index provided by Adams [31]. Retention Index
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(RI) values were calculated based on the observed retention times of n-alkanes (C8–C20)
standard (Supelco, Bellefonte, PA, USA).

3. Results and Discussion
3.1. Evaluation of Saffron Volatile Compounds

Chromatograms at extraction temperatures 45, 50 and 60 ◦C are presented at Figure 1.
The percentage area of safranal depending on the SPME extraction conditions was very high
and ranged from 92.0 to 96.2% (Table 1), while the content of safranal was 17.4 ± 25.6 mg·g−1.
Literature reports suggest that the extraction method and the geographical origin of saffron
may have a high impact on safranal content. Urbani et al. [26] reported an average content
of safranal at 69.3% of the total volatile fraction in Italian saffron samples from Cascia,
extracted by SPME. D’Auria et al. [22] used the same technique and reported a safranal
percentage between 41.13 and 83.97% in Italian samples from Salerno and Sardinia. The
significant differences in safranal content observed among these literature reports and the
current study can be attributed to the different geographical origin of the samples as well
as in the differences of the conditions applied for the SPME extraction.
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Figure 1. Chromatograms at extraction temperatures 45, 50 and 60 ◦C. (1) hexanal; (2) 3,5,5-
trimethylcyclohex-3-en-1-one; (3) 2,6,6-trimethylcyclohexa-1,4-diene-1-carbaldehyde; (4) 3,5,5-
trimethylcyclohex-2-en-1-one (isophorone); (5) 2,6,6-trimethylcyclohex-2-ene-1,4-dione (4-ketoisophorone);
(6) 2,6,6-trimethylcyclohexa-1,3-diene-1-carbaldehyde (safranal); (7) 3,5,5-trimethyl-4-methylenecyclohex-
2-en-1-one; (8) 7,7-dimethylbicyclo[4.1.0]hept-3-ene-2,5-dione; (9) megastigma-4,6(E),8(E)-triene;
(10) 4-(2,6,6-trimethylcyclohex-1-en-1-yl)butan-2-one; (11) (E)-4-(2,6,6-trimethylcyclohexen-1-yl)but-3-
en-2-one (β-ionone).

Kanakis et al. [32] applied a micro simultaneous hydro distillation–extraction method
in stigmas of Crocus sativus L. of Greek origin dried by the traditional method and reported
a relative percentage of safranal between 50.0 and 70.8%, while after ultrasound-assisted
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extraction, the content of safranal ranged between 8.7 and 41.2%. Safranal content in Iranian
saffron samples after ultrasound assisted extraction was found at 26.29% [8].

Safranal, isophorone, and 4-ketoisophorone are the most common constituents of
saffron aroma regardless the extraction method and geographical origin [5,8,26,28,32–34].
2,6,6-trimethylcyclohexa-1,4-diene-1-carbaldehyde, isophorone, and 4-ketoisophorone have
been previously detected in saffron samples from Greece, Iran, Italy, and Spain by ultra-
sound extraction with diethyl ether [34].

The above compounds along with 3,5,5-trimethylcyclohex-3-en-1-one, 7,7-dimethylbicyclo
[4.1.0]hept-3-ene-2,5-dione, 4-(2,6,6-trimethylcyclohex-1-en-1-yl)butan-2-one and β-ionone
have been isolated by SPME-GC-MS with a DVB/CAR/PDMS fiber in Italian saffron
samples [28]. Hexanal has been detected by the same technique in Greek and Spanish
saffron samples, while megastigma-4,6(E),8(E)-triene has been detected in Greek, Iranian,
and Spanish saffron samples [27].

3.2. Model Fitting

An RCCD was chosen in the current study as it permits the analysis of experimental
factors at five levels offering reduced prediction error. The combination of RCCD with RSM
provides useful information about the interactions among the experimental factors without
the need to perform unnecessary experiments and simultaneously obtaining optimized
results for the response. Four experimental factors were investigated in this study in
order to determine the most suitable conditions for the extraction of safranal from the
saffron stigmas by SPME. RCCD experiments were run in a random order for reducing the
effect of uncontrolled variables. The RCCD design used in this study includes 16 factorial
points, 6 center points, and 8 axial points selecting the value of α = 2 for establishing
rotatability conditions.

The data acquired by the RCCD were generated into a response function linear model
expressed by the following coded Equation (1):

Y = 94.44 − 0.2558 A + 0.3750 B − 0.6181 C − 0.4528 D (1)

where Y is the percentage area of safranal, while A, B, C, and D are the coded values of
sample weight, water volume, temperature, and exposure time, respectively.

