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Abstract: Edible flowers are a new “old” trend in modern gastronomy and healthy nutrition aimed
at increasing food attractiveness and improving the consumption of beneficial phytocompounds
that have valuable properties. Cucumber (Cucumis sativus L., Cucurbitaceae family) is a well-known
agricultural product; it is an important crop that is commonly used across the globe. Despite sufficient
knowledge of nutrients and secondary metabolites in cucumber fruits, the use of cucumber flowers
for food purposes is still understudied. In this study, the total flavonoid fraction of cucumber
flowers was isolated and purified after liquid–liquid and solid-phase extraction and polyamide and
Amberlite XAD-2 separation followed by high-performance liquid chromatography with photodiode
array detection and electrospray ionization triple quadrupole mass spectrometric detection (HPLC–
PDA–ESI–tQ–MS/MS), resulting in the detection of 47 compounds. Identified flavonoids included
luteolin, apigenin, and chrysoeriol-based flavones such as C-, O-, and C,O-glycosides, most of which
were detected for the first time in C. sativus. Flower extracts from ten cucumber cultivars were
quantified, and isoorientin, isoorientin-4′-O-glucoside, and cucumerins B and D were predominant.
The use of in vitro assay potential to inhibit mammalian pancreatic lipases was demonstrated for the
C. sativus extracts. The dominant compounds were studied separately, and luteolin derivatives were
determined to be responsible for the bioactivity. To the best of our knowledge, this is the first study
on cucumber flowers that has shown their wide potential for use as a beneficial dietary supplement.

Keywords: cucumber; Cucumis sativus; edible flowers; flavonoids; human pancreatic lipase; inhibition

1. Introduction

Currently, dietics and related areas of nutritional science are experiencing a boom
in ideas for ways to enrich the habitual human diet with useful components, including
nutrients, minerals, vitamins, and bioactive compounds [1]. Most of the proposed ideas
are based on scientific information regarding the presence of certain substances in food
additives, the introduction of which makes it possible to adjust the composition of con-
sumed products [2]. The most common food additional components are plants containing
various functional components that transform ordinary food into a functional product [3].
Because plants are complex organisms consisting of various parts, we can use the leaves,
roots, and flowers to functionalize products and increase the attractiveness of food [4].
The use of edible flowers in cooking is now being widely introduced as common practice,
not only in cuisine, but also in dietics [5]. This morphological group of plants is distin-
guished by the greatest external attractiveness and its enriched, and sometimes unique,
chemical composition [6]. To date, a large amount of scientific data has been collected on
the metabolites—and their biological activity—of edible flowers used in the cuisines of
Europe [7], Asia [8] and the Americas [9], indicating the indisputable advantages of flowers
as functional components.

Among the variety of edible flowers used, plants of the Cucurbitaceae family are
used in cooking, among which flowers of pumpkin, zucchini, and cucumber are especially
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popular owing to their wide availability [10]. Cucumber fruits are one of the most widely
included crops in the human diet, the production of which has reached up to 90 million tons
worldwide [11]. When cultivating cucumber, various secondary products are formed, which
include cucumber flowers that do not require additional production conditions because
they can be obtained during the process of growing cucumber fruits [12]. This circumstance
makes cucumber flowers commercially attractive because at least two products can be
produced simultaneously on the same territory of a greenhouse farm.

The known information about cucumber metabolites refers mainly to the fruit, which
is logical owing to their wide use as a food product [13]. There are far fewer data avail-
able on the chemical components of vegetative biomass (leaves, stems, and flowers).
Flavonoids [14,15], megastigmanes [16], and carotenoids [13] have been found in cucum-
ber leaves, and photosynthetic pigments have been found in stems [17]. Some flavonoid
glycosides, derivatives of quercetin, isorhamnetin, and kaempferol, have been found in
cucumber flowers [18]. Data on the biological activity of cucumber flowers are not available.
Given the inclusion of this plant product in the human diet, it is necessary to expand the
database on the chemodiversity of cucumber flowers, as well as other edible flowers.

Studies on plant metabolites have confirmed their ability to have biological effects on
living organisms [19]. The main compounds that possess a beneficial effect are phenolics,
including flavonoids, which have various bioactivities [20]. Flavonoids can inhibit the
activity of digestive enzymes [21], including pancreatic lipase [22], which makes this group
of natural compounds promising for the treatment and prevention of lipid metabolism
disorders. This activity was found for derivatives of various structures (flavonols, flavones,
flavans, etc.) [23], among which the inhibition efficiency increased for luteolin and apigenin-
based flavones [24]. In cucumber leaves, various derivatives of these two flavones were
also previously found and characterized [14,15], and for several compounds, as well as
for the total extract, they can be considered active inhibitors of mammalian pancreatic
lipases [25,26]. Owing to the lack of scientific data on the metabolites of cucumber flowers,
in-depth studies of the phenolic compounds in this product are necessary; in particular, the
composition of flavonoids should be studied, and their potential to inhibit digestive lipases
should be determined.

In addition to studying the chemical composition and biological activity of total plant
extracts, studies on the purified fractions of individual compounds are of great importance,
because they have a greater pronounced beneficial effect than crude extracts [27]. These
target fractions make it possible to study the composition of metabolites in more detail
because they do not contain interfering and ballast substances, which is very important for
highly efficient research methods, such as LC–MS and GC–MS [28]. Cucumber flowers have
never been studied using LC–MS profiling, which could fill gaps in knowledge regarding
the composition of this important food product.

Thus, as part of an ongoing study of cucumber metabolites [25,26], an in-depth study
of cucumber flower flavonoids was performed, including LLE and SPE separation of
cucumber flower metabolites, macroporous resin separation of flavonoid fraction, LC–
MS profiling of flavonoids by high-performance liquid chromatography with photodiode
array detection and electrospray ionization triple quadrupole mass spectrometric detection
(HPLC–PDA–ESI–tQ–MS/MS), quantification of flavonoids in cucumber flowers, and
studying the inhibitory potential of cucumber flavonoids on mammalian lipases.

2. Materials and Methods
2.1. Plant Material and Chemicals

Cucumber flowers were harvested in Buryat Fruit and Plant Nursery (Ulan-Ude, Russia)
using authenticated cucumber seeds (cv. Arcadia F1, April F1, Madhur F1, Parisian Gherkin
F1, Perseus F1, Secret F1, Shruti F1, Titus F1, Tulsi F1, Zozula F1) purchased in the National
Seed Repository (Moscow, Russia). All plants were authenticated by Prof. N.I. Kashchenko
(IGEB SB RAS, Ulan-Ude, Russia). Fresh flowers were transported to the laboratory at
4 ◦C within 1–2 h and microwave dried to a moisture content <5%. Dried flowers were
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stored at a desiccator containing moisture-indicating silica gel as a desiccant before extraction
and analysis. The reference standards were purchased from ChemFaces (Wuhan, Hubei,
China): juncein (≥98%; cat. No CFN93776), isoscoparin-2′′-O-glucoside (≥98%; cat. No
CFN90900); Pharmaffiliates (Panchkula, Haryana, India): isoorientin-2′′-O-glucoside (≥98%;
cat. No PA270020766); Sigma-Aldrich (St. Louis, MO, USA): orientin (≥98%; cat. No
O9765), isoorientin (≥98%; cat. No I1536). Selected flavones were plant-derived metabolites
isolated in our laboratory including cucumerins A–D [25], isoorientin-7-O-glucoside [29],
isoorientin-6′′-O-glucoside [30], isoorientin-4′-O-glucoside [31], luteolin-6-C-arabinoside,
isoscoparin-7-O-glucoside [32], and saponarin-6′′-O-ferulate [33].

2.2. Liquid–Liquid Extraction (LLE) and Solid-Phase Extraction (SPE) of Cucumber Flowers

Dried flowers (100 g; cv. Secret F1) were ground and treated by methanol (1.5 L)
with sonication three times (ultrasonic bath, 20 min, 40 ◦C, ultrasound power 100 W,
frequency 35 kHz). Methanolic extract centrifuged (6000 rpm, 20 min) and supernatant
was additionally filtered through cellulose filter. Resultant solution was concentrated in
vacuum, the residue was suspended in water (1:5) and extracted with hexane, chloroform
and n-butanol to give hexane LLE-fraction (4.2 g; A), chloroform LLE-fraction (1.2 g; B) and
n-butanol LLE-fraction (12.7 g; C). Mother liquor was concentrated in vacuum to give water
LLE-fraction (15.3 g; D). The n-butanol LLE-fraction (10 g) was separated by solid-phase
extraction on polyamide sorbent (250 g; Sigma-Aldrich, No 02395) preconditioned with
methanol (400 mL) and water (1 L) using water (5 L) and 0.5% NH3 in ethanol (5 L) to give
SPE-1 subfraction (5.76 g; C1) and SPE-2 subfraction (2.27 g; C2), respectively.

