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Abstract
In this article, we describe the benefits of sublimation for natural product and food chemistry. The direct sublimation of
substances from dried plant powders has not received much attention in research in the past, just like the sublimation of
substances from dried plant extracts. We used sublimation to study dried sea buckthorn berry powders and dried sea buckthorn
berry extracts. The results of the powder sublimations were compared to that of dried chokeberry, wolfberry, and European cornel
powder. 52 marker substances of which 27 are specific for sea buckthorn were found in the sea buckthorn powder sublimates
using LC/MS. The majority of them are not described in the literature and were obtained by direct sublimation. Accordingly,
sublimation can help to identify new plant constituents. Our identification method was validated by the analysis of four com-
mercially available fruit powders. The sea buckthorn powder showed an almost 80% correlation with the determined marker
substances, whereas the other fruit powders did not achieve more than 38% correlation. The sublimates of sea buckthorn extracts
show additional marker substances compared to the fruit powder sublimate, and we think that both techniques can be used to fight
food fraud.
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Introduction

Plant-based products and isolated natural substances play a
significant role in many areas of our life. Some of them are
consumed directly in the form of food, including food addi-
tives and supplements that contribute to a healthy lifestyle.
Other products such as plant extracts are employed in the
production of ointments, creams, and other cosmetic products
(Frede 2006). Because of their promising health properties,
they are also extensively studied and their active ingredients
are isolated (Gurib-Fakim 2006). Between 1981 and 2014, for
example, natural products and their derivatives accounted for
approximately 26% of newly approved pharmaceuticals
(Newman and Cragg 2016). To obtain these substances first,

the plant material has to be extracted which is a key step in
drug discovery.

Classical extraction methods which use organic solvents
of different polarities, water, and their mixtures are still the
most commonly used methods today. In addition to the
well-known techniques such as maceration, percolation,
and Soxhlet extraction, more modern methods such as ul-
trasound and microwave extraction are also employed. The
use of ionic liquids as extraction medium is quite specific,
whereas supercritical fluids are widely applied nowadays
(Kassing et al. 2010). Volatile substances such as essential
oils are still derived mainly by distillation techniques.
Normally, extracts are complex mixtures of substances.
Therefore, it is necessary to separate them to obtain certain
classes of substances or pure compounds. To achieve higher
purity products, there are multiple approaches which range
from preparative planar chromatography to column chro-
matographic methods such as flash chromatography, high-
performance liquid chromatography, or simulated moving
bed chromatography to liquid-liquid isolation techniques
such as counter-current chromatography (Sticher 2008;
Bucar et al. 2013; Lin et al. 2015). These purification steps
are cost intensive and time consuming, so methods that de-
liver a higher purity product are of great interest.
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Sublimation offers the possibility to obtain substances or
mixtures of substances in higher purity. This is due to the fact
that only few compounds tend to sublimate. However, by
using low pressures in combination with elevated tempera-
tures, more substances can be sublimated. Similar to distilla-
tion, the purity of the final product can be influenced by vary-
ing the sublimation parameters (Matz 1966). The application
of sublimation as a method to obtain natural products out of
plant material has gained only a small amount of attraction
over the last decades. The majority of publications show sub-
limation as a final clean-up step to isolate pure natural com-
pounds out of plant extracts (Kosuge and Kamiya 1962;
Hargreaves et al. 1968; Burnett and Thomson 1967; Aoyagi
et al. 1974; Kuzma et al. 2001; Guidoin et al. 2003). The direct
sublimation of substances out of natural sources is mentioned
significantly less in the literature (Glavin et al. 2006;
Arvindekar et al. 2015). Since the accumulation of substances
in the sublimate is an exclusive event, the process of sublima-
tion is very interesting for the study of natural materials. It is
also a solvent-free method, which requires only a little time
and effort.

