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Propolis is a beehive product popular in natural medicine thanks to its noteworthy properties.

Propolis is non-toxic but is responsible for allergic reactions in sensitive individuals. In this paper, we

propose a new gas chromatography-mass spectrometry (GC-MS) analytical methodology for the

quantitative analysis of two allergenic esters in propolis specimens, benzyl salicylate and benzyl

cinnamate, and test it on specimens from different locations of central Italy. We also present the results

obtained in the chemical characterization of the same specimens. The characterization showed that

the resin fractions of all of the specimens are of poplar origin.
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INTRODUCTION

Propolis is a beehive product that bees manufacture by mixing
their own wax with materials of vegetal origin, bud exudates and
resins from different species of trees. Insoluble matter, debris and
polymers, is also present (1). Wax content ranges between 2 and
30% (2-6), and vegetable resins range between 40 and 80%
(4,6,7). The bees employ propolis to finish the hive internalwalls,
close and limit the entrances, cover holes, and prevent floodings.
Its antiseptic properties maintain the healthy hive (1).

In temperate regions, bees collect the material for propolis
manufacture from different poplar species (8-10). Poplar propolis
is a very complex mixture. It is characterized by a high content of
flavonoids and phenolics (10) and the presence of many other
different classes of compounds, among them cinnamic and
benzoic acids and their esters, aldehydes and ketones, wax esters,
alcanes, alcohols, and terpenoids (1, 8).

Italian propolis is generally believed to be of poplar origin (11).
Recently, a propolis specimen from southern Italy (Sicily) has
been characterized and found to be rich in diterpenic species (12).
This report has anticipated a wider work where Greek propolis
specimens have been characterized and turned out to be rich in
diterpenic species as well. The botanical origin of this type of
propolis, called Mediterranean, has not yet been identified (13).
These works indicate the presence of an area in the middle of the
Mediterranean Sea where propolis has a common origin. The
borders of this area are yet to be traced but should encompass at
least a part of southern Italy.

Ultraviolet (UV) spectra of poplar propolis resin show a char-
acteristic profile, with amaximum around 290 nm and aminimum
around 250 nm (14,15). The UV profiles in reverse-phase gradient

HPLC analysis also display common features. Cinnamic acids
dominate the low retention times. Their peaks have relatively low
intensities and are well-separated. Flavonoids and caffeates
dominate the central part. Their peaks tend to be crowded in
places and have the highest intensities. At the highest retention
times, fewer peaks of low intensity are visible (15-20).

Propolis is accredited ofmany beneficial properties that are the
object of extensive reviews (1, 21, 22). Propolis has a very low
toxicity but may start allergic reactions in sensitive individuals
that may also be severe (21). The major allergens contained in
poplar propolis are some caffeic acid esters, 1,1-dimethylallyl
caffeate isomers and phenylethyl caffeate (23-27). Other species
are involved in the sensitization process, among them the esters
benzyl cinnamate and benzyl salicylate (Figure 1) (25). These
two esters are known allergens present in other matrices as well
(28, 29).

In this work, we propose the results of the chemical character-
ization of propolis specimens coming from different locations of
central Italy. Collected data have been compared to literature,
and all specimens turned out to be of poplar origin. We have also
tested a new method based on GC-MS analysis for the quanti-
tative determination of two allergenic esters, benzyl salicylate and
benzyl cinnamate, using hexyl salicylate and hexyl cinnamate as
internal standards (Figure 1). The content of these two allergens in
propolis specimens are proposed for the first time.

MATERIALS AND METHODS

Chemicals. Acetonitrile was “HPLC-gradient-grade” from Sigma-
Aldrich Chemie, Buchs, Switzerland. All other solvents, inorganic and
organic reagents and mineral and organic acids, were analytical-grade
from worldwide recognized firms.

Standards for gas chromatography-mass spectrometry (GC-MS),
high-performance liquid chromatography (HPLC), and ultraviolet-visible
(UV-vis) spectrophotometry were as follows: hexyl salicylate, g99%;
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benzyl salicylate, 98%; ethyl cinnamate, 98%; benzyl cinnamate, 98%;
galangin, 96%; chrisin, 96%; pinocembrin, 95%; p-coumaric acid, 98%;
caffeic acid, 95%; ferulic acid, 99% (fromSigma-AldrichChemie); phenyl-
ethyl caffeate, 98% (from Biosynth Chemistry and Biology, Switzerland);
quercetin dihydrate; kaempferol; apigenin; and naringenin (from Extra-
synthese, Lyon, France).

