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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Spray drying encapsulation shows good 
retention of bioactive compounds. 

• Phenolics of microencapsulated propolis 
powder are identified. 

• Microencapsulated propolis powder has 
homogeneous surface without cracked 
walls. 

• Propolis powder improves texture and 
sensory properties of chewing gum. 

• Microencapsulated propolis powder can 
be used as functional food ingredient.  
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A B S T R A C T   

The incorporation of natural ingredients to food products as a source of bioactive compounds is currently an 
increasing trend for food companies. The purposes of this work were to study the physicochemical properties of 
microencapsulated propolis powder, and to research the potential beneficial effect of it on texture and sensory 
quality of sugar-free chewing gums. Propolis ethanolic extract was microencapsulated by spray-drying tech-
nology, using maltodextrin as carrier, protecting conceivable bioactivity. Morphology of propolis microparticles 
was evaluated using Scanning Electron Microscope (SEM) and showed homogeneous microparticles with 
different sizes and no cracks. Propolis powder showed low water activity, moisture and hygroscopicity, high 
amounts of Ca, P, and high values for antioxidant-related parameters. Propolis powder phenolics were analysed 
by HPLC-UV and HPLC-ESI-MS. Apigenin, gallic acid, CAPE, and galangin demonstrated the highest degree of 
encapsulation, providing antiradical activities. Propolis powder was incorporated in chewing gums at 5%, 
improving their texture and sensory properties.   
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1. Introduction 

Propolis is a resinous substance, made by honeybees (Apis mellifera) 
by mixing the substances collected from trees, plant buds or exudates, 
and resins of different parts of plants with their saliva and beeswax. The 
chemical composition of propolis is given by the composition of the 
proximate plants [1]. It has been traditionally used in folk medicine to 
treat different diseases for its potential biological properties, among 
which, antioxidant, antimicrobial, anti-inflammatory, antihypertensive 
and anti-viral [2–4]. Propolis flavonoids and liposomes recently proved 
efficacy against SARS-COV-2 [5,6]. Consequently, there is a growing 
interest regarding propolis uses in the food industry to fulfil the current 
interest of consumers for natural and healthy foods [7]. 

Nowadays, there are different commercial products containing 
propolis such as candies, chocolates, tinctures and skin creams. How-
ever, the incorporation of this hive product as a food ingredient is 
limited by its alcohol solubility, strong flavour and aroma. Propolis 
encapsulation by spray-drying was proposed as an excellent procedure 
to prevent strong flavour and to protect bioactive substances [8]. 
Different food sectors are interested in ingredients' microencapsulation, 
such as encapsulated fish and flaxseed oils that were added to meat and 
dairy products to fortify them with omega-3 [9,10]. Pasrija et al. [11] 
also added microencapsulated green tea polyphenols to improve bread 
quality bakery and Abbasi et al. [12] incorporated microencapsulated 
citric acid into chewing gums to improve their sensory properties. 

Due to its anti-inflammatory and antimicrobial properties, propolis 
has been widely used in oral and dental preparations such as mouth-
rinses, toothpastes and chewing gums [13]. Several studies demon-
strated the efficacy of this natural substance in oral health by reducing 
caries [14], dental demineralization [15], gingival inflammations and 
dental infectious diseases [16]. 

There is a huge market for chewing gum, since it plays an essential 
role in the confectionery industry. Chewing gum is the most suitable 
medium for encapsulated bioactive compounds, because neither 
extreme heat, nor high moisture conditions are used during its making 
process. Several scientists incorporated propolis in chewing gum sys-
tems. Bölük et al. [17] evaluated the optimum amount of propolis that 
could be added to chewing gums regarding textural and sensorial 
characteristics. In the same context, Gargouri et al. [15] assessed the 
ability of chewing gums enriched with propolis to strengthen dental 
structure, enhancing its remineralization. Chewing gum is masticated in 
the mouth, so that bioactive compounds present in it can be absorbed 
efficiently in human body during chewing [18]. 

Considering the facts mentioned above, the objectives of this 
research were to obtain an encapsulated alcohol-free propolis powder by 
spray drying; to characterize this powder; to assess antiradical activities 
and retention of bioactive compounds and to incorporate it in sugar-free 
chewing gums, researching the effect of encapsulated propolis on sen-
sory and textural parameters of the prepared chewing gums. To the best 
of our knowledge, this is the first research that assesses the sensory 
acceptability of chewing gums made with microencapsulated propolis 
powder, which is of utmost importance for their commercialization. 

