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Abstract: This study evaluates the effects of gelatin coating enriched with ethanolic propolis extract
(PE) at 1%, 2% or 3% (w/v) on the quality parameters of pork meat during storage at 2 °C. Physical
(pH, weight loss, color) and chemical parameters (percentage contents of metmyoglobin (MetMb),
along with thiobarbituric acid reactive substances (TBARS)) were measured, and microbiological
(total aerobic plate count (TAPC)) analysis, as well as consumer evaluation, was carried out every
four days during the storage period of twelve days. The results indicated that the proposed
treatments affected (P < 0.05) the quality characteristics of meat samples. The high prevention of
physicochemical alterations and maximum inhibition of microorganisms was obtained for samples
stored in gelatin coatings containing 2% and 3% PE. Additionally, despite a slight deterioration in
odor on Day 4 in the P3 group, no negative changes in overall acceptability of the P2 and Ps groups
compared to uncoated samples were observed. The obtained results indicate a significant role of
propolis extract incorporation into gelatin packaging to extend the shelf life of stored pork.
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1. Introduction

Production of edible coatings (ECs) and films (EFs) is becoming more and more
prevalent because of their global availability, attractive price and biodegradability [1].
They are defined as thin layers of edible materials providing a barrier to mass transfer
(gases, moisture, flavors, etc.) between food and the surrounding atmosphere [2]. Thus, it
is assumed that the use of ECs and EFs might extend the shelf life of perishable products
such as meat and reduce postconsumer packaging waste [3,4]. The main difference among
them is that coatings are formed directly on the product, while films are independent
structures obtained outside the product [5,6]. Nonetheless, both can be prepared on the
basis of biopolymers from biomass (starch, chitosan, pectins, casein, whey, collagen,
gelatin, zein, soy protein, gluten, waxes, fats, oils), biobased monomers (polylactide and
other polyesters) and polymers of microbial origin (bacterial cellulose, marine algae
cellulose, xanthine, pullulan, curdlan). The most popular materials for the production of
edible packaging are still proteins of plant or animal origin, lipids and polysaccharides
[3,7,8]. Moreover, in recent years, it has been pointed out that the addition of bioactive
compounds might improve the functional properties of edible biopolymers and thus
extend the shelf life of the products on which they have been applied [9]. However, taking
into account the variety of stored products, used biopolymers and incorporated
compounds, further research in this area is required.
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To date, many types of edible coatings have been applied to the surface of meat
products to improve their quality during storage [10-15] According to Herring et al. [16],
gelatin coatings have great potential in pork preservation because they delay lipid and
protein oxidation and heme iron conversion, which occurs in meat during storage.
However, similarly to polysaccharides, protein coatings exhibit relatively high values of
water vapor permeability, which can be associated with their inherent hydrophilicity and
the use of hydrophilic plasticizers [2,3,8]. Nevertheless, it has been observed that the
properties of gelatin coatings can be improved by, for example, oil incorporation [17] or
the addition of constituents with antioxidant and antimicrobial properties [14,18].

One of such substances may be propolis, which is a mixture of tree and bush resin
and bee gland secretions and is characterized by antioxidant, antibacterial, antifungal,
antiviral, antitumor and anti-inflammatory properties [19-21]. The most numerous and
best-known group of its compounds are polyphenols, including phenolic acids and
flavonoids. Propolis also includes terpenoids, waxes, polysaccharides and micronutrients
such as iron, copper, silicon, magnesium, selenium, phosphorus and silicon [22]. Among
its compounds, caffeic acid, esters of phenolic acids, flavonoids, kaempferol, quercetin,
caffeoylquinic acid derivatives, propol and artepillin C show a particularly high
antioxidant activity [23-25]. A previous study reported that edible coatings with propolis
can be used to preserve the quality of chicken [26], beef [27], fish [28] or even fruit [29] and
vegetables [30].

Although gelatin coatings and propolis have potential in extending the shelf life of
pork meat, their combined effect on its quality has not yet been studied. Based on the
previous study, their application could be an innovative approach to prolong the shelf life
of meat without the addition of chemical preservatives. Thus, the objective of this work
was to evaluate the effect of gelatin coatings incorporated with selected concentrations of
propolis ethanolic extract (1%, 2% and 3%) in preserving the quality of pork stored in
refrigerated conditions for twelve days.