Hexyl cinnamate (Figure 1), a non-commercial product, was prepared
following the procedure reported in the literature for methyl cinnamate
synthesis (30), with modifications: (i) a mixture of 1.02 g of E-cinnamic
acid in 8.50mLof 1-hexanol (molar ratio of 1:10) in a 50mL flask is heated
under reflux (165-175 �C) on a sand bath for 5 h with 100 μL of 96%
sulfuric acid; (ii) the yielded organic phase is poured over ice water and
then purified 3 times with 10 mL of 1 M sodium carbonate; and (iii) the
purifiedmixture is reduced with a rotary evaporator (75 �C) until nomore
solvent is actually removed and dried over anhydrous sodium sulfate. This
product was characterized as follows. Infrared (IR) spectrum and
GC-MS analysis showed that desired esterification actually took place.
HPLC showed thatE-cinnamic acidwas not present. UV-vis analysis was
used to determine the actual content of the ester. To this end, we assumed
that UV-vis molar extinction coefficients on the maximum (270 nm) of
hexyl and ethyl cinnamate (for the latter, ε = 21900 ( 100 M-1 cm-1 in
hexane,measured from standard solutions) are the same. The ester content
in the product was 51( 1%of the total mass. In the text, we refer to hexyl
cinnamate as the name of this characterized solution of the ester in
1-hexanol that has been used without further purification.

Propolis Specimens. We collected the following raw propolis speci-
mens during the winter 2007 in different locations of central Italy: L2
from Apicoltura Maria Fiorentini, Fiumicino (RM), Lazio; L3 from
Mr. Romolo Proietti, Arsoli (RM), Lazio; A1 from Azienda Apistica
Tommaso de Arcangelis del Forno, Opi (AQ), Abruzzo; T1 from Prof.
Colombini, San Giuliano Terme (PI), Toscana; and T2 from Apicoltura
Rocchi, Trassilico (LU), Toscana. Work solutions of the propolis resin
fraction were prepared by dissolution of raw material in absolute ethanol.
A lump of 3 g of propolis is homogenized and divided into four portions.
Aliquots of about 350 mg are taken from each piece, reunited, and
blended. This lump is again broken down into four pieces. An aliquot
from each one is placed in a weighted centrifuge tube (100� 15.50mm), so
that the final amount of propolis is about 125 mg. A total of 4 mL of
absolute ethanol is added, and the system is treated in an ultrasonic bath
for 10 min at maximum power (Transsonic Digital Elma, 320 W). The
solution is separated from the residue by centrifugation at 4000 rpm
(Hettich Universal 320). The operation is repeated 3more times. All of the
extracts were reunited in a 25 mL volumetric flask and brought to volume
with ethanol. The concentration of propolis is about 5000mg/L. Themass
fractions of resin, wax, and insoluble, as defined by Ghisalberti (31), are
determined following the scheme reported in Figure 2.

Spectrophotometric Assays and UV Spectra. All spectrophoto-
metricmeasurements for antioxidant power and class content were carried
out with theGilsonUV-7500 single-beam spectrophotometer. The Folin-
Ciocalteau tests for the determination of total phenol content, the assays
for total flavones and flavonols, and the assays for total flavanones and

dihydroflavonols were carried out following methods reported in the
literature specifically for poplar propolis (11). All calibrations were traced
with four solutions of the appropriate standard. The Folin-Ciocalteau
test was calibrated with a mixture of pinocembrin and galangin (2:1, w/w)
(linear range, 0.65-6.5 mg/L; R, 0.9981). The assay for total flavones and
flavonols was calibrated with galangin (linear range, 1.2-12 mg/L; R,
0.9998). The assay for total flavanones and dihydroflavonols was cali-
brated with pinocembrin (linear range, 0.35-3.5 mg/L; R, 0.9941). The
assays were tested on four different aliquots of A1 propolis resin solution.
The relative standard deviation (RSD) was 5% for total phenols, 7% for
flavanone and dihydroflavonol tests, and 2% flavone and flavonol tests.
The measures on the other specimens have been carried out in single
experiments. The RSD on these measures was posed equal to the one
determined on the A1 specimen.

