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Abstract

The cultivation of the Crocus sativus L. plant, commonly known as saffron, has recently been introduced to Syria. This cultivation 
holds significant economic importance, as saffron stigmas are considered one of the most expensive spices in the world. Crocin’s, 
the secondary metabolites responsible for Safron’s colour, also possess high medicinal significance. Therefore, the research aims 
to study the crocin content in saffron stigma extracts cultivated in the rural areas of Damascus and the Al-Ghab plain, utilizing liq-
uid chromatography-mass spectrometry (LC-MS) as the analytical technique. Saffron stigmas were collected from the rural areas 
of Damascus and the Al-Ghab plain in Syria. Two extracts were prepared using 50% methanol. The extracts were then analysed 
using liquid chromatography-mass spectrometry after the addition of 2-nitroaniline as an internal standard. The study revealed 
that trans-crocin 4 was the predominant compound in all saffron samples, followed by trans-crocin 3 and cis-crocin 4. Although 
trans-crocin 2, trans-crocin 2Ꞌ, and cis-crocin 2 were present in all saffron samples, their concentrations were comparatively lower.
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Introduction
The saffron plant, scientifically known as Crocus sativus L., is 

a member of the Crocus genus within the extensive Iridaceae fam-
ily. This family boasts an impressive collection of over 60 genera 
and more than 800 species. Among the various species within the 
Crocus genus, approximately 80 of them are primarily found in the 
Mediterranean region and southwestern Asia [1-6]. Saffron is not  

 
just any ordinary spice-it reigns as the crowned jewel of the culi-
nary world. Its dried stigmas possess a tantalizing combination of 
bitterness and aromatic fragrance, making it highly sought after 
and incredibly expensive [7-12]. Additionally, saffron has gained 
recognition for its numerous medicinal properties, further enhanc-
ing its allure [13-16].
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Describing the saffron plant as a stemless perennial herb, it fea-
tures a corm, a bulbous underground stem, with a diameter rang-
ing from 1.5 to 3 cm. The corm is adorned with scales that exhibit 
a beautiful blend of brownish and silvery hues. The plant’s dark 
green leaves are basal and stand tall, slim, and elongated, measur-
ing between 5 to 10 cm in width. A striking medium white stripe 
adorns each leaf. On average, each corm yields a delightful arrange-
ment of 6 to 8 leaves. As for the flowers, they come in solitary or 
double form and showcase petals with a captivating lilac colour in-
tricately veined in purple. These petals unite at their bases, creating 
a mesmerizing display. The tepals, which are the collective term for 
the petals and sepals, have dimensions ranging from 25-40 x 10-12 
mm. The stamens, the male reproductive parts of the flower, exhibit 
an intriguing trimorphic nature, with short filaments in a pale-yel-
low shade measuring 12-17 mm. The ovary is trilocular, and the 
style, the elongated structure connecting the ovary to the stigma, 
is long and pink, dividing into three long stigmatic branches that 
boast a reddish-orange hue [17-22].

The vibrant colour that saffron is renowned for comes from a 
group of compounds known as crocin’s. These water-soluble glyco-
sidic carotenoids exist in two geometric isomers, cis and trans, and 
are glucosyl esters of crocetin. Their molecular formula is 8,8’-dia-
pocarotene-8,8’-dioic acid, while their overall formula is C20H24O4 
[23-29]. The presence of crocin’s is crucial in determining the val-
ue of saffron stigmas as they contribute not only to its vibrant co-
lour but also to its medicinal properties [30-38]. In this research 
endeavour, the focus is to delve into the crocin content found in 
saffron stigma extracts cultivated in the rural areas of Damascus, 
specifically Jaramana, and the Al-Ghab plain. Liquid Chromatogra-
phy-Mass Spectrometry (LC-MS) will be employed as an analytical 
technique, with the addition of 2-nitroaniline as an internal stan-
dard. This methodology allows for a comprehensive and accurate 
study of the crocin levels present in the saffron samples under in-
vestigation.

Materials and Methods
Plant Material and Sample Collection

Saffron (Crocus Sativus L.) flowers were collected from culti-
vated fields in Syria. The specific locations included rural Damas-
cus and the Al-Ghab plain. The collection period was between 25th 
October and 25th November. The saffron flowers were manually 
harvested in the morning. Stigmas were separated from the petals 
and stamens. The stigmas were further separated from the styles by 
cutting them where the colour changes from red to yellow. The col-
lected saffron stigmas were then dried for four days on room-tem-
perature cloths in the shade. The dried saffron was stored in sealed 
glass containers at room temperature, away from moisture [39-50].