Residual analysis does not show any discrepancies from the linear model assumptions
(Figure 2a), while the lambda value 1.00, obtained from the Box–Cox test (Figure 2b)
suggested that the data did not require a specific transformation.
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Analysis of variance (ANOVA) was used to confirm the adequacy of the linear model
(Table 2). The model is significant with a p-value < 0.0001. All model terms were significant
(p-value < 0.05). The extraction temperature seems to have a significant effect as shown from
the differences observed in the absolute abundance between the chromatograms obtained
at 45, 50 and 60 ◦C (Figure 1). The non-significance of the lack of fit (p-value > 0.05) showed
that the linear model was valid for the current study. Moreover, the values of R2 and
adjusted R2 were 0.7428 and 0.7017, which are in reasonable agreement with the predicted
R2 value of 0.6173, thus indicating a high correlation among the predicted and actual values.

Table 2. Analysis of variance results for the experimental design.

Source Sum of Squares DF 1 Mean Square F-Value p-Value

Model 19.04 4 4.76 18.05 <0.0001 2

A-Sample weight 1.57 1 1.57 5.96 0.0221
B-Water volume 3.37 1 3.37 12.80 0.0015

C-Extraction temperature 9.17 1 9.17 34.78 <0.0001
D-Exposure time 4.92 1 4.92 18.67 0.0002

Residual 6.59 25 0.26
Lack of fit 5.76 20 0.29 1.75 0.2801 3

Pure error 0.83 5 0.17
Cor. total 25.63 29

1 DF: degree of freedom; 2 significant; 3 not significant.

3.3. Response Analysis and Optimization

Figure 3 shows the contour plots of the estimated response surface. These plots are
helpful for selecting the levels of the factors that optimize the response of interest. For
example, from Figure 3a, it is evident that safranal increases when water volume increases
close to 4 mL and sample weight decreases to 15 mg.

Figure 3b indicates that the optimum extraction temperature is around 45 ◦C and a
further temperature increase has negative impacts on the response. Similarly, an increase
on exposure time above 20 min results in a gradual decrease in safranal (Figure 3c). The
influence of extraction temperature and exposure time in the volatile fraction of solid
samples of saffron has been investigated by D’Archivio et al. [28] and Di Donato et al. [18]
by using a three-level factorial design of experiments. In both studies, the optimum
exposure time was found at 30 min, while the optimum extraction temperature was at
45 ◦C [28] and 50 ◦C [18]. Although, in the current study, the amount of saffron sample
and the addition of water proved to be significant and had a high contribution on the
obtained amount of safranal, a lack of literature reports still exists regarding the evaluation
of these factors in the saffron aroma. Previous research studies utilized higher amounts
of saffron for the SPME-GC-MS analysis of aroma, increasing the cost of the analysis.
D’Archivio et al. [28] used 20–40 mg of saffron for the SPME experiments, while other
studies used 50 mg [27] and 100 mg [22,23,35,36]. In the present study, the RSM model
suggested that only 15 mg of saffron was required for SPME-GC-MS analysis.

The desirability function was used in order to find the optimum isolation conditions
of safranal. The four factors were set to the option “in range,” while safranal was set to the
“maximize” option. The upper limit for safranal was set at 97.0% area. Then, the software
provided 100 optimization solutions; however, based on the highest desirability value
obtained (0.828), the software suggested that the optimum conditions for the extraction of
safranal were A: 15 mg; B: 4 mL; C: 45 ◦C; and D: 20 min (Figure 4). The predicted mean (%
area) was estimated from the model at 96.1 ± 0.5%. A test set comprising 10 samples was
analyzed under the optimized extraction conditions. The obtained results were within the
prediction interval, providing an experimental average of 95.6%.
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high contribution of safranal on the aroma profile and the potential of this compound as 

an index of commercial quality of saffron, the data obtained from the current study are 
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Figure 4. Optimized conditions for the isolation of safranal by SPME proposed by the model using
the desirability function.

4. Conclusions

In this study, the factors affecting the isolation of safranal from saffron by SPME
were investigated. A five-level rotatable-central composite design was chosen and used
in combination with response surface methodology. The factors evaluated included the
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saffron sample weight, the volume of water added, the exposure time of SPME fiber in the
sample headspace, and the extraction temperature. All factors were found to be significant
(p-value < 0.05); however, the extraction temperature and exposure time were the most
important. A validation set of 10 samples was used to confirm model efficiency. The
average of percentage area of safranal obtained from the validation set was 95.6%, which
was within the prediction interval of the model (96.1 ± 0.5%). By taking into consideration
the high contribution of safranal on the aroma profile and the potential of this compound
as an index of commercial quality of saffron, the data obtained from the current study are
important for the characterization, authentication, and adulteration of saffron.
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