2. Materials and methods 

2.1. Analytical standards and reagents 

Catechin and gallic acid were purchased from Panreac (Barcelona, 
Spain). Galangin and caffeic acid phenethyl ester (CAPE) were obtained 
from TargetMol (Boston, USA). Pinocembrin, apigenin, kaempferol and 
chlorogenic acid were from Cymit Quimica, S.L. (Barcelona, Spain). 
Caffeic acid, p-coumaric acid, ferulic acid, naringenin, quercetin, Folin- 
Ciocalteau reagent, DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS 
(2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid diammonium 
salt) were purchased from Sigma–Aldrich (Steinheim, Germany). The 
reagents ethanol (96%), methanol (95%), sodium carbonate, nitric acid 

and hydrochloric acid were purchased from Fluka Chemie GmbH, part of 
Sigma-Aldrich (St Louis, MO, USA). Maltodextrin (dextrose equivalent 
17) was purchased from Roquettes Frères (Lestrem, France). A Milli-Q 
water purification system (Millipore, part of Merck, Bedford, MA, 
USA) was used for deonization of the water used for the mobile phase 
and aetonitrile was of HPLC grade (VWR International Eurolab, Avantor, 
Llinars del Vallés, Cataluña, Spain). 

2.2. Propolis sample and extract preparation 

A sample of raw propolis was collected by local beekeepers from Beja 
(North Tunisia), in the spring of 2021. The collected propolis is known as 
brown poplar propolis (from Populus sp.). The sample was collected with 
a plastic propolis trap and then stored at − 20 ◦C in dark conditions until 
use. Propolis sample was grounded in a marble mortar at − 30 ◦C and 
extracts were prepared according to the method previously proposed by 
Gargouri et al. [2]. Briefly, 2.0000 g powder were extracted in the dark 
with 30 ml of 80% ethanol in an ultrasonic bath (Selecta, Abrera, Bar-
celona) with heating frequency of 40 KHz for 20 min. Then, the sample 
extract was filtered through Whatman No. 4 filter paper and subse-
quently stored in the dark at − 20 ◦C until powder preparation. 

2.3. Encapsulation of propolis extract by spray drying 

Propolis extract was evaporated on a rotary evaporator at 40 ◦C to a 
final concentration of 0.2 g/ml. Encapsulation was done following the 
indications of da Silva et al. [19], with minor modifications. Carrier 
agent solution was prepared by stirring 30 g maltodextrin in 100 ml 
water (24 h), followed by homogenization by Ultra-Turrax 25 (IKA, 
Staufen, Germany) at 15000 rpm (2 min). Then, 17 ml of the concen-
trated propolis extract (0.2 g/ml) was added and homogenized by Ultra- 
Turrax (4 min). This amount was established after previous trials with 
different amount of propolis (0.1, 0.15, 0.2 and 0.3 g/ml). The resulting 
solution was spray dried in a mini spray dryer B-290 (BÜCHI Labor-
technik AG, Flawil, Switzerland) with an inlet temperature of 130 ◦C, an 
outlet temperature of 80 ± 4 ◦C, an aspiration rate of 93% a Nozzle 
diameter of 1.5 mm and a pump flow rate of 10%. After drying, an 
alcohol-free powder was collected, placed in closed bottles, and kept in 
dry and dark conditions at room temperature. The powder was called 
MTP, microencapsulated Tunisian propolis. 

2.4. Physicochemical properties of propolis microcapsules 

2.4.1. Scanning electron microscopy (SEM) 
Morphological analysis of microparticles was done using a Scanning 

Electron Microscope (SEM) [20]. Microparticles were arranged on the 
surface of a double-sided tape and coated with a thin layer of gold under 
vacuum with a balzers sputter coating device (JFC-1100E, JEOL, Tokyo, 
Japan). Images were captured at 2000× with a JEOL scanning electron 
microscope (JEOL, JSM-5400, Japan). 

2.4.2. Colour 
Propolis powder colour was measured with a Colour Flex spec-

trocolorimeter (CR-300 Chroma, Minolta, Japan). The instrument was 
standardized with standard white plates. CieLab coordinates of L* 
(lightness), a* (redness) and b* (yellowness) were recorded. The 
parameter L* was related to the clarity, a* to the red/green colour 
component and b* to the blue/yellow colour component. 

2.4.3. Water activity (aw) and moisture 
Water activity of samples was determined by using a Rotronic 

Hygropalm apparatus (Rotronic Ag, Switzerland), which was adjusted at 
room temperature, varying from 25 to 30 ◦C. Moisture content was 
obtained by drying the sample at 105 ± 1 ◦C until constant weight. 
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2.4.4. Hygroscopicity 
Hygroscopicity was measured with Cai and Corke [21] method with 

slight changes. Aliquots of 2.00 g of the spray dried powder were placed 
into Petri dishes at 25 ◦C in a hermetic plastic container filled with NaCl 
saturated solution (75% RH). After 7 days, the plates were weighed and 
the hygroscopicity was calculated as g of water absorbed per 100 g of 
dry powder (g/100 g). 