2.3. Chemical Composition of LLE and SPE Fractions

Ready-to-use kits for spectrophotometric assays were applied to measure the total
lipids (Lipid Assay Kit, Abcam plc., Shanghai, China; cat. No ab242307), carotenoids (Plant
Carotenoid Content Assay Kit, SunLong Biotech Co., LTD, Hangzhou, Zhejiang, China; cat.
No AK0079), flavonoids (OxiSelect™ Flavonoid Assay Kit, Cell Biolabs, Inc., San Diego,
CA, USA; cat. No XAN-5077), phenolics (Phenolic Compounds Assay Kit, Sigma-Aldrich;
cat. MAK365), carbohydrate content (High Sensitivity Carbohydrate Assay Kit, BioVision,
Inc., Milpitas, CA, USA; cat. No. K2049-100), and protein (Pierce™ BCA Protein Assay Kit,
Thermo Fisher Scientific, Waltham, MA, USA). Total triterpene content was determined
using spectrophotometric assay and β-sitosterol as a reference compound [34]. Ash content
was determined by the AOAC Official MethodSM to be 942.05 using muffle furnace ignition
at 600 ◦C [35]. All analyses were performed five times, and the data were expressed as the
mean value ± standard deviation (S.D.).

2.4. Macroporous Resin Separation of SPE-2 Subfraction

Macroporous resins (D-101, AD-8, Amberlites XAD-2, XAD-4, XAD-16, XAD-7, XAD-8)
were immersed in methanol for 48 h, and washed with water. Then, the resins were washed
by 5% HCl, water, 5% NaOH, and water to neutral eluate and dried at 70 ◦C. To screening,
1 g of dry resin was pretreated with SPE-2 subfraction solution in 20% ethanol (2 mg/mL,
60 mL) in a conical flask (250 mL) with stirring (150 rpm) for 14 h at 20 ◦C, and then the
resin was desorbed with 100% ethanol with stirring (150 rpm) for 14 h at 20 ◦C. Flavonoid
content in liquid phases was monitored using OxiSelect™ Flavonoid Assay Kit (Cell Bio-
labs, Inc.) before and after SPE-2 subfraction loading of resins and after resin desorption. To
calculate the values of adsorption capacity (Qa, mg/g), desorption capacity (Qd, mg/g) and
desorption ratio (Rd, %), a known equation was used [27]. Adsorption kinetic curve for the
resins brands was build using the data of monitoring the samples at equal time intervals
till equilibrium (ca. 14 h). The absorption capacity of the Amberlite XAD-2 was determined
using 0–10 mg/mL SPE-2 subfraction solution after 6 h phase contact. Desorption ability of
the eluents was studies with 0–100% water solutions of methanol. ethanol, and isopropanol
with 5 mg/mL SPE-2 subfraction solution and 6 h phase contact. The value of elution flow
was determined in a dynamic experiment used Amberlite XAD-2 resin (75 g) loaded to
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the glass column, saturated with 5 mg/mL SPE-2 subfraction solution (80 mL, 6 h) and
pre-washed with water (5 BV). Flow rates 1–5 BV/h were studied with elution 1–7 BV
through the column.

2.5. High-Performance Liquid Chromatography with Photodiode Array Detection and Electrospray
Ionization Triple Quadrupole Mass Spectrometric Detection (HPLC–PDA–ESI–tQMS)

Metabolite profiling was performed using high-performance liquid chromatogra-
phy with photodiode array detection and electrospray ionization triple quadrupole mass
spectrometric detection (HPLC-PDA-ESI-tQ-MS) with an LC-20 Prominence liquid chro-
matograph (Shimadzu, Columbia, MD, USA). A photodiode array detector SPD-M30A
(wavelength range 200–600 nm) and triple quadrupole mass spectrometer LCMS 8050 (all
Shimadzu, Columbia, MD, USA) were coupled with chromatography. Separation was
managed using GLC Mastro column (2.1 × 150 mm, 3 µm; Shimadzu, Kyoto, Japan) eluted
with 0.5% HCOOH in water (eluent A) and 0.5% HCOOH in MeCN (eluent B) and gradi-
ent program (0–2 min 5–8% B, 2–5 min 8–9% B, 5–12 min 9–36% B, 12–13 min 36–59% B,
13–15 min 59–78% B, 15–20 min 78–90% B, 20–25 min 90–5% B). The values of flow rate,
column temperature and injection volume were 100 µL/min, 30 ◦C, and 1 µL, respectively.
The negative electrospray ionization mode (source voltage 3 kV, collision energy −35 eV,
scanning range m/z 80–2000) was used for the mass spectrometric detection and three
temperature levels used in ESI interface, desolvation line, and heat block equal to 300 ◦C,
250 ◦C, and 400 ◦C, respectively. The flow rates of nebulizing gas (N2), heating gas (air), and
collision-induced dissociation gas (Ar) were 3 L/min, 10 L/min, and 0.3 mL/min, respec-
tively. Metabolite identification was performed using retention time, ultraviolet spectra,
and mass spectra data after compared to reference standards and literature data exploiting
LabSolution (Shimadzu) workstation software equipped with an internal LC–MS library.

To quantify the selected compounds the sample was separated as described above,
and the full scan MS peak area was used for calculation. The following reference substances
were used to build calibration curves: isoorientin (for quantification of
isoorientin-4′-O-glucoside, isoorientin, and luteolin-6-C-arabinoside), isovitexin (for quan-
tification of cucumerins B, C, and D), orientin, juncein and isoscoparin (for quantification of
chrysoeriol-C-hexoside-O-hexoside-O-ferulate). Stock solutions were prepared after careful
weighing (10 mg) of reference substances and dissolving them in volumetric flasks (10 mL)
using a methanol–DMSO mixture (1:1) followed by the creation of ‘concentration–peak area’
graphs (1–100 µg/mL). The values of correlation coefficient (r2), standard deviation (SYX),
limit of detection (LOD), limit of quantification (LOQ), and linear range were calculated
in Advanced Grapher 2.2 (Alentum Software Inc., Ramat-Gan, Israel) using calibration
curve data [36] and the results of three sufficient HPLC runs (Table 1). Intra-day, inter-day
precisions and recovery of spiked sample were studied using the known assay [37]. The
results are expressed as mean values ± standard deviation (S.D.).

Table 1. Regression equations, correlation coefficients (r2), standard deviation (SYX), limits of detec-
tion (LOD), limits of quantification (LOQ), and linear ranges for six reference standards.

Compound a a b a
Correlation
Coefficient

(r2)
SYX

LOD/LOQ
(ng/mL)

Linear
Range

(µg/mL)

RSD%
(Intra-Day)

RSD%
(Inter-Day)

Recovery of
Spiked

Sample REC%

Isoorientin 40.2361 −1.2360 0.9903 1.53·10−2 1.26/3.80 1–100 1.03 1.56 100.36
Isovitexin 32.6814 −0.9634 0.9836 1.26·10−2 1.27/3.86 1–100 1.28 1.35 101.25
Orientin 38.1005 −0.9880 0.9870 1.42·10−2 1.23/3.72 1–100 1.32 1.85 101.30
Juncein 35.2114 −2.0341 0.9911 1.69·10−2 1.58/4.80 1–100 1.04 1.28 100.32

Isoscoparin 31.4721 −1.9364 0.9917 1.92·10−2 2.01/6.10 1–100 1.09 1.37 99.30
a Calibration equation parameter: y = ax + b.

2.6. Mammal Lipase Inhibition In Vitro Assay

Spectrophotometric assay was used to study inhibitory potential of extracts and
selected compounds on porcine pancreatic lipase (type II, ≥125 U/mg protein; Sigma-



Separations 2023, 10, 255 5 of 21

Aldrich, cat. No L3126) and recombinant human pancreatic lipase (Sigma-Aldrich, cat. No
BCR694) [38]. p-Nitrophenol palmitate was used as a substrate and orlistat (tetrahydrolip-
statin) was used as a reference substance [22–24]. All analyses were carried out three times,
and the data are expressed as mean value ± standard deviation (S.D.).

2.7. Statistical Analysis

Statistical analyses were performed by one-way analysis of variance, and the signif-
icance of the mean difference was determined by Duncan’s multiple range test. Differ-
ences at p < 0.05 were considered statistically significant. The results are presented as
the mean ± S.D. The linear regression analysis and generation of calibration graphs were
conducted using Advanced Grapher 2.2 (Alentum Software, Inc., Ramat-Gan, Israel).

