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Abstract

A simplex-lattice mixture design with response surface methodology was used
to evaluate 7n vitro synergistic antioxidant activity of red, green, and brown
Brazilian propolis extract blends. The in vitro antioxidant capacity of propolis
extract blends was measured using the fluorine method of oxygen radical ab-
sorption capacity assay (ORAC assay). A synergistic antioxidant interaction
was identified between green and brown propolis extracts, and the predictive
model accused a binary mixture composed of 59% green and 41% brown prop-
olis extracts with increased antioxidant activity of about 54%. Our findings
suggest a possible reduction in the dosages of these natural antioxidants in
their various potential applications, including health and food, thereby prov-
ing to be a highly promising alternative for the rational use and valorization
of propolis.
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1. Introduction

Propolis is a bee product from resinous, gummy, and balsamic substances collected
from buds, flowers, and plant exudates, added with salivary secretions, wax, and
pollen, and deposited in colonies as a physical and chemical colony defense [1]
[2] [3] [4]. These functions are performed by bioactive molecules belonging to
different classes, including phenolic compounds, the main group of these sub-

stances [1]-[6]. Among the bioactive properties, propolis has antioxidant activi-
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ty, expressed in the colony and in plants, animals, and foods, presenting poten-
tial applicability as a functional ingredient and natural preservative [3] [5] [7]
(8] [9].

An outstanding characteristic of propolis is the variability of its composition
and multiple factors such as seasonality, climate, geographic location, and vege-
tation [1] [6] [7], making propolis extract production with standardized proper-
ties and their industrial exploitation quite challenging [8] [9]. In addition, the low
solubility of propolis extracts in water can change the flavor and odor when in-
corporated into foods, leading to higher costs than conventional ingredients and
making their application in foods even more strenuous [8] [10].

The growing demand for natural products (e.g. food ingredients) supports new
investigations for technological solutions to overcome these obstacles, including
developing propolis extract blends with enhanced action to reduce the doses re-
quired to achieve the desired effects [8] [9]. Combining propolis extracts from
different origins is one strategy whose phytochemical patterns can interact syn-
ergistically and optimize antioxidant systems [9] [11] [12]. Evidence presented
by Peixoto et al [9] [13] instigates the prospection of new synergistic mixtures of
propolis extracts while considering other phytochemical patterns of propolis pro-
duced worldwide, including Brazilian propolis.

Brazilian propolis is classified into 13 groups in terms of their botanical ori-
gin, chemical composition, and antioxidant and antimicrobial activities. The va-
rieties of Groups 12 and 13, popularly known as green and red, respectively, have
great commercial importance due to their chemical compositions and bioactive
properties [14] [15]. Brazilian green propolis and red propolis are known for their
unprecedented composition in bioactive compounds, granting them the “Deno-
mination of Origin” seals for some producing regions of these classes [16]. Their
differentiated composition is due to the main vegetable sources collected by
the bees to produce them, Baccharis dracunculifolia and Dalbergia ecastophyllum,
both native to Brazil. The former is found in southeastern Brazil in the Cerrado
biome, while the latter is found in coastal regions in the mangrove biome [14]
[17] [18] [19] [20].

Brazilian green propolis, produced mainly in southeastern Brazil, has the na-
tive plant B. dracunculifolia as its primary botanical source, which is rich in
prenylated coumaric acid derivatives [2] [18] [19]. As a result, these compounds
are found in high concentrations in green propolis and primarily include drupa-
nin, baccharin, and artepillin C [18] [19] [21]. The green tone is due to the high
chlorophyll levels [3] [22] [23]. Red propolis, characteristic of the coast of nor-
theastern Brazil, mainly contains flavonoids and prenylated benzophenones, in-
cluding vestitol, neovestitol, medicarpin, formononetin, biochanin A, daidzein,
retusapurpurin A and B, guttiferone E, and xanthochymol and oblogifolin B [2]
[14] [17] [20]. The flavonoids retusapurpurin A and B are the pigments respon-
sible for this propolis red color [2] [24].

