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Abstract: Crocus sativus L. is one of the world’s most famous saffron production crops and its
enormous by-products, such as leaves, are an excellent source of bioactive compounds with potential
nutritional applications. The total phenolic content of Crocus leaves was 5.44 ± 0.01 mg GAE/g, and
the total flavonoid content was 2.63 ± 0.05 mg RE/g, respectively. The main bioactive compounds
in the leaves, such as polyphenols, flavonoids by HPLC and carboxylic acids, and amino acids,
were also identified by GC-MS. HPLC analyses revealed mangiferin as a dominant constituent
(1.26 ± 0.02 mg/g). C. sativus contains seven essential amino acids (ILE, LEU, LYS, MET, PHE, THR,
TRP, VAL) in high concentration. Among them, isoleucine (7965 µg/g) was the dominant compound.
In addition, the K and Ca concentrations in the leaves were significant (p < 0.05). The chemical
composition revealed α-linolenic acid (22,490 µg/g) and linoelaidic acid (9880 µg/g) to be major
constituents among all the acids found in the Crocus leaves. The extracts of C. sativus leaves showed
the highest inhibitory activity for Gram-positive (B. subtilis and S. aureus) bacteria in the in vitro assay.
The current results identify and underline the potential of natural products from C. sativus leaves
that can add value to saffron production.

Keywords: Crocus sativus leaves; HPLC; UPLC-MS/MS; GC-MS; atomic emission spectroscopy;
antibacterial assay; value-added byproducts

1. Introduction

Recently, traditional herbal medicine has gained more attention from consumers,
especially when the use of synthetic drugs does not provide results or drug side effects
occur. Herbal medicine is still the most common alternative medicine that is based on
natural products and is safe [1]. As a rule, the pharmacological activity of the plant extracts
is not determined by a specific active ingredient but by the interaction of a group or a whole
complex of components. Their content may vary depending on the type of plant, cultivation
season, geographical location, method of drying, grinding, storage, etc. [2–4]. Crocus sativus
L. is a famous plant from the Iridaceae family. From its stigmas, the most expensive spice
in the world, “saffron”, is obtained. Crocus is cultivated in different countries, such as
Iran, India, Afghanistan, Italy, France, New Zealand, Spain, Portugal, Greece, Morocco,
Turkey, and some parts of China [5,6]. Since saffron is widely cultivated and harvested in
different parts of the world, planting methods can also vary based on climate, soil type,
planting depth, and distance between corms. Recent studies [6–8] have shown that saffron
has many pharmacological effects, such as anticonvulsant, antihypertensive, antitussive,
antigenotoxic, anxiolytic, cytotoxic, antioxidant, antidepressant, anti-inflammatory, and
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relaxant properties. Saffron also helps to improve memory and learning skills and to
increase blood flow in the retina and choroid. These pharmacological activities occur
because of several active compounds, such as crocin, picrocrocin, and safranal [9].

The production of only 1 kg of saffron generates a huge amount of residues, such as
flower waste (350 kg), low-quality corms (several hundred), and Crocus leaves (1500 kg),
which gradually dry out and are not used [5,10,11]. However, these plant raw materials
also contain various biologically active compounds. Thus, they can be considered as useful
byproducts for obtaining biologically active complexes or additional raw materials for
the development of herbal drugs. It is known that plant leaves can exhibit pronounced
antioxidant and antibacterial activities, especially due to the presence of phenolic com-
pounds. Analysis of the literature has shown that study of the chemical composition of
C. sativus leaves is very limited. Smolskaite et al. [12] analyzed 46 samples of Crocus leaves
from Azerbaijan, India, New Zealand, Morocco, France, Turkey, Iran, Italy, and Spain by
High-performance liquid chromatography with ultra-violet (UV) spectroscopy (HPLC-UV)
and Liquid chromatography with mass spectrometry (LC-MS). Several flavonoids have
been identified; among them, kaempferol-8-C-gluco-6,3-O-diglucoside and kaempferol-
8-C-gluco-6-O-glucose were found for the first time. At the same time, the authors noted
that different samples of Crocus leaves did not differ in chemical composition but differed
in the concentration of each component. Jadouali et al. [13] only studied the total pheno-
lic compounds and total flavonoid contents in the leaves and flowers of C. sativus from
Morocco. Naringenin was found in C. sativus leaves using LC-MS [14]. A qualitative
analysis of C. sativus leaves from Morocco showed that glycosylated derivatives of luteolin
(luteolin-C-(O-caffeoyl-hexosyl)-O-hexoside) and glycosylated kaempferol (kaempferol
3,7-di-O-glucoside) were the major identified polyphenols in leaves [15]. A significant
amount of polyphenols, the main glycosides being kaempferol, luteolin, and quercetin,
have been determined in C. sativus leaves from Spain [2]. Thus, data from the literature on
the chemical composition of C. sativus leaves are very scarce and contradictory.

Ukraine is a new country to the saffron market, and its climatic features affect the
composition of secondary metabolites, which determine the pharmacological value of the
plant. Therefore, the research objectives included analysis of the chemical composition
of the phenolic compounds, carboxylic acids, amino acids, and mineral components of
the leaves of Ukrainian C. sativus as well as the potential of antibacterial activity of plant
extracts.

2. Materials and Methods
2.1. Plant Material

C. sativus leaves were collected from a plantation in the village Lyubimivka (Ukraine,
Kherson region) in November 2020. Raw material was collected and identified by Dr.
Mykhailenko, and the identification was verified by Dr. Gamulya (V.M. Karazin Kharkiv
National University, Ukraine). A specimen was deposited at the Herbarium of V.M. Karazin
Kharkiv National University, Ukraine (CWN, voucher specimen No. CWN0056541). Leaves
were air dried at room temperature with suitable ventilation and then crushed to grit
(1.0 mm size) for further extraction.