Chemicals and Reagents:

i.	 Methanol (HPLC grade)

ii.	 Acetic acid

iii.	 2-Nitroaniline (internal standard)

iv.	 Distilled deionized water

Instrumentation:

Liquid Chromatography-Mass Spectrometry (LC-MS) Sys-
tem:

i.	 Shimadzu LC-MS 2020 prominence system (Japan)

Ultrasound:

i.	 Digital Ultrasonic Cleaner MODEL: PS-40A

Preparation of Solutions:

1.	 Methanol 50% Solution:

i.	 500 mL of distilled water was mixed with 500 mL of meth-
anol.

ii.	 The mixture was sonicated to ensure homogeneity.

2.	 Neutral Standard Solution (0.2 mg/mL):

i.	 200 mg of 2-nitroaniline was weighed using a sensitive 
balance.

ii.	 The 2-nitroaniline was dissolved in 500 mL of 50% meth-
anol.

iii.	 The volume was adjusted to 1000 mL, and the solution 
was sonicated to ensure homogeneity.

Extraction Procedure:

1.	 Grinding and Extraction:

i.	 Saffron stigmas were crushed using a mortar and pestle.

ii.	 50 mg of crushed saffron stigmas were weighed and add-
ed to a 25 mL vial.

iii.	 20 mL of the prepared 50% methanol solution was added 
to the vial.

iv.	 The vial was placed in an ultrasound bath in the dark for 
15 minutes at 25°C.

v.	 The samples were then centrifuged at 5000 rpm for 20 
minutes to remove plant residues.

vi.	 The supernatant liquid was collected and filtered using 
0.2-micron filters.

vii.	 The extracts were stored in the dark at 4°C until further 
analysis.

Analysis by Liquid Chromatography-Mass Spectrometry 
(LC-MS):

i.	 Ionization Mode: Electron Spray Ionization (ESI)

ii.	 Scan Range: m/z 130-1200 (positively charged ions)

iii.	 Scan Speed: 1154 U/sec



Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copyright© Nasser Thallaj

383

iv.	 Drying Gas: Nitrogen (flow rate: 15 liters/min)

v.	 Mobile Phase: Linear gradient with water (1% acetic acid)

vi.	 Flow Rate: 1 mL/min

vii.	 Injection Volume: 10μL

viii.	 Applied Potential Voltage: 4500 V (Table 1)

Table 1: Moving Phase Flow Timeline.

Time (min) Flow rate Methanol Water (1% 
acetic acid)

0 1 ml/min 20% 80%

20 1 ml/min 48% 52%

35 1 ml/min 68% 32%

40 1 ml/min 80% 20%

43 1 ml/min 100% 0%

Detection:

The analysis was performed at a wavelength of 308 nm.

Quantitative Determination:

i.	 The peak integration area of each saffron component and 
the internal standard was determined.

ii.	 The ratio of peak integration areas (A_(comp)/_ (A I.S)) 
was calculated.

iii.	 The results were presented as an average ± standard devi-
ation for three replicates.

iv.	 Statistical analyses were performed using SPSS ver. 22 
software.

Results
The results showed the absorption values of the saffron sam-

ples and the internal standard at different wavelengths. The saffron 
samples exhibited the highest absorption value at a wavelength of 
440 nm, followed by 250 nm and 308 nm. The internal standard 
exhibited the highest absorption value at 250 nm, followed by 440 
nm and 308 nm (Table 2).

Table 2: Absorption values of the saffron samples and the inter-
nal standard.

250 nm 308 nm 440 nm

Jaramana 1.1399 0.6378 2.4221

Al-Ghab 0.5533 0.4541 0.5443

internal stan-
dard 0.5118 0.2101 0.3022

The chromatographic and mass spectrometry techniques en-
abled the identification of 10 components. Each compound was 
identified by comparing its retention time and conducting ESI-MS 
analysis to detect its corresponding quasi-molecular ion [M+Na] + 
or [M+H] + (Table3).

Table 3: quasi-molecular ion and retention time of compounds detected in 250-308-440 nm.

