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Abstract

Propolis tincture is an extracted form of raw prgpavith an extraction solvent, which can be
used against several diseases and makes it a lgossitvtaceutical. Raw propolis is often the
objective of geographical identification by its mkent content. It is harder to identify tinctures,
because different production processes may infliehe mineral content. Therefore the effect of
the extraction time (1 hour, 1 day, 1 week and htmpand the ethanol content (0, 50, 80 and
100% (v/v)) was checked and recorded based on ldmeat content of the tinctures. The 33
elements were classified into 3 groups by theiravedur. Most of the elements dissolved better in
water than in ethanol-content solvents. Essent&ahents were extracted well also in up to 80%
(v/v) ethanol content solvents. The concentratibmost of the elements did not change greatly

after 1 week. Geographical identification can bpliggd to the tinctures by their element content.
Keywords
propolis, tincture, element content, extraction tine, extraction solvent

1. Introduction
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Propolis or bee glue is a product of tApis melliferal. bees, which is collected from buds,
leaves and bark, which then exudes mixing withrteezymes and beewax. Propolis is used in the
beehive to cover the walls, to block the holestegpair combs and to embalm any alien species
which invade the hive, so they cannot escape (RjeBranero, Di Nezio, Centurion, Zon, &
Ferndndez, 2013). It has several beneficial effeets known in traditional medicine and has been
used for thousands of years. Antioxidant (Choi, N@ho, Suh, Kim, & Kim, 2006), anti-
inflammatory (Wang et al., 2014), antibacterial €@hYe, Ting, & Yu, 2018), antiviral (Takeda,
Nagamatsu, & Okumura, 2018), antifungal effectseifes et al., 2016) and hepatoprotective
(Banskota et al., 2001) as well as antitumoral y&l&wo et al., 2011) qualities are demonstrated. The
main constituents are 50-60% of resin and balm 3hd0% of wax. Other components, such as
pollens, vitamins and minerals (Barth, Freitas,xAdla Silva de, Matsuda, & Almeida-Muradian,
2013) are present in about 5% concentration. Thematal composition can vary based on the
botanical origin of the propolis (Aliboni, 2014)nAlytical techniques or chemical parameters that
can be used in geographical or botanical identifioaare the following: thin layer chromatography
and image analysis (Sarbu & K@011), reflectance spectroscopy @iVBoponar, & Sarbu, 2010),
gas chromatography-mass spectrometry (Isidorovzepmmiak, & Bakier, 2014), physicochemical
characteristics (Park, Alencar, & Aguiar, 2002)weeer the macro- and microelement content can
also be used for this purpose. Chinese (Gong, BQang, Gao, & Xie, 2012) and Argentinean
(Cantarelli, Camifia, Pettenati, Marchevsky, & Falt®, 2011) raw propolis was identified by their
element content, but other researchers have alalysaa the mineral content of raw propolis
(Bonvehi & Bermejo, 2013; Gonzalez-Martin et a012; Golubkina, Sheshnitsan, Kapitalchuk, &
Erdenotsogt, 2016).

Propolis is used as a component of pastes, nasalsspozenges, nutritional supplements or as
an additional component in honey (Osés, PascuagMadrnandez-Muifio, Lopez-Diaz, & Sancho,
2016). However in some countries, e.g. in Hunggarng, known as a tincture which is a product of

an extraction method, most commonly used with sdb/econtaining ethanol. Tinctures are a
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possible nutraceutical used in apitherapy, whiahloa part of a regular diet (Sadhana, Lohidasan,
& Mahadik, 2017; Galeotti, Maccari, Fachini, & Vali2018). Nutraceutical identifies a food or
part of a food, which can be of vegetal or animaio, has a potential pharmaceutical activity and
should have proven health beneficial effect asquirement (Santini & Novellino, 2018; Daliu,
Santini, & Novellino, 2019). The process can becdbsd as one of fractionation, which is a
classification of an analyte or a group of analytesn a certain sample according to physical (e.g.
size, solubility) or chemical (e.g. bonding, reeaity)) properties (Szpunar & Lobinski, 2003). The
tinctures can be prepared at home but the methangswith different extraction times and different
ethanol content. The recommended amount of ethaseal, however, should be at least 60% (v/v).
The extraction can last for 30 days, but aqueotraeixcan also be applied (Nagai, Inoue, Inoue, &
Suzuki, 2003).