2.4.5. Ash content and mineral composition 
Ash content was evaluated by incinerating the powder in a muffle 

furnace at 550 ◦C for 4 h until complete combustion of the organic 
material [22]. For the analysis of calcium content, the incinerated 
product was treated with nitric acid and then with hot hydrochloric acid. 
The residue was filtered, and the resulting solution constituted the base 
extract for analysis (NF V18–108. 1984). The analysis was carried out by 
using an Analytic Jena ZEE 700 type atomic absorption spectropho-
tometer (Analytik Jena AG, Jena, Germany). For the determination of 
phosphorus content, the ashes were subjected to hot acid attack. Then, 
the residue was filtered and treated with the Vanado-molybdic reagent 
and analysed by a colorimetric method. 

2.4.6. Microparticles breakage for the release of microencapsulated 
phenolic compounds 

The procedure to break the spray dried propolis powder was carried 
out according to the method of dos Reis et al. [23]. Propolis powder 
(0.50 g) was mixed with 20 ml acidified methanol. The extract was 
stirred during 2 min, sonicated (Selecta, Abrera, Barcelone, Spain) 
during 15 min, and centrifuged (Thermo-scientific Centrifuge IEC 
CL30R, UK) during 5 min at 4000 rpm. The supernatant was eventually 
recovered. 

2.5. Encapsulation efficiency determined using HPLC-UV and HPLC-ESI- 
MS to analyse phenolic composition of spray dried propolis powder 

Propolis encapsulation efficiency was determined identifying and 
quantifying the phenolic compounds contained in both the propolis 
extract and the supernatant after the powder microparticles breakage. 
HPLC-UV analysis was carried out with a high-performance liquid 
chromatograph Varian Pro Star 310 (Varian, Victoria, Australia) [2]. A 
Microsorb-MV 100–5C 18 (150 × 4.6 mm, particle size 5 μm) was used 
as chromatographic column. Mixtures of 0.1% formic acid in Milli-Q 
water (A) and 0.1% formic acid in acetonitrile (B) were used as mo-
bile phase with a mobile phase rate of 1 ml/ min and the following 
gradient: 0–7 min, 0% B, 7–12 min, 2% B, 12–20 min, 8% B, 20–23 min, 
10% B, 23–33 min, 20% B, 33–45 min, 23% B, 45–50 min, 30% B, 50–55 
min, 32% B, and 55–60 min, 50% B. The volume of sample injected was 
20 μl. Detection was carried out at 280 nm. 

The identification of unknown compounds was performed by 
comparing their ESI-MS fragmentation spectra with data from the 
literature [24–27] and with data from the Phenol-Explorer online 
chemical database (http://phenol-explorer.eu). For this purpose, a 1260 
Infinity HPLC (Agilent Technologies Inc., Santa Clara, CA, USA) was 
used, connected to a quadrupole-time-fighting system (6545-Q-TOF) 
using the same column, mobile phase and flow conditions described for 
the previous HPLC-UV analysis. The ionisation method employed was 
electrospray ionisation (ESI) in the negative and positive ion mode with 
Dual AJS-ESI source using nitrogen as collision and nebulisation gas and 
with the following conditions: Gas temperature 325 ◦C, drying gas 10 l/ 
min, nebuliser 45 psi, Vcap 3500 V, nozzle voltage 200 V and cover gas 
at 350 ◦C. MS-TOF with fragmenter at 100 V, skimmer 45 V and OCT 1 
RF VPP 750 V was used, acquiring data between 100 and 1000 m/z. 

To quantify the various phenolic compounds, calibration curves of 
the standards (gallic acid, caffeic acid, catechin, chlorogenic acid, p- 
coumaric acid, ferulic acid, naringenin, quercetin, apigenin, kaempferol, 
pinocembrin, galangin and CAPE) were used at eight concentration 
levels covering the usual concentration levels of these compounds in 

propolis (0.0005–0.5 mg/ml). The linearity of all compounds was 
satisfactory, with r2 values >0.9925. For peaks where no standard was 
available, the quantification of the compound was expressed as caffeic 
acid. 

The efficiency of encapsulation was determined by liquid chroma-
tography. Indeed, this efficiency is defined as the ratio between the 
concentration of each compound detected in the dried powder (mg/g of 
dry powder), and the amount of this compound initially found in the 
Tunisian propolis ethanolic extract, previously extracted by ultrasounds 
[2]. The encapsulation efficiency was calculated by the following Eq. 
[8]. 

%encapsulation =
Xi × 100

Yi  

where Xi is the quantity of each compound found in the spray dried 
propolis powder (mg/g of dry powder), and Yi is the quantity of that 
compound initially present in the propolis extract entering the spray 
dryer (mg/g of propolis). 

2.6. Antioxidant-related parameters 

Total phenolics, total flavonoids as well as antiradical activities 
against ABTS+ and DPPH free radicals were analysed in the supernatant 
after the rupture of microparticles. 