2.2. Chemicals

The acetonitrile and methanol were of HPLC grade and purchased from Roth GmbH
(Karlsruhe, Germany). Reference compounds (chlorogenic acid, trans-cinnamic acid,
mangiferin, kaempferol, ononin, irigenin) were purchased from ChromaDex (Santa Ana,
CA, USA), Sigma-Aldrich (Saint Louis, MO, USA), HWI ANALYTIK GmbH, and Roth
GmbH (Karlsruhe, Germany). All the other chemicals were of analytical grade.

2.3. Qualitative Analysis

Crushed Crocus leaves were extracted with 70% methanol (in a ratio of raw material
to extractant of 1:5 w/v) and kept in an ultrasonic bath at room temperature (20 ± 2 ◦C) for
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20 min. Then, the sample was filtered through microfilters into a 10 mL flask and diluted
with methanol to the mark. Preliminary qualitative analysis of the phenolic compounds
of the leaves was established as described by Morsy [16] and by TLC analysis [17]. The
following methods were used to separate or identify substances on the TLC plates (silica
gel 60 F254, Merck, Germany) of Crocus samples: physical (individual color of a substance
or fluorescence of a substance in UV light) and chemical (colored reactions of separated
substances with imaging reagents). Phenolic compounds have a weak natural fluorescence
in UV light at 365 nm and 254 nm wavelengths and must be enhanced during separation on
chromatography plates. The phenolic compounds’ fluorescence was enhanced by spraying
the TLC plates with different complex agents (ammonium vapors; 2% alcoholic solution of
aluminum chloride; 10% sodium/potassium hydroxide solution; 5% alcoholic solution of
diazotized sulfanilic acid).

2.4. Determination of Total Phenolic and Flavonoid Contents

The total phenolic and flavonoid content of the ethanol extract of Crocus leaves was
estimated using the methods of the State Pharmacopoeia of Ukraine 2.0 [18] by absorption
spectrophotometry on an Evolution TM 60S UV–visible light spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA) with slight modifications. Extract solutions (1 mL of
the concentration of 2 mg/mL) were mixed with ethanol/water 70/30 (v/v) (by volume
25 mL) and the solutions were incubated for 5 min at room temperature. The determination
was at the wavelength 270 nm and the reference solution was 70% ethanol. The amount of
total phenols was determined based on a mg of gallic acid equivalent per gram of sample
(mg GAE/g). The total flavonoid content was assessed based on the aluminum trichloride
method [19] at the wavelength 410 nm. Extract solutions (0.5 mL of the concentration of
2 mg/mL) were mixed with 1 mL of AlCl3 ethanolic (3%). The absorbance of the extracts
was measured at 410 nm after a 40 min incubation (room temperature, in the dark). The
total content of flavonoids was expressed as mg of rutin equivalents per gram of sample
(mg RE/g), using a rutin calibration curve.

2.5. Sample Extraction

A measurement of 0.1 g of the dried Crocus leaves was extracted with 10 mL of
methanol in an ultrasonic bath at room temperature (20 ± 2 ◦C) for 30 min. The solutions
were filtered through a membrane filter (0.45 µm) prior to use. An aliquot of 10 µL was
injected into the HPLC system for analysis.

2.6. Standard Preparation

A standard stock solution of the phenolic reference compounds at a concentration of
1.0 mg/mL for each compound was prepared by dissolving the substance in methanol.
After preparation of standard stock solutions, all of them were mixed and dissolved
with methanol to obtain working concentrated solutions. All samples were kept at 4 ◦C
before use.

2.7. HPLC Conditions

For separation, the Shimadzu Nexera X2 LC-30AD HPLC chromatographic system
(Shimadzu, Japan) composed of a quaternary pump, an on-line degasser, and a column
temperature controller; the SIL-30AC autosampler (Shimadzu, Japan); the CTO-20AC
thermostat (Shimadzu, Japan); and the SPD-M20A diode array detector (DAD) were used.
Chromatographic separation of phenolic compounds was carried out using an ACE C18
column (250 mm × 4.6 mm, 5.0 µm; Bellefonte, PA, USA) with the column thermostat at
25 ◦C (±1 ◦C) as described previously [20]. Briefly, the mobile phase consisted of 0.1%
acetic acid in water (solvent A) and acetonitrile (solvent B). The flow rate was maintained
at 1 mL/min. The gradient elution was performed as follows: 0 min—95% A and 5% B,
7 min—95% A and 5% B, 67 min—0% A and 100% B, 69 min—95% A and 5% B, and 75 min—
95% A and 5% B. The individual phenolic compounds were identified using MS spectra and
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UV spectra and verified by reference substances. The analyses were performed in duplicate.
Validation of the HPLC method was performed according to the ICH guidelines [21] by
the following parameters: specificity, linearity, precision, LOD, and LOQ.

2.8. UPLC-MS/MS Analysis of Components

Separation of the samples’ components was carried out with the ACQUITY H-class
UPLC system (Waters, Milford, MA, USA) equipped with ACQUITY UPLC BEH C18
(50 × 2.1 mm, particle size 1.7 µm) (Merck Millipore, Darmstadt, Germany). Gradient
elution was performed with 0.1% formic acid water solution (solvent A) and acetonitrile
(solvent B) with the flow rate at 0.5 mL/min. The following proportions of the solvent
system were applied using a linear gradient profile B: initial 5%, 3 min 30%, 7 min 50%, 7 to
8 min 95%, and 15 to 16 min 5%. A Xevo TQD triple quadrupole mass spectrometer detector
(Waters) was used to obtain MS/MS data. Positive electrospray ionization was applied
with the following settings: capillary voltage was 1.5 kV, source temperature was 150 ◦C,
desolvation temperature was 350 ◦C, with a desolvation gas flow of 650 L/h and cone gas
flow of 25 L/h. Collision energy and cone voltage were optimized for each compound
separately. Collision energy varied in the range from 6 eV to 20 eV and cone voltage was
selected from 8 V to 38 V.