The organic content of the tinctures has been eitely studied and analysed using different
extraction methods (Kalogeropoulos, Konteles, Tmaoli, Mourtzinos, & Karathanos, 2009;
Tylkowski, Trusheva, Bankova, Giamberini, Peev, &dova, 2010; De Zordi et al., 2014,
Galeotti, Maccari, Fachini, & Volpi, 2018)pwever the mineral content has not been so thbigug
studied (Cvek, MediSark, Vitali, Vedrina-Dragojed, Smit, & Tomi, 2008). While the raw
propolis can be identified by its geographical origased on element analysis, with tinctures & is
more complex problem, because they can be affdxstelifferent factors.

The aim of this study is to evaluate two factordha extraction method of propolis tinctures,
namely the ethanol content of the extraction sdhamd the time of the extraction process in
relation to the element content of the tinctures.

2. Materials and methods

2.1. Reagents and tools

High purity deionized water (18.2 ™Mcm) was used from MilliQ system (Bedford, MA, USA)
Analytical grade nitric acid (65% (w/w)) and hydeygperoxide (30% (w/w)) came from Scharlab

S.L. (Sentmenat, Spain). Calibration stock soluti@s made from 1000 mg'tmonoelement stock
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solutions from Scharlab S.L. (Sentmenat, Spaingepkrare earth elements (REES), which were
made from 100 mg £ multielement stock solution of REEs from Teknokl$ (Drabak, Norway).
Rhodium (Fluka, Buchs, Switzerland) was used amt@nnal standard in 40 pg'Lconcentration.
High purity anhydrous ethanot99.8% (v/v)) was used when the extraction solvevese being
from VWR International (Fontenay-sous-Bois, Frandéd)e>99.8% (v/v) ethanol is referred to as
100% (v/v) below. All the new plastic tools wereahed and soaked in 2% Hjfr 3 days, then
soaked in MilliQ water for 1 day, and finally rirdsevith distilled water and dried prior to use.

2.2. Samples

Tinctures were made from mixed raw propolis sammekected in 2014 from Hungarian
beekeepers from all over the country. Almost al ¢cbunties were represented in the mixed sample,
collected from at least 30 individual raw propgbioducers in equal quantities. These combined
samples formed an average composition of raw p®fram across the country. About 0.5+0.01 g
of homogenized raw propolis was measured and patphastic centrifuge tubes, then 5 ml of
extraction solvent was added. The extraction séévevere 0, 50, 80 and 100% (v/v) by their
ethanol content in MilliQ deionized water. The extion time was 1 hour, 1 day, 1 week and 1
month, respectively. The extraction took place ainm temperature (23+£2°C) in triplicate. The
tubes with the raw propolis and the extraction eots were intensively mixed by Biosan Vortex V-
1 at the beginning of the extraction process, ttvéne every working day. After the extraction
period the samples were mixed again and centrifugfed600%g for 10 min at 21+2 °C. The
supernatant was filtered with Filtrak 388 filtepyea and kept at room temperature in a dark place in
closed centrifuge tubes until digestion.

2.3. Sample preparation

The sample preparation was completed by microwagestion. Since ethanol and nitric acid
can enter into an intensive reactamd can be dangerous, therefore solvents were etagdoefore
digestion. After having been shaken, 2 ml of tmettires were pipetted into quartz vessels and

dried in an oven at 45°C to their constant weiglbtcompare, not only tinctures containing ethanol,
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but water as an extraction solvent were also eapodrfrom the samples. In the case of the raw
propolis, 0.1 g was deposited into quartz tubeswasd not dried in an oven. All the other steps in
the process stayed the same. After this, 2 ml gfiN@s added and the samples were left overnight.
On the following day 0.6 ml ¥, was added and the quartz tubes were sealed wilitmTtape. Up
to three closed tubes were placed in polytetraflethrylene (PTFE) vessels containing 10 ml
MilliQ water around the quartz vessels. The watas wecessary because it slows down the reaction
and compensates for the inner pressure insideubdzgtubes. Closed PTFE vessels were placed
into a Milestone Start D digester (Milestone SrgriSole, ltaly). The digestion steps were the
following: heating up to 180°C in 15 mins, thenrigekept at a constant heat at 180°C for 20 mins
and finally cooling down to room temperature. Thenples were filled with up to 10£0.5 mL with
MilliQ water in centrifuge tubes. We did not usevalumetric flask in order to avoid cross
contamination and reach the lowest limit of detactiThe accurate volume and the dilution factor
were calculated in relation to the mass of the steg sample multiplied by the density of the
solution.

