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Crocus haussknechtii (Boiss. & Reut. ex Maw) Boiss., commonly known as wild saffron, is the closest
wild relative of cultivated saffron (C. sativus L.). Due to limited information on the presence of
expensive chemical compounds responsible for color and aroma in its stigma, this study aimed to
compare and measure crocin, picrocrocin, and safranal, (which are responsible for color, taste, and
aroma, respectively) in both cultivated and wild saffron using HPLC. Additionally, the volatile
metabolites present in the stigmas of both species were identified and quantified using gas
chromatography-mass spectrometry (GC-MS). C. sativus corms were purchased from saffron
cultivation fields in Torbat Heydariyeh, Iran. C. haussknechtii corms were collected from Zagros
forests, Ilam, Iran, and cultivated in the field. The results revealed significantly higher levels of all
compounds, particularly crocin, in wild saffron than cultivated saffron. The crocin content was 35.49
and 478.99 mg/g dry weight in cultivated saffron wild saffron, respectively. GC-MS analysis of C.
sati vus stigma identified 5 major and 26 minor compounds. In contrast, 6 major compounds and 17
minor compounds were identified in C. haussknechtii stigma. These findings showed that the
surprising amount of crocin in this unknown wild species suggested the value of further studies on

this species.
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INTRODUCTION

Cultivated saffron (Crocus sativus L.) is a triploid (2n = 3x = 24)
perennial plant with a genome size of 1C = 3.45 Gbp [1]. It is one
of the most important medicinal herbs in the Iridaceae family, with
a cultivation history dating back to 2500-1500 BC. Saffron is
believed to have originated in Iran and Greece and has since spread
to India, China, the Mediterranean, and Eastern Europe [2]. In
Iran, the primary source of saffron was the Alvand and Zagros
mountain ranges in the ancient land of Media, encompassing
Hamadan, Borujerd, Nehavand, Kermanshah, and the regions
around Isfahan and Qom. Its cultivation later spread to other
regions [3].

C.haussknechtii BOISS, locally known as "P&eshukk," is a wild
saffron species native to the Zagros Mountains of Iran, northern
Iragq, and southern Jordan. This edible geophyte is harvested in
spring in the western provinces of Iran (Kermanshah, Ilam,
Lorestan, and Hamedan) [4]. Genetic diversity assessment of
Iranian saffron species (Crocus spp.: C. sativus, C. haussknechtii,
C. cancellatus, C. speciosus, and C. caspius) using SSR markers
revealed that C. haussknechtii is the closest wild relative of
cultivated saffron [5].

Saffron's value stems from its unique composition of primary
secondary metabolites and their derivatives. The three key
components of saffron stigmas are crocin, safranal, and

picrocrocin, responsible for their color, aroma, and flavor,
respectively [6]. Crocin pigments accumulate abundantly in
saffron flower stigmas, imparting their distinctive deep red color
[7]. Due to the labor-intensive harvesting and processing of the
collected stigmas, these metabolites command high market prices
[8].

Some of the wild Crocus species hold promise as alternative
sources of saffron's primary metabolites [10, 9]. However,
research on the primary compounds (crocin, picrocrocin, and
safranal) in wild Crocus species remains limited [11].

A comprehensive chemical analysis of cultivated saffron stigmas
has revealed over 694 distinct metabolites. Saffron is characterized

by a diverse array of chemical compounds, including
carbohydrates, minerals, mucilages, vitamins (particularly
riboflavin and thiamine), pigments (crocin, anthocyanin,

carotenoids, lycopene, and zeaxanthin), a fragrant terpenic
essential oil called safranal, and flavoring compounds
(picrocrocin) [12]. However, no chemical analysis of wild saffron
stigmas has been conducted to date.

