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Abstract
This work focused on the valorization of tar derived from rice husk pyrolysis as a precursor of matrices for the encapsula-
tion of active principles. In this regard, the development of novel films based on alginate and eugenol-loaded tar micropar-
ticles with suitable mechanical properties and antibacterial activity was studied. Tar microparticles loaded with eugenol 
were incorporated into sodium alginate films and the effect on the mechanical, thermal and humidity resistance properties 
were determined, as well as the antimicrobial activity. Films with different crosslinking degrees were also prepared using 
CaCl2, and the eugenol controlled release profiles were evaluated. Crosslinked films exhibited improved mechanical and 
humidity resistance properties, as well as a lower release rate of eugenol in water. The antimicrobial studies showed that 
eugenol-loaded films present a higher antimicrobial activity against Staphylococcus aureus. Alginate/eugenol-loaded tar 
microparticles composites showed an enhancement of antibacterial properties and suitable physical characteristics to be 
used in active packaging applications.

Graphical Abstract
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Statement of Novelty

The novelty of this article involves the valorization of rice 
husk pyrolytic tar by means of the preparation of tar micro-
particles encapsulating eugenol and their inclusion in algi-
nate films to develop active packaging materials.

Introduction

In the last years, the food industry has generated new 
demands due to the growing consumer interest in fresh or 
minimally processed food, free of synthetic preservatives 
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and with extended shelf life and controlled quality. To fulfil 
these requirements, the development of active packaging 
appears as a promising technology to improve food preser-
vation, by interacting with the food product and/or the pack-
aging headspace [1]. Among several additives that can be 
included into the packaging matrix, the use of antimicrobials 
from natural origin is becoming an interesting alternative 
due to the potential health issues associated with synthetic 
preservatives.

Eugenol(4-allyl-2-methoxyphenol) is a phenolic com-
pound mainly present in essential oils, such as clove, cin-
namon, and nutmeg. This naturally occurring compound 
has been widely investigated for different applications in 
the food, pharmaceutical, cosmetic and dental care industry 
due to its antimicrobial, antioxidant and analgesic properties 
[2]. Although eugenol exhibits a broad-spectrum antibacte-
rial activity, its application in the food industry is usually 
limited by its high volatility and sensitivity to oxygen, light 
and heat [3]. To overcome this problem, the incorporation 
of eugenol into a polymer matrix has been proposed as an 
efficient alternative to produce active packaging items with 
controlled release behaviour. Several antibacterial films 
incorporating eugenol were reported, including starch [3, 4], 
linear low density polyethylene [5], poly(3-hydroxybutyrate-
co-3-hydroxyvalerate) [6], chitosan and sodium alginate 
[7]; and gelatine films [8]. Among them, antibacterial films 
made of polymers from natural resources (i.e., polysaccha-
rides, proteins and lipids) are preferred to petroleum-based 
polymers due to their biodegradable, renewable and safety 
characteristics. In this sense, sodium alginate is an attractive 
option to encapsulate eugenol.

In turn, microencapsulation technology is widely used 
in the pharmaceutical, agrochemical, and food industries 
[9]. The encapsulation of an active compound may limit its 
losses during film processing while also helping to modu-
late its release kinetics from the packaging material. In this 
direction, products obtained from lignocellulosic biomass 
represent a sustainable choice for the microencapsulation 
of active compounds into packaging materials. In particu-
lar, thermochemical processes such as biomass pyrolysis 
or gasification are interesting methods to obtain potential 
value-added products. These processes produce liquids, 
which can be easily separated into two fractions accord-
ing to their water solubility. The water insoluble fraction 
(tar) exhibits a very complex composition [10] and is more 
viscous and denser than the water-soluble fraction, usually 
named bio-oil.