Regardless of whether the plant is used directly or in
processed form, the quality of the product must be
checked. In addition to protection against financial conse-
quences of fraud, the health of the consumer is of course
the priority, as the addition, absence, or exchange of ingre-
dients can have fatal consequences (Spink and Moyer
2011). Both target and non-target analyses are performed
to control raw materials and production goods. The former
require one or better several known substances in the sam-
ple material and thus can be quantitative. Non-target anal-
yses are qualitative and refer to unspecific signals, so that
the data is seen as a fingerprint of the sample. Depending
on the different raw materials and products, a variety of
analytical equipment is required to enable data acquisition.
Mass spectrometry (MS), polymerase chain reaction
(PCR), and liquid chromatography (LC) are the most com-
monly used detection methods (Hong et al. 2017). Since
people who commit fraud adapt to existing methods, a
broad arsenal of techniques is desirable.

This study aims to demonstrate the benefits of utilizing
sublimation as an additional method to obtain natural products
from plant material. Additionally, it shows the possible appli-
cation in quality control for raw materials and plant-based
products in combination with LC/MS.

Material and Methods

Chemicals

All solvents used were of LC/MS or HPLC grade
(CHROMASOLV™) and were purchased from Fisher

Chemical (Thermo Fisher Scientific, Schwerte, Germany).
Cis-7-hexadecenoic acid (≥98%) and palmitoleic acid ethyl
ester (≥95%) were purchased from VWR (VWR
International, Vienna, Austria). Analytical standards of (+)-
catechin, trans-p-coumaric acid, (-)-epicatechin, ethyl
myristate, 2-hydroxysuccinic acid methyl ester, linoleic acid
(≥99%), linolenic acid, palmitoleic acid, phenethyl hexanoate
(≥97%), oleic acid (≥99%), tetradecane, and cis-vaccenic acid
were obtained from Sigma-Aldrich (Sigma-Aldrich, St. Louis,
USA). Ethyl trans-4-decenoate (>98%) and cis-3-hexen-1-yl
hexanoate (>98%) were bought from TCI (TCI Germany,
Eschborn, Germany).

Sample Collection

Ripe fruits of sea buckthorn (Hippophae rhamnoides), choke-
berry (Aronia melanocarpa), wolfberry (Lycium barbarum),
and European cornel (Cornus mas) were harvested at the
“Landesforschungsanstalt für Landwirtschaft und Fischerei
Mecklenburg-Vorpommern” in Gülzow-Prüzen Germany
and stored at −20°C. We obtained berries of four varieties of
sea buckthorn, namely Habego (HBG), Otradnaja (OTR),
Trofimovskaja (TRO), and an unknown variety originated
from the Alps (ALP). The chokeberries were all of the same
type called Viking. The variety of the wolfberries is unknown.
The European cornel belongs to the variety Albrechts Frühe.
Samples of HBG were harvested in 2018; OTR, TRO, and
ALP in 2017; chokeberry in 2017; and wolfberry and
European cornel in 2015. The berries were transported to the
laboratory using cooler boxes filled with ice. Samples were
stored at −18 °C until further treatment.

Sample Preparation

After thoroughly washing with ultrapure water and removal of
small leftover branches the fruits were freeze-dried for 48 h
using the lab lyophilizer VaCo 2 (ZIRBUS technology, Bad
Grund, Germany). To obtain a fine powder, the dried samples
then were homogenized using the ANMER CG 8120 coffee
grinder. Fruit powders were either extracted right after grind-
ing or were stored at −18°C until further use.

Liquid plant extracts were concentrated using a rotary
evaporator and stored at −18°C. Right before their application
in sublimation, the extracts were dried under reduced pressure
(10−3 mbar) at 60 °C for 1 h to prevent contamination of the
cooling fingers through bubble formation.

Extraction Procedures

Sublimation

In a 250-mL round bottom flask, 2 g of fruit powder was
heated up to 90 °C using a heating plate with an oil bath.
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The flask was equipped with a cooling finger which was per-
manently cooled to 5 °C. The pressure during the sublimation
was always <0.1 mbar. After 6 h, the sublimation was
stopped. Deposited material was rinsed from the cooling fin-
ger with 3 mL of methanol. The solutions were measured with
a high-performance liquid chromatography-electrospray ioni-
zation-mass spectrometer system (HPLC-ESI-MS) and after-
wards stored in the fridge. All powders were examined this
way, and sublimations were done in triplicate.

Sublimation of the dried extracts was done in the same way
but with a longer heating time of 24 h and lower oil bath
temperature of 60 °C to prevent decomposition.

