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Abstract: Propolis is a bee product widely used as a dietary supplement and included in
sweets or baby foods due to its well-known antioxidant and nutritional properties that are
directly correlated with its phenolic composition. For this reason, this study analysed the
total contents of flavones and flavonols, flavanones and dihydroflavonols, and the
antioxidant capacity by using the methods of ABTS and linoleic acid/B-carotene in 99
samples of propolis from Spain and Chile. A rapid method was developed for quantifying
these parameters in raw propolis using near infrared (NIR) spectroscopy with an optical
fibre probe of remote reflectance applied directly to the ground up sample. The models
developed allow the determination of the total of flavones and flavonols (0-183 mg rutin/ g
propolis), of the total of flavanones and dihydroflavonols (9-109 mg pinocembrin/ g
propolis extract), and the antioxidant capacity by the ABTS method (0-3212 nmolesTrolox/
mg of propolis) and of linoleic acid/p-carotene (22-86% inhibition). The NIR spectroscopy
models were applied in external validation to different samples of the calibration group,
which led to the conclusion that the methods developed provide significantly identical data
to the initial chemical data of reference.
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1. Introduction

Propolis is a natural substance that bees collect from plant shoots and exudates and which
they mix with wax and salivary secretions ofdpismelliferas[1-3]. These substances have a
resinous appearance and a pleasant sweet aroma. In accordance with the time of year when
they are collected and their botanical origin they vary in colour (yellow, greenish,
grey-brown, brown, reddish, and even black), taste (bitter, slightly spicy, or insipid) and
consistency, beingbrittle at low temperatures and viscous at higher temperatures; these
aspects influence their properties [4,1].The detailed chemical composition of propolis is
highly complexand is characterised by the presence of biologically active compounds such
as polyphenols [5], which include flavonoids, phenolic acids, and theiresters[6].The varied
composition of propolis gives it multiple therapeutic properties that make it for example
antioxidant, antimicrobial (antibacterial, antifungal, and antiviral), anti-inflammatory,
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antitumoral  (cytostatic), healing, immunostimulating, anaesthetic, anti-ulcerous,
hypotensive, anticariogenic, anti-allergic, and antiparasitic[7-10].Numerous studies exist on
the spectrophotometric determination of flavonoids in propolis types such asflavonesand
flavonolsusing as a reference quercetin or rutin, applying the method proposed by
Bonvehier al., (1994)[11], which has been adopted by other researchers[12,13]. The
determination = offlavanones  anddihydroflavonolsin ~ propolis by means of
spectrophotometric methods[14]is based on the reaction of these compounds to
3.4-dinitrophenylhydrazine = (DNP) to obtain coloured yellowphenylhydrazone
usingpinocembrin as a reference [12,15].As for the individualised quantification of these
compounds, it is carried out by chromatography[12,16-18].The antioxidant capacity of raw
propolis can be determined by various methods. In numerous studies therefore the
inhibiting activity of the ABTS radical is measured usingTroloxas a reference[19-22].In the
same manner the determination of the antioxidant capacity, measured as an inhibiting
activity of the linoleic acid/B-carotene radical using Trolox as a method of reference, has
been applied to determination in propolis by the authors[19, 23-27].NIR spectrometry could
hence be an effective and rapid method for the quality determination of propolis. However,
there are few studies evaluating the potential of near infrared spectroscopy (NIR) for
quantitative analysis of propolis. Among them, a study characterises the propolis of Jalisco
in Mexico by means of UV-Vis fluorescence-FTIR spectroscopy techniques, considering
that the FTIRspectrum will change depending on the geographical area and the season of
the year[28].Moreover, Visible/Near infrared spectroscopy has been applied for the analysis
of chrysin and galangin in Chinese propolis[29],to detect propolis adulteration with Poplar
balata[30], to identify beeswax in the propolis[31],and to determine the mineral
composition[32],the quantification of phenyl ester of caffeic acid or CAPE[33],and more
recent applications of the quantification of pesticides in propolis[34].The objective of this
study was to develop a quick method to quantify in propolis the composition of flavones
andflavonols, flavanones, and dihydroflavonols, and antioxidant capacity by the methods of
ABTS and linoleic acid/B-carotene using near infrared spectroscopy (NIR) with
areflectancefibre-optic probe applied directly to the ground up sample of propolis, with
samples from Spain and Chile.