Brown Brazilian propolis is attributed to the class with this color found through-

out the country, although its composition is still little known given the territorial

DOI: 10.4236/fns.2023.144025

386 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2023.144025

J.D. F.daSilvaetal.

extent [25]. Brazil is a country of continental proportions and one of the most
megadiverse places in the world, with over 40,000 different plant propolis,
representing 20% of the world’s flora [26] [27]. Over half of the plants in Brazil
are endemic and only occur in this country [27]. Hence, the number of brown
propolis chemotypes is not only expected to be proportional to this diversity, but
also reveals new phytochemical profiles [25] [28] [29]. As studies on the compo-
sition of Brazilian brown propolis advance, new chemotypes have been found,
such as propolis with high prenylated benzophenone content (Amazon region,
northern Brazil) [30], propolis with high acidic diterpene content (Araucaria
forest, southern Brazil) [31], and propolis with high benzyl benzoate and benzyl
salicylate content in the essential oil fraction (Mata Atlantica, southeastern Bra-
zil) [32]. New research aimed at evaluating the bioactive properties, composi-
tion, and botanical origin of brown propolis can help strengthen knowledge about
its identity [25].

Evidence of antioxidant synergism in blends of propolis extracts from differ-
ent origins is scarce in the literature [9] [13], therefore, little is known about how
the antioxidant activity of extracts from different patterns of Brazilian propolis is
affected when they are combined. Given the above, this study sought to evaluate
the antioxidant interactions of mixtures of red, green, and brown propolis ex-
tracts (PE) using a simplex-lattice mixture design (SLMD) with response surface
methodology (RSM).

2. Materials and Methods

2.1. Propolis Extracts Origin and Characterization

Three commercial extracts of Brazilian propolis (brown propolis, red propolis
and green propolis) were kindly provided by Beeva Industria Comércio e Ex-
portagdo de Mel e Derivados S/A (Marechal Deodoro, AL, Brazil). The green
and brown propolis used in the manufacture of the extracts were collected in
February 2020 and April 2020, respectively, in Alterosa, MG, Brazil (21°15'56.2"S
46°08'17.7"W for green propolis; 20°48'30.0"S 45°18'42.3"W for brown propolis).
Red propolis was collected in April 2020 in Porto de Pedras, AL, Brazil (9°09'33.6"S
35°18'18.7"W), and Canavieiras, BA, Brazil (15°39'55.6"S 38°57'01.6"W). Ac-
cording to Beeva S/A, these extracts were produced in their commercial manu-
facturing plant by maceration using hydroalcoholic solution (70% food grade
ethanol) as the extracting solution for 7 days. In Brazil, a comprehensive list
of solvents used in propolis extract production is regulated, including ace-
tone, ethanol, isopropanol, hexane, methanol, and hydroethanolic solutions [33]
[34], and solvent selection depends on prior analysis of multiple factors, such as
propolis composition, yield, price, and technological trends [35] [36] [37]. Hy-
droethanolic solutions of ethanol:water of 70:30 (v/v) are conventionally used at
a commercial scale to manufacture propolis extracts [35] [36] [38] due to the low
toxicity, obtaining a wide range of bioactive compounds [36]. Ethanol is a readi-

ly available, low-cost solvent that is generally recognized as safe (GRAS) [37].
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Other green solvents, such as water, limonene, and vegetable oils, have been seen
as alternatives to replace ethanol-based extracts and other organic solvents, even
though they have lower extraction performance [39] [40] [41].

The extracts were characterized (Table 1) for the content of total phenolic
compounds and total flavonoids, by high-performance liquid chromatogra-
phy-diode array detection (HPLC-DAD), and the separation was performed on a
reverse-phase C-18 hypersil gold column (5-um particle size, 150 mm, 4.6 mm;
Thermo Fisher Scientific, Massachusetts, USA) at 38°C [42], and dried extract by

drying in an oven with air circulation at 102°C + 2°C to constant weight [43].

