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The profile of flavan-3-ols and proanthocyanidins in five different Rosa species (R.
canina, R. glutinosa, R. rubiginosa, R. multiflora, and R. spinosissima) was esti-

mated on high performance thin layer chromatography cellulose plates. Differ-

ences in flavanol and proanthocyanidin profiles of the extracts were evident, among

which Rosa spinosissima stood out with catechin as the only detected flavanol and red

zones as indication of anthocyanins. Furthermore, the elution solvent for thin layer

chromatography with mass spectrometry analyses of glycosylated flavan-3-ols and

proanthocyanidins was optimized, enabling identification of catechin, (epi)catechin

hexoside, proanthocyanidin dimer, and proanthocyanidin dimers and trimers hexo-

sides. A total of 15 flavanols and their derivatives were identified using ultra-high-

performance liquid chromatography with linear trap quadrupole-Orbitrap mass ana-

lyzer and epicatechin, gallocatechin, and proanthocyanidin trimer were identified only

using this technique. However, proanthocyanidin trimer trihexoside was identified

only by thin-layer chromatography with mass spectrometry. To establish the relation-

ships between the flavanols and proanthocyanidins composition of rose hip and their

origin, principal component analysis was performed on the entire set of liquid chro-

matography/mass spectrometry data. Both principal components’ scores plots showed

that Rosa spinosissima could be considered as an outlier. Our study demonstrated that

flavanol and proanthocyanidin profiles of different rose hips depend on the geograph-

ical origin rather than on the cultivar and genotype.
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1 INTRODUCTION

The genus Rosa contains over 100 species that are widely dis-
tributed mostly in Europe, Asia, the Middle East, and North

Article Related Abbreviations: DMACA, 4-dimethylaminocinna-
maldehyde; HPTLC, high-performance thin-layer chromatography;
LTQ-Orbitrap MSn, linear trap quadrupole-Orbitrap mass analyzer; PA,
proanthocyanidin; PC, principal component; PCA, principal component
analysis.

America [1]. The rose hip is the pseudo fruit of plants belong-
ing to Rosa genus. The usage of those medicinal plants dates
back to Hippocrates’ time. During World War II, it was used
for preventing scurvy since it was rich in vitamin C [2]. In
traditional folk medicine, aqueous extracts of petals, fruit, and
leaves of Rosa plants are applied to treat various diseases such
as nephritis, common cold, flu, coughing, bronchitis, eczema,
itching, and biliary diseases [3,4]. Rose hips are endowed
with vitaminisant, astringent, colagogue, choleretic, diuretic,
antidiarrhoea, and antioxidant properties. The rose hips are
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also considered as an important source of food [5]. Roses are
economically the most important ornamental plants and are
also used as a source of aromatic oils for the perfume indus-
try [6].

Studies on the phytochemical compounds found in Rosa
species have shown that its fruits contain phenolic acids [7],
proanthocyanidins (PAs) and pectins [3], flavonoids [8], fatty
acids [9], fruit acids (ascorbic acid, malic acid, and citric acid)
[10], essential oils [11], phyto-oestrogens [12], sugars and
vitamin C [13], minerals [14], and carotenoids [15]. Clinical
studies have shown that polyphenols found in large amounts
in rose hip extracts, are responsible for the antioxidant, anti-
inflammatory, and antimutagen effect [16,17]. Simplicity,
inexpensive operating costs, and simultaneous analysis of
several samples and standards, put high-performance thin-
layer chromatography (HPTLC) in a favourable position in
certain investigations [18–20]. HPTLC was applied for both
qualitative [21–25] and quantitative analyses of flavanols in
plant extracts [26–30]. A significant contribution to the anal-
ysis of flavan-3-ol and PAs using HPTLC-MS in combination
of silica gel, diol, and cellulose was given so far [31–33] espe-
cially when two-step predevelopment procedure solution for
high backgrounds and ion suppression effects was proposed
on silica gel [31]. The aim of this study was: (i) to assess
flavan-3-ol and PA profiles of rose hip extracts of five Rosa
species: Rosa canina, Rosa glutinosa, Rosa rubiginosa, Rosa
multiflora, and Rosa spinosissima by using HPTLC coupled
to MS and UHPLC coupled with linear trap quadrupole and
Orbitrap mass analyzer (UHPLC-LTQ-Orbitrap MSn), (ii)
to propose tentative structures of glycosylated flavan-3-ols
and PAs on the basis of their monoisotopic mass and MS/MS
fragmentation, and (iii) to show whether it is possible to
obtain information on specifics of Rosa species and/or their
geographical origin based on the flavan-3-ol and PA profiles,
using principal component analysis (PCA).