2.6.1. Total phenolic content 
Total phenolics were determined by using Folin-Ciocalteu method 

with some modifications [28]. Spray-dried propolis powder (10.00 mg) 
was mixed with 3 ml distilled water, 0.25 ml Folin-Ciocalteu reactive 
(0.2 N) and 2 ml sodium carbonate solution (75 g/l). The mixture was 
incubated 2 h in the dark, at room temperature. Then, absorbance was 
read at 760 nm, using a UV/Vis spectrophotometer V-630 (Jasco, Tokyo, 
Japan). Results were expressed as mg gallic acid (GA)/g propolis, using a 
range of GA for the calibration curve between 2 and 160 μg/ml. 

2.6.2. Total flavonoids' content 
Total flavonoids were determined according to the method proposed 

by Meda et al. [29], using quercetin as standard (5–250 μg/ml) and 
expressing the results as mg of quercetin (Q)/g propolis sample. 

2.6.3. Evaluation of antiradical activities 
Antiradical activities were assessed measuring the capability of the 

supernatant components to react with both ABTS+ and DPPH free 
radicals. 

ABTS+ assay. Trolox equivalent antioxidant capacity (TEAC) of the 
propolis powder was carried out by the ABTS (3-ethylbenzothiazoline-6- 
sulphonic acid) radical cation decolorization assay [30,31] with minor 
modifications. An aliquot of 10 μl of the sample was mixed with 1490 μl 
of ABTS+. The absorbance was read at 734 nm after 6 min. Trolox was 
used as standard for calibration curve (0.625–3 mM) and results were 
expressed as μmol trolox (T)/g propolis. 

DPPH assay. The DPPH radical scavenging activity was determined 
according to Chaillou and Nazareno [32], with modifications. A volume 
of 50 μl of sample was mixed with 1.95 ml of an ethanolic DPPH solu-
tion. After 30 min of reaction, the absorbance of the mixture was 
recorded at 517 nm in a UV/Vis spectrophotometer V-530 (Jasco, 
Tokyo, Japan). A control was prepared by mixing all reagents but for the 
95% ethanol which was used instead of the extract. Results were 
expressed as mg GA/g propolis. 

2.7. Chewing gum preparation 

Two different formulations of sugar-free chewing gums were pre-
pared based on two types of flavours: liquorice and honey. Preparations 
without spray dried propolis powder were also made, being used as 
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controls. The chewing gums were prepared in the research and devel-
opment laboratory of a Tunisian confectioner. The chewing gum 
ingredient formulation consisted of gum base that was melted in a 
chewing gum mixer (Tulpar Machine, Istanbul, Turkey) with heating at 
40 ◦C. Then, the other ingredients, which were flavourings sweeteners 
(xylitol, sucralose and aspartame), colorants, humectants, emulsifying 
agents, were added together with the powder of the encapsulated 
propolis at a concentration of 5%. 

2.8. Chewing-gum evaluation 

2.8.1. Texture analysis profile (TPA) 
Textural properties of the chewing gum samples (hardness, adhe-

siveness and fracturability) were determined using a TA1 texture ana-
lyser (LLOYD Instruments, England) with a 1000 (N) load cell and a 
detection range of 0.05 (N). The sample was compressed to 50% of its 
height (25 mm) at a speed of 25 mm/min with a cylindrical acrylic probe 
(diameter 0.3 mm). Data analysis was performed on a computer system 
coupled to the texture analyser using software supplied by Texture 
Technologies Corp. 

2.8.2. Sensory analysis 
The different groups of sugar-free chewing gums were evaluated by a 

well-trained panel of 10 assessors, aged 22–55 years (4 males and 6 
females). Evaluators were located in individual cabins for sensory 
evaluation. The samples of chewing gums were similar in shape (rect-
angular), dimensions (10 × 20 × 4 mm), weight (1.4 g), and colour 
(white), so that subjects could not visually distinguish differences 
among them. The pieces of chewing gums were covered with aluminium 
foil and presented to the panelists in randomized order as coded sam-
ples. Subsequently, the organoleptic characteristics were quantified 
using five sensory attributes (flavour, aroma persistence, hardness, 
chewiness and overall quality). The first sensory test was for chewing 
gums with liquorice flavour and the second one was for those with honey 
flavour, with and without propolis powder. The assessors chewed each 
sample during 20 min. Then, they waited 15 min before chewing the 
following sample in order to minimize tiredness effect. Two sensory 
analyses were carried out using a 5-point scale, where 5 was “Excellent” 
and 1 “Not satisfactory”. Water and apples were served in order to clean 
the mouth between samples. 

2.9. Statistical analysis 

All analyses of physicochemical parameters, antiradical activities 
and texture were performed in triplicate and results of the study were 
expressed as average ± standard deviation. Statistical analysis was 
carried out with SPSS version 20 (SPSS Inc., Chicago, IL, USA). The data 
on sensorial analysis were assessed by t-test for two independent sam-
ples with significance level p < 0.05. 