2.4. Apparatus

Element analysis was carried out with Thermo SdieniCAP 6300 Dual view inductively
coupled plasma optical emission spectrometry (IESPDand Thermo Scientific X-Series I
inductively coupled plasma mass spectrometry (IC®:-Mhe main parameters are listedlable
1. Other parameters of ICP-MS were optimized prioanalysis to maximiz&’Co, **3In and***U
signals and minimize B&Ba" and Ce(YCe' ratios. Before analysis by ICP-MS, a fivefold diiun
was applied with distilled water to reduce the amdtent of the samples. The ICP-OES and ICP-
MS were controlled by iTEVA 2.8.0.97 and ThermodptalLab 2.5.10.319 software.

2.5. Limit of detection, accuracy and precision

Three blanks were made separately for each of 58,880 and 100% (v/v) extraction solvents,
respectively. The blanks were prepared and digestéte same way as the samples. The limit of

detections was calculated by taking into accouatstiandard deviation of the blanks multiplied by
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3 and multiplied by the dilution factor, separatfy the different extraction solvents. The mean of
the separately determined LODs was between 0.0aad71.30 pg L in the case of ICP-MS and
between 0.0014 and 0.961 md in the case of ICP-OES. To check the accuracyhangiropolis
tincture was prepared with 80% (v/v) ethanol congerd was spiked with the analytes. The sample
of the original and that of the spiked propolis eveigested in the same way as the other samples.
The lowest spike recovery was B with 83.4% andhilghest was the Sr with 117.9%. The average
recoveries of the 33 elements were 100.5+6.9%. ptexision of the measurements were
demonstrated by the relative standard deviationD)R8f the replicates in different propolis
tinctures. The average RSD was between 2.59-27M#tei case of B and Er. The RSD was quite
low in the case of higher concentration elemerdsidver it was quite high if the concentration was
small in the tinctures, e.g. Sr, V or lanthanidBse mean of the limit of detections, the average,
minimum and maximum values of RSD and the spikeveges of the propolis tinctures are shown
in Table 2.

2.6. Statistical analysis and calculation of the émsfer coefficient

The graphs were made by using Microsoft Excel 2RSS 22.0 for one-way ANOVA and
Tukey-test with a p<0.05 significance level wasdusehe transfer coefficient (TC) was calculated
by the concentration of propolis tinctures dividgdtheir concentration in raw propolis, multiplied
by 10 with the dilution factor in tinctures comparte raw propolis, then multiplied by 100.

3. Results and discussion

3.1. Behaviour of elements in different extractiorprocesses

The measured elements can be classified into ttma&a groups (i; ii; iii) according to their
behaviour during the extraction process, dependmghe extraction time and the composition of
the extraction solvent.

(i) Most of the elements dissolved considerably betteaqueous extraction solvents than in
solutions containing ethanol. This means that thecentration of these elements decreased by 50-

90% in 50% (v/v) solutions compared to 0% (v/v)ragts after 1 month. Further decreases of at
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least 80% were observed in 80% (v/v) tincturesradeb0% (v/v), if they could be calculated at all,
that is, if the concentration was above the linfiidetection (LOD). The concentrations depending
on the extraction time and the ethanol contenhefeixtraction solvent in the first group of elensent
are represented for instance by Ba, Ca, Sr, Cd.aras$ shown ifrigure 1.

Only Sr and Cd were above the limit of detectiomwery extraction process out of the elements
belonging to the first group. In most cases elencententrations were reduced below the LOD by
the increasing ethanol content in the extractiduest. The concentrations fell under the LOD in all
the 100% (v/v) tinctures in the case of Ca. Theesahanges occurred in all the 80 and 100% (v/v)
extracts in the case of Ba, La, Ce, Pr, Eu, Gd,Hy, Er, Yb and in all the 50, 80 and 100% (v/v)
solutions in the case of Nd. Some elements wemectidile only in some solutions, such as the Sm
and Tm in aqueous extracts after 1 week and 1 manth Tb could be detected in all the aqueous
and in the 50% (v/v) extracts after 1 week and htmolLu was below the limit of detection in all
the cases but all the other lanthanides fell ifis group, so Lu most probably has the same
behaviour.

It follows from the above that Ba Ca, Sr, Cd, L& Er, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb and Lu belong to the first group. Ca, Sr andaBaalkaline earth metals, which can explain why
their behaviour was similar, however Mg was notluded in the first group. Additionally,
lanthanides also belonged to the first group.