3. Results and Discussion
3.1. LLE and SPE Separation of Cucumber Flower Metabolites and Mammal Pancreatic Lipase
Inhibition by CF Fractions

Preliminary separation of cucumber flower extractives was performed for the methanol
extract using liquid–liquid extraction (LLE) [39] and solid-phase extraction (SPE) [40]. The
LLE sequence included hexane, chloroform, and n-butanol extraction and resulted in the
isolation of fractions A, B, and C, respectively, and the water residue was labeled as water
fraction D (Table 2).

Table 2. Yield, composition, and mammal pancreatic lipase inhibition (PLI) of cucumber
flower fractions.

Parameter
Fractions 1 (±S.D.)

A B C C1 C2 D

Yield, % DPW 2 4.2 (0.08) b 1.2 (0.02) a 12.7 (0.25) c 57.6 (1.78) 3,e 22.7 (0.45) 3,f 15.3 (0.32) d

Lipids, g/100 g DFW 4 82.3 (2.46) d 75.3 (2.25) c 3.39 (0.10) a Traces 5.6 (0.16) b Traces
Carotenoids, µg/100 g DFW 153.4 (6.14) — — — — —

Triterpenes, g/100 g DFW 5.4 (0.12) a 25.3 (0.53) c 11.6 (0.25) b 15.9 (0.47) d Traces —
Flavonoids, g/100 g DFW Traces 0.5 (0.01) a 10.5 (0.21) c Traces 48.9 (0.97) d 1.6 (0.04) b

Phenolics, g/100 g DFW Traces 1.2 (0.02) 14.8 (0.29) Traces 51.9 (1.05) 3.7 (0.08)
Carbohydrates, g/100 g DFW — — 45.8 (1.46) b 48.6 (1.57) a 5.3 (0.15) a 51.0 (1.02) b

Proteins, g/100 g DFW — — — — — 5.6 (0.11)
Ash, g/100 g DFW Traces 2.4 (0.04) a 10.8 (0.25) b 33.7 (0.71) c 12.3 (0.36) a 35.2 (1.05) c

PLI-1 5, IC50, µg/mL 6 >100 >100 89.7 (1.81) b >100 42.7 (0.85) a >100
PLI-2 5, IC50, µg/mL 6 >100 >100 93.4 (2.73) b >100 45.9 (1.10) a >100

1 Liquid–liquid extraction (LLE) and solid-phase extraction (SPE) fractions: A—hexane LLE-fraction; B—chloroform
LLE-fraction; C—n-butanol LLE-fraction; C1—n-butanol LLE-fraction, SPE-1 subfraction; C2—n-butanol LLE-
fraction, SPE-2 subfraction; D—water LLE-fraction. 2 DPW—dry plant weight. 3 of dry n-butanol LLE-fraction
weight (fraction C). 4 DFW—dry fraction weight. 5 PLI-1—porcine pancreatic lipase inhibition; PLI-2—human
pancreatic lipase inhibition. 6 Reference compound (orlistat) activity IC50 17.5 µg/mL. Values with different numbers
(a–f) indicate statistically significant differences among groups at p < 0.05 by one-way ANOVA.

Chemical analysis demonstrated the presence of lipids, carotenoids, and triterpenes in
fractions A and B, representing the largest part of the fractions, whereas mid- (flavonoids,
phenolics, triterpenes) and high-hydrophilic components (carbohydrates, proteins) were
found in fractions C and D. Only the n-butanol LLE-fraction (C) showed inhibitory potential
against mammalian pancreatic lipase with an IC50 value <100 µg/mL (89.7–93.4 µg/mL),
which we chose for its following separation by SPE. The use of a polyamide sorbent [41]
allowed us to divide fraction C into two subfractions eluted with water (C1) and a 0.5%
NH3/ethanol mixture (C2). Chemical analysis showed that triterpenes, carbohydrate, and
ash were concentrated in subfraction C1, and phenolics detected at a non-trace level only in
subfraction C2 (51.9 g/100 g) consisted mostly of flavonoids (48.9 g/100 g). The IC50 in the
bioactivity assay for subfraction C2 was 42.7–45.9 µg/mL, which is likely because of the
high flavonoid content, which are known inhibitors of pancreatic lipase [42]. Early studies
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demonstrated the expressed inhibitory potential of the plant LLE fraction with a high
phenolic content against pancreatic lipase for the Korean yam (Dioscorea opposita) [43], root
of Rhodiola crenulata [44], aniseed (Pimpinella anisum) [45], yellow cassia (Cassia siamea) [46],
and many others.

3.2. Amberlite XAD-2 Separation of Cucumber Flower Flavonoids

To purify the flavonoid fraction, macroporous resin separation of the SPE-2 subfraction
was applied. Non-ionic polymeric resins are known for their excellent performance for
flavonoid separation and concentration [47]. Screening of various resins was performed
using seven brands, including polystyrene resins, such as D-101, AD-8, and the Amberlites
XAD-2, XAD-4, XAD-16, and polyacrylic resins, such as Amberlites XAD-7 and XAD-8,
which were loaded with an SPE-2 subfraction solution (2 mg/mL) which was used as a
sample for testing the adsorption and desorption properties. Among the studied resins, the
polystyrene Amberlite XAD-2 showed the highest level of adsorption capacity (43.2 mg/g),
desorption capacity (37.5 mg/g), and desorption ratio (86.8%) (Table 3).

Table 3. Adsorption and desorption properties of seven macroporous resins.

Parameter
Macroporous Resin Brand

D-101 AD-8 XAD-2 XAD-4 XAD-16 XAD-7 XAD-8

Adsorption capacity Qa, mg/g 29.7 ± 1.4 27.8 ± 1.9 43.2 ± 2.5 29.3 ± 1.8 31.7 ± 1.9 25.2 ± 1.5 27.8 ± 1.4
Desorption capacity Qd, mg/g 24.3 ± 1.4 22.2 ± 1.1 37.5 ± 2.2 24.6 ± 1.2 24.1 ± 1.2 19.6 ± 1.1 21.1 ± 1.2

Desorption ratio Rd, % 81.8 79.9 86.8 84.0 76.0 77.8 75.9

The adsorption capacity of cucumber flower total flavonoids increased until 6 h and
reached equilibrium after 6 h of phase contact for all studied resins (Figure 1a). Based
on the obtained results, the resin Amberlite XAD-2 was chosen for further experimental
work. The absorption capacity of Amberlite XAD-2 determined through the equilibrium
adsorption curve increased from 18 mg/g at 1 mg/mL of flavonoid solution to 190 mg/g
at 6 mg/mL of flavonoid solution (Figure 1b). Upon increasing the sample concentration
by more than 6 mg/mL, there was no resin capacity increase.
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Figure 1. Adsorption curves for total cucumber flower flavonoids on seven macroporous resins (a)
and equilibrium adsorption curve for total cucumber flower flavonoids on Amberlite XAD-2 (b).

In the process of selecting the best eluting system, alcohol–water mixtures have been
traditionally used as macroporous resin eluents for flavonoid purification [27]. Low-
molecular-weight alcohols showed effective flavonoid desorption for 40–50% solutions
with the best performance from 40% ethanol, which gave 92.6% desorption (Table 4).
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Table 4. Desorption ratio of total cucumber flower flavonoids on Amberlite XAD-2 after elution with
alcohol-water mixtures.

Mixture
Alcohol Concentration, %

0 10 20 30 40 50 60 70 80 90 100

Methanol–water 10.6 25.2 48.4 76.9 90.8 91.5 87.6 72.3 58.6 36.4 30.8
Ethanol–water 10.6 18.4 41.6 72.6 92.6 91.8 90.3 78.6 62.9 54.7 27.2

Isopropanol–water 10.6 15.2 29.3 63.9 81.7 78.2 73.2 68.7 57.1 32.1 14.8

The elution flow rate directly affects the effectiveness of flavonoid desorption from
macroporous resins and is therefore a significant factor influencing the quality of the final
phenolic extract [48]. Elution of the cucumber flower flavonoids from Amberlite XAD-2
proceeded under optimal conditions at a flow rate equal to 2 bed volumes per hour (BV/h),
which resulted in 92.8% flavonoid desorption with 5 BV eluted through the column (Table 5).
A reduced flow rate (1 BV/h) gave 91.3% flavonoid desorption with 7 BV of eluents, and
an increase in the flow rate (3–5 BV/h) showed 91–92% flavonoid desorption with 6 BV of
eluents.

Table 5. Desorption ratio of total cucumber flower flavonoids on Amberlite XAD-2 at various
flow rate.