Ultrasound and Microwave Extraction (UME)

10 g of sea buckthorn (HBG) fruit powder were extracted
three times with different solvents (Table 4) applying a solvent
to solid ratio (mL/g) of 25:1. In the first step, the Teflon con-
tainers filled with sample and solvent were sonicated for
15 min using the ultrasound bath Sonorex Super RK 52
(Bandelin, Berlin, Germany). The fruit powder was then ex-
tracted three times at a defined temperature (Table 4) using the
microwave Mars 240/50 (CEM Corporation, Matthews,
USA). The second and third extraction steps were each per-
formed with fresh solvent. The extraction time of microwave
extraction was 10 min for each run at a microwave power of
800 MHz. Combined extracts were concentrated using a rota-
ry evaporator and then stored at −18 °C.

HPLC-ESI-MS Analysis

The analyses were carried out on an HPLC-ESI-MS system
(UltiMate™ 3000, LTQ XL™) (Thermo Fisher Scientific,
Dreieich, Germany). The data was processed with the
Xcalibur™ Software (version 3.0.63) and visualized with
OriginPro® 2020. Separations were performed on a
Kinetex® Phenyl-Hexyl column (150 × 2.1 mm, 2.6 μm)
at a controlled temperature of 35 °C. The mobile phases
consisted of methanol with 0.1% (v/v) formic acid (eluent
A) and water with 0.1% (v/v) formic acid (eluent B), using
a gradient program as follows: 0 min 60% B; 10 min 5% B;
20 min 5% B; 30 min 20% B; 35 min 60%B; 40 min 60%
B. The flow rate was 150 μL/min and the injection volume
was 5 μL. Retention times (RT) are always given in mi-
nutes (min).

The MS was set up as follows: scan ESI negative (−);
sweep gas flow: 10 arb. unit; auxiliary gas flow: 5 arb. unit;
sheath gas flow: 35 arb. unit; m/z range: 50–2000; spray
voltage: −3.0 kV; capillary temperature 275 °C; capillary
voltage: −30.0 V; tube lens voltage: 30 V; H-ESI source
heater: 300 °C.

Measurement of Reference Substances

Reference substances used to identify the ingredients in the
sublimates were measured on the LC/MS employing the same
method as used for the sublimates. The standard substances
were dissolved in methanol and measured at a concentration
of 1 mg/ml. The reference compounds were known ingredi-
ents of sea buckthorn berries, which had molecular masses
consistent with the mass-charge rations found in the sea buck-
thorn powder sublimates.

Validation of the Identification Method

To verify the specificity of the identified maker substances,
a blind test was performed. Four commercially available
fruit powders were analyzed by sublimation. These were
fruit powders of rose hip (Alpi Investment LTD, Sofia,
Bulgaria) , orange (Good Smoothie GmbH, Böhl-
Iggelheim, Germany), mango (Bremer Gewürzhandel
GmbH, Bremen, Germany), and sea buckthorn (Fläminger
Genussland GmbH, Niederer Fläming OT Reinsdorf,
Germany). The samples were placed in four identical brown
glass vials and referred to as samples one to four, so the
investigator did not know which powder belonged to which
fruit. They were then analyzed in the same way as the other
fruit powders by sublimation. Only the composition of the
sublimate was used to check whether the sea buckthorn
berry could be identified by the previously determined
marker substances.

Results and Discussion

We used sublimation to study dried fruit powders and dried
extracts. For this purpose, we took advantage of the benefits of
sublimation, namely products with increased purity, no sol-
vent consumption, and fast sample preparation.

Firstly, the sublimates of different varieties of sea buck-
thorn were compared, and some relevant marker compounds
were identified. Afterwards, sublimates of chokeberry, wolf-
berry, and European cornel were prepared, and the occurrence
of the previously determined markers were checked. Finally,
different extracts of the Habego (HBG) berry and its subli-
mates were compared and additional marker substances were
detected (Fig. 1).