2.9. Mineral Composition

The graphite furnace atomic absorption spectroscopy (GF-AAS) method with pho-
tographic registration on the DFS-8 device was used to determine the qualitative and
quantitative content of macro- and microelements in Crocus leaves. The method is based on
the evaporation of samples from craters of graphite electrodes and the excitation of spectra
in the arc and registration of the obtained spectra on IBS-28 photographic plates. Measuring
conditions: amperage arc—16 A, ignition phase—60 ◦C, ignition pulse frequency—100 bps,
analytical gap—2 mm, gap width—0.015 mm, and exposure—60 s. The spectra were
photographed in the 240–350 nm region. A set of standard LNG-24 samples (GSO 2820-83)
was used in the determination.

2.10. Amino Acids and Carboxylic Acids Assays

The methanol extracts (prepared as indicated above) were evaporated under nitrogen
to dry the residue. It was dissolved in a 200 µL mixture of acetonitrile and MTBSTFA (1:1),
then heated in a glycerol bath and subjected to amino acid gas chromatography analysis.
The gas chromatography method has been previously described by Mykhailenko et al. [22]
and Jarukas et al. [23]. Briefly, the SHIMADZU GC-MS-QP2010 system and Rxi-5 ms
(Restek Corporation, Bellefonte, PA, USA) capillary column (30 m, 0.25 mm outer diameter,
0.25 µm) were applied. The MS was operated in positive mode (electron energy 70 eV).
The full-scan acquisition was performed with the mass detection range set to 35–500 m/z
to determine the retention times of analytes, optimize the oven temperature gradient, and
observe characteristic mass fragments for each compound. Amino acids and carboxylic
acids were identified by comparison with the database (NIST14, NIST14s, WR10, WR10R)
mass spectra of compounds, analyzing ions characteristic of mass spectra and retention
times of standards. 4-Aminobutyric acid was quantified in glutamic acid equivalents. The
content of the carboxylic acids was calculated and expressed in terms of the lactic acid
equivalent; the contents of 2-aminobutyric acid, γ-aminobutyric acid, and L-aspartic acid
were re-calculated in glutamic acid; the content of β-alanine was calculated via L-alanine;
and L-tryptophan was calculated via L-proline.

2.11. Extraction Procedure of C. sativus Leaves for Bioassay

C. sativus leaves were dried and ground, and the powder was extracted with distilled
water in a water bath at 100 ◦C (100 g, 1 L, 60 min × 3) or 70% ethanol at room temperature
(100 g, 1 L, 60 min × 3). The extracts were concentrated to dryness.



Sci. Pharm. 2021, 89, 28 5 of 17

2.12. Antibacterial Activity Assays

The agar well diffusion method and serial dilution technique were used to screen the
antibacterial and antifungal activities of water and ethanolic C. sativus leaf extracts [24].
According to the WHO recommendations [25], the following test strains were used: Staphy-
lococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Proteus vulgaris NCTC 4636,
Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis ATCC 6633, and Candida albicans
885/653 ATCC. Detailed information concerning the method conditions has been previ-
ously provided [26]. The concentration of extracts (1% w/v) was selected based on our
pre-experiments and the previous literature. An alcohol solution of chlorophyllipt (“Chloro-
phyllipt ethanolic 1%solution” 100 mL, “DP”, “OZ GNTSLSHOOKUkrmedprom”, Pilot
Plant Medicines, Kharkiv, Ukraine) at a dose of 10 mg/mL was employed as a positive
control. Antibacterial activity was evaluated by measuring the diameter of the inhibition
zone (including the wells diameter) appearing after the incubation period. The assay
was repeated thrice. Antibacterial activity was expressed as the mean zone of inhibition
diameters (mm) produced by the Crocus leaf extract. The method of serial dilutions was
used for the examination of the antibacterial properties of selected extracts. The princi-
ple of the method consists in the determination of the minimal inhibitory concentration
(MIC) that characterizes the bacteriostatic properties of the objects of the examination. The
concentration of substances was 1000 µg/mL; 500 µg/mL; 250 µg/mL; 125 µg/mL; and
62.5 µg/mL. The MIC was considered as the lowest concentration which inhibited the
growth of the respective microorganisms. All assays were performed in triplicate.

2.13. Data Analysis

All data processing was carried out using the LabSolutions Analysis Data System
(Shimadzu Corporation, Kyoto, Japan). Statistical analysis was performed by one-way
analysis of variance (ANOVA) followed by Tukey’s multiple comparison test with the
software package Prism v.5.04 (GraphPad Software Inc., La Jolla, CA, USA). The value
of p < 0.05 was taken as a level of significance.

3. Results and Discussion
3.1. Preliminary Phytochemical Screening

The phytochemical study of the methanol extract of Crocus leaves revealed the presence
of various bioactive compounds (Table 1), including polyphenols, tannins, flavonoids, xan-
thones, hydroxycinnamic acids, hydrolysable tannins, triterpenoids, saponins, aminoacids,
and proteins. Alkaloids and coumarins were not found in this raw material.

Table 1. Qualitative analysis of biological active compounds in C. sativus leaves.

Group of BACs Test Reactions

Xanthones TLC: n-butanol–acetic acid–water (4:1:2); 15% acetic acid ++

Flavonoids AlCl3 test, Ammonia test, Shinoda; cyanidine reaction by Bryant.
TLC: n-butanol–acetic acid–water (4:1:2) +++

Coumarins Lactone reaction; formation of azo dye -
Hydroxycinnamic acids TLC: n-butanol–acetic acid–water (4:1:2); 15% acetic acid +++

Tannins Ferric chloride; gelatin solution; quinine hydrochloride solution +++
Alkaloids Dragendorff, Mayer’test -
Saponins Foam test, Lieberman-Bourchard ++

Amino acids 0.25% Ninhydrin +++
Proteins Xantoproteica ++

Triterpenoids Salkowski ++
Polysaccarides Molisch reaction ++

Note: evaluation of reactions: “-”—any reaction; “+”—weak reaction; “++”—strong reaction, but with some deficiencies in coloration;
“+++”—best reaction.