Flow Rate, Bed Volume/h
Number of Bed Volumes Eluted

1 2 3 4 5 6 7

1 33.6 48.2 61.9 75.4 87.3 90.7 91.3
2 54.8 69.3 82.1 92.7 92.8 92.8 92.9
3 41.8 62.4 70.3 86.4 91.8 92.0 92.1
4 38.4 53.6 68.4 82.4 90.8 91.0 91.0
5 25.6 43.2 61.4 76.8 86.2 91.2 91.3

Spectrophotometric data of the cucumber flower flavonoid fraction obtained after
Amberlite XAD-2 purification of the n-butanol LLE fraction (C2) under optimal condi-
tions indicated significant increase in total flavonoid content to 92–93% of dry fraction
weight. The effectiveness of macroporous resins for purification of flavonoids was demon-
strated early for Acanthopanax senticosus [48], Elaeis guineensis [49], Lycium barbarum [50],
Scorzonera austriaca [27], and Smilax glabra [51].

3.3. LC-MS Profile of Flavonoids in the Amberlite XAD-2 Fraction of Cucumber Flowers

Application of high-performance liquid chromatography with photodiode array de-
tection and electrospray ionization triple quadrupole mass spectrometric detection (HPLC–
PDA–ESI–tQ–MS/MS) resulted in the separation of 47 compounds (Figure 2). Identifi-
cation of analytes was performed by comparing retention times, UV, and mass-spectral
patterns with those of reference substances and literature data [15,25,52–59] (Table 6).
Forty-seven compounds found in the Amberlite XAD-2 fraction of cucumber flowers were
characterized as flavonoids, including fifteen flavones identified using reference standards
(Figures 3 and 4) and thirty-two metabolites with tentative structures. All compounds were
flavones originating from luteolin, apigenin, and chrysoeriol.
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Table 6. Chromatographic (t) and ultraviolet (UV) and mass-spectrometric (ESI-MS) data of compounds 1–47 found in Amberlite XAD-2 fraction of cucumber
flowers.

No. t, min UV, λmax, nm ESI-MS, m/z Compound [Ref.] IL *

1 3.92 255, 270, 350
771 [(M − H)]−, 609 [(M − H) − Hex]−, 447 [(M − H) − 2 × Hex]−, 357
[(M − H) − 2 × Hex − 90]−, 329 [(M − H) − 2 × Hex − 90 − CO]−, 327
[(M − H) − 2 × Hex − 120]−, 299 [(M − H) − 2 × Hex − 120 − CO]−

Luteolin-C-hexoside-di-O-hexoside [52] 1

2 4.12 255, 270, 350
771 [(M − H)]−, 609 [(M − H) − Hex]−, 447 [(M − H) − 2 × Hex]−, 357
[(M − H) − 2 × Hex − 90]−, 329 [(M − H) − 2 × Hex − 90 − CO]−, 327
[(M − H) − 2 × Hex − 120]−, 299 [(M − H) − 2 × Hex − 120 − CO]−

Luteolin-C-hexoside-di-O-hexoside [52] 1

3 4.89 268, 338
771 [(M − H)]−, 609 [(M − H) − Hex]−, 447 [(M − H) − 2 × Hex]−, 357
[(M − H) − 2 × Hex − 90]−, 329 [(M − H) − 2 × Hex − 90 − CO]−, 327
[(M − H) − 2 × Hex − 120]−, 299 [(M − H) − 2 × Hex − 120 − CO]−

Luteolin-C-hexoside-di-O-hexoside [52] 1

4 5.33 255, 270, 350
609 [(M − H)]−, 447 [(M − H) − Glc]−, 357 [(M − H) − Glc − 90]−, 329 [(M
− H) − Glc − 90 − CO]−, 327 [(M − H) − Glc − 120]−, 299 [(M − H) − Glc

− 120 − CO]−
Luteolin-6-C-(2′′-O-glucosyl)-glucoside

(isoorientin-2′′-O-glucoside, meloside L) [53] 2

5 5.42 255, 270, 350
609 [(M − H)]−, 447 [(M − H) − Glc]−, 357 [(M − H) − Glc − 90]−, 329 [(M
− H) − Glc − 90 − CO]−, 327 [(M − H) − Glc − 120]−, 299 [(M − H) − Glc

− 120 − CO]−
Luteolin-6-C-glucoside-7-O-glucoside

(isoorientin-7-O-glucoside, lutonarin) [52,53] 2

6 5.48 255, 270, 350
609 [(M − H)]−, 447 [(M − H) − Glc]−, 357 [(M − H) − Glc − 90]−, 329 [(M
− H) − Glc − 90 − CO]−, 327 [(M − H) − Glc − 120]−, 299 [(M − H) − Glc

− 120 − CO]−
Luteolin-6-C-(6′′-O-glucosyl)-glucoside

(isoorientin-6′′-O-glucoside) [52,53] 2

7 5.82 268, 338
609 [(M − H)]−, 447 [(M − H) − Glc]−, 357 [(M − H) − Glc − 90]−, 329 [(M
− H) − Glc − 90 − CO]−, 327 [(M − H) − Glc − 120]−, 299 [(M − H) − Glc

− 120 − CO]−
Luteolin-6-C-glucoside-4′-O-glucoside

(isoorientin-4′-O-glucoside) [54] 2

8 5.98 271, 334
875 [M − H]−, 713 [(M − H) − Hex]−, 551 [(M − H) − 2 × Hex]−, 461 [(M
− H) − 2 × Hex − 90]−, 433 [(M − H) − 2 × Hex − 90 − CO]−, 431 [(M −

H) − 2 × Hex − 120]−, 403 [(M − H) − 2 × Hex − 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene) di-O-hexoside

[15,25]
1

9 6.09 269, 332
875 [M − H]−, 713 [(M − H) − Hex]−, 551 [(M − H) − 2 × Hex]−, 461 [(M
− H) − 2 × Hex − 90]−, 433 [(M − H) − 2 × Hex − 90 − CO]−, 431 [(M −

H) − 2 × Hex − 120]−, 403 [(M − H) − 2 × Hex − 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene) di-O-hexoside

[15,25]
1

10 6.47 268, 324
875 [M − H]−, 713 [(M − H) − Hex]−, 551 [(M − H) − 2 × Hex]−, 461 [(M
− H) − 2 × Hex − 90]−, 433 [(M − H) − 2 × Hex − 90 − CO]−, 431 [(M −

H) − 2 × Hex − 120]−, 403 [(M − H) − 2 × Hex − 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene) di-O-hexoside

[15,25]
1
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Table 6. Cont.

No. t, min UV, λmax, nm ESI-MS, m/z Compound [Ref.] IL *

11 6.56 268, 324
875 [M − H]−, 713 [(M − H) − Hex]−, 551 [(M − H) − 2 × Hex]−, 461 [(M
− H) − 2 × Hex − 90]−, 433 [(M − H) − 2 × Hex − 90 − CO]−, 431 [(M −

H) − 2 × Hex − 120]−, 403 [(M − H) − 2 × Hex − 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene) di-O-hexoside

[15,25]
1

12 7.11 271, 334 713 [M − H]−, 551 [(M − H) − Glc]−, 461 [(M − H) − 90]−, 433 [(M − H) −
90 − CO]−, 431 [(M − H) − 120]−, 403 [(M − H) − 120 − CO]−

Apigenin-6-C-(2′′′-O-glucosyl)-glucoside-8-C-(4-
hydroxy-1-ethylbenzene) (cucumerin D)

[25]
2

13 7.48 255, 270, 350

813 [(M − H)]−, 771 [(M − H) − Ac]−, 609 [(M − H) − Ac − Hex]−, 447
[(M − H) − Ac − 2 × Hex]−, 357 [(M − H) − Ac − 2 × Hex − 90]−, 329

[(M − H) − Ac − 2 × Hex − 90 − CO]−, 327 [(M − H) − Ac − 2 × Hex −
120]−, 299 [(M − H) − Ac − 2 × Hex − 120 − CO]−

Luteolin-C-hexoside-di-O-hexoside-O-acetate [52] 1

14 7.68 269, 332 713 [M − H]−, 551 [(M − H) − Glc]−, 461 [(M − H) − 90]−, 433 [(M − H) −
90 − CO]−, 431 [(M − H) − 120]−, 403 [(M − H) − 120 − CO]−

Apigenin-6-C-(4-hydroxy-1-ethylbenzene)-8-C-(2′′′-
O-glucosyl)-glucoside (cucumerin C)

[25]
2

15 7.79 255, 270, 350

813 [(M − H)]−, 771 [(M − H) − Ac]−, 609 [(M − H) − Ac − Hex]−, 447
[(M − H) − Ac − 2 × Hex]−, 357 [(M − H) − Ac − 2 × Hex − 90]−, 329

[(M − H) − Ac − 2 × Hex − 90 − CO]−, 327 [(M − H) − Ac − 2 × Hex −
120]−, 299 [(M − H) − Ac − 2 × Hex − 120 − CO]−