2. Materials and Methods
2.1. Materials

Propolis was obtained from an apiary located in a village in Mazowieckie
Voivodeship (Wilkowyja, Poland) and frozen (=20 °C) until use. Pork skin gelatin (bloom
= 175), glycerol (99% purity) and other used chemicals and reagents of analytical grade
were purchased from Sigma-Aldrich (St. Louis, MO, USA). Pork loins (M. longissimus
thoracis et lumborum) were obtained from a local slaughter facility (Zaklady Miesne
Olewnik PLC, Sierpc, Poland) within two days of slaughter and transported in cold
conditions to the Warsaw University of Life Sciences (Warsaw, Poland).

2.2. Propolis Extract Preparation

The ethanol-extracted propolis (PE) was prepared by adding 70% ethanol (v/v) to 100
g of ground crude propolis to a final volume of 1000 mL solution. Then, the macerate was
left at room temperature for 7 days, shaking at least several times per day. After this
period, the mixture was filtered through Whatman No. 4 filter paper. The resulting
supernatant was concentrated under vacuum in a rotary evaporator at 40 °C until 80%
volume reduction (Rotavapor R-3, BUCHI, Flawil, Switzerland). The total phenolic
content (TPC) in obtained PE and its DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging capacity assay were evaluated according to the methods described by Péttorak
et al. [31]. The obtained values were 927.32 + 12.75 mg gallic acid equivalent/100 g and
90.77 £ 1.71% radical scavenging activity, respectively.
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2.3. Preparation of Gelatin Coating Solutions

To prepare the 10% (w/v) coating solutions, the required quantities of gelatin were
added to distilled water at 60 °C with continuous stirring for 30 min to allow the powder
to dissolve. After cooling the solutions to 35 °C, propolis extract was added at different
concentrations of 0% (P0), 1% (w/v) (P1), 2% (w/v) (P2) and 3% (w/v) (Ps) and homogenized
for 3 min at 1200 rpm (ULTRA-TURRAX homogenizer, T18 Basic, IKA Werke, Germany).

2.4. Meat Coating Procedure

Each from 6 pork pieces, M. longissimus thoracis et lumborum was prepared by
removing the external fat and connective tissue and cutting into sections according to
Marcinkowska-Lesiak et al. [17]. The obtained slices, after weighing, were next coated by
dipping into the prepared gelatin-based coating solutions for 2 min based on five
formulations: C (control, uncoated pork loins), P1 (gelatin-coated pork loins with the
addition of 1% propolis extract to gelatin coating), P2 (gelatin-coated pork loins with the
addition of 2% propolis extract to gelatin coating) and Ps (gelatin-coated pork loins with
the addition of 3% propolis extract to gelatin coating). In order to remove excess coating
solution, samples were allowed to drain for another 2 min under clean air flow. Next, all
groups were reweighted, packaged in a styrofoam tray with a polyvinyl chloride
overwrap and stored in a refrigerator at 2 °C + 1 °C until analysis on Days 0, 4, 8 and 12.
All measurements were carried out in six replications for each storage day and type of
used coating.

2.5. Quality Evaluation of Pork Meat
2.5.1. pH Measurement

The pH of pork loins was measured potentiometrically using a pH meter with a glass
electrode (Model 205, Testo, Lenzkirch, Germany) calibrated against buffers of pH 4.0 and
7.0. Three measurements were made by direct injection of an electrode into each sample
of the same temperature to a depth of 2 cm.

2.5.2. Weight Loss

The weight loss (%) of samples (WL) was calculated as the difference in meat weight
before and after storage, according to the following formula:
Wy — W) X 100
WL (%) = Wo — Wy) X 100 1)
Wo
where Wo is the weight of the sample before storage (g) and Wx is the weight of the sample
after 4, 8 and 12 days (g).