Quantitative phytochemical analysis showed that C. sativus leaves contained the largest
amount of biologically active compounds, primarily phenolic and flavonoid compounds.
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Previously, Baba et al. [14] reported that the total phenolic content of ethanolic extracts
of C. sativus leaves from Jammu and Kashmir (India) was 5.62 mg/g, using the Folin–
Ciocalteu reagent method, and that the total flavonoid content was 1.61 ± 0.12 mg RE/g.
According to Jadouali et al. [13], the total phenolic content for C. sativus leaves from
Morocco was 81.69 ± 1.58 mg GAE/mg of powder crude extract, and the total flavonoids
content was 50.64 ± 1.63 mg of CE/g of dry plant material. In another investigation [15] of
saffron from Morocco, the total phenolic and flavonoid content of the methanolic C. sativus
leaf extracts was 94 ± 17 mg of GA eq/g and 27 ± 4 mg of quercetin eq/g, respectively.
This data is practically correlated with previous studies and is probably due to a single area
of plant cultivation. In Spain, in C. sativus leaves, the total polyphenol content was 1.5 g
GAE/100 g [11]. Thus, it can be seen that the place of cultivation and climatic factors [27–29]
have a great influence on the composition of phenolic compounds in Crocus leaves.

The current phytochemical analysis revealed the high total phenolic content of C. sativus
leaves from Ukraine, corresponding to 5.44 ± 0.01 mg GAE/g DW and a flavonoid content
of 2.63 ± 0.05 mg RE/g DW. Phenolic compounds play a key role in scavenging free
radicals, inhibiting hydrolytic and oxidative enzymes, and exhibiting anti-inflammatory
effects [30]. Therefore, it is possible to expect a pronounced antioxidant effect for Crocus
leaves from Ukraine. Therefore, a deeper study of the chemical profile of Crocus leaves was
carried out.

3.2. Identification and Content of Phenolic Compounds by HPLC

The most common constituents in the leaves of the Iridaceae plant family are flavone
C-glycosides, flavanols, and isoflavones derivatives [7,20,31]. The most studied are leaves
and rhizomes of Iris spp. In plant derivatives of 7-methyl ester and 7,4-dimethyl ester of
apigenin, derivatives of 6,7-methylenedioxyflavans, as well as various isoflavonoids and
xanthones, have been found. Derivatives of myricetin, kaempferol, and quercetin were
found in the leaves of different Crocus species [6]. However, data on the composition of
flavonoids in Crocuses are very limited.

Compounds identification in Crocus leaves extract was based on their coelution with
reference compounds and on the UV/MS spectroscopic data according to the HPLC-DAD
method. For the identification of phenolic compounds, a more selective and sensitive
UPLC method for plants using the negative ionization mode was selected [32]. Six phe-
nolic compounds were detected in the studied Crocus leaves for the first time (Figure
1). The quantification of the phenolic compounds using the available standards was
carried out (Table 2). All identified compounds were of a minor amount, among them
two hydroxycinnamic acid derivatives, i.e., trans-cinnamic acid (0.15 ± 0.002 mg/g) and
chlorogenic acid (0.31 ± 0.004 mg/g); flavonoid kaempferol (0.032 ± 0.001 mg/g); and
two isoflavones—ononin (0.04 ± 0.001 mg/g) and irigenin (0.002 ± 0.001 mg/g)—were
determined. Additionally, xanthone mangiferin was found in C. sativus leaves for the first
time, and its content was the highest (1.26 ± 0.02 mg/g) among all identified compounds.
As a result, trans-cinnamic acid, chlorogenic acid, ononin, irigenin, and mangiferin were
identified first in C. sativus leaves from Ukraine.

The HPLC method used was validated for such parameters as linearity range, LOD,
LOQ, accuracy, precision, repeatability, and specificity for each analyte. These are presented
in Tables 3 and 4. A regression equation and correlation coefficient ranging from 0.9999 to
1.000 revealed a good linearity response within the tested ranges. The series of calibration
solutions were prepared and separated under the optimal conditions as described above.
The LOD and LOQ values (Table 3) indicate that the proposed method demonstrates good
sensitivity for quantifying seven phenolic compounds in Crocus leaves. The repeatability
was observed in the range of 0.24–1.05%, which was satisfactory and demonstrated the
good repeatability of the proposed method. The determination of the main compounds
in the test solutions was carried out by comparing the retention times of peaks and UV
spectrum obtained from the chromatogram of the standard solution (Table 2). All results
showed the repeatability, accuracy, high sensitivity, and good linearity of the method.
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Figure 1. HPLC-DAD chromatogram of the methanolic extract of C. sativus leaves: chlorogenic acid (1), mangiferin (2), ononin (3), trans-cinnamic acid (4), kaempferol (5), and irigenin (6).
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Table 2. HPLC identification of the major constituents of C. sativus leaf extracts: chromatographic, UV, mass spectroscopic data of identified compounds, and their content (mg/g).

Peak No tR (min) UV λmax (nm) Mol. Formula Mol. Weight,
g/mol

Retention Time,
min (UPLC-MS) [M-H]− (m/z)

Fragment Ions
(−) Compound Content, mg/g

1 11.66 218, 241, 327 C16H8O9 354.31 3.69 353 191, 179, 135 Chlorogenic acid 0.31 ± 0.01

2 14.18 240, 318, 257,
365 C19H18O11 422.30 4.21 421 403, 331, 301,

259, 271 Mangiferin 1.26 ± 0.02

3 39.11 250 C22H22O9 430.40 - - - Ononin 0.04 ± 0.00
4 44.76 322, 276 C9H8O2 148.16 6.80 147 103 trans-Cinnamic acid 0.15 ± 0.00
5 48.99 265, 365 C15H10O6 286.24 7.41 285 239, 187 Kaempferol 0.03 ± 0.00

6 49.78 269 C18H16O8 360.30 7.58 359 344, 329, 314,
286, 258 Irigenin 0.002 ± 0.00

Values of mean ± standard deviation are reported. Statistical comparisons were performed using ANOVA test (p < 0.05).

Table 3. Calibration curves, limit of detection (LOD), and limit of quantification (LOQ) data of 6 phenolic reference compounds.