250nm 308nm 440nm

Al-Ghab Jaramana Al-Ghab Jaramana Al-Ghab Jaramana

Compound quasi-molecu-
lar ion Rt Rt Rt Rt Rt Rt

Picrocrocin [M+Na]+ m/z 
353 13.537 13.539 13.578 13.736 - -

Di-glucosyl 
Kaempferol [M+H]+ m/z 611 17.794 17.795 17.916 17.658 - -

Internal stan-
dard 0 20.513 20.517 20.574 19.824 20.52 20.544

trans-crocin 4 [M+Na]+ m/z 
999 25.606 25.605 25.684 25.429 25.63 25.648

trans-crocin 3 [M+Na]+ m/z 
837 28.478 28.47 28.547 28.419 28.501 28.519

trans-crocin 2Ꞌ [M+Na]+ m/z 
675 - - 31.217 31.2 31.632 31.201

cis-crocin 4 [M+Na]+ m/z 
999 36.401 36.381 36.435 36.44 36.417 36.439

trans-crocin 2 [M+Na]+ m/z 
999 37.762 37.749 37.471 37.366 37.783 37.806

cis-crocin 3 [M+Na]+ m/z 
837 38.751 38.656 38.688 38.694 38.67 38.694

trans-crocin 1 [M+Na]+ m/z 
513 - - - 40.28 40.24 40.259

cis-crocin 2 [M+Na]+ m/z 
675 - - - 40.55 40.548 40.566
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Trans-crocin 2, trans-crocin 3, cis-crocin 3, trans-crocin 4, and 
cis-crocin 4 were detected at all wavelengths. Trans-crocin 2` was 
also present at wavelengths of 308 and 440 nm.

Trans-crocin 1 and cis-crocin 2 were detected at 440 nm in 
Al-Ghab samples and at 308, 440 nm in Jaraman samples.

Trans-crocin 2, picrocrocin, and di-glucosyl kaempferol were 
detected at wavelengths of 250 nm and 308 nm.

Quantitative determinations were conducted by calculating 
the peak integration area of each saffron component relative to the 
integration area of the internal standard at the maximum absor-
bance wavelength (λ_max). The results were presented as the mean 
± standard deviation for three replicates. Statistical analyses were 
conducted using the SPSS software. Significance levels were deter-
mined through t-tests or ANOVA (analysis of variance), followed by 
the Tukey test for multiple comparisons (Table 4).

Table 4: Average of compoud peak areas/internal standard peak area Acomp/AI.S of compounds detected in 250, 330 and 440 nm.

250nm 308nm 440nm

Al-Ghab Jaramana Al-Ghab Jaramana Al-Ghab Jaramana

Compound Acomp/AI.S Acomp/AI.S Acomp/AI.S Acomp/AI.S Acomp/AI.S Acomp/AI.S

Picrocrocin 0.13031±0.00205b 0.3827±0.00195c 0.0081±0.00020b 0.0027±0.00020c - -

Di-glucosyl Kae-
mpferol 0.0244±0.00028b 0.0302±0.00024c 0.0887±0.00035b 0.0036±0.0001c - -

trans-crocin 4 0.03017±0.0002b 0.2001±0.00284c 0.0081±0.00020b 0.2926±0.00202c 0.5329±0.0101b 3.2267±0.0107c

trans-crocin 3 0.0042±0.0002b 0.0771±0.0011c 0.0051±0.00010b 0.1144±0.002b 0.0750±0.0010b 1.2389±0.0112c

trans-crocin 2Ꞌ - - 0.006±0.00010b 0.0057±0.0001b 0.0099±0.00010b 0.0105±0.0001c

cis-crocin 4 0.0055±0.00009b 0.0231±0.0002c 0.00578±0.0001b 0.2711±0.000231c 0.0822±0.0010b 0.3810±0.0098c

trans-crocin 2 0.0208±0.0004b 0.0474±0.0004c 0.1288±0.00100b 0.0817±0.00125c 0.2978±0.0072b 0.6525±0.0120c

cis-crocin 3 0.0039±0.0001b 0.0104±0.00035c 0.0142±0.00095b 0.1178±0.00152c 0.0184±0.0008b 0.1425±0.0099c

trans-crocin 1 - 0.3827±0.00195c - 0.0031±0.0010a 0.0096±0.00010b 0.0232±0.0010c

cis-crocin 2 - 0.3827±0.00195c - 0.0036±0.0009c 0.0051±0.00010b 0.0147±0.0001c

The analysis showed that the two extracts contained trans-cro-
cin-4, trans-crocin-3, cis-crocin-4, cis-crocin-3, di-glucosyl kaemp-
ferol, and trans-crocin 2.

The results of the analysis of the samples (Jaramana and Al-Gh-
ab Plain) showed no difference in chemical composition, but rather 
in the concentrations of chemical compounds. The samples grown 
in Jaramana exhibited higher absorbance values at the three stud-
ied wavelengths (250, 308, and 440 nm) compared to the samples 
collected from the Al-Ghab Plain area.