2.2. Experimental Design, Data Analysis, Modeling of
Experimental Data and Statistical Analyses

A SLMD was used to find out the interactive effects of antioxidant activity from
the red, green and brown PE in the blend extracts [44] [45]. This system has sym-
metrically distributed experimental points and a well-chosen polynomial equa-
tion to represent the surface response over the entire SLMD region. The distri-
bution of the independent variables (x;, x, and x;) in the simplex space (equila-
teral triangle), Figure 1, the sum of all must be 100% ( >’ X, =1). The distribu-
tion of mixtures within this space is known as lattice, which a mixture can be
pure element (triangle vertex) or binary interactions (triangle edges) and ternary
(triangle center) between them. In this trial, the SLMD for 3 factors and a 3 de-
gree polynomial will consist of °C, = 9 points plus one central point. Therefore,
the design points are: (1, 0, 0), (2/3, 1/3, 0), (1/3, 2/3, 0), (0, 1, 0), (0, 2/3, 1/3), (0,
1/3, 2/3), (0, 0, 1), (1/3, 0, 2/3), (2/3, 0, 1/3) and the central point with equal
parts of all components of the mixture (1/3, 1/3, 1/3). Therefore, 3 points of pure
PE (vertex), 6 points of blend PE (edges) and one central point (inside of the
triangle) with 4 replications are obtained (Figure 1). The design of experiment
(DOE) is shown in Table 2. The cubic polynomial RSM in mixture design model
is presented in Equation (1).
3 3 3 3 3 3

Yijk:iz;,ﬂixi“‘g;,zj:ﬂijxixj+;j<zkzk:ﬁijkxixjxk+5ijk (1)
where the Y, is observed value in the i-j-A&-" propolis extract level; X;, X;
and X, are coded independent variables; S, B; and f; are linear, qua-
dratic (component pairs) and cubic (3-component sets) regression coefficients of

the model, respectively, whose quadratic and cubic parameters may be either

Table 1. Characterization of PE in terms of dry extract (g/100g), total phenolics (mg/100mg
dry weight) and total flavonoids (mg/100mg dry weight).

Parameters Red PE Green PE Brown PE
Dry extract 10.30 9.38 9.97
Total phenolics 21.29 18.46 14.04
Total flavonoids 6.96 1.71 3.49
DOI: 10.4236/fns.2023.144025 388 Food and Nutrition Sciences
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Figure 1. Space plot of the pseudo-components in SLMD for ternary mixture and third
degree polynomial model.

Table 2. Pseudo-components (coded) and original components for SLMD with three in-
dependent variables (red, green and brown PE), as well as experimental responses.

Space Coded values Original values (%) Response
point’ Red Green  Brown Red Green Brown (WM TEAC/mg
(run)  SpE(x) PE(x) PE(x) PE(x) PE(x) PE(x) dryweight)
1 1 0 0 100 0 0 4.10
2 2/3 1/3 0 66.667 33.333 0 4.50
3 1/3 2/3 0 33.333 66.667 0 5.06
4 0 1 0 0 100 0 6.16
5 0 2/3 1/3 0 66.667 33.333 7.51
6 0 1/3 2/3 0 33.333 66.667 6.81
7 0 0 1 0 0 100 4.07
8 1/3 0 2/3 33.333 0 66.667 4.03
9 2/3 0 1/3 66.667 0 33.333 3.19
0 (CP?» 1/3 1/3 1/3 33.333 33.333 33.333 5.70
0 (CP) 1/3 1/3 1/3 33.333 33.333 33.333 7.64
0 (CP) 1/3 1/3 1/3 33.333 33.333 33.333 6.24
0 (CP) 1/3 1/3 1/3 33.333 33.333 33.333 6.88

'Treatments; “CP = central point; *PE = propolis extract.

synergistic or antagonistic blending; and ¢, is the error associated to the Y;,
observation. Note that the intercept term is not included due to the correlation
between all the components (their sum is 100%). The effect of blends PE on the
antioxidant activity (trolox equivalent antioxidant capacity, TEAC/mg dry weight)
was analyzed using the least square method. For this trial, typical multiple regres-

sion models were used: linear model, Equation (2), quadratic model, Equation
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(3), and special cubic model, Equation (4).
Yijkzﬂixi+ﬂjxj+ﬁkxk+gijk (2)

Yijk =B X, +,8ij + B X, +ﬂinin + L Xi X, +,[3ijij + & (3)

Yijk =B X, +ﬂjxj + B X, +/3inin + B X, X, +,8ijij

(4)
+,BiijinXk + &

where the f's is the model parameter coefficient; X’s are the independent va-

riables (input points); Y, and ¢

was based on ANOV A and significance test and, for the lack of fit and evaluation

. as previously defined. The selection model

of the coefficient of determination R*. Antioxidant capacity values were explained
by the three-dimensional response surface analysis of the independent variables.
From the predictive model, a mixture of propolis extracts with optimal antioxi-
dant activity was established. The adjusted validation model was determined
comparing the predict antioxidant activity from the optimized mixture with ex-
perimental data by student’s t-test. Statistical analyzes were carried out using the
Statistica version 9.1 software (StatSoft Inc., Tulsa, OK, USA) at 5% significance
level.