2. Materials and Methods
2.1 Samples

99 samples of propolis were directly collected by beekeepers in Chile (the Bio-Bio region,
52 samples) and Spain (Galicia, 14 samples and Castilla y Leon, 33 samples). The samples
were collected mostly with a mesh and by using the scraping technique from different
beekeepers. They were ground up in a Foss Knifetecc 10095 grinder (Hogands, Sweden),
their NIR spectra were recorded, and all samples were kept frozen until used in the
laboratory.When using the solutions of the propolis, extracts are prepared according to the
method proposed by[11-13,18,35], with slight modifications. Ten milliliters of methanol
were added to a 1 g aliquot of sample, and extraction was subsequently carried out in an
ultrasonic bath for 15 min. The methanol sample was centrifuged (1500 rpm) for 10 min at
20°C. The supernatant was filtered through Whatman grade No.4 filter paper and the liquid
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filtrated was transferred to a 10 mL volumetric flask. This methanolic extract was diluted
1:100 with methanol for its analytical determination.

2.2.Chemical methods

2.2.1.Flavones and flavonols

The content of flavones andflavonols is quantified as described[11-13,18,35],with minor
modifications. 0.5 ml of a solution of AICl3 in ethanol is added to 2ml of propolis alcoholic
extract. After 30 min at ambient temperature, the absorbance at 425 nm is measured. The
results were expressed in milligrams of quercetin or rutin (used as a reference) per gram of
propolis, using for the purpose the calibration lines drawn up with each of said standards.
2.2.2.Flavanonesanddihydroflavonols

The total quantification of flavanones anddihydroflavonols is carried out according to the
method described by Popovaer al. (2004)[12], with minor modifications. A 1 ml aliquot of
sampleof propolis alcoholic extract and 2 ml of the DNP solution (2.4-
dinitrophenylhydrazine) (solution: 1 g DNP in 2 ml of 96% sulphuric acid, diluted to 100
ml with methanol) is heated at 50°C for 50 min. After it has cooled to ambient temperature,
10% potassium hydroxide (KOH) in methanol (w/v) to 10 ml is added to the solution. 1 mL
of the resultant solution is diluted to 50 mL with methanol in a volumetric flask and the
absorbance is measured at 486 nm. The results are expressed as milligrams of pinocembrin
(used as a reference) per grams of propolis extract using the pertinent calibration curve to
do so.

2.2.3.Antioxidant activity, inhibiting capacity of the ABTS radical

The total antioxidant capacity was determined by the ABTS method, which is based on the
reduction of the 2.2-azinobis(3-ethylenebenzothiazoline-6-sulfonic acid) radical cation.
Scavenging of the ABTS-+ radical was monitored by the decrease in absorbance at 734nm
by spectrophotometry[36]. The water-soluble vitamin E analogue Trolox
(6-hydroxy-2,5,7,8-tetramethylchorman-2-carboxylic acid) was used as standard. To
prepare the ABTS radical cation, an ABTS solution was oxidized in water by treatment
with potassium persulphate (molar ratio=1:0.35) for 12—16 h in the dark, and then diluted in
a 2-mL cuvette with 0.1 M potassium phosphate buffer, pH 7.4, prior to the assays, to give
an absorbance of 0.7 + 0.02 at 734 nm. A suitable amount of the sample (20 uL) was added
to the reagent and the mixture was incubated at 25 °C. Absorbance was recorded each
minute for 10 min using a Shimadzu spectrophotometer (Columbia, Maryland).
Appropriate solvent blanks were run in each assay. The percentage of inhibition of
absorbance at 734 nm was calculated and plotted as a function of the concentration of
Trolox to give the Total Equivalent Antioxidant Capacity (TEAC).