(i) There were elements which dissolved the most ir@gs extraction solvents after 1 month,
but the concentrations were decreased by the isiage@thanol content in the extraction solvent.
However the reduction was not as high as in thesaientioned first group. In the case of Na, K
and P there was no significant difference betwéenaigueous and the 50% (v/v) extracts after 1
month. There was a significant increasing trenddqaeous extracts depending on the time for all
the elements of the group. On the other hand,ttéred was not typical in all the other extraction
solvents. Low, but detectable increases were fonride case of Mg, P, S and Co, in 100% (v/v)

tinctures. The concentration of B increased up we#k but decreased after 1 month. No significant
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differences were found in the case of Na in refatm the extraction time in 100% (v/v) tinctures.
Low, but observable decreases were found, howevérne case of K and Mn, while the Zn content
was also significantly reduced.

Results showed that in the shortest extraction t@neost all the elements were found to be
significantly higher in concentration in the 50 8% (v/v) tinctures as opposed to the aqueous
extracts, while they were reduced in 100% (v/v)vents. Mn was an exception, because its
concentration was considerably decreased by theasmg ethanol content after 1 hour, which
means that Mn dissolved the best in water afteyur.h

Consequently, the second group contains B, K, Mg,m S, Zn, Mn and Co, which are essential
elements for the human bodsigure 2shows, for instance, the K, Na, P, Zn and Mn cotreéions
from the second group of elements in the tinctaes their relation to the extraction time and the
ethanol content of the extraction solvent.

(i) Elements classified under the third group had aramson property, namely that they did
not extract well in water, but results improvedsimlvents containing ethanol, although they had
differing other properties. This group contains #lements Cu, Fe, V, Cr, Mo and U, their
concentrations are shown kgure 3 in relation to the extraction time and the ethamomtent of
the extraction solvent.

Even though they were not dissolved by water inhilghest amounts, their concentrations were
not raised by the increased ethanol content inyesetraction solvent. The highest Cu content was
found in the 80% (v/v) solvents after every exti@ctime. Cr showed the same behaviour as Cu,
except that the concentration increased in the@guextracts. Mo was below the limit of detection
in all extractions of the 0% (v/v) solvents, howeitehad the highest concentration in 80% (v/v)
tinctures, but the difference was not significaompared to 50 and 100% (v/v) tinctures, after 1
month. An increasing trend was observed in the od%ewhen the ethanol content was also raised,
however it was not significant in all cases.

3.2. Element content change in relation to extraain time
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It'is noteworthy that there was an increasing tangén most of the element contents in aqueous
extracts, except in the case of some elementsithird group. It was observed that two elements,
namely Fe and Mo, had no significant differencesoTother elements (Cu and V) had small but
statistically significant growth. Two additionalkeehents (Cr and U) showed significant increases in
aqueous extracts at the time of extraction.

It was found that the elements in the first groap increased after 1 month compared to 1 hour
between 2.78 and 5.40 times, while in the secondmthey had increased between 2.27 and 4.79
times. This means that there was a remarkably dhiggrence between the shortest and the longest
extraction time. On the other hand, the differeneaveen 1 week and 1 month was between 1.01
and 1.28 times for the former group and 1.10 a@8 fimes for the latter. The average increase was
1.23 and 1.18 times, in the latter cases. The Bigherease was found for Ba, which was between
5.40 and 1.47 times for the 1 hour and 1 month 8pans and also after 1 week and 1 month. It can
be seen that the concentration did not increases tmaximum after 1 week, and it would have
raised the extractable amount of Ba. However tlangés to Ca were close to the average increase
by 3.66 and 1.19 times between 1 hour and 1 mosntvedl as 1 week and 1 month. Thus, the
extraction process was nearly completed after kweéhe aqueous solvent, because the increase
was just 19% after 1 week.

The percentile change can be misleading, espeda@llgolvents containing ethanol, because of
the increase and decrease of the small concemtrat@ments, which is often not significant. For
example the change in the concentration of sonthdardes, namely Eu, Gd, Ho and Yb was not
significant in 50% (v/v) tinctures regarding therextion time. In addition, the change in Nd, Sm,
Th, Tm and Lu could not be calculated, becauseetements in at least one treatment remained
below the limit of detection or did not show a tendy to change. The remaining elements in the
first group had changed between 1.28 and 2.57 timasddition to 0.90 and 1.73 times between 1

hour and 1 month, as well as between 1 week andritimThe change in the tinctures generated by
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a higher ethanol solvent could not be calculatedabse elements were either below the LOD or, in
the case of Ca, Sr and Cd there was no signifidiffierence.