2.5.3. Color Measurement

The color parameters of stored pork loins were determined in the L*a*b* system
using Chromameter CR-400 (Konica Minolta Inc., Tokyo, Japan) calibrated on the CIE
LAB color space system using a white plate (L* = 98.45, a* = —0.10, b* = -0.13). Five color
measurements of different areas of each sample surface were taken performed with a spot
diameter of 8 mm, a D65 illuminant (color temperature = 6500 K) and an observer angle
of 2°. Based on the L* (lightness), a* (red/green) and b* (blue/yellow) values of each
sample, after storage, a total color difference (AE) in relation to Day 0 was determined
using the following formula:

AE (=) = /(Lax — Lao)? + (@ax — ado)? + (bax — bao)? )

where Lo, ado and bao are the color parameters of the sample before storage, and Lax, adx
and bax are the color parameters of the sample after storage.
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2.5.4. Metmyoglobin Content

Percentage contents of metmyoglobin (MetMb) in meat were determined according
to the method described by Krzywicki [32] with modifications by Tang, Faustman and
Hoaglan [33]. The absorbances of the prepared solutions were measured at 582 nm (A582),
525 nm (A525) and 503 nm (A503) using a Spark 10M multimode microplate reader (Tecan
Group Ltd., Mannedorf, Switzerland). Triplicate measurements were made for each meat
sample, and the percentage of metmyoglobin was calculated based on the following for-
mula:

MetMb (%) = —0.159R, — 0.085R,, + 1.262R5 — 0.520 3)
where Ri = A582/A525, R2 = A557/A525 and Rs = A503/A525.

2.5.5. Lipid Oxidation

Thiobarbituric acid reactive substances (TBARS) in samples were determined accord-
ing to the method by Pikul et al. [34] with modifications described by Pottorak et al. [31]
using the SparkTM 10M spectrometer (Tecan Group Ltd., Mannedorf, Switzerland).
TBARS values were expressed as 2-thiobarbituric acid reactive substances (TBARS) in mg
malondialdehyde (MDA) per kg of meat using a standard curve prepared from tetrameth-
oxypropane. Three replications were made for each measurement.

2.5.6. Microbiological Analysis

In order to determine the total aerobic plate count (TAPC), a series of ten-fold dilu-
tions from the initial dilution of samples were prepared. For this purpose, 10 g of meat
was homogenized using ULTRA-TURRAX homogenizer (T18 basic, IKA Werke, Staufen,
Germany) with 90 mL of sterile 1.5% peptone water for 2 min. Then, 1 mL of aliquots from
each dilution was dispensed into Petri dishes, to which a molten plate count agar (PCA)
was added. The inoculated plates were incubated at 30 °C for 72 h. Obtained results were
ultimately converted into a logarithm of the number of colony-forming units per gram of
meat (log CFU/g). Triplicate measurements were made for each sample.

2.5.7. Meat Quality Acceptance

The meat quality acceptance of raw pork loin during storage was conducted accord-
ing to the semiconsumer scaling method under standard conditions by a panel of 24 well-
trained consumers under the same conditions (room temperature, individual booths, light
of about 500 lux). Pieces of meat from each group (dimensions =20 x 20 mm, temperature
=2 °C 1 °C) were presented to the panel in covered white plastic plates (5 min intervals,
samples encoded). In each of the analyzed days, all samples were served once to each
panelist (the serving order was randomized). The nonstructured 10 cm intensity scale
ranging from the lowest acceptability (value of 1.0) to the highest acceptability (value of
10.0) of each analyzed attribute was used. Consumers were asked to place a mark between
each limit value to denote their evaluation of color, odor and overall acceptability. The
individual observations were interpreted using the measuring device to record the dis-
tance from the left to the panelists’ marks.

2.6. Statistical Analysis

Statistical analysis was carried out using Statistica 13.3 (StatSoft Inc., Tulsa, OK, USA)
after allowing for the randomization specified and blocking according to an animal (the
data were analyzed using an individual loin from each carcass as the experimental unit).
The results were analyzed using two-way ANOVA with treatment (T), storage time (ST)
and interaction (T x ST) as the factors. The differences between groups were tested accord-
ing to the Tukey’s means test (P < 0.05). The results in tables are presented as mean values
and standard deviations (SD).
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3. Results and Discussion

Results achieved in this study demonstrated that different treatments (T) and pro-
longation of the storage time (ST) of pork loins, as well as the interaction between them,
significantly affected (Table 1) most of the analyzed parameters.