In the following, the MS results of the plants are only
discussed for the negative scan mode. The positive scan mode
shows similar but fewer peaks which can be attributed to
compounds (see supporting information, Figure I). It is there-
fore not discussed further. All chromatograms are displayed in
base peak mode.
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Fruit Powder Sublimation

Sea Buckthorn Powder Sublimation

Since we had four different species of sea buckthorn berries
available, we first subjected them to sublimation and com-
pared the results (Fig. 2).

For each of the varieties we used, we were able to discover
peculiarities in their composition that set them apart from the rest.
Thus, we found specific masses in the varieties HBG, OTR, and
ALP, which were exclusively found in their sublimates (exam-
ples in supporting information, Figures II-V). The TRO variety
differed from the other varieties. Masses typical for the other
species could not be detected here. The evaluation of the chro-
matograms ultimately results in a specific composition for each
variety. In Table 1, all masses are listed which make a qualitative
distinction between the four types of sea buckthorn possible. Of
course, there are also overlaps between the species, but the pro-
portions of certain substances in the plants vary. For example,

three main peaks in each chromatogram appear at the time range
from 17 to 19 min but they differ in peak height. The reason for
this can be, in addition to the difference in the variety, varying
harvest times, weather, and environmental influences. We can
also see some small variation in intensity for the first eluting
substances at a retention time of 2–3 min. Peaks between 12
and 16 min also show differences in their intensities but the
variety of the Alps does not distinguish as much from the others
as it may seem at first sight (see supporting information, Fig. VI).

Identification of Marker Compounds in the Sublimates of Sea
Buckthorn Berries

Apart from the differences, we were particularly interested in
the similarities between the sublimates. Is it possible to use
sublimation to obtain certain markers from a plant to deter-
mine its identity independently of its specific variety? Table 2
compiles a list of compounds that could be found in the sub-
limates of all sea buckthorn berries examined in this study.

Fig. 1 Experimental design of the current study

Fig. 2 Base peak chromatograms
of sea buckthorn powder
sublimates. The four investigated
varieties Habego (HBG),
Otradnaja (OTR), Trofimovskaja
(TRO), and a variety form the
Alps (ALP) show a similar peak
pattern. The Normalization Level
(NL) indicates the intensity of the
largest peak for each
chromatogram
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After qualitative analysis of chromatograms and associated
mass spectra, these substances were defined as marker com-
pounds that generally appear in berry sublimates of sea buck-
thorn. This assumption is supported by the fact that four vari-
eties of sea buckthorn berries were investigated which were
harvested in 2017 and 2018. Prerequisite for the inclusion of
the substances in Table 2 was the detection limit being
exceeded in each of the twelve sublimates (three sublimations
per variety) obtained from the fruit powders. According to the
guidelines of the ICH (International Conference on
Harmonization), this was checked by visual evaluation
(Shrivastava and Gupta 2011).

Some of the natural compounds found in the sublimates of
sea buckthorn were identified by comparing theMS fragments
with literature data and then performing measurements of ref-
erence substances. These are primary metabolites, which can
be found in most plants. Among them are small organic acids
like malic acid as well as fatty acids like palmitic acid.
However, most of the masses found in the sublimates of the
sea buckthorn varieties were not described in literature before.
Therefore, it can be assumed that these are as yet unknown
secondary plant constituents of sea buckthorn. This discovery
is interesting for several reasons, since we hereby showed that
sublimation can be used to obtain previously unknown natural
substances from plant materials.

Chokeberry, Wolfberry, European Cornel Powder Sublimation

To determine whether or not these markers were specific for
sea buckthorn, we compared all of them to the sublimates of
chokeberry, wolfberry, and European cornel powders. Even a

brief look at the chromatograms of the various sublimates
shows that there are some differences in their composition
(Fig. 3).