Luteolin-C-hexoside-di-O-hexoside-O-acetate [52] 1

16 8.12 268, 324 713 [M − H]−, 551 [(M − H) − Hex]−, 461 [(M − H) − 90]−, 433 [(M − H)
− 90 − CO]−, 431 [(M − H) − 120]−, 403 [(M − H) − 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene) O-hexoside

[15,25]
1

17 8.52 268, 338

813 [(M − H)]−, 771 [(M − H) − Ac]−, 609 [(M − H) − Ac − Hex]−, 447
[(M − H) − Ac − 2 × Hex]−, 357 [(M − H) − Ac − 2 × Hex − 90]−, 329

[(M − H) − Ac − 2 × Hex − 90 − CO]−, 327 [(M − H) − Ac − 2 × Hex −
120]−, 299 [(M − H) − Ac − 2 × Hex − 120 − CO]−

Luteolin-C-hexoside-di-O-hexoside-O-acetate [52] 1

18 8.78 255, 269, 349 447 [M − H]−, 357 [(M − H) − 90]−, 329 [(M − H) − 90 − CO]−, 327 [(M −
H) − 120]−, 299 [(M − H) − 120 − CO]− Luteolin-8-C-glucoside (orientin) [54] 2

19 9.08 268, 324 713 [M − H]−, 551 [(M − H) − Hex]−, 461 [(M − H) − 90]−, 433 [(M − H)
− 90 − CO]−, 431 [(M − H) − 120]−, 403 [(M − H) − 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene) O-hexoside

[15,25]
1

20 9.52 255, 269, 349 447 [M − H]−, 357 [(M − H) − 90]−, 329 [(M − H) − 90 − CO]−, 327 [(M −
H) − 120]−, 299 [(M − H) − 120 − CO]− Luteolin-6-C-glucoside (isoorientin) [54] 2
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Table 6. Cont.

No. t, min UV, λmax, nm ESI-MS, m/z Compound [Ref.] IL *

21 9.92 252, 266, 346
623 [(M − H)]−, 461 [(M − H) − Glc]−, 371 [(M − H) − Glc − 90]−, 343 [(M
− H) − Glc − 90 − CO]−, 341 [(M − H) − Glc − 120]−, 313 [(M − H) − Glc

− 120 − CO]−
Chrysoeriol-6-C-(2′′-O-glucosyl)-glucoside

(isoscoparin-2′′-O-glucoside) [55] 2

22 10.12 252, 266, 346
623 [(M − H)]−, 461 [(M − H) − Glc]−, 371 [(M − H) − Glc − 90]−, 343 [(M
− H) − Glc − 90 − CO]−, 341 [(M − H) − Glc − 120]−, 313 [(M − H) − Glc

− 120 − CO]−
Chrysoeriol-6-C-glucoside-7-O-glucoside

(isoscoparin-7-O-glucoside) [55] 2

23 10.83 252, 266, 346
623 [(M − H)]−, 461 [(M − H) − Hex]−, 371 [(M − H) − Hex − 90]−, 343

[(M − H) − Hex − 90 − CO]−, 341 [(M − H) − Hex − 120]−, 313 [(M − H)
− Hex − 120 − CO]−

Chrysoeriol-C-hexoside-O-hexoside [52,55] 1

24 11.42 255, 270, 350 417 [M − H]−, 357 [(M − H) − 60]−, 329 [(M − H) − 60 − CO]−, 327 [(M −
H) − 90]−, 299 [(M − H) − 90 − CO]− Luteolin-6-C-arabinoside [56] 2

25 12.47 267, 337
623 [(M − H)]−, 461 [(M − H) − Hex]−, 371 [(M − H) − Hex − 90]−, 343

[(M − H) − Hex − 90 − CO]−, 341 [(M − H) − Hex − 120]−, 313 [(M − H)
− Hex − 120 − CO]−

Chrysoeriol-C-hexoside-O-hexoside [52] 1

26 12.65 267, 337
623 [(M − H)]−, 461 [(M − H) − Hex]−, 371 [(M − H) − Hex − 90]−, 343

[(M − H) − Hex − 90 − CO]−, 341 [(M − H) − Hex − 120]−, 313 [(M − H)
− Hex − 120 − CO]−

Chrysoeriol-C-hexoside-O-hexoside [52] 1

27 13.22 270, 333 551 [M − H]−, 461 [(M − H) − 90]−, 433 [(M − H) − 90 − CO]−, 431 [(M −
H) − 120]−, 403 [(M − H) − 120 − CO]−

Apigenin-6-C-glucoside-8-C-(4-hydroxy-1-
ethylbenzene) (cucumerin B)

[15,25]
2

28 13.71 256, 268, 333
785 [(M − H)]−, 609 [(M − H) − Fer]−, 447 [(M − H) − Fer − Hex]−, 357

[(M−H)− Fer−Hex− 90]−, 329 [(M−H)− Fer−Hex− 90− CO]−, 327
[(M − H) − Fer − Hex − 120]−, 299 [(M − H) − Fer − Hex − 120 − CO]−

Luteolin-C-hexoside-O-hexoside-O-ferulate [52,57] 1

29 13.82 256, 268, 333
785 [(M − H)]−, 609 [(M − H) − Fer]−, 447 [(M − H) − Fer − Hex]−, 357

[(M−H)− Fer−Hex− 90]−, 329 [(M−H)− Fer−Hex− 90− CO]−, 327
[(M − H) − Fer − Hex − 120]−, 299 [(M − H) − Fer − Hex − 120 − CO]−

Luteolin-C-hexoside-O-hexoside-O-ferulate [52,57] 1

30 14.08 269, 332 551 [M − H]−, 461 [(M − H) − 90]−, 433 [(M − H) − 90 − CO]−, 431 [(M −
H) − 120]−, 403 [(M − H) − 120 − CO]−

Apigenin-6-C-(4-hydroxy-1-ethylbenzene)-8-C-
glucoside (cucumerin A)

[15,25]
2

31 14.49 256, 268, 333
785 [(M − H)]−, 609 [(M − H) − Fer]−, 447 [(M − H) − Fer − Hex]−, 357

[(M−H)− Fer−Hex− 90]−, 329 [(M−H)− Fer−Hex− 90− CO]−, 327
[(M − H) − Fer − Hex − 120]−, 299 [(M − H) − Fer − Hex − 120 − CO]−

Luteolin-C-hexoside-O-hexoside-O-ferulate [52,57] 1
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Table 6. Cont.

No. t, min UV, λmax, nm ESI-MS, m/z Compound [Ref.] IL *

32 14.65 270, 333
769 [(M − H)]−, 593 [(M − H) − Fer]−, 431 [(M − H) − Fer − Glc]−, 341

[(M − H) − Fer − Glc − 90]−, 313 [(M − H) − Fer − Glc − 90 − CO]−, 311
[(M − H) − Fer − Glc − 120]−, 283 [(M − H) − Fer − Glc − 120 − CO]−

Apigenin-7-O-(6′′-O-feruloyl)-glucoside
(saponarin-6′′-O-ferulate) [58] 2

33 14.81 270, 333
769 [(M − H)]−, 593 [(M − H) − Fer]−, 431 [(M − H) − Fer − Hex]−, 341

[(M−H)− Fer−Hex− 90]−, 313 [(M−H)− Fer−Hex− 90− CO]−, 311
[(M − H) − Fer − Hex − 120]−, 283 [(M − H) − Fer − Hex − 120 − CO]−

Apigenin-C-hexoside-O-hexoside-O-ferulate [52,58] 1

34 15.02 268, 337 447 [M − H]−, 285 [(M − H) − Glc]− Luteolin-4′-O-glucoside (juncein) [59] 2

35 15.43 256, 268, 333
623 [(M − H)]−, 447 [(M − H) − Fer]−, 357 [(M − H) − Fer − 90]−, 329 [(M
− H) − Fer − 90 − CO]−, 327 [(M − H) − Fer − 120]−, 299 [(M − H) − Fer

− 120 − CO]−
Luteolin-C-hexoside-O-ferulate [52,58] 1

36 15.78 256, 268, 333
623 [(M − H)]−, 447 [(M − H) − Fer]−, 357 [(M − H) − Fer − 90]−, 329 [(M
− H) − Fer − 90 − CO]−, 327 [(M − H) − Fer − 120]−, 299 [(M − H) − Fer

− 120 − CO]−
Luteolin-C-hexoside-O-ferulate [52,58] 1

37 16.33 268, 330
799 [(M − H)]−, 623 [(M − H) − Fer]−, 461 [(M − H) − Fer − Hex]−, 371

[(M−H)− Fer−Hex− 90]−, 343 [(M−H)− Fer−Hex− 90− CO]−, 341
[(M − H) − Fer − Hex − 120]−, 313 [(M − H) − Fer − Hex − 120 − CO]−