The antioxidant power was determined as the ability of propolis to
reduce FeIII to FeII in acetate buffer. The assays were carried out following
the method reported in the literature (32), with modifications. Briefly,
240 μL of deionized water and 2.4 mL of FeIII reactive mixture [2.1 mL of
20 mM FeIII chloride hexahydrate and 2.1 mL of 10 mM 2,4,6-tri-
(2-pyridil)-s-triazine (TPTZ), both in 40 mM HCl, to volume in a

Figure 1. Allergenic esters: (1) benzyl salicylate and (2) benzyl cinnamate and the esters used as internal standards for their quantitative analysis: (3) hexyl
salicylate and (4) hexyl cinnamate.

Figure 2. Treatment scheme for the determination of mass fractions of
wax, resin, and insoluble in propolis specimens.
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25 mL volumetric flask with 300 mM acetate buffer, with a molar ratio of
CH3COONa/CH3COOH= 0.084, at pH 3.7] were mixed in two spectro-
photometric cells. The cells were placed in an oven at 40 �C to equilibrate
for 10 min. An appropriate volume (20-80 μL) of a 500 mg/L propolis
ethanolic solution was then added to the first cell, and an equal volume of
ethanol was added in the second cell (blank). The cells were left in the oven
at 40 �C for 20 min, and then the absorbance of the solutions were
measured at 593 nm. The amount of FeII formed was determined as
the FeII-TPTZ chelate complex (ε593 = 22200 ( 100 M-1 cm-1). The
antioxidant power was expressed as the mass ratio of generated FeII and
added propolis. Themethod has been tested with four different aliquots of
the solution of L3 propolis and was linear in the 10-43 μg range (R,
0.9980; RSD, 5%). Themeasures on the other specimens have been carried
out in single experiments. The RSD on these measures was posed equal to
the one determined on the L3 specimen.

The UV spectra of propolis resin solutions were registered in the
400-230 nm spectral interval using a Varian “Cary 50” double-beam
spectrophotometer. The ethanolic propolis solutions were diluted with
ethanol in a 25 mL volumetric flask to a final concentration of about
25 mg/L. The spectra were normalized for the fraction of matter actually
dissolved in ethanol and reported as specific absorption E1% (cm-1), the
absorbance of a 10000 mg/L solution.

HPLCAnalyses. TheHPLC apparatus wasmade up of the following
parts: a quaternary pump “Perkin Elmer series 200 pump”, an injection
group with a 2 μL loop, a UV-vis detector “Perkin Elmer series 200 UV-
vis detector” with a 2.4 μL cell, and an electronic interface “Perkin Elmer
PE 600 series link”. The data were acquired on a personal computer (PC)
with Turbochrom software, version 4. The ethanolic propolis solutions
were diluted in a 10mL volumetric flask with a 4:1 (v/v) water/acetonitrile
mixture containing 0.1% formic acid, for a final concentration of about
60 mg/L. These solutions were eluted with the following method: (i)
column, Varian Pursuit XRs C18, 150 � 2.1 mm, 3 μm particles; (ii)
eluents, (A) 0.1% formic acid in water and (B) 0.1% formic acid in
acetonitrile; (iii) elution, 2 min for 20% B isocratic, 26.5 min for 100% B
gradient, and 0.5 min for 100% B isocratic; and (iv) flow, 200 μL/min.
Each solution was analyzed 4 times, monitoring at four different UV
signals: 320, 293, 275, and 250 nm. Peaks were preliminarily assigned by
retention times and co-injection with pure standard solutions (Figure 3).
These assignments were further tested. The signal ratios at different
wavelengths in real specimens were compared to ones registered with pure
standard solutions (tolerance,(50%). Pinocembrin and phenylethyl caffeate
coeluted. Calibration lines were traced using the area signal, monitored at
250 nm for flavonoids and 320 nm for cinnamic acids. The parameters of
analytical interest are inTable 1. The analyses were tested on four different
aliquots of A1 propolis resin solution, and RSD was 15% for the deter-
mination of all of the species. The measures on the other specimens have
been carried out in single experiments. The RSD on these measures was
posed equal to the one determined on the A1 specimen.