2.2.4. Inhibiting activity of the linoleic acid/B-carotene radical

In order to assess the antioxidant capacity of propolis by using linoleic acid/p-carotene
method,it is necessary to proceed according to the method described by Emmons et al.
(1999)[37], with some modifications. Thep-carotene (3 mg) is dissolved in 30 ml of
chloroform and 3 ml are added to 40 mg of linoleic acid and 400 mg of Tween 40. The
chloroform is eliminated under a rotary evaporator and 100 ml of distilled water is added; and
the solution is mixed well. The aliquots (3 ml) of the linoleic acid/B-caroteneemulsion are
mixed with 50 pL of propolis ethanol extract and are incubated in a thermostatic water bath at
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50°C. The oxidation of the emulsion is monitored spectrophotometrically by measuring the
absorbance at 470 nm during a 60-min period.The results are expressed as the inhibition
percentage of the spectrophotometric signal which is calculated by using the following
formula [(Ao-A1/ Ao)*100], in which(Ao) is absorbance at time zeroand (A1) is absorbance
after 60 min.

2.3. NIR Spectroscopy

A Foss NIRSystem 5000(DK-3400 Hillerad, Denmark), with a standard 1.5 m, 210/210
bundle fiber-optic probe, Ref n° R6539-A, was used. The spectral range was set at
1100-2000 nm since above this value (2000nm) significant attenuation of the signal
occurred due to strong absorption of the OH groups present in the fiber optic. The probe
employed a remote reflectance system and used a ceramic plate as a reference. The window
was made of quartz with a 5 cm % 5 cm surface area. The NIR spectrum was obtained for
each of the samples by applying the remote reflectance fiber-optic probe to ground up
propolis. The spectra were recorded at 2 nm intervals, and 32 scans were taken for both the
reference and the samples. All samples were analyzed in triplicate in order to minimize
sampling error. For subsequent statistical analysis 70 propolis samples were randomly
selected for the calibration set, while the remaining 29 samples formed the validation set.
2.4. Chemometric methods. NIR-chemometric methods

The models of calibration were developed by using the data obtained from analytical
determinations and the spectral data obtained from NIR spectra99 samples were assessed,
of which 70 constitute the calibration group and 29 samples the external validation set.The
samples were selected at random. The quantification of the different analytical parameters
was performed using the modified partial least squares (MPLS) regression method. Partial
least squares (PLS) regression is similar to principal component regression (PCR), but uses
both reference data (chemical, physical, etc.) and spectral information to form the factors
useful for fitting purposes[38]. MPLS is often more stable and accurate than the standard
PLS algorithm. In MPLS, the NIR residuals, obtained after each factor and at each
wavelength, were calculated and standardized (dividing by the standard deviations of the
residuals at each wavelength) before the next factor was calculated. The scattering effects
were removed using the multiplicative scatter correction (MSC), standard normal variate
(SNV), DeTrend (DT) or SNV-DT. Moreover, the mathematical treatments were tested in
the development of the NIRS calibrations by using a nomenclature of 2,4,4,1 in which the
first digit is the number of the derivative, the second is the gap over which the derivative is
calculated, the third is the number of data points in a running average or smoothing, and the
fourth is the second smoothing. When developing the MPLS equations, cross-validation is
recommended in order to select the optimal number of factors and to avoid
overfitting[39,40], and the calibration set is divided into several groups for the
cross-validation. Each group is then validated using a calibration based on the other
samples. Finally, any validation errors generated are combined into a root mean square
error of cross-validation SECV[41].
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3. Results and Discussion

3.1.Chemical analyses and spectral information.

The composition of the 99 samples of propolisanalysed is shown in Table 1, which includes
the contents of flavones andflavonols, flavanones and dihydroflavonols,the inhibiting
activity of the ABTSradical and the antioxidant activity on linoleic acid oxidation. It shows
the minimum and maximum values, the mean, and the standard deviation (SD) for each of
the constituents by regions and countries.In the quantification of flavones and flavonols,
quercetin and rutinhave been used as a reference owing to the fact that various authors use
both compounds for their determination; in this study both have been used so as to compare
the results obtained with the bibliographical sources consulted.