At early retention times (2–4 min), it is noticeable that the
wolfberry shows only a very small peak here. The other fruits
display similar peaks in this range only sea buckthorn having
an additional peak at RT 2.8 min. A comparison of the mass
spectra in this poorly resolved part of the chromatogram rein-
forces the first impression when looking at the graphs. The
European cornel, which has the largest peak area in common
with the sea buckthorn, also displays many of the samemasses
in this area. The chokeberry also shows a great similarity with
the sea buckthorn. Only the wolfberry differs quite strongly
from the latter already in this range (Table 3). The greatest
similarity with sea buckthorn is shown by the European cornel
which shows 20 of the 52 markers of the sea buckthorn. This
is followed by the chokeberry with 18 and the wolfberry with
16 matches. In total, 27 specific markers remain for the sea
buckthorn (Table 2). Each of the plant sublimates has specific
peaks in its chromatogram that do not occur in the others. In
the chromatogram of the wolfberry, these are found at about 5
and 20 min, in the case of the European cornel at 8 min, in the
case of the chokeberry at 9 min, and in the case of the sea
buckthorn at 10–15 min. The comparison of the MS spectra
shows no further matches between the sea buckthorn and the
other plant sublimates up to minute 17. The main components
of all sublimates are different fatty acids, which were detected
in the range between minute 17 and 19. The amount differs
depending on the plant and, for example, palmitoleic acid
could only be detected in the sea buckthorn and the wolfberry.

After the chromatograms and MS spectra of the sublimates
were compared with each other, the results suggest that the
initial question can be answered. The direct sublimation of
substances from dried plant material makes it possible to ob-
tain marker compounds to determine the identity of a plant.
This result shows that direct sublimation can be used as an
additional method to combat food fraud.

Validation of the Identification Method

In order to verify whether the specific marker substances can
really be used to identify the sea buckthorn berry, four addi-
tional fruit powders were commercially acquired. These were
the fruit powders of sea buckthorn, rose hip, pineapple, and
orange. The powders were selected according to their visual
similarity to sea buckthorn powder and presented to the inves-
tigator as powders one to four. The ingredients of the subli-
mates of the powders were compared with the marker sub-
stances of the sea buckthorn berry sublimates and the corre-
spondence was checked (Table 4).

It can easily be seen that powder four had the highest sim-
ilarity in the composition of its sublimate with that of the sea
buckthorn berry sublimates. Nearly 80% of the marker

Table 1 Specific mass-to-charge ratios (m/z) that were found in the
chromatograms of the sea buckthorn sublimates of HBG, OTR, and
ALP. Some masses that occur to all these varieties are not detected
(n.d.) in the chromatogram of the sea buckthorn sublimate of TRO

HBG TRO

RT (min) m/z RT (min) m/z

2.8 413 2.8 n.d. 577

5.5 119 4.6 n.d. 232

5.5 165 4.6 n.d. 300

OTR 4.6 n.d. 362

RT (min) m/z 7.2 n.d. 203

15.2 368 16.2 n.d. 297

15.2 383 16.2 n.d. 333

15.2 384 17.0 n.d. 225

ALP 17.0 n.d. 227

RT (min) m/z 25.7 n.d. 423

16.6 223

16.6 337

19.5 311
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Table 2 Marker compounds that
were found in every sublimate of
each sea buckthorn powder
investigated. Most of the
substances could not be identified
(n.i.) after comparison of m/z
values with literature data and
measured reference substances.
27 (*) of these markers were
found to be specific for the sea
buckthorn after comparison with
other fruit sublimates

ID RT (min) Structure assignment Molar mass (g/mol) m/z References

1 2.0 Fumaric acid 116.07 115

2 2.0 Malic acid 134.09 133 (Tiitinen et al. 2006)

3 2.0 (+)-Catechin 290.27 289 (Rösch et al. 2003;
Määttä-Riihinen et al. 2004;
Olas et al. 2018)