Given the limited information available on wild saffron, this study
aimed to compare and measure the color and flavor compounds
(crocin, picrocrocin, and safranal) using HPLC and volatile
compounds using GC-MS in cultivated saffron and wild barley
stigmas.
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MATERIALS AND METHODS

Plant Materials

Cultivated saffron corms (C. sativus L.) were purchased from
saffron cultivation fields in Torbat Heydariyeh, Khorasan Razavi,
Iran. Wild saffron corms (C. haussknechtii) were collected from
the Zagros forests, in Ilam, Iran. Corms of both species were
cultivated in the educational-research farm of Ilam University.
Ilam City is located at 33° 38' N and 46° 25' E and at an altitude
of 1440 meters above sea level. Ilam has a temperate mountainous
climate with an average annual rainfall of 619.5 mm and an
average absolute temperature ranging from -13.6 to 41.2 °C. Each
sample was planted in six 1 m x 1 m plots in September 2021.
Flowers of both species were collected in November 2022.
Stigmas of the collected flowers of each species were separated
and then dried in the shade for 8 days.

HPLC Analysis
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Fig. 1 standard curves for Safranal (a), picrocrocin (b) and crocin (c)
content calculation

100 mg of finely ground saffron stigmas were weighed and
transferred to a 10 mL test tube. 5 mL of 80% ethanol (v/v) in
water was added, and the mixture was vortexed vigorously for 1
minute. The mixture was then centrifuged at 3000 rpm for 10

minutes, and the supernatant was collected and transferred to a
lahh25 mL test tube. This extraction procedure was repeated two
more times using 5 mL of 80% ethanol each time [13].

Prior to HPLC analysis, 500 pL of nitroaniline internal standard
(0.5 mg/mL in ethanol-water (80% V/V)) was added to 500 pL of
the sample and mixed thoroughly. Standards of safranal (88%
purity), picrocrocin, and crocin were purchased from Sigma-
Aldrich (St. Louis, MO). Safranal, picrocrocin and crocin content
were calculated from standard curves generated using 0-500
pg/mL, 0-500 pg/mL, and 0-25 mg/mL dilutions series,
respectively (Figure 1).

The HPLC system used was a Philips system equipped with a Pu
41110 UV-visible detector and a Sunfire C18 column (250 mm x
4.6 mm, 5 pum particle size) (Waters Corporation, Milford, MA,
USA). Injections were performed using a Hamilton syringe. All
solvents used were HPLC grade and were filtered through 0.45 um
cellulose acetate filters before use and degassed. HPLC analysis
was carried out on a dual-solvent delivery system equipped with a
Waters 600E pump (Waters Corporation, Milford, MA, USA).

A C18 column and a 50/50 gradient of methanol and water (15%
acetonitrile) were used as the mobile phase at a flow rate of 1
mL/min for 25 min at room temperature. The injection volume was
10 pL. The analyses were repeated three times for each sample.
Picrocrocin was detected at 250 nm, crocin at 440 nm, safranal at
310 nm, and the internal standard above all three wavelengths. The
amount of each compound was determined using the area under
the curve and calculated based on the standard curve obtained from
the injection of standard compounds. The standard curve was also
obtained by injecting different concentrations of standard
compounds [14].

GC-MS Analysis

Saffron samples were initially ground into a powder using a
porcelain mortar and pestle. Then, 500 mg of each saffron sample
was weighed using a digital balance and placed in a dark-colored,
sealed container.

The prepared saffron samples were extracted with diethyl ether in
two steps. The extraction was carried out using an ultrasonic bath
at a constant frequency of 35 kHz and a temperature of 25 °C. In
each step, 5 mL of diethyl ether was added to each saffron sample,
and the samples were then placed in the ultrasonic bath at a
constant temperature of 25 °C for 15 minutes. After this time, the
extracted saffron extract was transferred to another container, and
the same procedure was repeated with 5 mL of diethyl ether and
extraction by ultrasonic bath. After the ultrasonic treatment, the
extracted organic phase was combined with the extract from the
first extraction, resulting in a final extract volume of
approximately 10 ml. A small amount of sodium sulfate anhydride
was added to the extract, and the samples were then filtered and
purified using filter paper before injection into the GC-MS
instrument [15].