3. Results and discussion 

3.1. Physico-chemical properties of propolis microcapsules 

The micrographs of the microencapsulated Tunisian propolis (MTP) 
obtained by SEM, with 2000 × magnification, showed that the micro-
capsules exhibited a deformed spherical shape with bumpy surfaces, 
which was due to the loss of water from the particles during the spray 
drying process (Fig. 1). The forms of microcapsules did not affect 
encapsulation efficiency. The microcapsules of MTP were homogeneous 
presenting different sizes, which is a characteristic of microcapsules 
produced by spray drying. The observed structure was similar to that 
found in other studies, in which the properties of microcapsules of the 
propolis dry extract obtained by spray drying were analysed [8,33]. The 
absence of cracks and discontinuous walls at the surface of the micro-
capsules guaranteed a good barrier for the encapsulating agent and a 
better protection of the generated particles of the propolis powder than 
those obtained by other authors [8,19,23]. 

The visual appearance of the powder was pale yellow-coloured. This 
visual aspect was confirmed by the recording values of colour parame-
ters. L* value was close to 100 (79.16 ± 0.44), which indicated a de-
viation towards the light shade. a* value was − 0.11 ± 0.19. The positive 
value of b* (10.59 ± 0.76), showed a deviation towards the yellow, 
having the obtained powder a pale-yellow colour. Our colour parame-
ters were in the same range to those obtained by Soleimanifard et al. 
[34] for Iranian spray dried propolis using caseinate-maltodextrin 
complexes as carrier agents. 

The aw of the MTP obtained was 0.40 ± 0.01. This value is charac-
teristic of dehydrated food powders, being recommended for good 
storage stability [35]. Our aw value was in the same range as that (0.44) 
of dos Reis et al. [23] for microencapsulated Brazilian propolis powder, 
being higher than the values (aw between 0.25 and 0.33) found by da 
Silva et al. [19] in Brazilian propolis powder. These contrasting results 
can be explained by the fact that the aw of propolis powder depends on 

Fig. 1. Photomicrograph by SEM of the spray dried propolis microparticles by SEM at ×500 and ×2000 magnification.  
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several factors such as the nature of the encapsulating agent and the 
drying operating conditions. 

The moisture percentage of the MTP (3.36 ± 0.14%) was lower than 
the values obtained by Andrade et al. [24] for Brazilian encapsulated 
propolis obtained with Arabic gum and maltodextrin as carrier agents, 
being similar to the results obtained by Kunrath et al. [36] for Italian 
propolis powder. Propolis spray dried powders with high moisture 
contents were less stable and can make their maintenance difficult 
during storage [37]. 

With regard to powder hygroscopicity, our powder was character-
ized by a low hygroscopicity 8.36% ± 0.11) in comparison with the 
range found for Argentinian (8.4–9.5%) and Brazilian (13.8%–29.3%) 
propolis powders, when using Arabic gum and corn products as carriers 
[8,19]. Our powder was easily handled and stored, exhibiting good 
stability, when it was stored in zipped plastic bags at room temperature 
during 6 months. Lower hygroscopicity could be attributed to the use of 
maltodextrin, since it was found that this carrier decreased the powder 
hygroscopicity and improved the powder quality when it was used in 
spray drying process [38,39]. In addition, the low hygroscopicity of the 
final powder could be also attributed to the composition of the initial 
propolis extract, characterized by negligible amounts of carbohydrate, 
thus providing a low hygroscopic powder [40]. 

Ash content of the MTP (10.65 ± 0.49%) was higher than the per-
centage found by Kunrath et al. [36] for Italian powder (3.12%). Per-
centage of ash is related to the mineral content of the dry propolis 
extract as well as the presence of impurities, due to the production 
process. In our propolis powder, high amounts of both calcium (1.39 ±
0.23 mg/g) and phosphorus (0.84 ± 0.03 mg/g) were found, so that the 
obtained propolis powder might be considered as a promising supple-
ment of calcium and phosphorus. These two minerals are crucial for oral 
health. Different studies showed that the bioavailability of calcium and 
phosphorus is of utmost importance to produce a high level of remi-
neralization [41,42]. 

3.2. Encapsulation efficiency of phenolic compounds 

The efficiency of propolis compounds microencapsulation was 

assessed by analyzing phenolics in both MTP and the ethanolic propolis 
extract. Phenolics were quantified by HPLC-UV and identified by HPLC- 
ESI-MS (Table 1). Encapsulation efficiency (Table 1), varied depending 
on the phenolic compound. High encapsulation percentages were found 
for some compounds such as apigenin (80%), gallic acid (68%), 
CAPE+galangin (65%) and chrysin (64%). While for other compounds 
such as isorhamnetin-3-O-rutinoside (8%), luteolin (13%), rutin (14%) 
and p-coumaroyl malic acid (17%), low values were recorded. For the 
rest of compounds, the encapsulation efficiency varied from 20% to 
54%, but non-quantifiable or non-detectable values were recorded for 
catechin (that was also absent in the extract), chlorogenic acid, pino-
banksin and isorhamnetin, which were almost absent in the powder. 