Tar from biomass pyrolysis is mainly composed of 
monophenol derivatives such as phenol, guaiacol, and syrin-
gol, and some aromatic oligomers, including stilbene, phe-
nyl coumaran and resinol [11]. Even though bio-oils were 
extensively used as fuels or for the separation of high-value 
chemicals [12, 13], the valorization of tar has been barely 

explored [14]. For example, tar was used as partial replace-
ment of phenol in phenolic resins [15] and asphalt produc-
tion [16]. Recently, pyrolytic tar was used for the synthesis 
of microparticles [17]. Tian et al. (2020) [17] reported the 
synthesis of alginate microspheres containing sawdust tar for 
adsorption applications. So far, the use of tar for the micro-
encapsulation of active compounds has not been reported. 
In addition, few studies have been conducted on the antimi-
crobial activity of sodium alginate combined with essential 
oils [18].

The aim of this work is to investigate the use of rice husk 
tar for the microencapsulation of eugenol in alginate films 
as potential active packaging materials. The preparation of 
eugenol-loaded tar microparticles was performed by the sol-
vent evaporation technique, and microparticles were used for 
the fabrication of antimicrobial sodium alginate films. The 
functional properties of the composite films were evaluated, 
including thermal, mechanical and barrier properties, as well 
as the eugenol-controlled release behaviour and the antimi-
crobial activity against foodborne pathogens.

Experimental

Materials

The following reagents were used as received: CaCl2 (Sigma-
Aldrich, Germany), sodium alginate (Todo Drogas, Argen-
tina), polyvinyl alcohol (PVA) (205 kDa, 87.7% hydrolyzed, 
Sigma Aldrich, Germany), eugenol (Sigma Aldrich, Ger-
many), methylene chloride (Cicarelli, Argentina). Tar was 
obtained from the pyrolysis of rice husk biomass. To this 
effect, rice husk was fed at a rate of 0.8–1 kg min−1 to a pilot 
scale downdraft reactor operated at 485 °C with air flow of 
16 L min−1. The experiment was performed during 5 h. Tar 
was collected from the condenser in the pilot unit. Tar yield, 
calculated on a dry biomass basis, was 1.8 wt%. Deionized 
water was used to prepare all solutions.

Characterization of Tar Obtained from Rice Husk 
Pyrolysis

The characterization of tar included the following determi-
nations: (a) moisture content by Karl-Fischer analysis; (b) 
total carbon (C), hydrogen (H), sulfur (S) and nitrogen (N) 
contents by elemental analysis; and (c) molar mass by size 
exclusion chromatography (SEC). For the SEC analysis, a 
Waters (Massachusetts, USA) Model 1525 chromatograph 
with an automatic injector (Waters 717plus) was used. The 
equipment was fitted with a set of Waters Styragel HR 4 
E (7.6 × 300 mm) columns and a differential refractometer 
detector (Waters 2414). The carrier solvent was THF at 
1 mL min−1 and the system was operated at 25 °C. The 



Waste and Biomass Valorization	

1 3

sample was dissolved in 0.25 mL THF with a nominal con-
centration of 1 mg mL−1. Injection volumes were 200 μL. 
A set of 9 poly(ethylene glycol) standards (Service GmbH) 
were used for the calibration.

Preparation of Tar Microparticles

Tar microparticles were prepared by the solvent extraction/
evaporation technique. To this effect, approximately 60 mg 
of tar were dispersed and sonicated in 6 mL of dichlorometh-
ane (DCM). Then, the dispersion was filtered with a 0.45 μm 
nylon syringe filter (Microclar, Argentina) to remove undis-
solved tar. Eugenol standard (60 mg) was added to the fil-
tered solution (6 mL). This solution was slowly dropped onto 
an aqueous phase (17 mL of 2% w/v PVA solution) under 
continuous stirring at 500 rpm using a homogenizer (Kin-
ematica Polytron PT 2500e, Switzerland). Then, 10 mL of 
the PVA solution was added to the emulsion and the stirring 
was continued for 30 min. The organic solvent was evapo-
rated under vacuum on a rotary evaporator (Büchi EL 130, 
Germany) for 1 h at room temperature. Solid microparticles 
were collected by centrifugation (Heal force 15/R, China) at 
2000 rpm for 3 min. Microspheres were dried at 40 °C and 
stored until further analysis.