A gas chromatograph (GC) model 7890B-HP (USA Technologies)
(Agilent) equipped with a mass selective detector (MSD) model
HP-5977A (Agilent Technologies) was used for the analysis of
saffron extract. The ionization energy was set to 74 eV and a
capillary column HP-5MS (5% phenyl dimethyl) (silxan) was
used. The column dimensions were 30 m x 0.25 mm X 0.25 um
(30 m long, 0.25 mm in diameter, and 0.25 pm in thickness).
Helium was used as the carrier gas with a purity of 99.99% and a
flow rate of 1 mL/min. The temperature program was as follows:
the column temperature was initially held at 50 °C for 3 min, then
increased at a rate of 3 °C/min to 180 °C, and finally increased at
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a rate of 15 °C/min to 250 °C and held for 5 min. The injector and
detector temperatures were set to 220 °C and 290 °C, respectively.
A 6 pL sample of saffron extract was injected manually using a
Hamilton microsyringe into the injection port of the GC in
Splitless mode. The experiment was repeated at least twice for
each sample. If the data did not match, the experiment was
repeated until the results were reproducible.

RESULTS

HPLC Analysis

The metabolites crocin, picrocrocin, and safranal were measured
in both saffron species (Figure 2), and the results are presented in
Table 1.

The amount of all three compounds differed significantly between
the stigmas of the two saffron species. The mean crocin content
was 35.49 mg/g dry weight for the cultivated species and,
interestingly, 899.47 mg/g dry weight for the wild species. For C.
sativus saffron, picrocrocin was 4.18 mg/g and for C.
haussknechtii saffron, it was 8.14 mg/g. Safranal was less than 5
mg/g in cultivated saffron and 9 mg/g in wild saffron (Table 1).
A wide range of values has been reported for the main metabolites
of saffron (C. sativus L.) stigmas, with significant variation from
country to country. Reported values for crocin range from 29 mg/g
[16] to 67.3 mg/g for Indian saffron [17] and 45.99 mg/g for
Iranian saffron [18]. Safranal levels reported by some researchers
are around 0.88 mg/g [17], while other reported values for safranal
range from a minimum of 0.06 mg/g to a maximum of 0.29 mg/g
[19]. The amount of picrocrocin in Spanish saffron is between 0.79
and 12.94%, 1.07 and 2.16% in Indian saffron, and 2.18 to 6.15%
in Iranian saffron [20]. A review paper, citing other studies,
reported crocin ranges for saffron from different countries between
6.29 (China) and 41.21 (India), picrocrocin ranges from 0.53
(China) to 8.14 (Spain), and safranal ranges from 0.22 (China) to
8.14 (Spain) (all compounds extracted using HPLC) [11].
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Fig. 2 HPLC chromatograms of C. haussknechtii (a) and C. sativus (b)

In a study, the amount of crocin in the stigmas of three saffron
species, cultivated saffron (C. sativus L.) and two wild species (C.
caspius and C. speciosus), was determined. The results showed
that the crocin content was significantly higher in the two wild
species, C. caspius (35.83 mg/g dry weight) and C. speciosus
(35.40 mg/g dry weight), compared to the cultivated saffron (15.27
mg/g dry weight) [21].

Table 1 HPLC Analysis Results of Saffron Stigma Extracts (C. sativus and C. haussknechtii)

Samples Crocin content (mg/g) Safranal content (mg/g) Picrocrocin content (mg/g) LOQ
C.sativus 35.49+0.02 <5+0.01 4.18 £0.02 5
C.haussknechtii 899.47 +0.01 9+0.03 8.14+0.02 5

In a study, crocin was extracted from the stigmas of two species,
C. sativus, and C. haussknechtii, and analyzed by thin layer
chromatography (TLC) and high performance liquid
chromatography (HPLC). The relatively high concentration of
pigments in the stigmas of C. haussknechtii plants and the
similarity of the carotenoid composition of this species with that
of C. sativus indicated that some wild Crocus species could be
used as potential sources of saffron compounds [10]. To date,
there has been no report on the amount of safranal and
picrocrocin in C. haussknechtii, and this is the first report.