Table 1 - Chemical data on flavones andflavonols, flavanones, anddihydroflavonols, the
inhibiting activity of the ABTS radical and the antioxidant activity on linoleic acid

oxidation.
Chemical data obtained by Spectrophotometry
Countries Espaiia Chile
Regions Galicia Castilla y Leon Bio-Bio
Constituents Min-Max Mean SD Min-Max Mean SD Min-Max Mean SD
Total flavones + flavonols
10.4 - 58.7 25.8 13.7 8.0- 499 31.0 14.6 0- 633 24.1 13.6
(mg quercetin / g propolis)
Total flavones + flavonols 199 - 0-
28.2-149.6 61.5 36.3 88.5 38.9 57.3 35.6
(mg rutin / g propolis) 190.3 161.1
Total flavanones +
dihydroflavonols (mg 27.0 -
31.8- 739 49.4 9.6 31.7-81.6 56.7 15.3 75.8 343
pinocembrin / g propolis 149.7
extract)
ABTS (nmolesTrolox/mg 1552.1 - 1197.7- 641.2 -
1777.1 195.1 1907.7 384.2 3863.5 1911.2
propolis) 2012.6 2649.3 8215.4
Linoleic acid / B-carotene ( 727-833 78.0
% inhibition) 3.7 21.6-82.2 56.5 21.1 54.7-88.1 70.0 7.1

It can be appreciated that the content in flavones andflavonols,whether quercetin or rutin is
used as a reference, is found in larger amounts inCastilla y Leon (8.0-49.9 mg quercetin/g
of propolis), (19.9-190.3 mg rutin/g of propolis), followed by Galicia (10.4-58.7 mg
quercetin/g of propolis), (28.2-149.6 mg rutin/g of propolis)andChile (0-63,3 mg
quercetin/g of propolis), (0-161.1 mg rutin/g of propolis). In the case of the content
offlavanonesand dihydroflavonols referring to pinocembrin,the highest content is to be
found in Castilla y Leon (31.7-81.6 mg pinocembrin/g of propolis), followed by Galicia
(31.8-73.9 mg pinocembrin/g of propolis)andChile (27.0-149.7 mg pinocembrin/g of
propolis).However, in the case of the antioxidant activity determined by the ABTS method
the highest value is to be found in the Chilean samples with (641,2-8215,4
nmolesTrolox/mg propolis), followed by Castilla y Ledn (1197.7-2649.3 nmolesTrolox/mg
propolis) andGalicia (1552.1-2012.6 nmolesTrolox/mg propolis). In the same manner, the
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inhibiting capacity of linoleic acid/B-carotene is greater inChile (54.7-88.1% inhibition), in
this case followed by Galicia (72.7-83.3% inhibition),and the lowest value occurs in
Castilla y Leon (21.6-82.2% inhibition).The values found for flavones and flavonolswere in
generalhigher than those found in Chinese samples[19],by authors who used quercetin as a
reference, while the values of this study are lower than those found in propolis from
Mexicowhen using rutin as a reference[13].

For the contents of flavanones and dihydroflavonolsresults found in
Spanishpropolissamples are higher than those found in propolis from Mexico[13], Portugal
[15], and Argentina[25].As far as antioxidant activity is concerned, the closest ABTS
values to those found in this study were found in Turkish propolis[20].Finally, the results of
the antioxidant capacitydetermined by thelinoleic acid/B-carotene method of this study are
in line with those found in various locations inChina [19], and similar to those found
byKumazawain countries such as Argentina[23], Australia, Chile, China, and Hungary,
which are higher than propolis values fromBrazil[26] andKorea[27],(Table 1).

3.2. NIR calibration equations

The NIR calibration models are carried out by using the chemical data (flavones
andflavonols, flavanones anddihydroflavonols; the inhibiting activity of the ABTSradical
and theantioxidant activity onlinoleic acid oxidation obtained by spectrophotometry)and the
NIR spectra of the samples. The NIR data are divided into two established groups: 70
samples serve to constitute the calibration set and 29samples are used for the external
validation set, chosen always at random. The mean composition of each of the parameters
in the calibration and external validation sets are shown in Table 2.