GC-MS Characterization of Benzyl Salicylate and Benzyl Cin-

namate. The GC-MS apparatus was made up of the following parts: a
HP 7890AGC, a single quadrupole mass spectrometer HP 5975C, and EI
fragmentation with energies up to 70 eV. Data were acquired on a PCwith
the Agilent MSD ChemStation software, E.01.01.335 version.

Propolis ethanolic solutions were treated before the analysis (Figure 4).
The octanic solutions were analyzed by GC-MS with the following
method. A total of 1 μL was injected, in splitless mode, with an injector
temperature of 280 �C. Separations were carried out on a Hewlett-
Packard, 30m capillary column,HP-5ms (5%methyl on phenyl silicone),
with 0.20 mm inner diameter and 0.11 μm thickness. The elution program
was as follows: 120 �C, 2 min; 200 �C, 5 �C/min; 200 �C, 5 min; 280 �C,
10 �C/min; 280 �C, 1 min; 300 �C, 20 �C/min; and 300 �C, 20 min. The
carrier gaswasHe, flowing at 1.00mL/min. Selected ionmonitoring (SIM)
detection was carried out choosing fragments typical of the two target
esters and their respective internal standards, three per ester: hexyl
salicylate, m/zþ 120, 138, and 222; benzyl salicylate, m/zþ 85, 91, and
228; hexyl cinnamate,m/zþ 131, 148, and 232; and benzyl cinnamate,m/zþ

91, 131, and 192. Qualitative analysis was carried out by retention times
and analysis of the mass spectra fragment ratio (tolerance, (20%). The
chromatogram of standards is reported in Figure 5.

Calibration lines were traced using the area signal. The parameters of
analytical interest are in Table 2. The analytical concentrations of benzyl
salicylate and benzyl cinnamate were corrected for the measured yields of
the respective hexyl ester. The assays were tested on A1 propolis 4 times.
RSD of benzyl cinnamate and benzyl salicylate determinations were 15
and 10%, respectively. The measures on the other specimens have been
carried out in single experiments. The RSD on these measures was posed
equal to the one determined on the A1 specimen.

RESULTS

Physicochemical Characterization.Mass fractions of resin,wax,
and insoluble in propolis specimens are reported in Table 3. The
contents of wax are on the low side of literature values, comprised
between 2 and 30% (2-6). The contents of resin are on the high
side of literature values, comprised between 40 and 80% (4,6,7).

UV spectra of propolis resin fractions all display a similar
profile (Figure 6), and specific absorption values are reported in
Table 3. They are characterized by a maximum (292.5( 1 nm), a

Figure 3. HPLC chromatogram of standards of interest for the propolis specimens, injecting about 2 mg/L each in a 4:1 H2O/ACN mixture containing 0.1%
formic acid: (a) 1, caffeic acid; 2, p-coumaric acid; and 3, ferulic acid (monitored at 320 nm); (b) 4, quercetin; 5, apigenin; 6, naringenin; 7, kaempferol
(monitored at 250 nm); and (c) 8, chrysin; 9, pinocembrin þ phenylethyl caffeate; and 10, galangin (monitored at 250 nm).

Table 1. Analytical Parameters for HPLC Determination of Cinnamic Acids
Monitored at 320 nm and Flavonoids Monitored at 250 nma

linearity

range (ng) R

LOD

(pg)

LOQ

(pg)

retention

time (min)

caffeic acid 0.1-3.7 0.9984 10 30 4.9

p-coumaric

acid

0.1-4.0 0.9999 2 7 8.6

ferulic acid 0.1-4.3 0.9947 3 10 9.8

quercetin 0.11-0.44 0.9999 7 24 13.7

apigenin 0.12-0.48 0.9999 8 28 14.8

kaempferol 0.14-0.54 0.9997 5 17 15.2

chrisin 0.2-10 0.9997 3 10 18.2

a The limits of detection (LOD) and quantitation (LOQ) are the amounts that yield
a signal 3 and 10 times higher than the average background noise of the baseline,
respectively. Retention times are all (0.1 min.