2 MATERIALS AND METHODS

2.1 Plant material
The high yielding dog rose genotypes were selected from the
spontaneous flora (from populations that showed no anthro-
pogenic influence) and collected for experiments from diverse
locations (Supporting Information Table S1). The genotypes
were identified according to taxonomical criteria [34] as R.
canina (ten genotypes), R. glutinosa (one genotype), R. rubig-
inosa (one genotype), R. multiflora (one genotype), and R.
spinosissima (one genotype). All selected bushes were well-
formed, without any pest symptoms. Thirty mature hips per
genotype were harvested randomly according to shape and
color uniformity, from all cardinally-oriented branches with
different directions around the bush. Selected rose hips were
harvested at the fully ripe maturity stage for each species as

judged by their colour [35]. After a short transport in cold con-
tainers, samples were stored at−20◦C until chemical analysis.

2.2 Reagents and standards
Acetonitrile and methanol (both of MS grade) were pur-
chased from Fluka (Buch, Switzerland). Toluene, formic acid,
acetic acid, and 4-dimethylaminocinnamaldehyde (DMACA)
were obtained from Merck (Darmstadt, Germany), and
methanol and n-propanol (both of HPLC grade) from Sigma–
Aldrich (Steinheim, Germany). Standard of (+)-catechin
was obtained from Carl Roth (Karlsruhe, Germany), (−)-
epicatechin and rutin from Sigma–Aldrich, and procyani-
din B1, procyanidin B2, procyanidin A2, epicatechin gallate,
and (−)-epigallocatechin gallate from Extrasynthesè (Genay,
France). All other reagents were of analytical grade. Bidis-
tilled water was used.

2.3 Preparation of rose hip extracts and
standard solutions
Rose hip samples, frozen with liquid nitrogen, were ground up
by Mikro-Dismembrator S (Sartorius, Göttingen, Germany)
at a frequency of 1700/min for 1 min. Each sample (500 mg)
was mixed with 10 mL of 70% methanol and stirred for 10 min
on a magnetic stirrer. After centrifugation at frequency of
4000 rpm for 5 min, the supernatant was filtered through a
0.45 μm polyvinylidene fluoride membrane filter (Millipore,
Billerica, MA, USA) and stored at −20◦C prior to analysis.
All extractions were done in triplicate. All stock solutions of
flavan-3-ol and PA standards used for HPTLC and HPTLC-
MS analysis were prepared in methanol with concentration of
100 μg/L. A 1000 mg/L stock solution of catechin standard
was used for UHPLC-LTQ-Orbitrap MSn analysis. All solu-
tions were stored in a refrigerator at −80◦C.

2.4 HPTLC
Separations were performed on 20 cm × 10 cm HPTLC cellu-
lose plates (Merck, Darmstadt, Germany). Before application,
the plates were predeveloped in water [36]. Rose hip extracts
(10 μL) and standard solutions (application volumes are given
in each figure caption) were applied as 8 mm bands, 10 mm
from the bottom of the plate, and 15 mm from the left edge
of the plate using an application device Automatic TLC Sam-
pler 4 (Camag, Muttenz, Switzerland). Plates were developed
up to 80 mm with pure water [24,25], n-propanol/water/acetic
acid (20:80:1, v/v/v) [25] or n-propanol/water/acetic acid
(4:2:1, v/v/v) [25] as developing solvents in an unsaturated
twin trough chamber (Camag). After development the plates
were dried in a stream of warm air for 2 min, followed by
postchromatographic derivatization with DMACA reagent.
Specific details of the postchromatographic derivatization
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can be seen in Supporting Information. The chromatographic
plates were captured 10 min after derivatization under UV
(366 nm) and white light by using DigiStore 2 Documenta-
tion System (Camag).