Busch et al. [8] studied the encapsulation of propolis from Argentina, 
using maltodextrin with or without Arabic gum as encapsulating agents. 
These researchers observed that the addition of gums to maltodextrin 
improved the encapsulation yield of certain phenolic compounds, but 
this yield did not exceed the percentage of 50%. However, in the present 
study, encapsulation using maltodextrin resulted in high encapsulation 
yields for several phenolic compounds, exceeding 50% for some of them. 
The high encapsulation efficiency could be attributed to the interaction 
between the bioactive compounds and the carrier, as well as to the 
operating conditions of the spray dryer, in particular regarding the 
temperature of the air drying. Indeed, the high temperature (around 
120 ◦C) of the air flow demonstrated to have a positive impact on the 
encapsulation of bioactive compounds. The higher the drying temper-
ature is, the more phenolic compounds are exposed, and therefore, the 
higher the evaporation rate is, generating a powder composed of many 
particles with larger contact surfaces [43,44]. It is very interesting to 
point out that the spray drying method generated an alcohol-free, high- 
quality propolis powder which preserved a large amount of the phenolic 
compounds initially present in the propolis ethanolic extract. 

In the microencapsulated powder of propolis, phenolic compounds 
were researched. Considering the initial composition of the original 
extract and the results, the powder demonstrated to be very rich in 
CAPE, galangin and chrysin. Some antibacterial and antifungal proper-
ties were described for polyphenols. In a previous study with different 
propolis [2], we observed that the higher the amount of phenolics in 
propolis was, the higher the antibacterial activity was. Propolis also 
provide anti-inflammatory properties, which can be beneficial to peri-
odontal health. Periodontal disease affects many adults globally and can 
result in painful, swollen, bleeding gums and in severe cases, tooth loss 
[45]. In recent studies, it has been proved that propolis, due to its 
polyphenol content principally CAPE and galangin, is able to inhibit cell 
viability within biofilms, decrease the total biomass of biofilms and 
disrupt biofilm structure of Streptococcus mutans, slowing bacterial 
growth and aiding prevention of dental caries [46,47]. 

3.3. Antioxidant-related parameters 

Antioxidant capacity, as well as other biological activities, are 
mainly related to the phenolics' content and antiradical activities of 
propolis [3,30,48,49]. 

Total phenolics (29.82 ± 0.36 mg GA/g) and total flavonoids (1.32 
± 0.08 mg Q/g) of the MTP were in the same range as those found by 
Andrade et al. [24] for encapsulated Brazilian propolis when using 
maltodextrin as an encapsulating material (23.36–48.38 mg GA/g, for 
total phenolics and 1.34–2.76 mg Q/g, for total flavonoids). However, 
total phenolics were considerably lower than those found by Pratami 
et al. [50], for Indonesian propolis when using both maltodextrin and 
Arabic gum at different ratio as carrier agents (with results higher than 
85.5 mg GA/g). This variation among propolis from several regions is 
related to the flora, geographical area, climate, season, as well as the 
type of extraction and solvents used [51]. 

Antiradical activities were determined by two different and general 
procedures against two different non-physiological free radicals (ABTS+

and DPPH). The results of both rapid and simple analyses can help 

Table 1 
HPLC peak assignation, retention time, area quantification and encapsulation 
efficiency of microencapsulated Tunisian propolis compounds.  

Peak 
N◦

Propolis compound Retention 
time 

Encapsulation efficiency 
(%) 

1 Adipic acid† 1.8 47 
2 Gallic acid 3.2 68 
3 Caffeic acid 17.6 41 
4 (+)- Catechin 18.3 0 
5 Chrologenic acid 20.9 0 
6 p-Coumaric acid 23.1 27 
7 Ferulic acid 27.5 36 
8 Isorhamnetin-3-O- 

rutinoside†
29.6 8 

9 p-Coumaroyl malic acid† 33.4 17 
10 Rutin† 34.3 14 
11 Luteolin† 35 13 
12 Pinobanksin† 37.15 0 
13 Rosmarinic acid 38.4 34 

14,15 Naringenin + Quercetin* 40.5 20 
16 Isorhamnetin† 41.5 0 
17 Apigenin 45.8 80 
18 Kaempferol 46.3 54 
19 Pinocembrin 51.3 28 
20 Genistein† 52.2 45 
21 Chrysin† 54.1 64 

22,23 CAPE + Galangin* 55.5 65 
24 4-Cinnamoyloxy caffeic 

acid†
58.8 51  

* These compounds elute at the same RT, so they were quantified together. 
† These compounds were quantified as mg of caffeic acid/g propolis. 
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characterize the propolis powder, notwithstanding the drawbacks of 
these procedures to evaluate biological antioxidant activities [52]. For 
ABTS+ assay, the propolis spray-dried powder showed a TEAC of 
8160.56 ± 10 μmol T/g. Our TEAC was similar than TEAC found by 
Andrade et al. [24], and higher than TEAC described by Reis et al. [23], 
being also higher than the results reported by Gargouri et al. [2] for 
propolis ethanolic extracts. DPPH method showed an antiradical activity 
value of 37.63 ± 1.14 mg GA/g, lower than the values obtained by 
Busch et al. [8] in propolis powders (ranging from 80 to 86 mg GA/g). In 
general, our propolis powder exhibited significant antiradical activities. 
Spray drying technology is known for its ability to protect antioxidant 
properties. Furthermore, the use of maltodextrin as an encapsulating 
agent demonstrated an important retention efficiency of bioactive 
compounds present in propolis ethanolic extract [8,53]. 