Table 1. Test probabilities for tee physical, chemical and microbiological parameters of pork loins:
multiaspect variance analysis.

Item Effect Interaction
Treatment (T)  Storage Time (ST) TxST

pH AT bt bzt
Weight loss %% *%% XN
L* *%% %% XN
a* *% b XN
b* NS *X XN
AE * *XN XN
TBARS bt bt bt
MetMb NS wEE wHE
TAPC NS i A
color i * -_—
odor i *okk -_—
bt *% bzt

overall acceptance

* P <0.05; ** P <0.01, ** P <0.001, NS: not significant.

3.1. pH Measurement

The quality of meat and its culinary and processing suitability depend largely on its
pH value. In the conducted research, meat with pHss and pHz« values characteristic for
normal meat, without undesired quality characteristics such as pale, soft and exudative
(PSE) or dark, firm and dry (DFD), was used (data not shown). Obtained data (Table 2)
indicate that treatment (T) and storage time (ST) had significant (P < 0.05) effects on the
pH values of stored meat.

The increase in the pH of stored meat may be associated with the increased activity
of proteolytic enzymes (calpains, cathepsins B and L, peptidases), causing a gradual re-
lease of peptides, amino acids and ammonia [35], or with microbial growth [36]. Beginning
from Day 8, coated samples were characterized by lower pH values compared to those in
the control group. Observed changes in the pH of the coated samples in relation to the pH
of the control group stored in the air atmosphere could be due to the limitation of the
range of proteolytic changes in muscle proteins, which lead to gradual alkalization of the
stored meat [37]. Additionally, on Day 12, pork loins coated with gelatin containing 3%
propolis extract were characterized by lower values of the analyzed parameters than sam-
ples coated only with gelatin (P < 0.05). The observed changes in the pH value at the end
of storage may be related to the antioxidant and antimicrobial properties of propolis [38],
limiting changes in proteolysis and microbial growth in stored meat. The above results
are consistent with other studies indicating a decrease in the pH values of stored fish fillets
[28] or chicken breast meat [26] in the case of using coatings with propolis extract.

3.2. Weight Loss

Weight loss of pork loins studied in this work increased within 12 days at 2 °C (Table
2). The results also show that the treatment had a significant (P < 0.05) effect on values of
the analyzed parameters during refrigerated storage (Table 2). Although weight loss
tended to increase for all samples, its values in the control group were greater than in the
coated samples, regardless of the storage time. Although gelatin films are characterized
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by poor water vapor permeability values, they have good barrier properties against oxy-
gen [39,40]. It can be assumed that the amount of meat weight loss during storage de-
pended on the rate of water evaporation and the leakage of meat juice related to hydroly-
sis reactions and microbial spoilage in the presence of oxygen. Reduction of weight loss
in gelatin-coated pork meat compared to control samples was previously indicated in the
work of Antoniewski et al. [41] and Herring et al. [16]. Additionally, from Day 8, pork
loins from the Ps group were characterized by lower values of weight loss compared to
the Pogroup. At the end of storage, values of the analyzed parameters in the Ps group
decreased by almost 49.5% and 12.3% in relation to values in uncoated samples and sam-
ples coated only by gelatin, respectively. Research has indicated that gelatin films tend to
cluster water within their polymer matrix [42]. Based on the obtained results, it could be
concluded that polyphenolic compounds (TPC = 927.32 + 12.75 mg gallic acid equiva-
lent/100 g) found in the used propolis extract by interaction with the gelatin matrix re-
duced its hygroscopicity [38] and thus limited water loss of the coated meat. Additionally,
other researchers indicated that water vapor permeability of films can decrease by prop-
olis extract incorporation [43,44].

Table 2. Effect of the applied coatings on the physical parameters of pork loins during storage.