Chrysoeriol-C-hexoside-O-hexoside-O-ferulate
[52,58] 1

38 16.52 256, 268, 330
665 [(M − H)]−, 489 [(M − H) − Fer]−, 447 [(M − H) − Fer − Ac]−, 357 [(M
− H) − Fer − Ac − 90]−, 329 [(M − H) − Fer − Ac − 90 − CO]−, 327 [(M
− H) − Fer − Ac − 120]−, 299 [(M − H) − Fer − Ac − 120 − CO]−

Luteolin-C-hexoside-O-ferulate-O-acetate [52,58] 1

39 17.12 268, 330
799 [(M − H)]−, 623 [(M − H) − Fer]−, 461 [(M − H) − Fer − Hex]−, 371

[(M−H)− Fer−Hex− 90]−, 343 [(M−H)− Fer−Hex− 90− CO]−, 341
[(M − H) − Fer − Hex − 120]−, 313 [(M − H) − Fer − Hex − 120 − CO]−

Chrysoeriol-C-hexoside-O-hexoside-O-ferulate
[52,58] 1

40 17.31 270, 325
727 [M − H]−, 551 [(M − H) − Fer]−, 461 [(M − H) − Fer − 90]−, 433 [(M
− H) − Fer − 90 − CO]−, 431 [(M − H) − Fer − 120]−, 403 [(M − H) − Fer

− 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene)-O-ferulate

[15,25,52]
1

41 17.48 255, 270, 330
593 [M − H]−, 417 [(M − H) − Fer]−, 357 [(M − H) − Fer − 60]−, 329 [(M
− H) − Fer − 60 − CO]−, 327 [(M − H) − Fer − 90]−, 299 [(M − H) − Fer

− 90 − CO]−
Luteolin-C-pentosyl-O-ferulate [56] 1

42 17.69 270, 325
769 [M − H]−, 593 [(M − H) − Fer]−, 551 [(M − H) − Fer − Ac]−, 461 [(M
− H) − Fer − Ac − 90]−, 433 [(M − H) − Fer − Ac − 90 − CO]−, 431 [(M
− H) − Fer − Ac − 120]−, 403 [(M − H) − Fer − Ac − 120 − CO]−

Apigenin-C-hexoside-C-(4-hydroxy-1-
ethylbenzene)-O-ferulate-O-acetate

[15,25,52]
1
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Table 6. Cont.

No. t, min UV, λmax, nm ESI-MS, m/z Compound [Ref.] IL *

43 17.91 268, 330

841 [(M − H)]−, 665 [(M − H) − Fer]−, 623 [(M − H) − Fer − Ac]−, 461 [(M
− H) − Fer − Ac − Hex]−, 371 [(M − H) − Fer − Ac − Hex − 90]−, 343

[(M − H) − Fer − Ac − Hex − 90 − CO]−, 341 [(M − H) − Fer − Ac − Hex
− 120]−, 313 [(M − H) − Fer − Ac − Hex − 120 − CO]−

Chrysoeriol-C-hexoside-O-hexoside-O-ferulate-O-
acetate [52,58] 1

44 18.03 268, 330
799 [(M − H)]−, 623 [(M − H) − Fer]−, 461 [(M − H) − Fer − Glc]−, 371

[(M − H) − Fer − Glc − 90]−, 343 [(M − H) − Fer − Hex − 90 − CO]−, 341
[(M − H) − Fer − Hex − 120]−, 313 [(M − H) − Fer − Hex − 120 − CO]−

Chrysoeriol-C-hexoside-O-hexoside-O-ferulate
[52,58] 1

45 18.33 266, 328
607 [(M − H)]−, 431 [(M − H) − Fer]−, 341 [(M − H) − Fer − 90]−, 313 [(M
− H) − Fer − 90 − CO]−, 311 [(M − H) − Fer − 120]−, 283 [(M − H) − Fer

− 120 − CO]−
Apigenin-C-hexoside-O-ferulate [52,58] 1

46 18.58 266, 328
607 [(M − H)]−, 431 [(M − H) − Fer]−, 341 [(M − H) − Fer − 90]−, 313 [(M
− H) − Fer − 90 − CO]−, 311 [(M − H) − Fer − 120]−, 283 [(M − H) − Fer

− 120 − CO]−
Apigenin-C-hexoside-O-ferulate [52,58] 1

47 19.43 253, 265, 333
637 [(M − H)]−, 461 [(M − H) − Fer]−, 371 [(M − H) − Fer − 90]−, 343 [(M
− H) − Fer − 90 − CO]−, 341 [(M − H) − Fer − 120]−, 313 [(M − H) − Fer

− 120 − CO]−
Chrysoeriol-C-hexoside-O-ferulate [52,58] 1

* Identification levels: (1) putatively annotated compounds after comparison of UV and mass-spectral data with literature data; (2) identified compounds after comparison of UV,
mass-spectral data, and retention time with reference standards. Abbreviations: Ac—acetyl; Fer—feruloyl; Glc—glucose; Hex—hexose.
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3.3.1. Luteolin Glycosides

Twenty-one derivatives of luteolin were C-, O-, and C,O-glycosides with non-acylated
and acylated structures. Luteolin-4′-glycoside (34) was the only O-glycoside found among
the cucumber flavonoids and identified by direct comparison of tR, UV, and MS data
with the reference standard. Three C-glycosides, orientin (luteolin-8-C-glucoside, 18),
isoorientin (luteolin-6-C-glucoside, 20), and luteolin-6-C-arabinoside (24), gave specific
mass-spectrometric patterns that are typical for flavone-C-glycosides [52] and similar to
those of the reference standards.

The largest group of luteolins was C,O-glycosides with 17 compounds, including the
known flavones of isoorientin-2′′-O-glycoside (4) [53], isoorientin-7-O-glycoside (lutonarin,
5) [60], isoorientin-6′′-O-glycoside (6) [61], and isoorientin-4′-O-glycoside (7) [62]. Tentative
structures were attributed to three isomeric flavones, 1–3, which gave a deprotonated ion
with m/z 771, sequential loss of two hexose fragments (m/z 771→609→447) [63], and an
ion cascade typical for luteolin-C-glycosides such as orientin and isoorientin (m/z 357,
329, 327, 299) [52]. The abovementioned results indicated the structures of 1–3 as possibly
being luteolin-C-hexoside-di-O-hexosides. The UV spectral data for 1 and 2 (λmax 255,
270, 350 nm) were close to 6/8-C- and 7-O-glucosides of luteolin [64], suggesting the
presence of this type of substitution as in the case of isoorientin-7,2′′-di-O-glycoside or
isoorientin-7,2′′′-di-O-glycoside putatively assigned in barley leaves [65], but thus far not
isolated from any plant. The spectral pattern of 3 showed a hypsochromic shift of band
I (1, 2: 350 nm→3: 338 nm), which is possible in the case of 4′-O-substituted luteolin
glycosides [63] as for isoorientin-4′,2′′-di-O-glycoside [66].

The remaining luteolins were acylated C,O-glycosides incorporating fragments of
acetic and ferulic acids. Isomeric acetates of luteolin-C-hexoside-di-O-hexoside 13, 15, and
17 showed the loss of an acyl group with m/z 42 followed by the series of ions found in the
cleavage products of 1–3. Most likely, 13, 15, and 17 are the mono-acetates of 1–3, although
to date there is still no information on natural flavones with similar structures. Compounds
28, 29, and 31 gave ions with m/z 785 ([M − H]−) and 609, indicating the loss of the 176
amu fragment. The hypsochromic shift of bands I compared with isoorientin (349→333 nm)
is possible in the case of ferulic fragment substitution [33,52]. The other ions were close
to luteolin-C-hexoside-O-hexosides, such as compounds 4–6, suggesting the structures of
28, 29, and 31 as possibly being mono-feruloylated analogs of 4–6, for which the natural
equivalents are still unknown.

Compounds 35 and 36 were concluded to be luteolin-C-hexoside-O-ferulates owing to
the UV and MS data showing similarities to isoorientin-2′′-O-ferulate and
orientin-2′′-O-ferulate [57]. Flavone 41 was luteolin-C-pentoside-O-ferulate because its
mass spectrum was similar to that of 24 (luteolin-6-C-arabinoside) from which the feruloyl
fragment has been previously removed. The only acylated C,O-glycoside 38 contained
the residues of both acetic and ferulic acids. Evidence of this included the loss of ferulic
(m/z 665→489) and acetic acid (m/z 489→447), followed by the cleavage pattern typical
for isoorientin/orientin [52]. The natural compounds close to 38 and 41 are unknown.