GC-MS Analysis

The results of the GC-MS analysis of C. sativus stigma extract
are presented in Table 2. A total of 5 major compounds and 26
minor compounds were identified in the stigma.

The most abundant compound was 1,2-Benzenedicarboxylic
acid, bis(2-ethylhexyl) ester, with the formula C2sH3s04 and an
abundance of 43.006%. This compound is also known as
Diethylhexyl phthalate (DEHP). DEHP is an industrial colorless

and oily organic carcinogen with a slight odor. In industry, bis(2-
ethylhexyl) phthalate is mainly used as a plasticizer to make
flexible materials for many household products. Inhalation,
ingestion, and skin contact with this compound have been linked
to an increased incidence of liver cancer in animals, and it is
considered a probable human carcinogen [22]. However, DEHP
and similar compounds have been identified in some plant
species and even microorganisms, and they have been shown to
have antibacterial, antimicrobial, and anticancer properties. For
example, these compounds have been found in Calotropis
gigantea [23, 24] and Aspergillus Awamori [25]. GC-MS
analysis of saffron samples from major saffron-growing regions
in Turkey also showed the presence of this compound [26].
Analysis of 26 samples of saffron stigma from 9 countries with
GCxGC-ToF-MS also identified the compound 1, 2-
Benzenedicarboxylic acid, bis (2-methylpropyl) ester, but it was
not reported as a major compound [27].



Journal of Medicinal Plants and By-products (2025) 04: 304 - 310 307

Table 2 Constituents identified in the stigma of C. sativus and C. haussknechtii extracts by GC-MS.

Species Number  Metabolite name Relative peak area  Retention time
(%) (min)
1 1,3-Cyclohexadiene-1-carboxaldehyde, 2,6,6-trimethyl 4.93 15.012
C. sativus 2 Benzeneacetonitrile, 4-chloro 0.042 18.339
3 Phenol, 2-(1,1-dimethylethyl) 0.093 20.174
4 2,6-DI-T-BUTYL-4-METHYLENE-2,5-CYCLOHEXADIENE-1-ONE 0.42 21.440
5 Dodecanenitrile 9.088 21.652
6 Heptadecane 0.242 21.710
7 Phenol, 2,4-bis(1,1-dimethylethyl)- 0.992 22.039
8 Hexadecane 0.591 23.741
9 2 2-Bromo dodecane 0.473 25.839
10 Benzoic acid, 2-ethylhexyl ester 0.457 25.902
11 Octadecane 0.844 27.409
12 Hexadecane, 2,6,10,14-tetramethyl 0.607 27.579
13 Nonadecane 2.808 29.115
14 Hexadecanoic acid, methyl ester 0.753 29.547
15 Palmitic acid 1.150 30.151
16 Eicosane 3.44 30.744
17 Heneicosane 3.98 32.298
18 Docosene 3.513 33.231
19 Tetratriacontane 0.559 34.309
20 Tricosane 1.757 35.207
21 Tetracosane 3.773 36.789
22 Normal-docosane 0.918 38.733
23 1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 43.006 40.179
24 Diisooctyl phthalate 10.251 40.463
25 1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester 0.920 40.711
26 Monopentyl Phthalate 1.304 40.763
27 Dihydro-.beta.-ionol 0.494 42.08
28 Squalene 0.535 44.473
29 1-Hexacosene 0.631 44.941
30 14B-PREGNANE 0.391 46.751
31 E-11-Tetradecen-1-ol trifluoroacetate 0.635 46.832
C. haussknechtii 1 bis(2-ethylhexyl) phthalate 6.063 3.156
2 Isothiocyanic acid 0.991 3.699
3 4,5-Dimethyl-2-pentadecyl-1,3-dioxolane 0.549 3.879
4 5-Methyl-2 (3H)-Furanone- 0.790 17.558
5 trans-2-oxa-6-decalone 1.413 19.187
6 Nookatone 0.496 21.433
7 Dodecane 4.017 21.692
8 Phenol, 2,4-bis(1,1-dimethylethyl)- 0.655 22.033
9 Hexadecane 1.253 25.835
10 Pentacosane 0.882 29.539
11 Hexadecanoic acid 0.998 30.067
12 Eicosane 13.994 32.860
13 Vitamin E 1.845 34.066
14 Phthalic acid 11.867 39.906
15 Octadecane 0.707 42.695
16 Tetrapentacontane, 1,54-dibromo 8.446 43.612
17 1,3-Cyclohexadiene-1-18carboxaldehyde, 2,6,6-trimethyl 6.931 43.914
18 Tricosane 1.027 44.028
19 Stigmasta-7,16-dien-3-ol, (3.beta.,5.alpha.) 13.55 44.497
20 Nonadecane 1.796 44.903
21 Cetyl palmitate 15.25 44.998
22 Docosane 2.730 45.152
23 Pentacosane 4.555 45.215