Article J. Agric. Food Chem., Vol. 59, No. 1, 2011 285

minimum (253 ( 1 nm), and two shoulders on either side of the
maximum (318( 2 and 274.5( 0.5 nm, respectively). TheRSDof
coefficients is quite reduced. These observations point to a
common botanical origin of all examined specimens. The profiles
of the spectra are very similar to the ones reported for poplar
propolis from Argentina (15) and Brazil (14). The specific
absorption values on the maximum are comparable to but higher
than the absorption values of Japanese poplar propolis that are
comprised between 54 and 288 cm-1 (20).

Composition Profiles. The chromatograms of all specimens
were registered 4 times, each time monitoring a different UV
signal: 250, 275, 293, and320nm.The chromatogramsof specimens
A1 and T2 registered at 293 nm (maximum signal) are shown in
panels a and b of Figure 7. The profiles of other specimens are
comparable to the one yielded by the A1 specimen. T2 propolis
displays a higher density of peaks. Peak assignments in specimen
A1 are visible in panels c-e of Figure 7. Similar assignments were
possible in all of the examined specimens. Preliminary assign-
ments made by co-injection were tested by comparing intensity
ratios of signals registered at different wavelengths to intensity
ratios determinedwith standard injections. All of the assignments
were confirmedwith the exception of the peak at 18.70min. Itwas
assigned by co-injection to galangin, but intensity ratios were
significantly different from expected intensity ratios. This implies
that either galangin is not present or its peak in the proposed
HPLC method coelutes with some other species. Pinocembrin
and phenylethyl caffeate coelute (Figure 7e) with the proposed

Figure 4. Treatment used to prepare specimens for the GC-MS analysis
of benzyl salicylate and benzyl cinnamate using hexyl salicylate and hexyl
cinnamate as internal standards.

Figure 5. GC chromatogram of standards of esters: 1, hexyl salicylate
(tret = 18.4 min); 2, benzyl salicylate (tret = 22.3 min); 3, hexyl cinnamate
(tret = 22.4min); and 4, benzyl cinnamate (tret = 25.2min), at 2mg/L each in
n-octane. All retention times are (0.1 min.

Table 2. Analytical Parameters for the GC-MS Quantitative Determinationa

linearity range (ng) LOD (pg) LOQ (pg) R

benzyl salicylate 1-8 17 57 0.9980

benzyl cinnamate 2-19 17 57 0.9932

hexyl salicylate 1-6 16 54 0.9930

hexyl cinnamate 1-6 20 70 0.9927

a The limits of detection (LOD) and quantitation (LOQ) are the amounts yielding a
signal 3 and 10 times higher than the average background noise of the baseline,
respectively.

Table 3. Physicochemical Parameter Characteristics of Propolis Specimensa

specimen

resin

(EtOH soluble)

waxes

(hexane soluble) insoluble

UV

maximum

UV

minimum

A1 89.0 8.3 2.7 364 203

T1 84.5 9.2 6.2 288 184

T2 76.0 8.0 15.8 291 169

L2 69.0 11.5 19.4 250 165

L3 81.5 8.5 10.2 300 176

average 80.0 9.1 10.9 299 179

RDS 10 15 63 14 8

aMass fractions (%) of resin, wax, and insoluble in solid propolis, measured
following the scheme reported in Figure 2. Specific absorption values E1% (cm-1)
on both the maximum and minimum points of UV-vis spectra of the resin fraction of
propolis specimens, with the uncertainty of UV coefficients (1%.

Figure 6. UV-vis spectra of the ethanolic solution of propolis resin from
specimen A1. The other specimens display a similar profile.
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elution method. All HPLC profiles are compatible to the HPLC
profiles typical of poplar propolis (15-20).

The concentrations of cinnamic acids and flavonoids are
reported in Table 4. We assigned the entire peak with a retention
time of 18.70 min to galangin, calculating concentrations that are
in excess of real concentrations. The attempt to carry out
quantitative analysis of pinocembrin and phenylethyl caffeate
using a system of two equations failed, probably because of the
presence of additional species contaminating the peak.

The specimens look rather homogeneous,with caffeic acid being
the prominent cinnamic acid and chrysin being the most abun-
dant flavonoid. It also turns out that galangin, if at all present, is
minor.

In Figure 8, the GC-MSprofile of a treated propolis specimen
is shown. The peaks of both target analytes and internal stan-
dards are well-resolved. The concentrations of benzyl salicylate
and benzyl cinnamate in the specimens are reported in Table 4.