Peak No Compound Calibration Curve a Correlation
Coefficient r2 (n = 6)

Linear Range
(µg/mL) RSD (%) LOD b (ng/mL) LOQ c (ng/mL)

1 Chlorogenic acid y = 29930.2x − 538.361 0.9999 0.36–46 1.29 20 70
2 Mangiferin y = 29263.5x + 13863.9 0.9997 0.28–145.00 1.32 310 940
3 Ononin y = 37456.2x + 5132.42 0.9998 0.21–26.24 1.29 49 150
4 trans-Cinnamic acid y = 78502.3x + 0 1.0000 0.30–38.75 0.12 30 90
5 Kaempherol y = 29888.8x + 1814.27 0.9999 0.14–18.32 0.90 37 110
6 Irigenin y = 81832.6x + 137668 0.9994 0.54–277.00 0.64 50 160

a Compound concentration (mg/mL); y, peak area; b LOD, limit of detection (S/N = 3); c LOQ, limit of quantification (S/N = 10).
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Table 4. Precision and stability of 6 quantified compounds.

Peak No. Compound
Concentration

(µg/mL)

Precision Repeatability

Intra-Day (n = 3) Inter-Day (n = 3)
Recovery

(%)
RSD
(%)RSD (%) Accuracy

(%) RSD (%) Accuracy
(%)

1 Chlorogenic acid
5.75 1.31 101.12 0.38 98.40 100.69 0.86
23 0.42 99.08 0.73 99.43 99.58 1.05
46 0.96 100.27 0.48 98.24 101.91 0.97

2 Mangiferin
9.06 0.33 100.46 0.29 100.41 100.29 0.25
36.25 0.24 99.66 0.32 100.45 100.03 0.39
145 0.22 100.32 1.10 98.45 99.58 0.99

3 Ononin
3.28 0.81 100.12 0.32 98.39 100.56 0.79
13.12 0.69 100.44 0.75 99.08 100.72 0.93
26.24 0.84 99.50 0.82 100.00 99.75 0.75

4 trans-Cinnamic acid
4.77 0.68 100.41 0.62 100.09 99.41 0.29
21.01 1.09 99.55 0.80 100.97 99.55 0.31

38.795 1.10 98.99 0.47 101.53 99.99 0.56

5 Kaempherol
2.29 0.48 100.69 0.44 99.81 100.35 0.49
9.16 0.77 100.97 1.01 99.54 100.49 0.68
18.32 1.14 99.66 1.12 100.84 99.83 0.34

6 Irigenin
17.31 1.08 101.54 1.29 101.84 101.12 0.98
69.25 0.80 101.14 1.16 101.65 100.93 0.84
277 0.33 99.53 0.20 99.71 99.74 0.24

3.3. UPLC-MS/MS Analysis of Phenolic Compounds

To confirm the identified compounds in Crocus leaves, further UPLC-MS/MS analysis
of these components was performed in negative ion mode. Their retention times (tR),
calculated molecular weights, and MS/MS data are shown in Table 2, respectively. All
compounds were unambiguously identified with the reference standards comparison. Peak
1 ([M−H]− at m/z 353) was assigned to monocaffeoyquinic acids. The MS spectrum of
peak 1 was characterized by the loss of one moiety of caffeic acid, due to the ester bond,
which readily dissociated and was identified as 3-O-caffeylquinic acid or chlorogenic acid in
comparison with the reference standards. In the MS spectrum, peak 2 produced the [M−H]–

ion at m/z 421. The MS2 spectrum gave the predominant fragment ions at m/z 331 and 301
owing to the neutral loss of C3H6O3 and C4H8O4, respectively. The low-intensity product
ion at m/z 259 appeared in the MS2 spectrum due to the loss of the glucose residue from
the [M−H]– ion. The MS3 spectrum of the precursor ion at m/z 301 gave the product ion
at m/z 273, 271, and 257 resulting from the loss of CO, CH2O, and CO2, respectively. The
RDA fragmentation reaction was also observed in the MS/MS spectrum and corresponded
with the literature data [33]. Peak 4 produced the [M–H]– ion at m/z 147 at 44.76 min
and was identified as trans-cinnamic acid. Peaks 5 produced the [M−H]– ion at m/z 285
and were identified as kaempferol (calculated for C15H10O6, m/z 286). They were further
confirmed by comparing the retention time and the MS/MS spectra with the corresponding
standards. In the MS spectrum, peak 6 produced the [M−H]– ion at m/z 459 and lost three
methyl groups, showing fragments at m/z 344 and m/z 329. The isoflavonoid ononin
was identified in the positive ionization mode according to the retro-Diels–Adel reaction
(RDA) [33]. Since we were able to identify almost all substances in the negative ion mode,
we did not carry out a separate determination for ononin. According to Luo et al. [33], the
excimer ion peak [M+H]+ of ononin has a m/z of 431. However, we did not perform such
a definition.
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3.4. GF-AAS Analysis of Mineral Composition

The literature data of macro- and microelement analysis in C. sativus leaves are limited.
It is known that Jadouali et al. [13] only established the calcium, potassium, sodium,
nitrogen, iron, and zinc elements, as well as a high concentration of iron (985 mg/kg), in C.
sativus leaves from Morocco.

As a result of the element profile of Crocus leaves from Ukraine, the presence of
15 minerals has been determined (Table 5). Among the identified elements were three
macroelements, five mezoelements, and seven ultramicroelements. It is interesting to note
the presence of a significant amount of essential and conditionally essential elements, such
as calcium (Ca), iron (Fe), manganese (Mn), zinc (Zn), silica (Si), phosphorus (P), and
nickel (Ni).

Table 5. Mineral profile of C. sativus leaves.

Mineral Content, mg/100 g Mineral Content, mg/100 g

Fe 60.02 ± 1.05 Mg 6.73 ± 0.12
Si 395.11 ± 9.95 Pb 0.03 ± 0.01
Al 73.21 ± 1.28 Mo 0.06 ± 0.01
Mn 8.04 ± 1.14 P 130.04 ± 2.29
K 1525.10 ± 26.81 Ni 0.06 ± 0.01
Ca 550.12 ± 9.67 Cu 0.30 ± 0.01
Zn 7.30 ± 0.13 Na 75.02 ± 1.32
Sr 2.41 ± 0.04

Co < 0.03; Cd < 0.01; As < 0.01; Hg < 0.01. Values of mean ± standard deviation are reported. Statistical
comparisons were performed using ANOVA test (p < 0.05).