4 2.0 n.i. 333

5 2.1 n.i. 158

6 2.1 n.i. 159

7* 2.1 n.i. 175

8 2.1 n.i. 186

9 2.1 n.i. 245

10 2.1 n.i. 291

11 2.2 n.i. 231

12 2.2 n.i. 298

13 2.2 n.i. 327

14 2.3 n.i. 163

15 2.3 n.i. 203

16 2.3 n.i. 289

17 2.4 n.i. 129

18* 2.8 n.i. 179

19 2.8 n.i. 381

20* 3.3 n.i. 171

21* 12.9 n.i. 218

22* 12.9 n.i. 246

23* 13.8 n.i. 218

24* 13.8 n.i. 233

25* 14.2 n.i. 188

26* 14.2 n.i. 217

27* 14.2 n.i. 232

28* 14.2 n.i. 260

29* 14.2 n.i. 275

30* 14.5 n.i. 216

31* 14.5 n.i. 244

32* 14.5 n.i. 259

33* 14.7 n.i. 246

34* 14.7 n.i. 274

35* 14.7 n.i. 289

36* 15.0 n.i. 219

37* 15.0 n.i. 230

38* 15.0 n.i. 245

39* 15.7 n.i. 197

40* 15.7 n.i. 265

41* 15.7 n.i. 327

42* 16.9 n.i. 381

43 17.0 Hexadecadienoic acid 252.39 251 (Teleszko et al. 2015)

44* 17.0 n.i. 271

45* 17.0 n.i. 319

46 17.4 Linolenic acid 278.43 277 (Dulf 2012; Teleszko et al. 2015)

47 17.4 Palmitoleic acid 254.41 253 (Teleszko et al. 2015; Dulf 2012;
Schiller 1989; Cakir 2004;
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substances could be found here whereas only 38%, 33%, and
17% were detected in powder two, three, and one (see
supporting information, Table III). If only the specific marker
compounds are considered the results become even more ev-
ident. Powders two and three show none of the specific
markers in their sublimates and powder one only one. 74%
of the specific marker substances were found in the fourth fruit
powder, only 5% less than the overall match. The results
clearly indicate that powder number four is the sea buckthorn
powder. This was confirmed after consultationwith the person
who filled the samples. Thus, it could be shown that the iden-
tification of plant powders using marker substances from sub-
limates is possible. The differences in composition between
the commercially acquired sea buckthorn berry powder and
the self-produced powder are probably due to different grow-
ing areas. Furthermore, the commercial powders were not
stored permanently at −18 °C.

Sea Buckthorn Extracts

Plant components are often extracted before further process-
ing. Sea buckthorn, for example, can be found in many
creams, ointments, and other cosmetic articles which require
different types of plant extract for their production (Frede
2006). For this reason, various extracts of sea buckthorn
berries (HBG) were subjected to sublimation. Solvents of dif-
ferent polarities, namely water, methanol, 1-butanol, ethyl ac-
etate, trichloromethane, and toluene were chosen for the ex-
traction (Table 5).

As expected, the compositions of the extracts were differ-
ent. This can be seen from both the dry weights and the chro-
matograms of the extracts (Fig. 4).

More polar solvents such as water and methanol dissolve
substances like small organic acids, flavonoids, sugars, and
their combinations much better. As these compounds are

Table 2 (continued)
ID RT (min) Structure assignment Molar mass (g/mol) m/z References

Ercisli et al. 2007)

48 17.8 Palmitic acid 256.43 255 (Teleszko et al. 2015; Dulf 2012;
Schiller 1989; Cakir 2004;
Ercisli et al. 2007; Hirvi and
Honkanen 1984)

49 17.8 Linoleic acid 280.45 279 (Teleszko et al. 2015; Dulf 2012;
Cakir 2004;
Ercisli et al. 2007)

50 18.2 cis-vaccenic acid 282.46 281 (Teleszko et al. 2015; Dulf 2012;
Schiller 1989; Cakir 2004;
Ercisli et al. 2007)

51 18.2 n.i. 349

52 18.2 n.i. 586

Fig. 3 Base peak chromatograms
of the different fruit powder
sublimates
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present in the sea buckthorn to a high degree, these extracts
thus have the highest dry weights. The chromatograms of the
non-polar extracts show stronger peaks in the range of 10–
30 min. In this range, there are mainly peaks from phytos-
terols, fatty acids, and carotenoids. Besides the obvious dif-
ferences between polar and non-polar extracts, there are sig-
nals in each extract that do not occur in the others. These, in

combination with all other substances found in the extracts,
provide a unique fingerprint for the plant extracts.

Sublimates of Sea Buckthorn Extracts

With this aspect in mind, the dry extracts were used in subli-
mation. Since the choice of solvent determines the composi-
tion of the extracts, it is not surprising that the chromatograms
of the sublimates also differ (Fig. 5).