Elements in the second group, except Zn, had iseckhy 1.41-2.78 and 1.00-1.11 times in 50%
(v/v) solution, changing to 1.09-1.58 and 0.97-1t08es in 80% (v/v) tinctures, while they
changed by 0.75-1.52 and 0.96-1.47 times in 100%) {inctures between 1 hour and 1 month, as
well as between 1 week and 1 month. It was notedveker, that the concentrations did not
increase significantly after 1 day or 1 week inab@ 80% (v/v) tinctures. It can be concluded that
the extraction solvent dissolved almost all theeasible elements from raw propolis within this
time period. Thus, no increase or decrease of thleseents was expected in the 50 and 80% (v/v)
tinctures after 1 week. The concentration of ZhifelL00% (v/v) tinctures, but did not show any
change in 80% (v/v) tinctures and only a 1.13 falctease was observed in 50% (v/v) extract after
1 week.

It was also observed that the concentrations cltanga& remarkably different way in 80 and
100% (v/v) tinctures in relation to the extractitome in the third group of elements. There was a
small increase, then the concentration stagnated hfday in both 80 and 100% (v/v) tinctures by
the extraction time in case of Cu and Cr. On theeohand, in the case of Fe, V, Mo and U, the
decrease was 0.26-0.62 fold after 1 month comptrddhour, while the decrease was reduced to
0.60-1.05 times between 1 week and 1 month. Thectexh, however, was not significant between
1 week and 1 month in the aforementioned casegpéfar one element (Fe in 80 and 100% (v/v)
tinctures).

3.3. A possible explanation of the increase and dease of the element content in the

tinctures in relation to extraction time

So far, studies have not investigated the elememnteat of the propolis tinctures in relation to
their extraction time spans, therefore we compéreth to other matrixes, chiefly tea infusions.
Pytlakowska, Kita, Janoska, Potowniak & Kozik (2Dh2ade herbal tea infusions prepared in 10

and 30 minutes, respectively. There were diffeteenids observed for the analysed elements in

10



258 'some herbal infusions. The content of Cu increasesome cases, however in most herbal tea
259 infusions it was reduced. The Fe content increasbdn infused with chamomile, while it
260 decreased in peppermint and nettle, depending @rpithduction time. The concentration of Zn
261 grew in the case of St. John’s wort, but reducethencase of melissa, sage, and chamomile. Al
262 increased in St. John’s wort, but different trentlsre observed for peppermint. In general,
263  concentrations increased in the infusion of lindehjle the element contents decreased in the
264  infusion of peppermint (Pytlakowska, Kita, JanodRalowniak, & Kozik, 2012). Other researchers
265 also found similar decreases in the element conmvérterbal tea infusions in relation to the
266  extraction time (Ozcan, 2005). On the other hamdntiineral content of white hawthorn infusions
267 increased depending on the time span (Jurérowidric, Zeiner, Mihajlov Konanov, & Stingeder,
268  2015).

269 The element content can also decrease during @r thi¢ fermentation process of wines. Some
270 elements can be precipitated from the wine, mgstiiassium bitartrate or a smaller quantity of
271  calcium tartrate (Lasanta & Gomez, 2012). There aveecrease in Na, K and Ca content, however
272  an increase in P, Cu and Mg concentrations has feegm in apple juices treated by ultrasonic
273 methods (Abid et al., 2014).

274 The changes in the element content can be expldgedescribing two different processes.
275  Firstly, the longer the contact of the raw propokgh the extraction solvent, the higher the
276  concentration of the components will be in the sotvfrom the raw material (Paul, Laurila,
277  Vuorinen, & Divinski, 2014). Secondly, it was not#tht the propolis is not a real but a colloid
278  solution. It was observed that in some filteredsepts under longer storage there was appeared a
279  small amount of precipitation at the bottom of thmetures, although this precipitation dissolved
280 again in the solvent when shaken. The decreasebmagccounted for by the fact that the ethanol
281  could not keep the elements solved during the loegtaction time. The same process may result
282 in the decrease of element content in differenti&iof tea. In addition, elements were capable of

283  making complexes with organic components and hodad solubility in aqueous extracts at the
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given pH (Pytlakowska, Kita, Janoska, PotowniakiKézik, 2012). Before digestion, the tube was
shaken, so any remaining precipitation dissolveadragnd digestion was made from a homogenous
solvent, thugprecipitation could not affect the accuracy of fesafter the filtration.

