
Create Suspects list

powder

Stigma

Petals

Leaves

Corm

Stamen

Trade Market 

Value

Chemical Characterization and Authentication of Crocus 

Sativus (Saffron) Using LC-q-ToF-MS and  

Advanced Chemometrics
Anthi Panara, Reza Aalizadeh and Nikolaos Thomaidis*

Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, 

Panepistimioupolis Zografou, 15771 Athens, Greece, e-mail: ntho@chem.uoa.gr

Methodology

Suspect Screening workflow

Target Screening workflow

Time, Effort & Number of False Positives….

A Saffron is a spice derived from the flower of

Crocus sativus plant, commonly known as "saffron

crocus" and it belongs to the Iridaceae family. It is

cultivated mainly in countries like Iran, India, Italy,

New Zealand, Spain, Portugal, Greece and Morocco.

Origin

Crocus Sativus (Saffron)
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Bunch_2018_bbcid_GB4_01_39239.d: EIC 166.0863±0.005 +All MS, Smoothed (2.01,1,GA)
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Negin_2017_bbcid_BB1_01_39174.d: EIC 163.0401±0.005 -All MS, Smoothed (1.97,1,GA)
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Negin_2017_bbcid_BB1_01_39174.d: EIC 282.0804±0.005 -All MS, Smoothed (1.97,1,GA)
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Pow der_2017_bbcid_GB6_01_39249.d: EIC 153.0546±0.005 +All MS, Smoothed (2.01,1,GA)
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Pow der_2017_bbcid_BB6_01_39194.d: EIC 975.3715±0.005 -All MS, Smoothed (1.97,1,GA)

7.0 7.5 8.0 8.5 9.0 9.5 10.0 Time [min]
0.0

0.2

0.4

0.6

0.8

4x10

Intens.

pushal_2017_bbcid_BA5_01_39158.d: EIC 315.0510±0.005 -All MS, Smoothed (1.97,1,GA)
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pushal_2017_bbcid_BA5_01_39158.d: EIC 279.2330±0.005 -All MS, Smoothed (1.97,1,GA)
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Sargol_2017_bbcid_GA7_01_39217.d: EIC 123.0553±0.005 +All MS, Smoothed (2.01,1,GA)
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sargol_2017_bbcid_BA7_01_39166.d: EIC 153.0557±0.005 -All MS, Smoothed (1.97,1,GA)
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Style_2017_bbcid_BB5_01_39190.d: EIC 593.1512±0.005 -All MS
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Style_2017_bbcid_GB5_01_39244.d: EIC 116.0706±0.005 +All MS

C9H11NO2

Phenylalanine

Level of Identification: 1

C10H13N5O5

Guanosine

Level of Identification: 2a

C9H8O3

p-coumaric acid 

Level of Identification: 1

C8H8O3

Vanillin

Level of Identification: 1

C44H64O24

Crocin

Level of Identification: 2a

C16H12O7

Isorhamentin

Level of Identification: 2a

C18H32O2

Linoleic acid

Level of Identification: 2a

C6H6N2O

Nicotinamide

Level of Identification: 1

C8H10O3

Hydroxytyrosol

Level of Identification: 1

C5H9NO2

Proline

Level of Identification: 1

C27H30O15

Scolymoside

Level of Identification: 2a
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Bunch_2018_bbcid_GB4_01_39239.d: EIC 132.1019±0.005 +All MS, Smoothed (3.01,2,GA)

C6H13NO2

Isoleucine

Level of Identification: 1
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Anti-Alzheimer

Health Benefits

Anti-Depressant

Anti-Parkinson

Anti-Hypertensive

Anti-Atherosclerotic

Antioxidant
Anti-Inflammatory

Genoprotective

Anti-Tumorigenic

“Trimming” discrimination because “weight” matters

Research is needed on…

Chemical Characterization

Consumption methods

LC-HRMS

Water
“Juice”

Hot Water
“Tea”

Alcoholic 

drink

Bruker Maxis 

Impact™ 

Column: Acclaim RSLC 120 C18 (2.2 μm, 2.1x100 mm)

Pre column: Van guard Acquity UPLC BEH C18 (1.7 μm, 2.1x 5 mm)

Negative ionization mode (-ESI):

A: H2O (5 mM ammonium acetate): ΜeOH 90:10

Β: MeOH (5 mM ammonium acetate)

Positive ionization mode (+ESI):

Α: H2O (5 mM ammonium formate+0.01% formic acid): ΜeOH 90:10

Β: MeOH (5 mM ammonium formate+0.01% formic acid)