Each sublimate contains fewer peaks in the chromatogram
compared to the dry extract. Since many substances cannot be
sublimated due to their low vapor pressures, this was to be
expected. For example, the sublimates lack any sugar com-
pounds and a high amount of non-polar substances which
appear in the chromatograms of the less polar extracts in the
range of 10–30 min. Fatty acids, on the other hand, are the
main components in the sublimates of organic solvent extracts
and show the largest peaks in the range of 17–19 min. In the
extracts, they are hardly noticeable apart from the larger sig-
nals of other compounds (see supporting information,
Figure VII). The higher purity is particularly useful when sub-
stances are to be isolated from the sublimates. The compara-
tively small number of compounds makes chromatographic
separation of the ingredients easier. At the same time, it is still
possible to distinguish each of the sublimates. Mass spectra of
the respective chromatograms were examined and thus sepa-
rate marker substances could be defined for each extract sub-
limate (see supporting information, Table IV). Of particular
interest in this context are the compounds that occur in only
one of the sublimates. These can be divided into two groups.
The first group consists of compounds that can also be detect-
ed in the dry extracts. Accordingly, these serve as marker
substances for both the sublimates and the extracts. When
extracting sea buckthorn with alcohols, for example, malic
acid esters are formed. These esters are present in both the
sublimate (Fig. 6) and the extract. This ester formation is help-
ful on the one hand because it helps to identify these extracts.
On the other hand, a general disadvantage of the extraction

Table 3 Marker substances of sea buckthorn that are present (x) in
chokeberry, wolfberry, and European cornel

RT (min) m/z Aronia Wolfberry European cornel

2.0 115 x x

2.0 133 x x x

2.0 289 x x

2.0 333 x x

2.1 291 x

2.1 158 x x

2.1 159 x x

2.1 186 x x x

2.1 245 x x x

2.2 231 x x x

2.2 298 x x

2.2 327 x x

2.3 163 x x

2.3 203 x

2.3 289 x x

2.4 129 x x

2.8 381 x

17.0 251 x

17.4 277 x x x

17.4 253 x

17.8 255 x x x

17.8 279 x x x

18.2 281 x x x

18.2 349 x x x

18.2 586 x x

x, present in sublimate

Table 4 Conformity of sublimates of commercially purchased fruit
powders with all (total) or specific (*) previously determined marker
substances of the sea buckthorn berry

Fruit powder

1 2 3 4

Matching compounds
(total)

9 20 17 41

(17%) (38%) (33%) (79%)

Matching compounds
(*)

1 0 0 20

(4%) (0%) (0%) (74%)

Table 5 Extraction solvents, temperature, and dry weights of sea
buckthorn (HBG) extracts prepared by ultrasound and microwave extrac-
tion (UME). The weight was 10 g sea buckthorn powder for each extrac-
tion. Extraction temperatures varied due to different boiling points

Extraction solvent Dry weight (g) Extraction temperature (°C)

Water 5.1 80

Methanol 5.1 60

1-Butanol 4.6 80

Ethyl acetate 2.9 60

Trichloromethane 2.8 60

Toluene 2.8 80
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process can be seen, because the reaction with solvents chang-
es ingredients.

Marker compounds that appear in the extracts as well as in
the sublimates of the extracts were found for all solvents,
except water (Table 6).

However, most of the marker substances found in the sub-
limates of the dry extracts could not be detected in the extracts
(Table 7). This may be due to several reasons. Firstly, the
concentration of some compounds in the extracts is so low
that they cannot be detected by MS. Through sublimation,
these compounds can be enriched at the cooling finger where-
as many other substances remain in the extract. Since the
cooling finger was rinsed with only a small amount of solvent,
the concentration of the sublimated substances was relatively

high and detection became possible. Another reason could be
explained by the low thermodynamic stability of some ingre-
dients of the sea buckthorn. The applied heat and the high
vacuum could cause these substances to decompose, and the
products of these processes could be deposited on the cooling
finger. Irrespective of which case applies, these and most of
the other compounds obtained by sublimation from the dry
extracts are of great interest. Firstly, due to the unique com-
position of the sublimates, it is possible to infer the extraction
agent with which they were originally extracted. This would
allow certain products in the food industry to be checked for
authenticity. On the other hand, many of the substances we
found in the sublimates of the dry extracts are not known in
literature. Thus, sublimation offers us the possibility of

Fig. 4 Base peak chromatograms
of sea buckthorn (HBG) extracts

Fig. 5 Base peak chromatograms
of sea buckthorn (HBG) extracts
sublimates
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enriching and discovering still unknown compounds also
from extracts.