The contents of compound classes are reported in Table 5,
along with the antioxidant power. The content of flavones and
flavonols and polyphenols are quite greater than values reported

for poplar propolis specimens from Japan (20), Korea (19),
China, and Uruguay (4, 16).

DISCUSSION

The specimens used in the experimentation are characterized
by a high content of resin material. The intense UV-specific
absorption values and the results of the Folin-Ciocalteau test let
us conclude that the resin fractions are unusually rich in phenolic-
conjugated compounds.

The profiles of the UV spectra, the form of the HPLC profiles,
and the high content of flavonoids and cinnamic acids let us
conclude that all of the specimens from central Italy characterized
here are of poplar origin. Thus far, two distinct types of Italian
propolis have been characterized: poplar propolis (11) and
Mediterranean propolis (12). These propolis types are probably
fromdifferent geographical areas of Italy. The data thatwe present
here provide a contribution to better define these two areas.

TheHPLCprofile of the T2 balsam fraction displays a number
of peaks that aremuch higher. Furthermore, the concentration of
the species that characterize other specimens are considerably

Figure 7. HPLC profiles of (a) A1 and (b) T2 propolis ethanolic extracts, diluted to about 60 mg/L, monitored at 293 nm (maximum signal). T1, L2, and L3
display HPLC profiles that are comparable to the HPLC profile from the A1 specimen. Particulars of the HPLC chromatograms of A1 propolis ethanolic extracts
showing peaks assigned by co-injection. (c) Peaks of 1, caffeic acid; 2, p-coumaric acid; and 3, ferulic acid are shown (monitored at 320 nm). (d) Peaks of 4,
quercetin; 5, apigenin; and 6, kaempferol are shown (monitored at 250 nm). (e) Peak of 7, chrisin; 8, caffeic acid phenyl ester (CAPE)þ pinocembrin; and 9,
galangin are shown (monitored at 250 nm). The co-injection of other specimens brought the same assignments.

Table 4. Content Values in μg/g of Cinnamic Acids and Flavonoids in Solid Propolis Specimens Determined by HPLC, with RSD of 15%, and Content Values of
Benzyl Cinnamate and Benzyl Salicylate in Solid Propolis Specimens (μg/g) Determined by GC-MS, with RSD of 10% for Benzyl Salicylate and 15% for Benzyl
Cinnamate

specimen caffeic acid p-coumaric acid ferulic acid quercetin apigenin kaempferol chrysin galangin benzyl salicylate benzyl cinnamate

A1 25000 2800 4200 8500 8000 8500 50000 30000 20 55

T1 19000 2400 3100 4000 3500 3500 34000 18000 40 75

T2 2600 1900 3500 600 1300 1400 6000 5000 70 310

L2 22000 5400 5200 5200 5000 6000 39000 29000 15 20

L3 7000 3600 3300 4900 1100 3300 30000 4700 80 1025

average 15000 3200 3900 4600 3800 4500 32000 NDa 45 300

RSD 65 43 22 61 76 61 51 NDa 65 142

aND = not determined.
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lower in T2. This observation cannot be explained with a
significantly lower content of balsam (Table 3). In the T2 speci-
men, resin material must therefore be of mixed origin, containing
only a part of poplar resins. This difference in composition does
not seem to affect UV spectra significantly.

The proposed GC-MS method for the quantitative analysis of
benzyl salicylate and benzyl cinnamate turned out to be valid. The
use of hexyl salicylate and hexyl cinnamate as internal standards
accounted very well for the preparation process and made quanti-
tative analysis possible. Using the HPLC method proposed for
flavonoids and phenolics, these esters would be below the LOD. To
the best of our knowledge, this is the first report of the quantitative
content of these esters. The content of benzyl cinnamate is very
variable amongour specimens, but it is aminor compound.This is in
contrast to what happens in another allergenic natural resin, balsam
of Peru, where it is over 10% of the total mass (25). The amounts
used in sensitizing tests are generally much higher (25-29). Benzyl
salicylate is a minor compound as well, and the amount used in
sensitization tests is usually much higher (25). Because many
synergic effects are active in a complex mixture, such as propolis,
the analysis of potentially allergenic species, even if present in tiny
concentrations, should be an important part of the quality control.
The method tested here poses as an efficient instrument to this end.
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