3.4. Translocation from raw propolis to tinctures

The translocation level was demonstrated by thestea coefficient (TC). The TC was
calculated for 80% (v/v) tinctureshich represented a tincture containing the aveegeunt of
ethanol, and, for the aqueous extracts (0% (v/M)iclv revealed the highest element content
produced from raw propolis for most of the measweletnents. The element concentration in raw
propolis and tinctures of 0 and 80% (v/v) extractsmlvents after 1 week together with the TCs are
shown inTable 3 It was observed that TCs varied significantlytie three main groups of
elements. High TC was found in the case of the rekgpoup of elements in 0% (v/v) extracts,
where its value was between 30.9 and 81.9%, whi&0Po (v/v) tinctures it was between 19.1 and
71.9%. Of the elements from the second group, Kthadighest and S had the lowest TC in both
of these cases. The first group of elements hagdifferent TCs. The TC was between 31.8-61.6%
and 1.50-5.93 in the case of Ca, Sr and Co in (88a6l (v/v) tinctures. On the other hand the TC of
the Ba and lanthanides remained below 5% in aquexusacts, and was not calculable in 80% (v/v)
tinctures. The third group of elements had low B&sveen not calculable and 10.3% and between
1.97-37.0% in 0 and 80% (v/v) tinctures. Of thedhgroup of elements, Cu had the highest TC in
both processes. Cvek, Médbari:, Vitali, Vedrina-Dragojevi, Smit & Tomi (2008) also made
tinctures with 80% (v/v) ethanol, but with a shoréxtraction time and more intensive mixing.
They also found high TC in the case of K and B,leviMn and Zn were also in the same range,
however Mg and Na were found to be lower than instudy. Ca Sr and Ba were notably higher in
content, but Fe and Cu had results similar to thoser study.

4. Conclusion

This study has demonstrated that the element coofetiie propolis tinctures is considerably

affected by the composition of the extraction soty@nd the extraction time has a great effect in
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317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

most cases. Most of the analysed elements clasaifie the first and second group dissolved better
in agueous solutions than in solvents containifedl. However, the elements essential to the
human body with few exceptions were extracted aislb in solvents containing 50 or 80% (v/v) of
ethanol.

The increase or decrease was statistically sigmfiand noticeable after 1 month compared to 1
hour, but was not significant or perceptible conegato 1 week. It can be concluded, that the
concentration of most of the elements did not ckhageatly after 1 week. The recommended
extraction time for most of the methods, which & weeks applied by most producers, results in
a constant element concentration in tinctures. Hewthe differences in extraction solvents lead to
statistically significant differences in the elerheantent of the tincture, which can be diminisifed
the composition of the extraction solvent is knov@eographical identification can be applied to
propolis tinctures, if the ethanol concentration kisown, and the same holds true for the
geographical identification of raw propolis accoglio its element content.
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ICP-OES ICP-MS
RF power 1350 W RF power 1400 W
Plasma gas flow rate 12.0 L rifin Plasma gas flow rate 14.0 L rifin
Auxiliary gas flow rate 1.0 L min Auxiliary gas flow rate 0.86 L mih
Nebuliser gas flow rate 1.0 L min Nebuliser gas flow rate 0.88 L nin
Sample uptake 50 rpm Sample uptake 20 rpm
Plasma view axial Dwell time 100 ms
Integration time low WL range 10 s Sweep 9
high WL range 10 s Main run 3
Repeats 2 Pole bias -16.0
Hexapole bias -10.0
CCT gas HHe in 7:93
CCT gas flow rate 6 mL mih
Nebulizer concentric Nebulizer concentric
Spray chamber cyclonic Spray chamber conical (2°C)

Elements and wavelengths (nm)

B (208.959), Ba (455,

Analysed masses

51V, 52Cf, SSMn, SgCO, GECU,



Ca (315.887), Fe (238.204), %Mo, Y'cd, *La, *Ce,
Wlp, 146\q Mg 159,
157Gd, 59Th, 163Dy, 1°Ho
166 1690 172y 179 )

238U

K (766.490), Mg (279.079),
Na (818.326), P (213.618),
S (182.034), Sr (407.771),

Zn (213.856)

Internal standard 10°Rh

Internal standard

Table 1. Main parameters of inductively coupled plasmaagbemission spectrometry (ICP-OES) and inducyiweupled plasma mass

spectrometry (ICP-MS)



RSD

Original Spiked propolis
Element Limit of average Spike Spike recovery
propolis tincture tincture
(unit) detection  (min-max) concentration (%)
(n=3) (n=3)
(%)