The next major compound identified in the extract was Diisooctyl
phthalate (DIOP), accounting for 10.251% of the total
composition. With the chemical formula C24H3s04, DIOP exhibits
low toxicity in plants and possesses promising antimicrobial
properties. Additionally, DIOP has demonstrated potent anti-
cancer activity by inhibiting melanogenesis, the process of melanin
production in skin cells [28]. GC-MS analysis of Citrullus
colocynthis (L.) seeds revealed DIOP as the major constituent,
accounting for approximately 58% of the identified compounds
[29]. Similar findings have reported the presence of DIOP in

Plantago major [24] and Haliclona caerulea [30], highlighting its
widespread occurrence in various plant species.

Another major compound found in cultivated saffron is
Dodecanenitrile (9.088%), a nitrile with the chemical formula
Ci12H2sN. Nitriles (RC=N or organic cyanides) are a family of
molecules containing one or more cyano groups consisting of a
carbon atom triple-bonded to a nitrogen atom. Today, over 400
natural nitrile compounds from various plant, animal, and
microbial sources have been discovered worldwide in both
terrestrial and marine environments. These molecules play
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important roles in carbon and nitrogen metabolism, wound
response, and intraspecies communication, acting as a key
interface for microorganism-plant-animal interactions [31].
Another major compound of saffron is safranal (2, 6, 6-trimethyl-
1, 3-cyclohexadiene-1-carboxaldehyde) with the chemical formula
C10H140 and an abundance of 4.93%. It is an important metabolite
of saffron and has been identified in other similar studies on saffron
[27, 26]. According to various studies, safranal is the main
chemical responsible for the aroma of C. sativus and exhibits
pharmacological activities including anticonvulsant, hypnotic, and
other effects, justifying its importance as a potential drug in the
future. Safranal can be introduced as an
anticonvulsant/antianxiety/hypnotic drug [32]. Safranal exerts its
antioxidant effect by stabilizing membranes in various biological
systems, reducing peroxidation of unsaturated fatty acids in
membranes, and restoring the reduced activity of antioxidant
enzymes present in the body [33].

Six major and 17 minor compounds were identified in C.
haussknechtii species (Table 2).