3.3.2. Apigenin Glycosides

Sixteen apigenins were found in cucumber flowers, including the reference identified
as saponarin-6′′-O-ferulate [29] and specific Cucumis flavones constituting apigenin fused
with the 4-hydroxy-1-ethylbenzene residue at the C-6 or C-8 positions. Among the latter
compounds, we detected apigenin-6-C-(4-hydroxy-1-ethylbenzene)-8-C-glucoside or cuc-
umerin A (30) and apigenin-6-C-glucoside-8-C-(4-hydroxy-1-ethylbenzene) or cucumerin
B (27), which were first isolated from the leaves of C. sativus infected by a plant pathogen
that caused powdery mildew (Podosphaera fuliginea (Schltdl.) U. Braun & S. Takam.) [15],
and glucosides of 27 (cucumerin C) and 30 (cucumerin D) were isolated by us from healthy
cucumber leaves [25].
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Flavones 16 and 19 were the isomers of 12 and 14 and are likely to contain the isomeric
to glucose fragment of galactose. Compounds 8–11 showed similar mass-spectral patterns
to those of cucumerins C and D in which the presence of an additional hexose fragment rep-
resented apigenin-C-hexoside-C-(4-hydroxy-1-ethylbenzene) di-O-hexosides. The nature of
compounds 8–11, 16, and 19 is unknown, and more research is needed to determine their
structures. The approach used for identification of luteolin glycosides made it possible
to determine the tentative structures of acylated glycoside. Compound 33 was found to
be apigenin-C-hexoside-O-hexoside-O-ferulate isomeric to 32, compounds 40 and 42 were
acylated cucumerins or apigenin-C-hexoside-C-(4-hydroxy-1-ethylbenzene)-O-ferulate and
apigenin-C-hexoside-C-(4-hydroxy-1-ethylbenzene)-O-ferulate-O-acetate, respectively, and
isomeric apigenin-C-hexoside-O-ferulates 45 and 46 were most likely ferulates of isovitexin
and vitexin [29,33].

3.3.3. Chrysoeriol Glycosides

Derivatives of chrysoeriol were the smallest group of flavones detected in cucumber
flowers that are biogenetically related to luteolins. Two known compounds identified
after comparison of chromatographic and spectral data with reference standards included
isoscoparin-2′′-O-glucoside (21) and isoscoparin-7-O-glucoside (22). Flavones 23, 25, and 26
were concluded to be chrysoeriol-C-hexoside-O-hexosides and had similar spectral patterns
to 21 and 22. Elimination of the feruloyl fragment was detected in the mass spectra of 37, 39,
and 43 (m/z 799→623), and after that, cleavage was similar to isoscoparin O-glucosides 21
and 22, indicating the probable structure of chrysoeriol-C-hexoside-O-hexoside-O-ferulates,
which are still unidentified in plants. The deprotonated ion of 43 was 42 amu larger, which
indicated the presence of an additional acetyl group upon evaluating the structure of
chrysoeriol-C-hexoside-O-hexoside-O-ferulate-O-acetate. Compound 47 was found to be
chrysoeriol-C-hexoside-O-ferulate owing to its spectral similarity with isoscoparin/scoparin
(chrysoeriol-6/8-C-glucosides) and arguably is isoscoparin-2′′-O-ferulate isolated earlier
from other cucurbits, Bryonia alba and B. dioica [67].

Previously, in flowers of cultivars of C. sativus (Olimp F1, Hela F1, Cezar F1, Polan
F1, Monastyrski, and Delicius) from Poland, after HPLC and TLC analyses, only flavonols
were detected, including kaempferol 3-O-glucoside, isorhamnetin 3-O-glucoside, quercetin
3-O-glucoside, and kaempferol 3-O-rhamnoside [18]. In our study, only flavones were
identified, which may be the reason for the individual chemical variability. For the other
flavonoids, isoorientin was described in the leaves of Polish cucumber cultivars [18] and
orientin and cucumerins A and B in the leaves of Canadian cultivars [15]. The remaining
compounds were described for C. sativus for the first time. The presence of feruloylated
flavone-C,O-glycosides derived from isovitexin and isoscoparin was demonstrated in leaves
of UK cucumber cultivars [14], which combined with other data suggests that acylation
of the flavonoids in cucumber tissues is characteristic for the species or genus overall,
although the last statement requires additional confirmation.

3.4. Quantification of Nine Flavonoids in Cucumber Flowers

To quantify cucumber flowers, nine flavonoids were selected as markers, including
isoorientin-4′-O-glucoside (7), cucumerin D (12), cucumerin C (14), orientin (18), isoorientin
(20), luteolin-6-C-arabinoside (24), cucumerin B (27), juncein (34), and
chrysoeriol-C-hexoside-O-hexoside-O-ferulate (37) (Table 7).

The main criterion included non-trace concentrations of compounds, and the mark-
ers completely satisfied this requirement. Ten cultivars were those most commonly
used in greenhouses of Baikal Region to produce cucumber fruits and flowers. The ob-
tained results demonstrated variations in total flavonoid content from 6.94 mg/g (cv.
Parisian Gherkin F1) to 11.23 mg/g (cv. Perseus F1). The dominant flavonoids included
isoorientin (1.52–3.24 mg/g), cucumerin B (1.42–3.33 mg/g), isoorientin-4′-O-glucoside
(0.93–1.92 mg/g), and cucumerin D (0.52–1.27 mg/g), which account for more than 80% of
total flavonoids in cucumber flowers.
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Table 7. Content of nine flavonoids in flowers of ten cucumber cultivars.

Comp. a
Flavonoid Content in Cultivars b, mg/g of Dry Plant Weight ± S.D.

A B C D E F G H I J

7 1.53 ± 0.03 1.27 ± 0.02 1.48 ± 0.03 1.92 ± 0.05 1.02 ± 0.02 1.89 ± 0.04 1.11 ± 0.02 0.93 ± 0.02 1.53 ± 0.04 1.27 ± 0.02
12 0.93 ± 0.02 0.90 ± 0.02 0.72 ± 0.02 0.52 ± 0.01 1.04 ± 0.02 1.14 ± 0.02 1.27 ± 0.02 0.90 ± 0.02 1.25 ± 0.03 1.18 ± 0.02
14 0.29 ± 0.00 0.31 ± 0.00 0.14 ± 0.00 0.25 ± 0.00 0.38 ± 0.01 0.32 ± 0.00 0.37 ± 0.01 0.28 ± 0.00 0.14 ± 0.00 0.08 ± 0.00
18 0.10 ± 0.00 0.08 ± 0.00 0.15 ± 0.00 0.20 ± 0.00 0.11 ± 0.00 0.18 ± 0.00 0.12 ± 0.00 0.08 ± 0.00 0.11 ± 0.00 0.15 ± 0.00
20 2.63 ± 0.05 3.07 ± 0.06 1.89 ± 0.04 1.52 ± 0.03 2.93 ± 0.06 3.24 ± 0.06 3.18 ± 0.06 2.43 ± 0.05 3.02 ± 0.06 2.63 ± 0.06
24 0.45 ± 0.01 0.32 ± 0.00 0.40 ± 0.01 0.25 ± 0.00 0.20 ± 0.00 0.44 ± 0.01 0.35 ± 0.01 0.39 ± 0.01 0.47 ± 0.01 0.22 ± 0.00
27 2.04 ± 0.04 2.53 ± 0.05 2.83 ± 0.05 1.42 ± 0.03 2.57 ± 0.05 3.01 ± 0.07 3.22 ± 0.06 1.57 ± 0.03 1.93 ± 0.05 2.73 ± 0.05
34 0.68 ± 0.01 0.73 ± 0.02 0.50 ± 0.01 0.58 ± 0.01 0.79 ± 0.02 0.75 ± 0.02 0.53 ± 0.01 0.42 ± 0.01 0.59 ± 0.01 0.63 ± 0.01
37 0.31 ± 0.00 0.25 ± 0.00 0.20 ± 0.00 0.27 ± 0.00 0.31 ± 0.00 0.25 ± 0.00 0.11 ± 0.00 0.18 ± 0.00 0.25 ± 0.00 0.29 ± 0.00

Total 8.96 9.46 8.31 6.94 9.37 11.23 10.26 7.18 9.29 9.19

a Compounds: 7—isoorientin-4′-O-glucoside; 12—cucumerin D; 14—cucumerin C; 18—orientin; 20—isoorientin;
24—luteolin-6-C-arabinoside; 27—cucumerin B; 34—juncein; 37—chrysoeriol-C-hexoside-O-hexoside-O-ferulate.
b Cultivars: A—Arcadia F1; B—April F1; C—Madhur F1; D—Parisian Gherkin F1; E—Perseus F1; F—Secret F1;
G—Shruti F1; H—Titus F1; I—Tulsi F1; J—Zozula F1.