B (mg L) 0.0209 2.59(0.83-12.1) 0.146+0.002 0.578+0.013 0.519 83.4
Ba(mgL') 0.0034 6.84(2.08-14.3) <LOD 0.0480+0.0008 0.0519 92.1
Ca(mgly) 0961 4.97(1.67-11.4) 2.02+0.07 27.3+0.5 25.9 97.7
Fe (mg LY 0.0153 7.01(1.31-20.9) 0.258+0.008 0.786+0.022 0.519 100.2
K (mg L' 0.101 2.32(0.18-8.62) 37.0+0.2 89.6+0.7 51.9 102.2
Mg (mg L%  0.0239 2.94(1.07-9.17) 3.80+0.03 28.0+0.4 25.9 93.0
Na(mgl) 0121 4.23(1.15-10.5) 1.64+0.02 6.87+0.09 5.19 100.9
P(mgLy)  0.0629 3.06(1.45-10.3) 8.10+0.06 35.7+0.4 25.9 106.6
S(mglLlh)  0.0999 2.94(0.16-9.37) 3.48+0.03 43.1+0.8 35.3 111.9
Sr(mglY)  0.0014 14.9(1.18-43.3) <LOD 0.184+0.002 0.156 117.9
Zn(mg LY  0.0302 4.68(0.42-11.6) 2.19+0.08 2.37+0.07 0.259 96.8
V(ugLh  0.0157 18.9 (5.85-38.1) 0.929+0.217 26.7+0.0 25.9 98.8
Cr (ug LY 0.750 11.5(1.27-24.6) 8.12+1.36 37.1+0.1 25.9 111.7
Mn (ug L)  0.490 4.51(0.94-14.1) 97.0+1.2 635+1 519 103.7
Co(ugl')  0.083 8.00(1.15-16.5) 2.84+0.16 29.4+0.0 26.5 99.7
Ni (ug LY 1.30  12.6(2.41-32.3) 8.58+0.31 36.1+0.0 25.9 106.1
Cu(ugkd) 0.0734 4.44(1.06-9.73) 46.8+1.0 98.6+0.0 51.9 101.1
Mo (ug LY  0.211  12.9 (1.46-33.7) 0.500+0.598 51.30.0 51.9 100.3
Cd(ugly)  0.090 14.1(1.26-33.7) 0.265+0.118 25.7+0.0 25.9 97.5
La(ug LY  0.0258 11.1(1.25-18.2) <LOD 26.1+0.0 25.9 100.1
Ce(uglY)  0.0153 9.90 (4.18-17.9) <LOD 28.2+0.0 25.9 108.3



Pr (ug L)
Nd (ng LY
Sm (ug L)
Eu (ug LY
Gd (ug LY
Tb (ug L)
Dy (ug L)
Ho (ug LY
Er (g LY
Tm (ug LY
Yb (ng L)
Lu (ug L

U (ug L")

0.00674

0.0463

0.0185

0.00186

0.00435

0.00234

0.00699

0.00117

0.00221

0.00205

0.00429

0.00177

0.00517

20.9 (6.99-45.3)
17.4 (7.69-30.4)
24.3 (16.7-31.8)
14.7 (0.87-27.9)
18.8 (9.88-29.8)
22.4 (6.69-55.8)
15.1 (6.10-26.4)
22.1 (5.82-40.1)
27.4 (9.45-44.9)
11.5 (5.91-17.2)
18.4 (4.88-34.6)

22.1 (4.07-51.8)

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

0.0227

26.7+0.0

26.0+0.0

24.6+0.0

25.6+0.0

23.0+0.0

28.3+0.0

24.8+0.0

28.2+0.0

25.2+0.0

25.8+0.0

26.8+0.0

26.5+0.0

24.4+0.0

25.9

25.9

25.9

25.9

25.9

25.9

25.9

25.9

25.9

25.9

25.9

25.9

25.9

102.4

99.7

94.3

98.3

88.4

108.6

95.0

108.2

96.7

99.1

102.9

101.5

93.7

Table 2. Limit of detection (LOD), relative standard detida (RSD) of the replicates,

concentration in the original and spiked sampleseover spike recoveries of analysed

elements in propolis tincture. *<LOD: under theiliof detection



Raw propolis

Propolis tincture, 0% (v/iv) TC

Propolis tincture, 80% (v/iv) TC

Element Unit Unit
(n=3) (n=3) (%) (n=3) (%)