2.5 HPTLC with MS detection
HPTLC cellulose plates were cut into 10 cm × 10 cm,
7 × 10 cm, or 6 × 10 cm and n-propanol/water/acetic acid
(4:2:1, v/v/v) was used as the developing solvent. Application
volumes of rose hip extracts were 15 μL. To achieve better
resolution for samples 1–3, water was used as a mobile phase.
Rose hip extracts were applied as 6 mm bands, 10 mm or
15 mm from the bottom of the plate, and 15 mm from the left
edge of the plate. After development and drying, only the first
sample track was derivatized with DMACA detection reagent
(Supporting Information Fig. S1A). The blue zones visible on
the derivatized track were used for proper positioning of elu-
tion head of TLC-MS interface (Camag) and each zone was
eluted from the plate and transferred into the MS detector. The
whole plates were dipped into DMACA reagent after HPTLC-
MS analysis, (Supporting Information Fig. S1B). Additional
information of HPTLC-MS analysis can be seen in Support-
ing Information.

2.6 UHPLC coupled with linear ion
trap-Orbitrap MS
In order to identify flavan-3-ols and PAs in the negative ion-
ization mode, an LC system consisting of a quaternary pump
600 Accela and Accela Autosampler connected to a linear
trap quadrupole Orbitrap mass spectrometer with ESI-heated
probe (HESI-II, ThermoFisher Scientific, Bremen, Germany)
was used. Separation was performed on a Syncronis C18 col-
umn (100 mm × 2.1 mm, 1.9 μm) column with mobile phase
consisting of (A) water + 0.1% formic acid and (B) acetoni-
trile + 0.1% formic acid. A linear gradient program: 0.0–
1.0 min 5% (B), 1.0–12.0 min from 5 to 95% (B), 12.0–
12.2 min from 95 to 5% (B), and then 5% (B) for 3 min were
used [37]. Ion source settings and parameters were the same as
in the study of Natić et al. [37]. Xcalibur software (version 2.1)
was used for instrument control and data analysis. Molecule
editor program, ChemDraw (version 12.0) was used as to
calculate accurate mass of compounds of interest. Unknown
compounds were identified on the basis of their monoisotopic
mass and MS4 fragmentation, and confirmed using previously
reported MS fragmentation data found in literature [38,39].

2.7 PCA
PCA was realized using the PLS_Tool Box software package
for MATLAB (Version 7.12.0). All data were group scaled
prior to PCA. The singular value decomposition algorithm

F I G U R E 1 Chromatograms of 14 rose hip extracts (Supporting
Information Table S1) on HPTLC cellulose plates developed using
n-propanol/water/acetic acid (4:2:1, v/v/v)

and a 0.95 confidence level for Q and Hotelling’s T2 limits
for outliers were chosen.

3 RESULTS AND DISCUSSION

3.1 HPTLC analysis of rose hip extracts
Flavan-3-ols and PAs profiles of rose hips extracts were
investigated using HPTLC cellulose plates developed in:
pure water, n-propanol/water/acetic acid (20:80:1, v/v/v), and
n/propanol/water/acetic acid (4:2:1, v/v/v; Supporting Infor-
mation Fig. S2). The obtained chromatogram showed rela-
tively good resolution, but separation was not satisfactory
(Supporting Information Fig. S2A). When mixture of n-
propanol/water/acetic acid (20:80:1, v/v/v) was used as a
developing solvent, both resolution and separation were not
satisfactory (Supporting Information Fig. S2B). Finally, a
mixture of n-propanol/water/acetic acid (4:2:1, v/v/v) proved
to be the most appropriate developing solvent (Supporting
Information Fig. S2C): A chromatogram with the largest num-
ber of zones in the tracks of the samples was obtained and the
zones were the most compact.