2.3. Antioxidant Capacity Determination

The antioxidant capacity of propolis extracts was evaluated through oxygen rad-
ical removal capacity (ORAC) fluorimetric method using fluorescein as a mole-
cular probe and 96-well black microplate [46]. The ORAC method is based on
the elimination of peroxyl radicals (ROOe) by the antioxidant, by the hydrogen
atom transfer mechanism (HAT), under controlled temperature, pH and time
(Figure 2). The radical ROO. is produced during the assay by the thermal de-
gradation of a radical generator, usually an azo compound, including a,a-azobis-
isobutyronitrile (AIBN), 2,2’-azobis(2,4-dimethylvaleronitrile) (AMVN), 2,2’-azo-
bis(2-amidinopropane) (ABAP), and the hydrophilic 2,2’-azobis(2-amidinopro-
pane) hydrochloride (AAPH). Since ROOes is one of the main free radicals pro-
duced during the oxidation of biological systems, the data obtained through this
method are considered representative for food systems [47] [48].

The propolis extracts and blends were diluted with ethanol 99.8% (1:50, v/v)
and 75 mM phosphate buffer, pH 7.4 (1:400, v/v). The total dilution factor was
1:20.000 (v/v). A blank sample (70%, v/v, hydroalcoholic ethanol solution) was
diluted as previously described for the propolis extracts. Based on the reference
method, 25 pL of diluted extracts, blends or blank and 150 pL of fluorescein so-
lution (81 nM in 75 mM phosphate buffer, pH 7.4) were pipetted into each well
of the microplate. After incubation (10 min at 37°C) under constant agitation,
25 uL of 2,2’-azobis (2-amidinopropane) dihydrochloride (AAPH) solution (152
mM in 75 mM phosphate buffer, pH 7.4) were added to each well of the micro-
plate. The decay of fluorescence was followed every minute of reaction at 37°C
between 0 and 90 min, under excitation wavelength of 485 nm and emission

wavelength of 528 nm. The result was expressed as TEAC/mg dry weight, based
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Figure 2. Illustration of the ORAC method considered in this research; legend: AAPH = 2,2’-azobis(2-amidinopropane); ROOe =
peroxyl radical; AH = antioxidant; AUC,;; = area under the curve of the reaction with antioxidant; AUC,,,, = area under the

curve of the reaction without antioxidant; AUC

et = Net area under the curve (between the samples and the blank), corresponding

to the antioxidant activity. Source: the authors based on Ou et al [46] and Echegaray et al. [48].

on a calibration curve prepared using trolox solutions with concentrations be-
tween 2 to 128 uM, diluting the standard trolox solution in 75 mM phosphate
buffer, pH 7.4 [46].

2.4. Synergism Evaluation

Regression model obtained through the SLMD was used to find out the interac-
tive effects of antioxidant activity from the red, green and brown PE in the blend
extracts. Predictive model signs coefficients are evaluated for identification of
favoring (synergism) or compromise (antagonism) in the relationship between
two or more predictor variables: coefficients with positive signs indicate synergis-
tic effect between the predictors, while negative signs indicate antagonism. The
absence of polynomials of degree 2 or higher in the predictive model indicates
an additive relationship [12] [49]. Synergism values (SV, %) were calculated as
Equation (5). Theoretical ORAC was calculated as the weighted average of the
observed antioxidant activities for each component extract of the mixture. The
obtained difference values (%) indicate that there are potential synergistic (posi-
tive values) or antagonistic (negative values) and additive (null values) effects
[50].

SV (%) = [experim_ental ORAC
theoretical ORAC

xlOO} —-100 (5)

3. Results and Discussions

3.1. Antioxidant Activity Model

An adequate model must be significant (p < 0.05) and with non-significant lack
of fit (p > 0.05) [45] [51]. The coefficient of determination informs about the
model predictive capacity. When the value is closer to 1.00, better is its capabili-
ty. R? values > 0.70 indicate high correlation and it is considered sufficient to

demonstrate the adequacy of the model [52] [53]. The quadratic model was the
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unique model that met the three criteria (Table 3), and then was selected. How-
ever, the model was reparametrized, eliminating the non-significant coefficients
(p > 0.05) (Table 3), obtaining the following adjusted equation for antioxidant
activity, Equation (6):