MS setting: MS & MS/MS, broad-band Collision Induced Dissociation

(bbCID: DIA) and AutoMS (DDA)

UHPLC-QToF-MS

200 mg sample + 5 mL 
methanol: water 

50:50, (v/v)  in darkness

Shaked 

for 30 min
+Sonicated 

for 1 h in 
30°C

Centrifuged

in 4000 rpm 

for 15 min

Filtered through 

syringe filters RC

+ injected to 

LC-QTOF-MS 
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200 mg sample + 5 mL 
methanol: water 50:50, 

(v/v)  in darkness

Shaked 

(30 min)
+Sonicated 
(1 h, 30°C)

Centrifuged
(4000 rpm, 15 min)

Filtered

(RC syringe filters)

+ injected to

LC-QToF-MS
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Non-target Screening workflow

Search databases for match (by MF) (“Known 

Unknown”)

Search databases for match (by mass) (“Known 

Unknown”)
Level 5
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Level 3

Level 2

Level 1

XCMS+ IPO package + enviPeak; Peaks annotation by 

CAMERA and Non-target R package

Data Independent Acquisition mode (DIA) (Raw data), 

MS calibration + conversion to mzXML

m/z of interest [M+H]+ & [M-H]-

MS/MS spectral interpretation & prediction

(using Data In/Dependent Acquisition mode (DDA/DIA))

In silico fragmentation platforms (MetFrag)

ESI-HRMS spectra prediction via CFM-ID

QSRR models for RTI prediction

Mass accuracy threshold (MF) (< 2 mDa)

Isotopic Pattern for Precursor Ion (< 50.0 mSigma)

Characteristic adduct ions ([M + NH4]
+ etc.)

Level 4

Diagnostic evidence (diagnostic ion, etc)

Exp. LC retention time indices (RTI)

(Matching prediction vs experimental tR via OTrAMS)

MS/MS spectral match

Literature or library spectrum (MassBank)

Confirmation by authentic reference standard

(Quantification or semi-quantification)

2b)

2a)

Subtraction of analytical procedural blank

Prioritization of the peak list by Chemometrics

Over 260,000 compounds

Over 260,000 compounds

Suspect Screening Methodology

+ Scientific Literature

The samples from 6 different varieties were successfully discriminated.

Samples classified as “Style” and “Bunch” were 1.0 and 0.82 AUC, respectively and they were very well

discriminated from red saffron.

Saffron Powder prepared by fine grinding of Sargol, Pushal and Bunch parts of the plant and is often subjected

to adulteration and fraud. However, according to the PLS-DA model, they show properties of red saffron.

Therefore, any adulteration can be determined easily in “Powder” saffron.

Bunch consists of both style and red-colored stigma and this characteristic is confirmed from the position of

this variety in the PLS-DA.

Pathway Analysis

Results

Receiver Operating Characteristic Curve 

(ROC) plot
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A PLS-DA discrimination model was also built only for red saffron to focus on the markers that separate them

from each other.

This discrimination is highly important because they are relatively similar after stigma dryness and costs

differently.

This PLS-DA could separate Pushal (AUC=0.72) from Sargol (AUC=0.87) successfully.

Six different varieties of saffron were chemically characterized and the authenticity study was conducted.

The sample preparation method was simple and effective. The analysis was performed by Liquid-Chromatography High Resolution Mass Spectrometry (LC-HRMS).

PLS-DA was a useful tool for discriminating the saffron samples, which were prepared by various trimming methods.

Although it was observed that the bioactive content of each category is affected by the harvesting year, the samples of different harvesting years can be grouped and discriminated from the other varieties.

Totally, 60 metabolites were identified by target, suspect and non-target screening workflows. These compounds belonged to amino acids, vitamins, flavonoids, carotenoids, antioxidants, phenolic compounds, cyclohexanones and fatty acids.

The bioactive content of saffron is affected by the way of cooking. High temperature destroys important components. The proposed ways to drink saffron are in cool water or an alcoholic drink.

Contribution of metabolites used by PLS-DA 

model and “Trims” discrimination
Example of top 2 metabolites identified at high abundance according 

to each “Trimming” method

Overall Chemical Content of Saffron

Conclusions

Confirmation by authentic reference 

standard

Level 1

Peak Score > 4 

Ion Intensity & Peak Area threshold

Mass Accuracy threshold + Retention time 

check (reference standard versus sample)

MS/MS match with reference standard

Identification and quantification

Peak Score = 4.9 
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MeOH extracts a lot of features from

saffron

Water at room temperature contains

more features than hot water (50 °C)

Consumption methods
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Number of features