The chromatograms developed using a mixture of
n-propanol/water/acetic acid (4:2:1, v/v/v) are shown in
Fig. 1. Differences among flavan-3-ols and PA profiles
of rose hips extracts are evident. All samples, with the
exception of sample 2, contained the zone with the highest
RF value, which corresponded to catechin standard (Support-
ing Information Fig. S2C). The epimers, (+)-catechin and
(−)-epicatechin are separated using n-propanol/water/acetic
acid (4:2:1, v/v/v) as developing solvent [25]. However,
complete characterization of the compound corresponding
to the blue colored zone with the highest RF value in sample
9 was only possible using TLC-MS analysis. Sample 10 (R.
spinosissima) with the most intense zone with the highest RF
value and red/pink colored zones that indicate the presence
of anthocyanins proved to be a bit different compared to the
other investigated rose hip samples. Number and intensity of
blue colored zones in the chromatograms of the extracts 2, 3,
9, and 10 is lower than in other extracts.
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3.2 HPTLC-MS coupling and optimization
of MS conditions
The eluent selection and optimization of elution conditions
is an important step in the HPTLC-MS analysis. Following
procedure described by Smrke and Vovk [33], pure methanol
and mixture methanol/acetonitrile (1:2, v/v) were primarily
used as eluents in HPTLC-MS analysis of flavan-3-ol and PA
profiles of rose hip extracts. However, the two eluents were
inadequate for MS analysis of glycosylated flavan-3-ols and
PAs, showing a high level of noise in MS spectra (Support-
ing Information Fig. S3A and B). Moreover, HPTLC cellulose
plate dipped into DMACA reagent after HPTLC-MS analysis
showed that glycosylated flavan-3-ols and PAs were not eluted
completely (the blue colored zones were still visible, Support-
ing Information Fig. S3C and D). Also, the quality of the data
obtained by HPTLC-MS can be hampered by a severe spec-
tral background or by strong ion suppression. This problem
was solved with silica-gel using two predevelopments [31].
All these point to the necessity of optimization of HPTLC-MS
method in the sense of choosing the most appropriate eluent.

Here, in order to find an optimal system for elution of
glycosylated flavan-3-ols and PAs, four different eluents
were used: 1) methanol; 2) acetonitrile/water (2:1, v/v); 3)
methanol/water (7:3, v/v); and 4) acetonitrile/water (2:1, v/v;
1% formic acid in acetonitrile was added to the effluent
prior to injection into the liquid chromatography quadrupole
(LCQ) system). For the first three eluents, 1% formic acid
in methanol was added to the effluent prior to injection into
the LCQ system. HPTLC cellulose plate derivatized after
HPTLC-MS (Supporting Information Fig. S4) showed which
eluents were effective in elution. Namely, methanol was not
an appropriate eluent for the investigation of flavan-3-ols and
PAs on cellulose (zones were still blue colored after HPTLC-
MS analysis). As an example, MS spectra of PA trimer dihex-
oside m/z 1189 (zone F, Supporting Information Fig. S4) and
PA trimer trihexoside m/z 1351 (zone G, Supporting Infor-
mation Fig. S4) are presented in Supporting Information Fig.
S5. The most appropriate mixtures for MS analysis were
methanol/water (7: 3, v/v) and acetonitrile/water (2: 1, v/v)
with the addition of 1% formic acid in methanol to the efflu-
ent prior to injection into the LCQ system. The intensity of
peaks was higher when methanol/water (7:3, v/v) was used.
However, using mixture methanol/water (7:3, v/v) resulted
in a high pressure (∼30–35 bars) in the system, which led
to a rapid clogging of the interface, and this was the rea-
son for choosing acetonitrile/water (2:1, v/v) for HPTLC-MS
analysis.

3.3 Identification of flavan-3-ols and PAs in
rose hip extracts by TLC-MS
Each rose hip extract was analyzed on separate HPTLC
cellulose plates in four equal applications (15.0 μL). Mix-

ture of n-propanol/water/acetic acid (4:2:1, v/v/v) used as
developing solvent proved to be inadequate for the anal-
ysis of the extracts 1, 2, and 3 (Supporting Information
Table S1, Fig. S6), so pure water was used as mobile phase.
Results of HPTLC-MS analyses are summarized in Table 1
and HPTLC-MS spectrum of sample 5 is given in Fig. 2 as
an example. The total intensities obtained from the MS/MS
spectra for all identified compounds are presented in Support-
ing Information Table S3. A total of seven flavan-3-ol deriva-
tives were identified based on the search for the [M – H]–