Discussion 

The present study aimed to analyse the crocin content in saf-
fron [51-55]. cultivated in Syria using liquid chromatography cou-
pled with mass spectrometry. Saffron is highly valued for its unique 
colour, flavour, and medicinal properties. Understanding the com-
position of crocin’s, the compounds responsible for Safron’s colour 
and medicinal properties, is crucial for evaluating the quality and 
potential health benefits of saffron. The results of the analysis re-
vealed that trans-crocin 4 was the most abundant component in all 
saffron samples, followed by trans-crocin 3, cis-crocin 4, trans-cro-
cin 2, trans-crocin 2’, and cis-crocin 2. 

Although all these crocin’s were present in all saffron samples, 
their concentrations varied. This finding suggests that the crocin 
profile can be influenced by various factors such as geographical lo-

cation, climate, and cultivation practices. Comparing the crocin pro-
file of saffron cultivated in Syria with previous studies conducted in 
other regions, it can be observed that trans-crocin 4 consistently 
appears as the predominant crocin compound. This indicates that 
trans-crocin 4 may be a characteristic marker of saffron regardless 
of its origin. However, further comparative studies involving saffron 
from different geographical locations are necessary to confirm this 
hypothesis [56-60].

The utilization of liquid chromatography associated with mass 
spectrometry allowed for accurate identification and quantification 
of crocin compounds in saffron samples. The use of 2-nitroaniline as 
an internal standard ensured the reliability and reproducibility of 
the analytical results. The study’s methodology provides a valuable 
approach for future research on saffron and other natural products 
analysis. The findings of this study contribute to the understanding 
of the chemical composition of saffron cultivated in Syria. 

The high abundance of trans-crocin 4 suggests that Syrian saf-
fron may possess similar colour and medicinal properties to saffron 
from other regions. However, further investigations are needed to 
explore the potential variations in the composition and bioactivi-
ty of saffron from different sources. The results of this study also 
have implications for saffron producers and consumers. Produc-
ers can use this information to optimize their cultivation practices 
and ensure the production of saffron with desirable crocin profiles. 
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Consumers can make informed choices based on the crocin content 
when purchasing saffron for culinary or medicinal purposes [61-
64].

In conclusion, this study provides insights into the crocin con-
tent of saffron cultivated in Syria using liquid chromatography 
coupled with mass spectrometry. The predominant presence of 
trans-crocin 4 in Syrian saffron highlights its potential as a key com-
pound responsible for Safron’s colour and medicinal properties. 
Further research on saffron from different regions will enhance our 
understanding of its chemical composition and enable the identi-
fication of markers for quality assessment and authentication of 
saffron products.

Conclusion
This study aimed to assess the crocin content in saffron (Crocus 

sativus L.) cultivated in Syria using liquid chromatography coupled 
with mass spectrometry. Saffron cultivation in Syria holds signif-
icant economic importance due to the high value and demand for 
this spice worldwide. Crocin’s, the secondary metabolites respon-
sible for Safron’s colour, also exhibit notable medicinal properties. 
The investigation focused on analysing saffron samples collected 
from rural Damascus and the Al-Ghab plain in Syria.

Liquid chromatography coupled with mass spectrometry, along 
with 2-nitroaniline as an internal standard, was employed for anal-
ysis. The results demonstrated that trans-crocin 4 was the predom-
inant component in all saffron samples, followed by trans-crocin 
3, cis-crocin 4, trans-crocin 2, trans-crocin 2Ꞌ, and cis-crocin 2. Al-
though these compounds were present in all saffron samples, their 
concentrations were comparatively lower. Saffron, known for its vi-
brant colour, primarily consists of croconates, which are water-sol-
uble glycoside carotenoids. Crocin’s play a vital role in determining 
Safron’s value due to their colour properties and medicinal bene-
fits. This study successfully quantified the crocin content in saffron 
samples from Syria, providing valuable insights into the composi-
tion of this highly prized spice. The findings contribute to enhanc-
ing our understanding of saffron quality and its potential medicinal 
applications.

Accurate measurement of crocin content using advanced ana-
lytical techniques like liquid chromatography coupled with mass 
spectrometry improves the assessment and standardization of saf-
fron products. Furthermore, these findings support the authenti-
cation and quality control of Syrian saffron, enhancing its market 
competitiveness and ensuring consumer satisfaction. Future inves-
tigations can explore additional aspects of saffron cultivation, in-
cluding the influence of environmental factors and agronomic prac-
tices on crocin content. Additionally, studying the potential health 
benefits and therapeutic applications of Safron’s crocin’s can open 
up new avenues for medical research and product development. 
This study deepens our knowledge of crocin content in saffron cul-
tivated in Syria, emphasizing its economic significance and medic-
inal properties. The utilization of liquid chromatography coupled 
with mass spectrometry for crocin analysis enables accurate and 

reliable assessment of saffron quality. These findings contribute to 
the saffron industry and provide valuable insights for researchers, 
producers, and consumers alike.
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