Storage Time (Days)

Parameters Treatments 0 4 8 12

C 5.56a41+ 0.01 5.60aA + 0.02 5.64t8+ (0.01 5.75<¢+0.03

Po 5.5624+ (.01 5.5624+ (.01 5.582A+ (.02 5.63"8+0.01
pH Ps 5.5624+ (.01 5.5524+ (.03 5.552A+ 0.04 5.63b48+ 0.04
P2 5.56a2+ (.01 5.572A+ (.02 5.562A+ (.02 5.6024B+ (.03

Ps 5.56a2+0.01 5.5524+0.04 5.5824+0.02 5.5824+0.02

C - 3.433+ (.35 5.15"¢+ (.24 7.92<¢+ (.38

Po - 2.3324+ (0.2 3.478+(0.37 4.568+ (.28

Weight Loss (%) P1 - 2.2324+0.21 2.98v4B+ (.17 4.34<AB+ (.29
P2 - 2.31aA+ (.50 3.0128+ 0.17 4.2148+ (.26

Ps - 21624+ 0.11 2,964+ 0.20 4.004+0.18
C 57.104+ 0.98 55.59<A+ (.28 52.35PA+ (.51 49.68:A+ 0.61
Po 57.10c4+0.98 56.08AB+ (.77 53.95b8 + (.85 51.808+(0.76
L* (%) P1 57.10°4+0.98 57.17t8+ 0.66 55.2028+ 0.56 53.842€+ (.42
P2 57.10°A+0.98 57.19b8 + 0.64 54,698+ (.78 54.18:¢+0.36
Ps 57.10vA4+ 0.98 57.14%8+ 0.44 54.57a8+ (.79 54.14x¢+0.71

C 7.27°A+ (.45 6.794+ (.13 6.012A+ 0.46 5.7524+0.12
Po 7.27°A+0.45 7.03bA+0.43 6.182A4+0.42 6.2624B+ (.33
a* P1 7.27°A+0.45 7.14vA+0.24 6.32224+0.26 6.422AB+ ().28
P2 7.27°A+0.45 7.17°A+0.25 6.612bAB+ (0,37 6.3124B+ (.20

Ps 7.272A+0.45 7.1124+0.29 7.14+0.41 6.8828+0.17

C 3.78A4+0.20 7.93C+(0.27 8.59bB + (.40 9.026+ (0.25

Po 3.78:4+0.20 6.3504+0.21 7.62¢+0.34 8.114+0.14

b* Ps 3.78:4+0.20 6.3904+ (.14 7.34A+0.27 7.64<A+0.40
P2 3.78:4+0.20 6.83bAB+ (.29 7.27vA+ (.25 7.704+ 0.29

Ps 3.78:4+0.20 7.012+0.13 7.300A4+ (0.34 7.60vA+0.30

AE C - 4,623+ (.33 7.12b¢+(0.42 9.41<c+0.60
Po - 3.0624+ 0.31 5.384+(0.58 7.138+0.58
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P - 2.88:4+ (.28 4.44v4+0.32 5.35P4+ (.49
P2 - 32424+ 0.25 4.55b4+ 0.47 5.21k4+0.30
Ps - 3.404+0.17 4.54b2+ (.35 5.03vA+ (.52

la—d: mean values marked with various lowercase letters show statistically significant differences within rows (P < 0.05);
A-D: mean values marked with various capital letters show statistically significant differences within columns (P < 0.05);
C—uncoated pork loins; Po—gelatin-coated pork loins; P1—gelatin-coated pork loins with the addition of 1% propolis
extract to gelatin coating; P2— gelatin-coated pork loins with the addition of 2% propolis extract to gelatin coating; Ps—
gelatin-coated pork loins with the addition of 3% propolis extract to gelatin coating.