Microparticle Size Distribution

Optical micrographs were obtained by observation of micro-
particle suspensions under an optical microscope (DM 
2500M, Leica, Germany) coupled with a camera (DFC 290 
HD, Leica). Approximately 300 microparticles per sample 
were measured for the determination of the particle average 
size and size distribution, using image processing software.

Eugenol Entrapment

Eugenol encapsulation in tar microparticles was determined 
indirectly. Non-entrapped eugenol was quantified in the 
supernatant of microparticle suspensions after their prepa-
ration. To this effect, solid microparticles were collected by 
centrifugation at 2000 rpm for 2 min and eugenol concen-
tration in the aqueous supernatants was quantified using a 
UV–Vis spectrophotometer (Perkin Elmer Lambda 25) at 
279 nm. The calibration curve (R2 = 0.9984) was performed 
in the 0–100 mg L−1 range. Five eugenol standard solutions 
in water were used for calibration. The assay was run in 
duplicate. Eugenol entrapment was calculated as follows:

where mi and ms are the initial mass of eugenol and the mass 
of eugenol determined in the supernatant of microparticles 

En(wt%) =
mi − ms

mp
× 100

after centrifugation, respectively and mp is the total mass of 
microparticles.

Preparation of Sodium Alginate and Sodium 
Alginate/Tar Microparticles Films

First, a 2.0 wt% sodium alginate solution was prepared in 
distilled water at 60 °C until complete dissolution. To plas-
ticize the films, glycerol (1 wt%) was added to the solution. 
Film compositions are presented in Table 1. Sodium alginate 
and sodium alginate/tar microparticles films (named Alg and 
Alg/Tar, respectively) were casted on silicone molds (6 cm 
diameter) and dried in an oven at 60 °C for 24 h. Then, the 
films were removed and kept in a desiccator until further 
analysis. Ionically crosslinked alginate films were also pre-
pared by CaCl2 treatment. Dried films were embedded in 
CaCl2 solutions at different concentrations, and the resulting 
films were named according to the crosslinker mass percent-
age with respect to the polymer (Table 1). Finally, the films 
were washed with water and dried in an oven at 40 °C for 
24 h.

Films Characterization

The characterization of sodium alginate and sodium algi-
nate/tar microparticles films included the following deter-
minations: (a) moisture and water solubility tests by gravi-
metric analysis; (b) functional groups by Fourier-transform 
infrared spectroscopy (FTIR); (c) thermal stability by ther-
mogravimetric analysis (TGA); (d) opacity by UV–Vis 
spectroscopy; (e) surface hydrophilicity by contact angle, 
(f) elastic modulus by dynamic mechanical analysis (DMA), 
and (g) film morphology by optical microscopy.

Moisture content was determined according to the gravi-
metric method reported by Aadil et al. (2017) [19]. The 
sample was dried in an oven at 105 °C until constant weight.

For the water solubility tests, the films were weighted 
and incubated in 50 mL of water for 24 h at room tempera-
ture. Then, the solution was filtered through a filter paper 
under vacuum to recover the remaining film, which was 

Table 1   Composition of sodium alginate and sodium alginate/tar 
microparticles films

Alginate (g) CaCl2 (g) Tar (g)

Alg 0.10 – –
Alg + CaCl2(20%) 0.10 0.02 –
Alg + CaCl2(30%) 0.10 0.03 –
Alg/Tar 0.10 – 0.01
Alg/Tar + CaCl2(20%) 0.10 0.02 0.01
Alg/Tar + CaCl2(30%) 0.10 0.03 0.01
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dried at 105 °C for 24 h and weighted. Solubility in water 
was determined according to Aadil et al. (2016) [19].

The characteristic functional groups of the films were 
investigated by FTIR. A 45° trapezoidal (80 × 10 × 4 mm) 
ZnSe crystal was used, providing 10 internal reflections 
at the liquid/crystal interface. The cell was mounted onto 
an ATR attachment (Pike Technologies) inside the sample 
compartment of the FTIR spectrometer (ThermoElectron, 
Nicolet 8700 with a cryogenic MCT detector).