Table 2. Chemical data of reference for flavones and flavonols; flavanones and
dihydroflavonols; the inhibiting activity of the ABTS radical and the antioxidant activity
on linoleic acid oxidation for the subsets of calibration and external validation in raw

propolis.
Externalvalidation set
Calibration set (N=70) (N=29)
Constituents

Min-Max SD Min-Max SD

Total flavones + flavonols (mg quercetin / g propolis) 0-74.3 15.0 10.1-72.2 14.7

Total flavones + flavonols (mg rutin / g propolis) 0-190.3 39.5 19.9-184.8 39.1

Total flavanones + dihydroflavonols (mg pinocembrin / g propolis
31.7-221.2 30.5 27.0-109.3 21.6
extract)
641.2-8215.
903.9-6791.6 1668.5 1853.4
ABTS nmolesTrolox/mg propolis 4
15.8-86.8 13.3 31.1-83.0 13.1
Linoleic acid/B-carotene (% inhibition)

Prior to the application of the Modified Partial Least Squares (MPLS)regression model, the
samples with a value of H (the Mahalanobis distance) greater than 3 are eliminated.
Subsequently the MPLS regression is carried out; those samples with T values exceeding
2.5 are eliminated from the set because they are different from the population from a
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chemical point of view. The results of the NIRcalibration models obtained for each
constituent can be seen in Table 3 with the indication of the number of samples (N) used
(after eliminating the samples because of criterion H and criterion T), together with the best
of the different mathematical treatments, the range of concentration, standard deviations for
each parameter, RSQ values, and calibration errors (SEC). The equations obtained allow
the determination of theflavones and flavonols (taking bothquercetin and rutin as a
reference), flavanonesanddihydroflavonols, the inhibiting activity of the ABTS radical, and
the antioxidant activity on linoleic acid oxidation.

Table 3 - NIR calibration data of the 70 samples of each of the flavones and flavonols, the
flavanones and dihydroflavonol, and the inhibiting activity of the ABTS radical and the
antioxidant activity on linoleic acid oxidation.

. Mathematicaltre N Min-Max SEC SECV SD RSQ RMSEP
Constituents Regression line
atment
Total flavones +
Standard MSC
flavonols 65 | 0720 9.5 11.8 144 | 063 234 Crar = 1.00 Cyer + 1.78
(mg quercetin/ g 2,44.1
propolis)
+
Total flavones Detrend only
flavonols 65 0-183.4 24.1 29.4 37.9 0.62 8.9 Cnir = 0.98 Crer+2.33
0,0,1,1
(mg rutin / g propolis)
Total flavanones +
dihydroflavonols (mg Standard MSC
62 | 9.89-109.4 10.2 134 16.6 0.68 9.5 Cnir = 1 Cger +0.00
pinocembrin / g propolis 2,441
extract)
ABTS Detrend only
(nmolesTrolox/mg 63 0-3212.7 386. 1 449.3 707.7 0.87 119.7 Cnir = 0.99 Crer + 44,03
2,10,10,1
propolis)
Linoleic acid / B-carotene
(% inhibition)
SNVonly 1,441 | 66 22,7-86,8 72,3 139 15,0 0,65 9,41 Cnir = 0,96 Crer+ 1,9

N= number of samples worked. SEC= Standard calibration error. SECV= cross-validation standard error. SD= standard deviation. RSQ=
correlation coefficient. RMSEP = mean square error of prediction. Cxix = NIR concentration. Cye= Reference concentration.