Jorac(reacimg) = 40500, +6.0593x, +3.9917x, +12.1394%,X, (R? = 0.81) (6)

A ternary response surface diagram was obtained (Figure 3). It is observed that
the response for antioxidant activity was greater around the edges x,x;, represented
by the binary mixture of green PE (x,) and brown PE (x;) and intensified as the
proportion of each extract in blend approached 1:1 (midpoint of the vertex). In
fact, the adjusted equation revealed a binary mixture formed by 59% of green PE
and 41% of brown PE as maximum point of antioxidant activity, whose pre-
dicted value was 8.15 pmol TEAC/mg dry weight.

Table 3. p-values, coefficients of determination (R*) and regression coefficients (/) for the tested polynomial models.

p-values and R? of the tested
polynomial models

Item

Model
p-value

Linear 0.0626"
Quadratic 0.0328*
Special cubic  0.0624™

Terms or predictors

X RS X X% RIRE! RERE! RIRRE!

0.43 3.8010*%  7.4289** 5.3613*** - - - -
0.82 3.7098*%  5.8522%*  3.9040* 1.9614™  1.0660™  12.2074* -
0.91  3.9987*%* 6.1411*** 4.1929*** -1.2882™ -2.1836™ 8.9578*  33.1461™

'red, green and *brown propolis extracts, x, x, and x; are coefficients of linear terms; x,x,, x,x, and x,x, are the coefficients of qua-
dratic terms; and x,x,x; is the coefficient of special cubic term. *Not significant (p > 0.05); *Significant (p < 0.05); **Significant (p

< 0.01); ***Significant (p < 0.001).

Brown PE (x,)
0.0041.00

B ->79
<75
I <7
[ <6.5
[]<6
[]<55
B <5
B <45
<4

0.00 0.25 0.50 0.75 1.00
Red PE (x,) Green PE (x,)

Figure 3. Ternary diagram of the response surface of the model.

DOI: 10.4236/fns.2023.144025

392 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2023.144025

J.D. F.daSilvaetal.

The response observed experimentally for the optimized mixture (8.22 £ 0.75
pumol TEAC/mg dry weight; n = 5) did not differ (p > 0.05) from the predicted
value (8.15 pmol TEAC/mg dry weight), ensuring the suitability of the adjusted
predicted model for the antioxidant activity of the mixtures.

3.2. Synergism Study

Synergism studies are important to understand how the combination of anti-
oxidants affects the activity of each component and the overall consequence for
the mixture in terms of efficiency. It is known that these mixtures of ingredients
can result in more or less efficiency, leading for possible synergistic or antago-
nistic relationships. In synergistic relations, the effect is greater in the mixture
than the sum of the isolated effects. Although, when the response in the mixture
is smaller than the sum of each isolated effect, the effect is antagonistic. In the
absence of these effects, it can be said as additive when the result is the same as
the sum of each isolated effect [11] [12].

The occurrence of term x,x; (+ 12.1394x,x;) in regression model indicates that
there was a synergistic interaction between the green and brown propolis ex-
tracts, improving 54% (SV) the efficiency of the 59% of green PE and 41% of
brown PE blend (8.15 pmol TEAC/mg dry weight) when compared with the
equivalent sum of isolated effects (5.30 TEAC/mg dry weight). This association
is visualized on the vertex x,x; (Figure 3), an increment of antioxidant activity
was observed in the center of the edge (blends 1:1 of green PE and brown PE ex-
tracts) red region, in relation with the vertex (pure extracts) green/yellow region.
The absence of the terms x,x, e x,x; evidences the inexistence of synergy or an-
tagonism between red PE (x;) with green PE (x,) or brown PE (x;), which means
that among the other extracts, in any proportions, the relationship was additive.
When mixing red PE with green PE or red PE with brown PE, the antioxidant
properties are preserved.

Evidence on antioxidant synergism in propolis extract blends is scarce in the
literature and available data are based on in vitro studies. To the best of our
knowledge, this is the first study that shows a synergistic relationship between
Brazilians green PE and brown PE. Mixtures of Portuguese propolis extracts col-
lected over five years (2011-2015) in Gerés, Portugal (41°45'41.62"N; 7°58'03.34"W),
were evaluated in terms of its antioxidant activity by Peixoto et a/ [9]. The authors
concluded that the mixtures presented greater antioxidant activity than the indi-
vidual extracts, and attributed this improvement to the synergism between the
different compounds present in extracts, not only limited to phenolic compounds
and flavonoids [9]. In addition, Oliveira [54] observed synergistic and antago-
nistic relationships combining propolis extracts commercialized in different re-
gions of Portugal.