TGA analyses were performed using a thermo-gravi-
metric analyser (Q500 TA instrument) under a nitrogen 
atmosphere at a flow rate of 80 mL min−1. Film samples 
(about 5 mg) were heated from 40 to 600 °C at a heating 
rate of 10 °C min−1.

Film opacity was determined using a spectroscopic 
method. Film samples were directly placed in a UV–vis 
spectrophotometer (Perkin Elmer Lambda 25) test cell. 
The absorbance spectrum of the sample was measured 
at 600 nm. Film opacity was defined as the ratio of the 
absorbance at 600 nm and the film thickness. Measure-
ments were performed by triplicate for each sample.

Samples were submitted to a contact angle analysis in 
a Point Grey camera (BFLY-PGE-05S2M-CS model) with 
Edmund Optic #68-678 lens in order to determine surface 
hydrophilicity. Measurements were performed on evapora-
tive plates at room temperature by deposition of ultrapure 
water droplets of 30 μL each, with an average flow rate of 
500 μL s−1.

DMA was performed to determine the elastic modulus 
of films. To this effect, films of 0.1 mm thick were ana-
lysed in tensile mode at different frequencies (0–100 Hz) 
with a 0.5% strain, using Q800 DMA equipment from TA 
Instruments.

Optical images of sodium alginate films incorporating 
tar microparticles were obtained following the procedure 
described in section ‘Microparticle Size Distribution’.

Eugenol Release Assays

The controlled release behaviour of eugenol from tar 
microparticles and composite films was evaluated in aque-
ous medium [4]. To this effect, approximately 10 mg of 
eugenol-loaded microparticles were dispersed in 25 mL 
of ultrapure water and incubated at 25 °C. A similar pro-
cedure was followed for sodium alginate films containing 
approximately 10 mg of eugenol-loaded microparticles. 
Samples of 1 mL were taken at predetermined times and 
replaced with an equal volume of ultrapure water. Euge-
nol concentration in samples was quantified following the 
UV–Vis technique described in section ‘Eugenol Entrap-
ment’. The experiments were performed in duplicate.

Antimicrobial Activity of Films

Sodium alginate films incorporating eugenol-loaded 
microparticles were assayed for antimicrobial activity 
against Escherichia coli (ATCC 25922) and Staphylococ-
cus aureus (ATCC 6538) as described elsewhere [20]. 
Inhibition halos against E. coli and S. aureus were evalu-
ated by a disk diffusion method. Briefly, samples of film 
disks (6 mm diameter) were placed onto the surface of 
agar plates seeded with 104 CFU mL−1 of 16 ± 2 h grown 
microorganisms. Alginate films with and without non-
loaded tar microparticles were also assayed as negative 
controls. After incubating the plates at 37 °C for 18 ± 2 h, 
the antimicrobial activity was evaluated by measuring 
the clear zone of growth inhibition for the active film and 
compared with the negative controls.

Statistical Analysis

The analysis of variance (ANOVA) with a confidence level 
of 95% was employed in order to perform the statistical 
analysis of the data obtained in the following tests: mois-
ture content, water solubility, opacity, and contact angle. 
To this effect, a 2 × 2 factorial design was implemented 
using the free software R version 4.1.1. The selected fac-
tors were TAR and CaCl2 content in the films.

Results and Discussion

Characterization of Tar Obtained from Rice Husk

Table 2 summarizes the physicochemical and molecular 
properties of rice husk tar.

A broad molar mass distribution with a high number of 
low molecular weight molecules was measured. Prauchner 
et al. (2001) [21] reported similar results for eucalyptus tar 
pitches. See the molar mass distribution in SI.