B mg kg" 5.92+0.51 mg [t 0.360+0.003 60.8 0.266+0.023 44.9
Ba mg kg' 54.1+9.0 mg [* 0.073+0.002 1.35 <LOD n.c.
Ca mg kg 707484 mg [* 43.6+1.1 61.6 4.19+0.27 5.93
Cu mg kg' 2.52+0.33 mg [t 0.026+0.001 10.3 0.093+0.002 37.0
Fe mg kg 39070 mg [* 0.058+0.008 0.15 0.770+0.042 1.97
K mg kg* 905+48 mg [* 74.1+0.8 81.9 65.1+2.1 71.9
Mg mg kg* 217+18 mg [* 12.8+0.5 58.8 6.90+0.12 31.8
Mn mg kg* 8.47+0.33 mg [t 0.477+0.012 56.3 0.166+0.005 19.6
Na mg kg' 39.2+7.4 mg [* 2.69+0.15 68.6 2.85+0.04 72.7
P mg kg' 283+18 mg [* 17.5+0.4 61.8 14.3+0.3 50.6
S mg kg' 328+41 mg [* 10.1+0.6 30.9 6.25+0.01 19.1
Sr mg kg' 3.56+0.50 mg L[t 0.113+0.003 31.8 0.005+0.001 1.50
Zn mg kg* 194416 mg [* 11.3+0.8 58.3 4.03+0.03 20.8
% ug kg* 385154 pg 0.199+0.054 0.52 1.33+0.27 3.44



Cr
Co
Mo
Cd
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er

Tm

ug kg
Hg kg
Hg kg*
Hg kg
Hg kg
g kg
Hg kg
Hg kg
Hg kg
Hg kg
Hg kg
ug kg
Hg kg*
Hg kg
Hg kg

g kg*

19404210

238+17

111+13

103+8

137+25

265+53

33.0£5.5

118+19

23.2+3.4

10.4+0.9

21.8+2.8

3.03+0.32

14.5+1.8

2.85+0.35

7.44+0.52

1.01+0.05

ug £
ug L
ug L
ug L
ng [
ng [
ng *
ng [
ng *
ng *
ng *
ng L
ng *
ng L
ng L

ng L

6.63+0.62

12.9+1.3

<LOD

4.91+0.57

235+35

430+34

61.2+4.3

221+17

94.7+17.4

27.8%+2.5

60.1+7.8

9.56+2.05

49.3+3.0

9.70+2.72

31.9+4.8

4.67+0.28

3.42

54.3

n.c.

47.6

1.71

1.63

1.85

1.87

2.36

2.68

2.76

3.15

3.39

3.41

4.28

4.64

16.9+2.1

10.3+0.4

1.28+0.04

0.520+0.124

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

<LOD

8.74

43.3

11.6

5.5

n.c.

n.c.

n.c.

n.c.

n.c.

n.c.

n.c.

n.c.

n.c.

n.c.

n.c.

n.c.



Yb ug kg' 5.95+0.37 ng Lt 22.4%3.0 3.77 <LOD n.c.
Lu ug kgt 0.841+0.122 ng & <LOD n.c. <LOD n.c.

U ng kg* 12.4+1.3 ng ! 15.8+1.6 1.28 40.4+3.8 3.26

Table 3. The element content and the transfer coeffiqi€6Y) of the raw propolis to the 0 as well as 80%)yropolis tinctures after 1 week
*<LOD: under the limit of detection

**n.c.: not calculable
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Figure 1: The Ba, Ca, Sr, Cd and La concentrations of the propolis tinctures (n=3) depending
on the ethanol content of the extraction solvent and the extraction time. Different small letters
mean the significant differences (p<0.05) between the effect of the different extraction
solvents. Capitals mean significant differences (p<0.05) between the effect of the different

extraction times. *<LOD: under the limit of detection.
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Figure 2: The K, Na, P, Zn and Mn concentrations of the propolis tinctures (n=3) depending
on the ethanol content of the extraction solvent and the extraction time. Different small letters
mean the significant differences (p<0.05) between the effect of the different ethanol content

of the extraction solvents. Capitals mean significant differences (p<0.05) between the effect

of the different extraction times.
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Figure 3. The Cu, Fe, V, Cr, Mo and U concentrations of the propolis tinctures (n=3)
depending on the ethanol content of the extraction solvent and the extraction time. Different
small letters mean the significant differences (p<0.05) between the effect of the different
ethanol content of the extraction solvents. Capitals mean significant differences (p<0.05)

between the effect of the different extraction times. *<LOD: under the limit of detection



Extraction process of raw propolis highly affects the element content of tinctures
Most of the elements were dissolved better in aqueous solutions from raw propolis
Essential elements with some exceptions were extracted well in up to 80% ethanol
A one week extraction time was enough to extract most of the elements