The known data on flavonoid content in cucumber flowers was found for Chinese
cultivars containing 5.45 mg/g [8]. Edible flowers of varying botanical origin may contain
fewer flavonoids, as in the flowers of Malus spectabilis (1.6 mg/g), Dianthus caryophyllus,
Rosa rugosa (2.5 mg/g), Crocus sativus (2.6 mg/g), and Oroxylum indicum (3 mg/g), or a
similar content, as in the flowers of Matthiola incana (7.5 mg/g), Nelumbo nucifera (7.8 mg/g),
Rosa centifolia (10.9 mg/g), and Myosotis sylvatica (11.1 mg/g) [68,69]. In this regard, edible
flowers of C. sativus may be considered a good source of flavonoids.

3.5. Inhibition of Mammal Lipases by Flavonoids of Cucumber Flowers

Fourteen selected flavonoids were studied as inhibitors of two mammalian pancreatic
lipases of porcine (PPL) and human origin (HPL), and the obtained results demonstrated a
similar mode of action for the studied compounds (Table 8). The group of luteolin deriva-
tives included nine flavone C-, O-, and C,O-glycosides. Isomeric isoorientin and orientin
were different with respect to the extent of inhibitory potential, and luteolin-6-C-glucoside
has an advantage towards isoorientin (IC50 22.63 µM—PPL; 15.32 µM—HPL). The attach-
ment of an additional glucose moiety to the isoorientin skeleton induced altered bioactivity
with the most pronounced effect in the case of isoorientin-2′′-O-glucoside (IC50 12.68 µM—
PPL; 10.06 µM—HPL). The influence of the 6′′-O-attached glucose was insignificant (IC50
22.15 µM—PPL) or resulted in lower activity (IC50 30.63 µM—HPL). The substitution
of 7-O- and 4′-O-hydroxyl groups of isoorientin greatly reduced inhibition of PPL (IC50
49.54 µM—isoorientin-7-O-glucoside; 63.18 µM—isoorientin-4′-O-glucoside) and HPL
(IC50 38.62 µM—isoorientin-7-O-glucoside; 77.11 µM—isoorientin-4′-O-glucoside). In the
transition from isoorientin to its 3′-O-methyl ester (isoscoparin), a significant decrease in
the inhibitory activity was observed, regardless of the location of the glucosyl substituent.
These results demonstrate that the 6-C-located glucose and its 2′′-O-substitution may play
a fundamental role in mammalian lipase inhibitory properties of luteolin derivatives. Pre-
viously, similar phenomenon was found for isoorientin and isoorientin-2′′-O-rhamnoside
isolated from centipede grass (Eremochloa ophiuroides) and showed good inhibition of
PPL [70]. Comparatively speaking, non-6-C-glucosylated juncein (luteolin-4′-O-glucoside)
is a weak lipase inhibitor.
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Table 8. Inhibition of mammal lipase activity by selected flavonoids from cucumber flowers, IC50,
µM ± S.D.

Compound
Lipase Source

Porcine Pancreatic Lipase Human Pancreatic Lipase

Orientin 35.60 ± 1.10 e 36.22 ± 1.11 e

Isoorientin 22.63 ± 0.70 c 15.32 ± 0.45 b

Isoorientin-7-O-glucoside 49.54 ± 1.57 g 38.62 ± 1.16 e

Isoorientin-4′-O-glucoside 63.18 ± 1.93 i 77.11 ± 2.39 i

Isoorientin-2′′-O-glucoside 12.68 ± 0.41 b 10.06 ± 0.35 a

Isoorientin-6′′-O-glucoside 22.15 ± 0.69 c 30.63 ± 0.91 d

Isoscoparin-7-O-glucoside >100 >100
Isoscoparin-2′′-O-glucoside 85.19 ± 2.56 j 92.53 ± 2.77 j

Juncein 67.11 ± 2.09 i 60.30 ± 1.83 h

Cucumerin A 40.27 ± 1.22 f 37.56 ± 1.12 e

Cucumerin B 25.63 ± 0.77 d 20.89 ± 0.63 c

Cucumerin C 45.83 ± 1.40 g 47.14 ± 1.45 f

Cucumerin D 12.53 ± 0.34 b 10.35 ± 0.30 a

Saponarin-6′′-O-ferulate 56.29 ± 1.69 h 52.60 ± 1.57 g

Orlistat (reference substance) 10.18 ± 0.31 a 15.83 ± 0.48 b

Values with different numbers (a–j) indicate statistically significant differences among groups at p < 0.05 by
one-way ANOVA.

Oher flavonoids were derivatives of apigenin, among which the most active was
cucumerin B or 6-C-glucoside of apigenin-8-C-(4-hydroxy-1-ethylbenzene) (IC50 25.63 µM—
PPL; 20.89 µM—HPL) and its 2′′-O-glucoside or cucumerin D (IC50 12.53 µM—PPL;
10.35 µM—HPL). 8-C-glucosylation reduced the bioactivity of flavones, as in the case
of cucumerins A and C. Saponarin-6′′-O-ferulate, despite the presence of 6-C-glucose, was
also 7-O-substituted, which negatively affected the bioactivity of the compound. Thus, the
structure–activity relationships found for luteolin derivatives have also been observed in
apigenin glycosides.

Flavonoids, owing to their wide distribution in plants and the wide variety of struc-
tural types, have been studied many times and are still being studied for their influence on
the activity of mammalian pancreatic lipases [22]. The interest in this problem is associated
with evidence of the inhibitory effect of flavonoids on this group of digestive enzymes [71].
Among the key structural features, the presence of which leads to the appearance of
the biological effect, are the presence or absence of additional fragments of monosaccha-
rides and/or benzoic acids or hydroxycinnamates attached to the main skeleton of the
molecule [72]. These regions of the molecule can form hydrogen bonds or participate in
the van der Waals interaction between the flavonoid molecule and fragments of the lipase
molecule containing residues of phenylalanine, tyrosine, and tryptophan [73]. Because of
these interactions, the microenvironment of regions of the lipase molecule is transformed,
and its conformation is changed, which negatively affects the ability of the enzyme to
perform lytic functions. The molecules of hesperidin [74], catechins [75], myricetin [76],
and luteolin [70] have a similar effect on lipases. Our data on the pronounced inhibitory
effect of 2′′-O-glucosylated derivatives of luteolin and apigenin are most likely associated
with this phenomenon of changing the configuration of the enzyme macromolecule. To
obtain more rigorous evidence for this hypothesis, additional studies are needed, which
will be performed in the future.

The data obtained in the bioactivity study revealed the significance of C. sativus
flavones for the anti-mammalian lipase effect of the total flavonoid fraction, which in turn
can affect the activity of the total flower extracts. New information about the chemical
composition and biological activity of C. sativus indicates that this agricultural species is
not only a source for obtaining traditional food products, which are fruits, but also clearly
confirms the possibility of using cucumber flowers as a culinary and dietary product. The
variety of glycosylflavones found in cucumber flowers suggests the presence of “usual”
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types of activity for flavonoids, such as antioxidant, antimicrobial, anti-inflammatory,
and others [77–80], which has been repeatedly confirmed for various representatives
of the luteolin and apigenin series [80,81]. Of great importance are data on the high
quantitative content of flavones in cucumber flowers (~700–1100 mg/100 g), which is
close to the values of known food sources of flavonoids, such as those for parsley, black
currants, blueberries, blackberries, green tea (~100–300 mg/100 g), elderberries, capers, and
chokeberry (~300–1500 mg/100 g) [82], and allows us to consider them as an additional
food source of this group of compounds. Separately, the production of cucumber flowers
does not require the organization of additional greenhouse space because they can be
obtained on the territory occupied by the production of fruits. In most cases, parthenocarpic
varieties are used for growing cucumbers, the removal of flowers from which does not
affect the quality or productivity of plants; thus, cucumber flowers can easily become a
new and affordable food product.

4. Conclusions

Chromatographic study of cucumber (Cucumis sativa) flower metabolites indicated the
presence of flavonoids, which were accumulated in the total fraction after LLE, SPE, and
macroporous resin separation. Application of HPLC–PDA–ESI–tQ–MS/MS assay made it
possible to identify 47 flavones that were derivatives of luteolin, apigenin, and chrysoeriol
in the form of glycosides. To the best of our knowledge, our study is the first extensive
study of cucumber flower flavonoids. Together with data on the high quantitative content
of flavonoids, the flowers of C. sativa are a rich source of dietary flavonoids. The flavonoid
fraction and selected compounds demonstrated the ability to inhibit mammalian pancreatic
lipases in some cases close to the orlistat potential. These results provide new data on the
beneficial properties of edible flowers of cucumber as an original functional food.
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