The results of the mineral content of C. sativus leaves from Ukraine are presented in
Table 5. In leaves, potassium and calcium were found to be the most abundant minerals
with a value of 1525 mg/100 g and 550 mg/100 g, respectively. The high content of
potassium in Crocus leaves is due to the physiological function of potassium in the process
of transport in plants: first and foremost, with the participation of a highly osmotic active
substance in the induction of corms pressure and transport of assimilates in the leaf
phloem [34]. Calcium accumulates at the deposit places in the cell (vacuole, endoplasmic
reticulum), is gradually released, and performs its physiological function [35]. The plant
has the highest calcium content in the photosynthetically active leaves vacuole in the form
of oxalate or other hardly soluble salts. Calcium passes slowly through the xylem, so
its content is lower than potassium. A significant decrease in the content of magnesium
(6.73 mg/100 g) in Crocus leaves is directly related to the content of potassium in the raw
material and is associated with the mechanisms of absorption of these nutrients from
the soil [36,37]. It should be noted that the crop C. sativus is cultivated without any
nitrates, pesticides, or additional growth stimulants [29,38]. Nitrogen, phosphorus, and
potassium fertilizers are applied only in April after harvesting Crocus corms from the field.
The current study showed that C. sativus leaves have a pronounced mineral composition
without additional fertilizers.

3.5. GC-MS Analysis of Amino Acids and Short-Chained and Long-Chain Carboxylic Acids

The amino acid composition was studied only for C. sativus stigma from Spain, Italy,
Greece, and Iran, and high levels of alanine, proline, and aspartic acid were found [39].
Fatty acids, such as myristic, stearic, palmitic, palmitoleic, oleic, linoleic, linolenic, and
arachidonic acids, have also been found in C. sativus stigmas [40,41].

Linoleic acid, linolenic acid, and palmitic acid were the predominant fatty acids of
C. sativus flowers [42]. Lauric acid and hexadecanoic acid have been found in C. sativus
tepals, stamens, and stigmas [43]. Ursolic, oleanolic, palmitic, palmitoleic, oleic, linolenic,
and linoleic acids were found in C. sativus corms [44], as well as amino acids (aspartic
acid, glutamic acid, cysteine, serine, glycine, proline, phenylalanyl, leucine, valine, and
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methionine) [45]. No published data on the amino acids and fatty acids composition of
C. sativus leaves has been found.

For the investigation, a method for the simultaneous study of fatty acids, short-chained
carboxylic acids, and amino acids in C. sativus leaves from Ukraine was used. As a result,
44 metabolites were found. This separation was achieved by the derivatization method.
The derivatization procedure is highly dependent on the solvent used. Therefore, in our
previous work [22,23], we developed the GC-MS method for organic acid investigation.
Different times, temperatures and the effect of the reagent amount on the derivatization
process were tested. The optimal conditions for the complete derivatization of most amino
acids and organic acids were ultrasonic extraction for 10 min, followed by derivatization
with acetonitrile and N-Methyl-N-tert-butyldimethylsilyltrifluoroacetamide MTBSTFA
(1:1) for 4 h at 70 ◦C.

All compounds were identified by comparing the retention times of selected acids in
specific MS chromatograms. The content of identified carboxylic acids and amino acids is
presented in Table 6.
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Table 6. The content of carboxylic acids and amino acids in C. sativus leaves, µg/g.

Peak No.
* tR (min) Compound Chemical

Formula
Molar Mass,

g·mol−1
Mass
Peaks Content

Carboxylic acids

1 6.71 Butyric Acid C4H8O2 88.11 235 11.97 ± 0.21
2 8.85 Crotonic acid C4H6O2 86.09 307 5.10 ± 0.09
3 10.23 Formic acid CH2O2 46.03 254 4.03 ± 0.07
4 13.54 3,3-Dimethylacrylic acid C5H8O2 100.12 308 187.72 ± 0.30
5 14.36 Lactic acid C3H6O3 90.08 271 98.93 ± 1.74
6 14.59 Glycolic acid C2H4O3 76.05 285 51.90 ± 0.91
7 14.83 Phenylacetic acid C8H8O2 136.15 282 33.83 ± 0.60
10 15.54 3-Hydroxypropionic acid C3H6O3 90.08 252 21.85 ± 0.38
11 15.77 Malonic acid C3H4O4 104.06 245 29.23 ± 0.51
15 16.69 4-Hydroxybutanoic acid C4H8O3 104.10 310 162.36 ± 2.85
21 18.04 Fumaric acid C4H4O4 116.07 280 195.59 ± 3.44
22 18.80 Glutaric acid C5H8O4 132.11 320 51.19 ± 0.90
29 21.17 Myristic acid C14H28O2 228.37 274 304.08 ± 5.35
31 21.46 Malic acid C4H6O5 134.09 324 925.24 ± 16.27
35 23.07 Palmitic Acid C16H32O2 256.42 402 6997.26 ± 123.03
38 24.60 Linoelaidic acid C18H32O2 280.40 434 9880.26 ± 173.72



Sci. Pharm. 2021, 89, 28 12 of 17

Table 6. Cont.