Table 2   Characterization of rice husk tar

Physicochemical properties
% Moisture 12.1
% C, O, H, N 62.8, 

28.8, 
6.3, 
2.1

Molecular properties

M
w
 (g mol−1) 708

M
n
 (g mol−1) 329

Dispersity 2.15
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Characterization of Tar Microparticles

Figure 1 shows a micrograph of tar microparticles, which 
exhibit a spherical morphology with a mean particle size of 
14.95 ± 6.61 µm. The particle size distribution is also shown 
in Fig. 1, and it seems to fit a normal Gaussian distribution 
function with a confidence level greater than 95%. Eugenol 
entrapment in tar microparticles was 8.82 ± 3.92 wt%. In 
literature, there are different eugenol loadings reported [22]. 
In general, low entrapment values are attributed to the high 
solubility of eugenol in water when it is added to the aque-
ous phase during the microparticle synthesis [22].

Preparation and Characterization of Sodium 
Alginate and Sodium Alginate/Tar Microparticles 
Films

The moisture content and water solubility determinations of 
polymeric films are presented in SI (see Fig. S2).

The moisture content of polymeric films was around 15%, 
which was similar for all samples. The statistical analysis 
showed that there are not significant differences in films 
with or without tar (p = 0.089 > 0.05). This result was not 
affected by the crosslinking degree of sodium alginate or 
the addition of tar microparticles, probably due to the high 
sodium alginate content of films and the significant hydro-
philic properties of alginate and glycerol, which can form 
hydrogen bonds with water molecules [19]. However, a 
slight decrease in moisture content was observed for films 
containing tar microparticles and with a higher crosslinking 
degree of sodium alginate (p = 4.17 × 10–5 < 0.05), indicating 
a decreased water uptake due to the presence of hydrophobic 
tar microparticles and a more crosslinked polymer network.

Regarding the solubility tests, it can be seen that sodium 
alginate films without CaCl2 treatment (Alg, Alg/Tar) were 
completely soluble after 24 h. This observation is in accord-
ance with the results reported by Aadil et al. (2017) [19] in 
similar experimental conditions. As expected, the solubil-
ity of films was significantly affected by the crosslinking 

degree (p = 2.45 × 10–7 < 0.05), but it did not change when 
tar microparticles were incorporated (p = 0.123 > 0.05). High 
water solubility values are a sign of low water resistance, 
which is an important parameter for commercial applica-
tions. However, this is a case-by-case decision depending 
on the purpose of application [23].

The incorporation of tar microparticles into sodium algi-
nate films resulted in higher UV light absorption capacity 
(Fig. 2) and it was confirmed by statistical analysis that 
showed significant differences for films with or without 
tar (p = 0.09 < 0.05). This effect is due to the chromophore 
nature of tar, which is similar to that of lignin [19]. In addi-
tion, the transparency of films was affected with the incor-
poration of CaCl2 (p = 2.61 × 10–5 < 0.05), probably due 
to refractive index changes associated to the crosslinked 
domains. According to Michelin et al., (2020) [23], darken-
ing of films can be an issue since most consumers prefer 
transparent packaging. However, for some products suscep-
tible to degradation by UV exposure, such as cheese and 

Fig. 1   a Optical images of tar 
microparticles; and b Particle 
size distribution

Fig. 2   Opacity of sodium alginate films with and without the addition 
of tar microparticles
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minimally processed vegetables suffering from lipid oxida-
tion or colour change, opacity can be an advantage.

The main parameters of the thermogravimetric analyses 
are summarized in Table 3. Additional information of TGA 
and DTG are reported in SI (see Fig. S3).

According to the thermograms, three degradation zones 
can be identified. The first zone is related to moisture con-
tent. The second zone is attributed mainly to glycerol and 
alginate degradation [19, 23], in accordance with Aadil et al. 
(2017) [19]. Finally, the third zone is associated with tar 
degradation, as it presents an aromatic structure. The addi-
tion of CaCl2 produces a slight increase in maximum deg-
radation temperature. Char content at 600 °C increases after 
CaCl2 treatment and with the incorporation of tar micropar-
ticles. These results indicate that the incorporation of tar and 
the crosslinking effect of CaCl2 could improve the thermal 
stability of the films [24].