It is believed that the synergistic effects between propolis extracts on antioxi-
dant activity are a function of their complex phytochemical composition, which

contribution of minority compounds would be as important as of majority com-
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pounds [4] [9] [55]. The structures of phenolic compounds, the main class of
bioactive compounds found in propolis, including some markers found in Bra-
zilian propolis [2] [14] [17] [19] [24] [56], are presented in Figure 4. Flavonoids
are one of subclasses of phenolic compounds mostly found in propolis extracts
[2] [4] [57]. Other groups of bioactive substances were identified including ter-

penoids [1], benzophenones [55] and chalcones [56].

Flavonoids Some phenolic compounds as Brazilian red propolis
general structure markers
daidzein formononetin
HO O ) Ho o
OH
flavones isoflavones : ; ;
neovestitol biochanin a
o _o o Ho o
| HaC OH
o |
O | J O O OH o O CH
OH o e
(o]
isoflavanes flavonols H
o
O o O
anthocyanidins chalcones

retusapurpurin a

‘\(’/‘ Some phenolic compounds as Brazilian green propolis
markers

3

\ />
O
O

Phenolic acids artepillin C (3,5-diprenyl-p-

HaC” T O coumaric acid)
hydroxycinnamic acid hydroxybenzoic
derivatives acid derivatives
R1 9 R1
R2 p-coumaric ac1d (o]
=
. . OH
® Ho
R, OH

Lignans Stilbenes Other phenolic compounds in Brazilian propolis

Rs dihydroxy-dimethoxychalcone
Ry (green propolis from the Isoliquiriticenin
R Caatinga, northeast Brazil) 9 o
4 OH (red propolis)

O, OH
G & “CI ) O

Others: hydrolyzable tannins and cH, ©
condensed tannins

Figure 4. Phenolic classes and some chemical markers found in Brazilian propolis. R1 - 4 are different

substituents.
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Souza et al. [57] purified samples of Brazilian brown propolis, obtaining frac-
tions enriched in phenolic compounds and flavonoids. In opposite of expecta-
tions, the antioxidant activity of the enriched fractions was lower than the origi-
nal extract, indicating that there is synergism among different compounds. When
investigating the effect of seasonality on the composition and antioxidant activi-
ty of Brazilian red propolis, do Nascimento et al [55] attributed the obtained
synergistic effect to interactions between flavonoids and gutiferones and be-
tween total phenolic compounds and gutiferones.

Osés et al. [4] compared the antioxidant activity of propolis extracts with ana-
lytical standards blend composed of the same majority of phenolic compounds
identified in the extracts at equivalent concentrations. The authors reported that
the antioxidant activity of the extracts was superior to the analytical standards
blend, attributing to the synergistic effect of the minority compounds for better
antioxidant activity in the propolis extracts.

Synergism between different classes of compounds present in propolis extracts
was observed such as between flavonoids and benzophenones [55], terpenes and
polyphenols [58] and phenolic acids and flavonoids [59], which may give an idea
of the possible interactions that lead to the enhancement of antioxidant activity
in the studied propolis extracts blends. The explanation of the compounds and
mechanisms involved in these interactions will complement our findings and guide
future research for the rational development of new antioxidant mixtures based
on these natural resources, with better applicability as natural additives in food,

among other commercial applications.

4. Conclusion

Synergistic antioxidant interaction in an in vitro model was identified between
green and brown Brazilian propolis extracts. The predictive model accused a bi-
nary mixture composed of 59% green and 41% brown propolis extracts with in-
creased antioxidant activity by about 54%. This is the first known study to show
an antioxidant synergistic relationship between green and brown Brazilian propo-
lis extracts. From a practical point of view, synergism will make it possible to re-
duce the dosage of these extracts as antioxidants and preservatives in foods, whose
applicability is often limited due to low efficiency and high commercial value.
Hence, it is highly recommended to verify the performance of these mixtures in
situ (food models) to obtain more information about these interactions.
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