deprotonated molecule and its MS2 and MS3 fragmentations.
All identified compounds were found in ten of fourteen inves-
tigated samples. All flavan-3-ol derivatives gave molecular
ions in the form of [M – H]– deprotonated molecules, except
(epi)catechin hexoside-chloride (487 m/z; Table S2), which
was ionized in the form of adduct with HCl. In MS2 spectrum
of (epi)catechin hexoside-chloride, base peak fragment at 451
m/z (deprotonated mass of (epi)catechin hexoside) and sec-
ondary MS2 peak of high intensity at 289 m/z resulting from
loss of hexose (162 Da) can be observed. Furthermore, pro-
files of samples 1, 2, 3, 9, and 10 were poorer when compared
with other rose hip extracts. Extracts 2 and 9 contained only
PA dimer, while in the extract 3 catechin was found along with
PA dimer. Based on the chromatogram presented in Fig. 1, it
could be assumed that all samples, with exception of sample
2, contained catechin. However, HPTLC-MS analyses showed
the absence of catechin in the extract 9, because the zone with
the highest RF value (zone I, Supporting Information Fig. S7)
corresponded to the mass 609 m/z (Supporting Information
Fig. S7), not 289 m/z, which would be in the case of catechin.
At first glance, insight into MS fragmentation of this com-
pound at 609 m/z, it was considered to be a rutin or its isomer,
but the final structure elucidation of it was confirmed later
using high resolution MS. Furthermore, sample 10 proved to
be a bit different when compared to the other rose hip samples,
as it contained anthocyanins (red zones, Fig. 1) and catechin
was only detected flavan-3-ol.

3.4 Determination of flavan-3-ols and PAs
by HPLC-MS
A total of 15 flavanols and PAs were identified based on the
search for the [M − H]− deprotonated molecule and its MS4

fragmentation. Chromatographic and MS data are summa-
rized in Supporting Information Table S4. Peak identification
was based on published data. The total intensities (peak areas)
for all identified compounds were obtained from the full
scan spectra (Supporting Information Table S5). In analyzed
extracts, it was possible to identify flavan-3-ol monomers (cat-
echin, epicatechin, and gallocatechin) and their derivatives
(PA dimers, trimers and their hexosides). Presence of flavan-
3-ol monomers was confirmed using available standards. As
for PA dimers, four of them were identified giving MS2 base
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peak at 425 m/z and secondary MS2 peaks at 451, 407, and
289 m/z. Compound with molecular ion at 451 m/z, MS2 base
peak at 137 m/z, and secondary MS2 peaks at 289 and 271
m/z was tentatively identified as (epi)catechin-hexoside. It was
interesting at this site to define a compound at 609 m/z, which
was found to be main peak in the rose hip extract 9 (R. mul-
tiflora). It produced the MS2 base peak at 301 m/z and sec-
ondary MS2 peak at 447 m/z, which was formed by loss of
hexose unit of 162 Da. From these data, it was concluded
that this compound was an isomer of rutin (quercetin 3-O-
rutinoside); because it had the same exact mass like rutin, but
it differs in the MS2 spectrum (MS2 secondary peak in the
case of rutin would be at 463 m/z, corresponding to the loss
of rhamnose unit of 146 Da). This was confirmed by record-
ing of rutin standard. Using well-known rules for determining
interglycosidic linkage in the case of flavonoid glycosides [40]
and based on MS fragmentation, this compound was marked
as quercetin 3-O-(4′-hexosyl)rhamnoside. By searching the
available literature on flavonoids in different R. spinosissima,
it was concluded that this compound was already isolated and
identified in R. multiflora [41] by the name multinoside.

3.5 Comparison of flavan-3-ol PAs profiles
of rose hip extracts
PCA was performed separately on the results obtained by
HPTLC-MS and UHPLC-LTQ-Orbitrap MSn (Fig. 3). PCA
of HPTLC-MS data resulted in three principal components
(PCs) explaining 96.1% of the variation of the data set. PC1
accounted for 73.8%, PC2 17.5%, and PC3 4.9% of the total
variance. As for the results of UHPLC-LTQ-Orbitrap MSn,
the first four components explained 93.8% of the total vari-
ance (PC1, PC2, PC3, and PC4 accounted for 45.7, 31.1, 12.4,
and 4.6%, respectively). Although the number of flavanols
and PAs identified by UHPLC-LTQ-Orbitrap MSn was twice
as high as by HPTLC-MS, similar clustering on PC scores
plots was obtained (Fig. 3A and C). Both PC scores plots
showed that sample 10 (R. spinosissima, Uvac) exceeded the
limits imposed by the Hotelling’s T2 95% probability ellipse
and could be considered as an outlier. Loadings plot based on
HPTLC-MS results revealed that catechin discriminated sam-
ple 10 from the other samples (Fig. 3B). Gallocatechin (I), PA
dimer isomer 1(XII), and epicatechin (XIII) were identified by
UHPLC-LTQ-Orbitrap MSn only in extract of R. spinosissima
(sample 10) and had the highest impact on separation of the
sample 10 (Fig. 3D).