After performing sublimation with both dry plant powder
and dried plant extracts, the advantages of this approach are
obvious. Sublimation from the powder requires less prepara-
tion and fewer steps, uses no solvent except for rinsing the
cold traps, and therefore produces hardly any waste. The sub-
limates also have a higher purity, which will make it easier to
isolate new substances from them. In contrast, sublimation

from the extracts has the advantage that the ingredients in
the extract are enriched and thus a larger quantity of

Fig. 6 Mass range
chromatograms (m/z 147 for
methanol, m/z 189 for butanol)
and corresponding MS spectra of
formed malic acid esters

Table 6 Marker compounds that were found in dry extracts and their
sublimates

Methanol Ethyl acetate Toluene

RT (min) m/z RT (min) m/z RT (min) m/z

2.4 147 2.2 271 2.3 173

2.6 289 2.4 259

1-Butanol Trichloromethane 9.3 204

RT (min) m/z RT (min) m/z 9.3 219

2.6 186 2.4 195 9.3 331

2.8 127 3.5 161 11.2 231

5.4 385 11.2 249

8.5 219 11.8 248

12.3 287

15.6 271

15.8 295

16.2 365

16.9 269

Table 7 Marker compounds of the dry extracts sublimates which did
not appear in the extracts. Sublimates of extracts of non-polar solvents
like toluene and trichloromethane show the highest number of possibly
not yet described substances for sea buckthorn

Water Ethyl acetate Toluene

RT (min) m/z RT (min) m/z RT (min) m/z RT (min) m/z

2.3 163 2.7 367 2.4 197 7.9 313

2.8 247 5.7 401 2.6 111 10.5 120

Methanol Trichloromethane 2.6 161 10.5 164

RT (min) m/z RT (min) m/z 2.6 523 10.5 192

13.3 221 2.3 273 2.8 225 10.8 219

13.3 236 2.8 289 3.0 225 10.8 262

13.3 293 2.8 413 3.3 239 10.8 277

13.3 361 3.3 275 3.3 301 11.2 216

1-Butanol 5.2 271 3.3 316 12.2 202

RT (min) m/z 8.8 192 3.7 235 12.2 230

16.1 331 12.5 189 3.7 297 12.2 258

16.1 399 12.5 259 3.9 267 12.2 273

12.5 351 5.0 119 12.3 232

13.9 189 5.4 221 12.9 202

13.9 259 5.4 233 12.9 230

13.9 351 5.4 295 12.9 258

15.6 245 6.5 132 12.9 273

6.6 144 15.6 285

7.9 251
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substances is available for sublimation. As a result, the subli-
mates of the extracts contain more substances. The choice of
solvent can also be used to control in advance what kind of
compounds the sublimate will contain.

Conclusions

These results show that sublimation is a very promising
addition to the more commonly used extraction methods.
We were able to define 52 marker compounds which ap-
pear in the sublimates of sea buckthorn fruit powders. Even
more marker compounds were determined for the subli-
mates of different sea buckthorn extracts. Compared with
three other fruit powder sublimates, the sea buckthorn still
shows 27 specific markers. Specific marker substances
were also found in each of the sublimates of the dry ex-
tracts. Some of them were also present in the extracts, but
most were occurring exclusively in the sublimates.
Particularly interesting in both cases is that most of the
sublimated compounds were not described in literature
concerning sea buckthorn before. In this sense, sublimation
thus offers a completely new possibility for identifying
previously unknown plant constituents. To the best of our
knowledge, we are the first to show that sublimation is a
tool to identify plants and their extracts, so it could be
utilized in the detection of food fraud. More research is
needed in this field of analytical chemistry, and in the next
step, sublimation on different plant materials could be
studied. Also, a scale-up of the sublimation would be of
interest so structures that remain unknown until now can
be identified.
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