Cetyl palmitate, with the formula Cs2Hs4O2, is the most abundant
compound in wild saffron, with a relative abundance of 15.25%.
Cetyl palmitate is one of the most important waxes with wide
applications in the cosmetic and pharmaceutical industries. It can
be used as an emulsifier and thickener in creams. This compound
is naturally found in the head cavities of sperm whales (Physeter
macrocephalus), but extraction from this source is not feasible
[34]. The most common synthesis method for cetyl palmitate is
enzyme-catalyzed esterification. However, enzymes are
expensive. Cetyl palmitate is the ester of palmitic acid (a fatty acid
found in plants and animals) and cetyl alcohol. Acids or enzymes
[35, 36] can catalyze esterification of fatty acids. The compound
Isopropyl palmitate has been previously reported in cultivated
saffron [37].

One of the predominant compounds in the wild saffron stigma
extract is Icosane, with the molecular formula C2Hs2 and an
abundance of 13.994%. Icosane is a natural hydrocarbon
compound found in several plants, including Drosera indica L. [38]
and Barringtonia asiatica L. [39]. Previous studies have also
identified it as a major component of the stigma of cultivated
saffron [40]. Icosane exhibits remarkable anti-inflammatory and
antimicrobial properties. For instance, in a diabetic mouse wound
model, the administration of Icosane and octadecane accelerated
wound healing [12]. Eicosane increases multiple metabolites,
including L-arginine and L-carnitine, in the retina. Consequently,
in a glaucoma mouse model, it protected retinal cells from N-
methyl-D-aspartate-induced damage [38].

The next most abundant compound in wild saffron is Stigmasta-7,
16-dien-3-ol, (3, Sa), with a relative abundance of 13.55% and a
molecular formula of C29Has0O.

Stigmasterol is a naturally occurring steroidal derivative found in
many plants, including cabbage, Gypsophila oldhamiana,
Arabidopsis, Aralia cordata, eucalyptus, and Physcomitrella
patens [41, 42]. Literature review suggests that stigmasterol can
act as a precursor to corticosteroids-1, progesterone, androgens,
estrogens, and vitamin D3 and can readily cross the blood-brain
barrier [43, 44]. Previous studies have proposed stigmasterol as a
potential cancer treatment candidate due to its ability to inhibit
tumor growth [45]. One study investigated the effect of crocin and
stigmasterol from cultivated saffron on the in vitro growth of
promastigotes and amastigotes of Leishmania major, confirming
their efficacy in reducing parasite growth [46].

Tahmasebi et al.

Another abundant compound present in wild saffron is Phthalic
acid (CsH4 (CO2H) 2). This compound was identified in this plant
with an abundance of 11.867%. It is the simplest member of
phthalate esters. Phthalates are ubiquitous compounds and have
been used as plasticizers in polymers for several decades.
Phthalates have been isolated from a wide range of plants, algae,
bacteria, and fungi [47, 48]. In some studies, phthalates have been
classified as plant secondary metabolites, and there are reports of
biological activity of phthalates isolated from living organisms [49,
23, 29]. However, further studies are needed to elucidate the
mechanisms involved and the ecological consequences of these
compounds [50].

Another prevalent compound in C. haussknechtii is
Tetrapentacontane, 1, 54-dibromo, with an abundance of 8.446%
and a molecular formula of CsaHi0sBr2. This compound is an
essential oil. Similarly, this compound has been identified in the
extract of the Opuntiaficus-indica plant [51].

Saffronal was also observed in this species similar to the cultivated
species with a frequency of 6.931%.

CONCLUSION

The findings of this study revealed that the concentration of crocin
in wild saffron is several times higher than that in cultivated
saffron. Considering the high price of saffron carotenoid
compounds, this species can be utilized for extracting higher
quantities of these valuable compounds. Additionally, due to the
genetic closeness of the wild saffron (C. haussknechtii) to the
cultivated one, there is a possibility of transferring its fragrance and
flavor genes to the cultivated species.

GC-MS analysis of the stigmas of wild saffron and cultivated
saffron revealed the presence of several valuable medicinal
compounds in both species. The antimicrobial, anticancer, and
antioxidant properties of these compounds have been demonstrated
in studies. These findings further enhance the potential of the wild
species for future research.
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