Peak No.
* tR (min) Compound Chemical

Formula
Molar Mass,

g·mol−1
Mass
Peaks Content

Carboxylic acids

39 24.71 α-Linolenic acid C18H30O2 278.40 441 22,490.08 ± 395.43
40 24.79 Stearic acid C18H36O2 284.50 336 974.33 ± 17.13
41 25.91 Citric acid C6H8O7 192.12 376 834.86 ± 14.68
43 28.08 Behenic acid C22H44O2 340.60 346 916.91 ± 16.12
45 30.28 Lignoceric acid C24H48O2 368.60 334 1611.20 ± 28.33

Amino acids

16 17.07 L-Leucine C6H13NO2 131.17 397 6955.65 ± 122.30
17 17.11 L-Serine C3H7NO3 105.09 291 35.87 ± 0.63
18 17.44 Isoleucine C6H13NO2 131.17 400 7965.70 ± 140.06

19 17.80
γ-Aminobutyric acid

(recalculated to Glutamic
acid)

C4H9NO2 103.12 366 2809.52 ± 49.40

20 17.92 L-Proline C5H9NO2 115.13 370 1725.11 ± 30.33

23 19.01
L-Aspartic acid

(recalculated to Glutamic
acid)

C4H7NO4 133.10 242 38.54 ± 0.68

25 19.90 L-Pyroglutamic acid C5H7NO3 129.11 439 6233.15 ± 109.60
26 20.03 L-Methionine C5H11NO2S 149.21 344 398.40 ± 7.00
27 20.26 L-Serine C3H7NO3 105.09 414 920.59 ± 16.19
28 20.61 L-Threonine C4H9NO3 119.12 443 2701.71 ± 47.50
30 21.30 L-Phenylalanine C9H11NO2 165.19 432 6032.94 ± 106.07

32 21.87
L-Aspartic acid

(recalculated to Glutamic
acid)

C4H7NO4 133.10 399 350.57 ± 6.16

33 22.36 L-Cysteine C3H7NO2S 121.16 293 38.71 ± 0.68
34 22.96 L-Glutamic acid C5H9NO4 147.13 417 1000.94 ± 17.60
36 23.91 L-Lysine C6H14N2O2 146.19 424 866.09 ± 15.23
37 24.35 L-Glutamine C5H10N2O3 146.14 448 7374.10 ± 129.66
42 26.09 L-Tyrosine C9H11NO3 181.19 450 837.27 ± 14.72

44 28.37 L-Tryptophan
(recalculated to Proline) C11H12N2O2 204.22 430 1186.92 ± 20.87

Phosphorus Compound

24 19.56 Tris-Phosphoric acid C24H51O4P 434.6 417 1305.02 ± 22.05

Total short-chained carboxylic acids 2613.80
Total long-chain carboxylic acids 63,544.28

Total amount of aminoacids 43,174.12
Other compounds 1305.02

*—The numbering of compounds in Table 6 and Figure 2 are identical. Values of mean ± standard deviation are reported. Statistical
comparisons were performed using ANOVA test (p < 0.05).

In the current study, we have determined the presence and quantity of 22 amino acids,
14 short-chained carboxylic acids, 7 fatty acids, and 1 phosphorus acid (tris-phosphoric
acid) in C. sativus leaves by the GC-MS method. According to the results, 45 different
acids are present in Crocus leaves. These are the first complete results of the composition
of carboxylic and amino acids in Crocus leaves. Furthermore, this method was used to
quantify the acids content in the raw material (Table 6, Figure 2).

L-Glutamine, Isoleucine, L-alanine, L-leucine, L-pyroglutamic, and L-phenylalanine
acids were present in large amounts—7374 µg/g, 7965 µg/g, 6744 µg/g, 6955 µg/g,
6233 µg/g, and 6032 µg/g, respectively. High amounts of L-glutamine may be due to
the glutamate synthase cycle [46], where L-glutamine is formed from simple compounds,
such as ammonia, and only then are other amino acids, such as arginine, tryptophan,
histidine, or asparagine, formed [47]. The seven essential amino acids in leaves that were
present in high concentration included isoleucine (7965 µg/g), L-leucine (6955 µg/g),
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L-lysine (866 µg/g), L-methionine (398 µg/g), L-phenylalanine (6032 µg/g), L-threonine
(2701 µg/g), L-tryptophan (1186 µg/g), and L-valine (6151 µg/g). As for the total amino
acids content in C. sativus leaves, it exceeds 43,174 µg/g and shows that this raw material
can be an excellent and underestimated source of proteinogenic amino acids [48], especially
glutamine, phenylalanine, isoleucine, alanine, and leucine.

For the composition of amino acids, a high content of isoleucine, L-leucine, L-phenylalanine,
L-pyroglutamic acid, L-glutamine, L-alanine, and L-tryptophan was observed along with a
low content of L-glycine, which indicates the plant’s response to cold stress [49,50] as well
as consistent with previously published data for this genus [51].

Among the organic acids of the tricarboxylic acid cycle (TCA cycle) in C. sativus leaves
were found citric acid (834 µg/g), fumaric acid (195 µg/g), and malic acid (925 µg/g),
which had the highest content of all short-chain carboxylic acids. In a TCA cycle, citric
acid and malic acid are generally the most accumulated organic acids in plants [52]; at the
same time, Crocus leaves have an increased content of malic acid during acclimatization
to the low temperature [53,54] of Ukraine in the postharvest period. In addition, the path
analysis of the effects of different acids on malic acid content revealed that citric acid
has a maximum direct effect on malic acid [55]. Furthermore, 3,3-dimethylacrylic acid,
4-hydroxybutanoic acid, and lactic acid were found in amounts of 187 µg/g, 162 µg/g, and
98 µg/g, respectively. The content of other organic acids found did not exceed 50 µg/g.
Additionally, polyphenols and organic acids may be responsible for the antioxidant activity
of the plant extracts.

The analysis of fatty acids of C. sativus leaves showed that seven acids (myristic acid,
palmitic acid, linoelaidic acid, α-linolenic acid, stearic acid, behenic acid, and lignoceric
acid) were detected. The total long-chain carboxylic acids content was 63,544 µg/g of
the total acids yield and is the largest part of all identified acids in the Crocus leaves.
The dominant saturated acid was palmitic (C16:0) in Crocus leaves, with a content of
6997 µg/g, followed by lignocerinic acid (C24:0), with a content of 1611 µg/g. The content
of unsaturated fatty acids was two times higher than that of saturated acids.