3.4. Chewing gum evaluation 

3.4.1. Texture profile analysis (TPA) 
Table 2 shows the effect of the addition of MTP on texture parame-

ters of the prepared chewing gum. 
Fracturability was defined as “the force at the first significant break 

in the curve”, being adhesiveness “the negative force area of the first 
byte representing the work necessary to pull the compressing plunger 
away from the sample” [54]. Our values of fracturability decreased after 
the addition of MTP (p < 0.05). The decrease of fracturability is highly 
desirable in chewing gums. Indeed, high values of fracturability lead to a 
brittle product, whose structure could be destroyed during transport or 
storage. Conversely, our adhesiveness values increased after the addi-
tion of MTP. 

Hardness was also lower in chewing gum containing MTP. According 
to Meullenet et al. [55], hardness corresponded to the “maximum force 
applied to a sample during the first compression cycle”. Hardness was 
found to be the most important parameter affecting chewing gum's 
sensorial general acceptance [56]. The decrease of hardness of the gum 
when adding propolis microcapsules was also showed by Santos et al. 
[57] in chewing gum after adding microcapsules of xylitol and menthol. 
The behaviour of gum hardness towards the addition of microcapsules 
could be due to the large volume occupied by microcapsules with low 
density. Microcapsules require less energy in the chewing process. 
Therefore, the presence of propolis microcapsules in chewing gums is 
advantageous, because it improves their texture, diminishing fractur-
ability and hardness. 

3.4.2. Sensory evaluation 
In our chewing gums microencapsulated propolis powder was 

incorporated at 5%, because at this percentage propolis had already 
proved to be highly accepted by consumers when it was added to fresh 
fish burgers [58]. In other studies [57,59], encapsulation systems 
showed to be effective to delay cooling flavours release with a longer 
pleasant perception. 

Flavour, aroma persistence, hardness and chewiness were sensory 
researched. As the propolis taste is very bitter, liquorice and honey 
flavours were added in the formulation of chewing gums in order to 
improve their acceptability, because both liquorice and honey flavours 
could be compatible with propolis flavours. As shown in Fig. 2, for both 
honey and liquorice flavoured chewing gums, the sensory panel indi-
cated a positive perception of hardness, chewiness, aroma persistence 
and overall quality of propolis added chewing gums. With regard to 
flavour, MTP improved the flavour of honey-flavoured chewing gums, 
but not the flavour of liquorice flavoured chewing gums (p < 0.05), so 
that liquorice flavour is not likely compatible with propolis flavour. 

The addition of propolis in chewing gum formulation led to an 
improvement in both hardness and chewiness. Chewiness is one of the 
most important parameters for determining chewing gum sensory 
quality and is defined as the “total effort required to chew” [55]. Results 
of hardness and chewiness agreed with texture analysis, since the 
addition of propolis to chewing gum resulted in a decrease of the 
product hardness, making chewing gum softer and more appealing. 

The panelists concluded that honey flavoured chewing gums made 
with microencapsulated propolis contained no sensory flaw that could 
jeopardize their commercialization. 

Table 2 
Textural properties of sugar-free chewing gum with and without propolis 
powder.*   

HC HC + MTP LC LC + MTP 

Fracturability (N) 14.03 ±
0.23a 

8.93 ±
0.35b 

12.70 ±
1.09a 

6.34 ±
1.14b 

Adhesiveness (N/ 
mm) 

− 0.31 ±
0.02a 

− 0.98 ±
0.05b 

− 0.29 ±
0.01a 

− 0.98 ±
0.13b 

Hardness (N) 14.9 ±
0.98a 

10.25 ±
0.35b 

15.15 ±
1.74a 

11.74 ±
1.76b  

* HC: Honey Chewing Gum; LC: Liquorice Chewing Gum; MTP: Micro-
encapsulated Tunisian Propolis. Different lowercase letter in the same row, for 
the same chewing gum type indicates significant difference (p < 0.05) by the t- 
test. 