Table 4 presents the elastic modulus obtained in DMA 
analysis.

The storage modulus (E′) is a measure of the elastic 
response of the material to a given load. Alginate film 
without CaCl2 (Alg) exhibited the lowest E′ compared to 
crosslinked or tar microparticles-containing films. The 
rigid aromatic structure of tar is associated with higher 
values of E′ [25]. However, no significant increase in E′ 
was observed for Alg/Tar, Alg/Tar + CaCl2(20%), and Alg/
Tar + CaCl2(30%) films probably due to the high alginate:tar 
ratio in film compositions.

The incorporation of tar microparticles into alginate films 
treated with different CaCl2 concentrations [Alg/Tar, Alg/
Tar + CaCl2(20%), and Alg/Tar + CaCl2(30%)] resulted in a 
homogeneous distribution of tar microparticles in sodium 
alginate-based films (Fig. 3a–c). In addition, films showed 
flexibility, ease handling, and a non-sticky characteristic 
(Fig. 3d).

ATR-FTIR analysis for the different film compositions 
did not reveal important structural modifications (Fig. 4).

The main bands related to sodium alginate are 2925, 
1736, 1562, 1481 and 1105 cm−1, attributed to O–H, C–H, 
COO– (asymmetric), COO– (symmetric), and C–O stretch-
ing vibrations, respectively [19]. The skeletal vibrations of 
six membered (pyranose) rings of alginate at 956 cm−1 [19] 
are overlapped with a C–H out of plane vibration of tar. 
There are no differences in the absorbance intensity. The 
band at 797 cm−1 is associated to α C1 –H deformation 
vibration for alginate [26] and to C–C vibration for tar. No 
differences were revealed in the absorbance intensities for 
both spectra. The band at 3363 cm−1 could be attributed to 
the presence of a phenolic OH [10], and it is overlapped with 
the band corresponding to alcoholic groups OH from algi-
nate [19]. In film spectra, the O–H bands of sodium alginate 
can be identified as a consequence of intermolecular inter-
actions [19]. These interactions are lower in films treated 
with CaCl2.

Contact angle values for the different films are presented 
in Fig. 5.

Contact angle measurements showed a lower energy sur-
face with the incorporation of tar (p = 8.46 × 10–11 < 0.05). 
The contact angle increase of tar-containing films is due 
to the aromatic structure of tar, which makes the film 
surface more hydrophobic [25]. In addition, an increase 
in the contact angle values of films treated with CaCl2 
was observed, which is due to the lower water uptake 
capacity of crosslinked films. It is important to note 
that ANOVA showed significant statistical differences 
(p = 1.2 × 10–6 < 0.05) in the contact angle values with tar 
incorporation in the films. This is desirable for many appli-
cations, such as packaging materials where water vapour and 
oxygen barrier properties are required [27].

Eugenol Release

The drug release profiles of eugenol from tar micropar-
ticles and sodium alginate/tar microparticles films were 
evaluated in aqueous media. Results are presented as 
cumulative eugenol release as a function of time (Fig. 6). 
The release profiles showed a controlled release behav-
iour from all systems. As expected, a higher drug release 
rate was observed for microparticles suspensions due to 
the lack of an additional polymeric barrier. For micro-
particles, the drug release process is mainly influenced 

Table 3   Thermogravimetric analysis parameters

Sample T10% (°C) Char (%) Maximum degra-
dation tempera-
ture
(°C)

Alg 122 25.17 207
Alg + CaCl2(20%) 159 28.61 210
Alg + CaCl2(30%) 179 35.18 216
Alg/Tar 77 27.06 209
Alg/Tar + CaCl2(20%) 155 27.10 217
Alg/Tar + CaCl2(30%) 182 27.17 207