The GC-MS analyses revealed the essential fatty acids α-linolenic acid (ω3) (22,490 µg/g)
and linoelaidic acid (ω6) (9880 µg/g) as major constituents among the acids that were
found in Crocus leaves for the first time. The biosynthesis of dienoic and trienoic acids
18:2ω6 and 18:3ω3 plays a defining role in the adaptation of plants to hypothermia. These
polyunsaturated fatty acids regulate the “fluidity” of cell membranes in a wide temperature
range and influence the resistance of plants to difficult environments. In stressful envi-
ronments (low temperature, freezing, salinity, drought), the amount of unsaturated fatty
acids is much higher than the saturated acids content in the plant organs [56,57]. The high
content of linolenic acid in Crocus leaves is probably due precisely to the plant’s adaptation
to the low temperatures in Ukraine (December +3/−5 ◦C) during the harvested period.

The presence of tris-phosphoric acid (1305 µg/g) in Crocus leaves, according to
Hu et al. [58], also signals the plant’s response to temperature stress, which is expressed in
shifts in the metabolite profile. Tris-phosphoric acid could supply adequate P secondary
compounds for cell energy metabolism in stress conditions. In this case, an increase of
organic acids (malic acid, citric acid, tris-phosphoric acid), amino acids (isoleucine, pyrog-
lutamic acid, phenylalanine, alanine, glutamine), and unsaturated fatty acids (linoelaidic
acid, linoleic acid) for this plant was established. Some of the phenolic compounds and
organic acids might be responsible for the high antioxidant activities, antimicrobial activity,
blood glucose control, and regulation of lipid abnormalities [59,60]. Thus, the leaves of
C. sativus from Ukraine need to be further explored.

3.6. Antibacterial Activity

The results showed that ethanolic and water extracts of C. sativus leaves effectively
suppressed the growth of the test strains of microorganisms with variable potency. As
indicated in Table 7, the ethanolic and water leaf extracts had the maximum zone of
inhibition against B. subtilis at 20.30 ± 0.36 mm and 18.00 ± 0.32 mm, respectively. Both
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extracts showed almost the same inhibitory effect against four pathogenic strains (E. coli,
P. vulgaris, P. aeruginosa, C. albicans). Concerning S. aureus, only ethanolic C. sativus leaves
extract showed potential activity, with an inhibition zone of 18.00 ± 0.32 mm. It has been
reported previously that the methanolic extract of C. sativus leaves from Morocco [13] did
not show antibacterial activity against S. aureus, B. subtilis, P. aeruginosa, and P. mirabilis;
however, it had antibacterial activity against Listeria spp. Our data confirmed that the leaf
extracts of C. sativus from Ukraine possessed significant (p < 0.05) antibacterial activities
against Gram-positive bacteria.

Table 7. Antimicrobial activity and minimum inhibitory concentration (MIC) of C. sativus leaf extracts.

Test Strains
Water Extract Ethanolic Extract

ChlorophylliptZone of
Inhibition (mm)

MIC Values
(µg/mL)

Zone of
Inhibition (mm)

MIC Values
(µg/mL)

S. aureus 25,923 ATCC 16.55 ± 0.30 125 18.00 ± 0.32 125 22.50 ± 0.40
E. coli 25,922 ATCC 16.00 ± 0.28 250 16.70 ± 0.30 250 12.50 ± 0.22

P. vulgaris 4636 NCTC 16.50 ± 0.30 500 17.00 ± 0.30 250 growth
P. aeruginosa 27,853 ATCC 15.40 ± 0.27 500 15.60 ± 0.27 250 growth

B. subtilis 6633 ATCC 18.00 ± 0.32 125 20.30 ± 0.36 125 growth
C. albicans 885/653 ATCC 15.20 ± 0.27 250 15.70 ± 0.28 125 growth

The difference is relatively accurate to control, (p ≤ 0.05).

The data of the serial dilutions method showed that the lowest MIC values (125 µg/mL)
were demonstrated by both leaf extracts against S. aureus and B. subtilis. In general,
the ethanolic extract had lower MIC values than the water extract, due to the chemical
composition of the extracts. In addition, this is consistent with the literature data that
ethanolic extracts have a higher antimicrobial activity than aqueous extracts [61,62]. In
further studies, it is necessary to select an extractant for the maximum yield of phenolic
compounds, amino acids, fatty acids, and terpenes in crude extracts of C. sativus leaves
for pharmacological assessment. The established antibacterial activity of Crocus leaves
may be due to the presence of various phenolic compounds and other classes of plant
compounds. Therefore, despite the well-known medicinal properties of C. sativus (saffron)
stigma, our research suggests that Crocus leaves may also be used as a valuable plant
source of naturally occurring bioactive molecules to develop new functional food and
pharmaceutical ingredients, with the potential not only to promote human health but also
to improve the biovalorisation of saffron.

4. Conclusions

The results obtained show that C. sativus leaves as a saffron by-product are a good
source of phenolic compounds; they contain sufficient amounts of macro- and microele-
ments, essential amino acids, different organic acids, and fatty acids. In addition, the aerial
part of Crocus adapts to the weather conditions of Ukraine due to the increased content of
polyunsaturated fatty acids and malic acid. The results of antimicrobial analyses showed
that Crocus leaf extracts have significantly higher bactericidal activities than fungicidal
ones (p < 0.05). This is the first complete study of the chemical composition of Ukrainian
C. sativus leaves. Saffron obtained from C. sativus in Ukraine has shown good results as
a food spice and, according to ISO 3632, Crocus stigma correspond to the I quality cate-
gory [29]. Thus, the cultivation of this plant is in demand, and there is a wide raw material
base of Crocus leaves for the pharmaceutical industry. The presented study shows the
prospects for the integrated use of Crocus raw materials and excludes the formation of
production waste.
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Abbreviations

HPLC-UV High-performance liquid chromatography with ultraviolet detection
HPLC-MS High-performance liquid chromatography mass spectrometry
GF-AAS Graphite furnace atomic absorption spectroscopy
TLC Thin-layer chromatography
GAE/g gallic acid equivalent
RE/g rutin equivalent
DW dry weight
MTBSTFA N-Methyl-N-tert-butyldimethylsilyltrifluoroacetamide
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