Fig. 2. Sensory evaluation of sugar-free honey (a) and liquorice (b) chewing gum with or without propolis powder (5 was Excellent and 1 was not satisfactory). HC: 
Honey Chewing Gum; LC: Liquorice Chewing Gum; MTP: Microencapsulated Tunisian Propolis. 
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4. Conclusion 

The spray drying encapsulation of propolis powder proved to be 
efficient for providing a food ingredient with potentially beneficial 
characteristics. Microparticles were homogeneous. Propolis powder 
exhibited low water activity, moisture and hygroscopicity, high amounts 
of Ca and P and high results for antioxidant-related parameters. Propolis 
powder showed an interesting retention of the phenolic compounds of 
propolis ethanolic extract. 

After adding 5% microencapsulated propolis powder to chewing 
gums, texture and sensory properties were improved in honey flavoured 
chewing gums in comparison with chewing gums made without 
propolis. 

These findings suggest that the microencapsulated propolis as an 
ingredient of chewing gums could provide health benefits to oral cavity 
through the time of chewing, since propolis proved to be rich in bioac-
tive compounds, also having a good antioxidant potential. Therefore, 
microencapsulated propolis might offer new applications as a food 
ingredient, because of its promising texture and sensorial properties. 
However, it is important to research the flavour compatibility of prop-
olis to that of other foods, in order to choose the most suitable matrix for 
its incorporation. 
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M. Vilas-Boas, I.C.F.R. Ferreira, Flavonoid composition and antitumor activity of 
bee bread collected in Northeast Portugal, Molecules 22 (2017), https://doi.org/ 
10.3390/molecules22020248. 

W. Gargouri et al.                                                                                                                                                                                                                              

https://doi.org/10.3390/plants10010022
https://doi.org/10.1016/j.lwt.2019.05.044
https://doi.org/10.1016/j.lwt.2019.05.044
https://doi.org/10.1016/j.foodchem.2015.10.050
https://doi.org/10.1016/J.TIFS.2018.11.007
https://doi.org/10.3390/molecules26051232
https://doi.org/10.1016/j.ijpharm.2020.120028
https://doi.org/10.1016/j.ijpharm.2020.120028
https://doi.org/10.1016/j.meatsci.2016.10.015
https://doi.org/10.1016/j.meatsci.2016.10.015
https://doi.org/10.1016/j.lwt.2016.08.055
https://doi.org/10.1111/1471-0307.12326
https://doi.org/10.1111/1471-0307.12326
https://doi.org/10.1016/j.meatsci.2019.108031
https://doi.org/10.1016/j.meatsci.2019.108031
https://doi.org/10.1016/j.lwt.2015.05.054
https://doi.org/10.1016/j.lwt.2015.05.054
https://doi.org/10.1080/02652040802173677
https://doi.org/10.4103/0970-9290.152182
https://doi.org/10.4103/0970-9290.152182
https://doi.org/10.1016/j.jep.2005.04.001
https://doi.org/10.1016/j.jep.2005.04.001
https://doi.org/10.1016/j.archoralbio.2020.104684
https://doi.org/10.1016/j.archoralbio.2020.104684
https://doi.org/10.1016/j.anaerobe.2010.09.005
https://doi.org/10.1016/j.anaerobe.2010.09.005
https://doi.org/10.1016/j.fbio.2021.101090
https://doi.org/10.1016/j.tifs.2016.07.003
https://doi.org/10.1016/j.fbp.2012.08.006
https://doi.org/10.1016/j.jfoodeng.2005.05.062
https://doi.org/10.1016/j.jfoodeng.2005.05.062
https://doi.org/10.1111/j.1365-2621.2000.tb10273.x
https://doi.org/10.1111/j.1365-2621.2000.tb10273.x
http://refhub.elsevier.com/S0032-5910(24)00420-0/rf0110
http://refhub.elsevier.com/S0032-5910(24)00420-0/rf0110
https://doi.org/10.1016/j.lwt.2016.05.033
https://doi.org/10.1016/j.foodres.2018.04.048
https://doi.org/10.1016/j.foodres.2018.04.048
https://doi.org/10.1371/journal.pone.0170077
https://doi.org/10.1002/jsfa.7330
https://doi.org/10.3390/molecules22020248
https://doi.org/10.3390/molecules22020248


Powder Technology 440 (2024) 119777

8

[28] V.L. Singleton, R. Orthofer, R.M. Lamuela-Raventós, in: B.-M. in Enzymology (Ed.), 
[14] Analysis of Total Phenols and Other Oxidation Substrates and Antioxidants by 
Means of Folin-Ciocalteu Reagent, Academic Press, 1999, pp. 152–178. http:// 
www.sciencedirect.com/science/article/pii/S0076687999990171. 

[29] A. Meda, C.E. Lamien, M. Romito, J. Millogo, O.G. Nacoulma, Determination of the 
total phenolic, flavonoid and proline contents in Burkina Fasan honey, as well as 
their radical scavenging activity, Food Chem. 91 (2005) 571–577, https://doi.org/ 
10.1016/j.foodchem.2004.10.006. 

[30] S.M. Osés, P. Marcos, P. Azofra, A. de Pablo, M.Á. Fernández-Muíño, M.T. Sancho, 
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