PCA applied on HPTLC-MS results showed clustering of
samples from location Gornji Milanovac (samples 11–14)
along the PC2 dimension (Fig. 3A). Higher levels (the total
intensities) of PA dimer, PA dimer hexoside, PA dimer dihexo-
side, PA trimer dihexoside, and PA trimer trihexoside were the
most influential in separation of samples from location Gornji
Milanovac among the rest of samples (Fig. 3B). Additionally,
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F I G U R E 2 MS spectra of rose hip extract 5 eluted with acetonitrile/water (2:1, v/v) from HPTLC cellulose plate. A) catechin; B) (epi)catechin
hexoside-chloride; C) PA dimer B type; D) PA dimer monohexoside; E) PA dimer dihexoside; F) PA trimer dihexoside; G) PA trimer trihexoside

samples 4 and 5 (R. glutinosa and R. rubiginosa, respectively)
from location Mavrovo were distinguished by their high level
of (epi)catechin hexoside-chloride. Samples 2 and 3 (both R.
canina) from Novi Sad and sample 9 (R. multiflora) from
Vršac were grouped according to poorer flavanols and PAs
profile, where only PA dimer was identified in samples 2 and
9. PCA based on UHPLC-LTQ-Orbitrap MSn data resulted in
PC scores plot (Fig. 3C) where separation according to geo-
graphical origin was worse in comparison with PCA applied
on HPTLC-MS results. Samples 1–3 from Novi Sad, together
with 6 and 9 from Vršac, were separated from the other
samples along the PC1. PAs (II–V, VII, and X) had the highest
positive impact on PC1 and were the most influential in dis-
tinguishing samples 1, 2, 3, 6, and 9 from the other samples.

4 CONCLUDING REMARKS

The high-resolution MS as a powerful technique allowed
the identification of characteristic flavanols derivatives. Opti-
mization of elution conditions and selection of eluent proved
to be an important step in HPTLC-MS analysis. Mixture of

acetonitrile/water (2:1, v/v; 1% formic acid in methanol was
added to the effluent prior to injection into the LCQ system)
was chosen as the most suitable one. A total of seven fla-
vanols derivatives, flavanol monomers, PA dimmers, trimers,
and their hexosides, were identified by HPTLC-MS. The num-
ber of identified flavanol derivatives in several extracts, such
as two R. canina samples from Novi Sad, R. multiflora from
Vršac, and R. spinosissima from Uvac, were significantly
lower when compared with the other investigated samples.
Catechin was detected in all investigated rose hip extracts
with the exception of R. canina (Novi Sad) and R. multiflora
(Vršac). Furthermore, only PA dimer was detected in these
samples. On the other hand, the highest content of catechin
was found in R. spinosissima (Uvac). Also, UHPLC-LTQ-
Orbitrap MSn was used to determine flavanol and PA profiles
of rose hip extracts. The number of flavanol derivatives identi-
fied by UHPLC-LTQ-Orbitrap MSn was twice as higher while
using HPTLC-MS mostly due to the fact that several iso-
mers of the PA dimer, trimer, and their hexosides were identi-
fied. Actually, gallocatechin, PA trimer, and epicatechin were
identified only using UHPLC-LTQ-Orbitrap MSn. On the
other hand, PA trimer trihexoside was identified in rose hip
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F I G U R E 3 PC scores (A) and loadings (B) plot of results obtained by HPTLC-MS; PC scores (C) and loadings (D) plot of results obtained by
UHPLC–LTQ-Orbitrap MSn. Numbers on Figure 3D correspond to the detected flavanol derivatives as given in Supporting Information Table S4

extracts only by HPTLC-MS. A multivariate analysis, PCA
employed on the entire set of semiquantitative data revealed
from chromatogram in LC/MS experiment, showed a cluster-
ing of samples in two clusters. Such a grouping was a con-
sequence of the difference in flavanol and PA profiles, where
variations in the content of flavanol derivatives were desig-
nated as important parameters for the discrimination of the
samples. This research provided an answer to the question
whether the flavanol and PA profiles of different rose hips
depend on the geographical origin rather than on the culti-
var and genotype. Finally, similar profiles that were obtained
demonstrated the usefulness of the HPTLC-MS as it was not
only sufficiently reliable but could also be the method of
choice when analyzing flavanols and PAs containing taxa, as it
is easy to operate, economical with low consumption of sam-
ples and solvents, and based on the green chemistry principles
and practices.
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