Table 4   Elastic modulus of the different films

*At 100 Hz

Sample E′ (MPa)*

Alg 1400
Alg + CaCl2(20%) 3002
Alg + CaCl2(30%) 2500
Alg/Tar 1775
Alg/Tar + CaCl2(20%) 2250
Alg/Tar + CaCl2(30%) 2300
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by the diffusion of eugenol in the tar matrix. Therefore, 
particle size is another factor to take into account in the 
performance of drug release. It is expected that the smaller 
the size, the faster the eugenol release. The main mecha-
nisms governing the release of eugenol from polymeric 
films include swelling, drug diffusion and matrix solu-
bilisation. The cumulative eugenol release profile from 
crosslinked films was significantly different from that of 

non-crosslinked films because of the lower swelling capac-
ity and solubility of the former. Microparticles suspensions 
and non-crosslinked films presented a faster initial drug 
release that was complete after 24 h, while crosslinked 
formulations showed a slow and sustained release during 
72 h approximately. Thus, the crosslinking degree of films 
is expected to improve the period of eugenol release and 
the active properties of the films.

Fig. 3   Optical images of sodium alginate films containing tar microparticles: a Alg/Tar, b Alg/Tar + CaCl2(20%), c Alg/Tar + CaCl2(30%); and d 
photograph of Alg/Tar film

Fig. 4   FTIR spectra of polymeric films: a Alg, Alg/Tar; and b Alg + CaCl2(30%), Alg/Tar + CaCl2(30%)
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Antimicrobial Assays

The antimicrobial properties of films containing eugenol-
loaded tar microparticles were investigated by the agar dif-
fusion test using E. coli and S. aureus as representative of 
gram-negative and gram-positive bacteria, respectively. For 
comparison purposes, alginate film (A) and alginate film con-
taining non-loaded tar microparticles (B) were also tested as 
negative controls. The inhibition halos of the films for both 
microorganisms are presented in Table 5, and an image of 
an agar plate is shown in Fig. 7 as illustration. As it can be 
noted, the inhibition halos for S. aureus were bigger than 

those observed for E. coli. This behaviour was also reported 
by Piletti et al. (2017) [28]. The authors attributed the antimi-
crobial activity of eugenol to the phenolic groups that are very 
efficient for killing Gram-negative and Gram-positive bacteria. 
The films containing eugenol-loaded tar microparticles at par-
ticle concentrations of 0.3 (C) and 0.6% (D) exhibit noticeable 
antimicrobial activity. 

Fig. 5   Contact angle of sodium alginate and sodium alginate-tar films

Fig. 6   Eugenol release from different systems: tar microparticles and 
films Alg/Tar and Alg/Tar + CaCl2(30%)

Table 5   Antimicrobial activity of films by the agar diffusion tech-
nique

Microorganism Zone of inhibition (mm)

S. aureus C: 13.14 ± 0.38
D: 17.04 ± 0.38

E. coli C: 11.54 ± 0.30
D: 14.33 ± 0.05

Fig. 7   Example of agar diffusion test using S. aureus for: (A) alginate 
film, (B) alginate film containing non-loaded tar microparticles, (C) 
alginate film with 0.3% tar microparticles containing eugenol, (D) 
alginate film with 0.6% tar microparticles containing eugenol
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Conclusions

The preparation and characterization of an innovative 
active packaging material based on alginate film contain-
ing tar microparticles loaded with eugenol were studied. 
The films may help to enhance the shelf life of preserved 
foods and provide a convenient biodegradable packaging. 
Moreover, microparticle fabrication provides a novel strat-
egy for the valorization of pyrolytic tar, a subproduct of 
biomass thermochemical processes. The films exhibited 
superior thermal, solubility and mechanical properties 
when CaCl2 was used as a crosslinker agent. The incor-
poration of tar microparticles in films enhanced their UV 
barrier properties and surface hydrophobicity, suggesting 
that the films could be used to protect sensitive food prod-
ucts from light and to form an effective barrier to water. 
The eugenol release rate was affected by the crosslinking 
degree of the alginate matrix. Finally, the assessment of 
the antimicrobial activity of films against two food patho-
gen bacteria showed that the films containing eugenol-
loaded tar microparticles were able to inhibit bacterial 
growth.
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