The results obtained indicate that it is possible to determine by means of NIR technology,
given the high RSQ values and the small calibration  errors,
theflavoneandflavonolcontentindependently of the standard compound used for calibration,
and the flavanoneanddihydroflavonol total in concentrations of the same kind as in
spectrophotometry. For the determination of antioxidant activity using the ABTSmethod,
the concentration margin is lower (0-3212.6 nmoles of Trolox/mg of propolis), while in the
case of thelinoleic/B-carotene method the margin of application of the model regarding the
chemical data of reference clearly widens(22.7-86.8% inhibition).
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3.3. Internal validation (prediction)

The models obtained by NIR calibration are assessed by cross-validation. The set of
calibration samples was divided into a series of subsets(establishing seven cross-validation
groups). The prediction process involves taking six of these sets for the celebration set and
one for the prediction set. The process is repeated for each subset so that all the samples
pass the calibration set and the prediction set.It can be seen from Table 3 that the
cross-validation errors (SECV) are of the same kind as those of calibration. This table
indicates the regression lines of NIR calibration compared with the reference data obtained
by spectrophotometry.This method allows the validation of the models obtained and also
the checking of their prediction capacities. The correlations of the values obtained in the
laboratory (Ref) with regard to those predicted by NIR with a fibre-optic probe of
theflavones and flavonols (referring tomg of quercetin or of rutin/g of propolis), flavanones
anddihydroflavonols (referring tomg pinocembrin/g of propolis), the inhibiting activity of
the ABTS radical (nmolesTrolox/mg propolis) and the antioxidant activity onthe linoleic
acid (% inhibition)are shown in Figure. 1. These data tell us that theNIR models obtained
can be used to predict these parameters in unknown samples. NIR technology with a
fibre-optic probe may become an alternative to the chemical methods used. This
spectroscopic method has great potential owing to its low cost as it does not require the
treatment of the samples compared with chemical methods.

3.4. External validation

Once the NIR calibration equations have been obtained for the determination of the
composition of the total of flavones and flavonols, flavanones and dihydroflavonols, the
inhibiting activity of the ABTSradical and the antioxidant activity on linoleic acid oxidation
in propolis, it is necessary to proceed to the stage of external validation, which consists of
the application of the equations to a set of29samples that do not belong to the calibration
set. The procedure is as follows: theNIR spectra are recorded in triplicate and the spectral
mean is taken.

The NIR calibration equationsobtained in the carrying out of the study are applied to said
spectra so as to predict the values for each of the parameters; subsequently they are
compared with the results predicted by means of NIR technology with the laboratory
chemical data of these samples.The Student t assay is used to compare both methods
(spectrophotometry and NIR). The p values range from 0.41 for ABTS method and1.00 for
linoleic acid/B-carotene method, which indicates that there are no differences between the
results obtained by NIR spectroscopy and the spectrophotometric data.Inaddition,the
measures of the values of the Root Mean Square Error Prediction (RMSEP)that fall
between3.89 and 68.48 respectively indicate that these are acceptable values (Table 4).
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Figure 1. Comparison of the reference values with the values predicted by calibration
equations NIR. RSQ multiple correlation coefficients; RMSEP = mean square error of
prediction.

Table 4 - Data of external validation (29 samples), the level of significance, residual means
and the Root Mean Square Error (RMSE) of flavones and flavonols, flavanones and
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dihydroflavonols, and the inhibiting activity of the ABTS radical and the antioxidant
activity on linoleic acid oxidation in propolis.

p (Level of
Constituents Residual mean RMSEP
significance )
Total (flavones + flavonols)
0.97 98.8 6.6
(mg quercetin / g propolis)
Total (flavones + flavonols)
0.97 74.1 39
(mg rutin / g propolis)
Total (flavanones + dihydroflavonols) (mg pinocembrin/ g
0.59 26.7 4.1
propolis extract)
ABTS
0.41 452 68.5
(nmolesTrolox/mg propolis)
Linoleic acid / B-carotene
1.00 20.4 3,8
(% inhibition)

It can be emphasised that up to now we have found no research implementing NIR
technology in propolis for the determination of these parameters.
4. Conclusion
In view of the results, NIR methodology can be used to predict the total contents
offlavonesandflavonols, the sum offlavanonesanddihydroflavonols, and the inhibiting
activity of the ABTSradical and the antioxidant activity on linoleic acid oxidation in
propolis with values comparable to spectrophotometry. The most determinant aspect of this
methodology is that it can be developed and applied to any type of unknown propolis of
different origins without prior treatment and without destruction of the samples, i.e. from
the direct application of the fibre-optic probe after grinding up the propolis.
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