3.3. Color Measurement

Interaction between treatments (T) and storage time (ST) significantly affected all
color parameters (L¥, a*, b*) of stored samples, and color difference (AE) was calculated
on their basis (Table 2). During 12 days of storage, the lightness (L*) of all samples de-
creased significantly (P < 0.05). Additionally, beginning from Day 8, uncoated meat was
darker than coated samples (P < 0.05), which may be related to the highest water loss ob-
served in the C group [17] and the oxidation of oxymyoglobin to metmyoglobin [45]. At
the end of storage, samples from the P1, P> and Ps groups were characterized by the slight-
est decline in lightness, not exceeding 6% with respect to the coating day, probably due to
the antioxidant capacity of the propolis extract [46] and thus its ability to reduce the deg-
radation of meat color by delaying the oxidation reaction [47]. Coatings, especially those
with the addition of propolis, also increased the stability of the red color (a*) of stored
samples (P < 0.05). The highest decrease in redness in relation to Day 0 (to 1.52) was rec-
orded for the control group (P < 0.05). Additionally, only in the case of the Ps group was
no decrease (P = 0.05) in the analyzed parameters observed during the twelve days of
storage. A similar effect in retarding changes in a* values of stored Nemipterus japonicus
fillets using chitosan coatings incorporated with propolis extract was previously observed
by Ebadi et al. [45]. Contrary to the brightness and redness of the samples, an increase in
yellowness was observed in all analyzed groups after storage (P < 0.05), which may be
due to the progressive oxidation reactions in all samples. Although the smallest changes
in b* values during the entire storage period were observed for the Ps group, at the end of
storage, there were no significant differences in b* values between all coated samples. Ad-
ditionally, it is noteworthy that on Day 4, samples from this group were characterized by
higher values of the b* parameter than samples from the Po and P1 groups, which may be
due to the incorporated amount of propolis in gelatin. According to Moreno et al. [48], the
yellower color of gelatin films with propolis can be explained by the presence of polyphe-
nolic compounds derived from propolis in the biopolymer matrix.

Table 2 also includes the values of the AE parameter, which expresses the total change
in color of all treatments after storage with respect to samples from Day 0. It was observed
that during storage, AE values were increasingly evident for all groups (P < 0.05). Begin-
ning from Day 4, the greatest values of the analyzed parameters were noted in the case of
uncoated meat, which means its color was the least stable. Additionally, at the end of
storage, color changes in Pi, P2 and Ps groups were significantly smaller (P < 0.05) than
those observed in the PO group, reaching values below 5.5. Nevertheless, based on the
range of the AE index [49], a color difference was clearly observed in all samples after 12
days (AE > 3.5). These changes may be related to oxidation processes in meat samples and
phenolic compounds in propolis extract (927.32 + 12.75 mg gallic acid equivalent/100 g),
which can undergo degradation after time.

3.4. Metmyoglobin Content

During storage, the percentage content of metmyoglobin (Table 3) gradually in-
creased (P <0.05) in all analyzed groups. Nonetheless, it is assumed that hydrogen bonds
in gelatin coatings and films can limit the access of oxygen to meat and thus reduce oxi-
dation of the red oxymyoglobin to brown metmyoglobin [41]. This is in agreement with
our results, as beginning from Day 8, uncoated samples were characterized by the highest
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values of the analyzed parameters (P < 0.05). The above study also reveals that the addi-
tion of propolis extract (PE) to gelatin coatings helps to reduce the formation of metmyo-
globin compared to samples coated with gelatin (P < 0.05). This is probably due to the fact
that PE addition affected the efficiency of oxidative reactions in stored meat (Table 3) and
inhibited the total aerobic plate count (Table 4), which decreased the color stability of the
meat. Inhibitory effects of propolis on lipid oxidation and microbiological growth in meat
products were confirmed by Reis et al. [50] and Vargas-Sanches et al. [51]. The obtained
results also correspond to the results of Rizzolo et al. [52], who stated that active paper
incorporated with propolis extract could be suitable to store cooked ham slices. Compa-
rable observations were also confirmed by our previous study [17], which demonstrated
that gelatin coatings incorporated with sage and hemp oils can delay the increase in the
MetMb content of stored pork.

Table 3. Effect of the applied coatings on the chemical parameters of pork loins during storage.

Parameter Treatments Storage Time (Days)
0 4 8 12
C 20.872A+ 0.67 33.51¢+ 2.63 51.77<C+1.63 62.0790+ 1.88
Po 20.872A+ 0.67 30.22tB¢+ 1.39 46.208+ 2.63 56.234C+1.41
MetMb (%) P1 20.872A+ 0.67 29.12b48+ 1.71 44.78AB+ 2 07 51.934+ 1.69
P2 20.872A+ 0.67 27.19b4B + 2 66 43,9448+ (.87 49.264AB+ 1,50
Ps 20.872A+ 0.67 26.48"A+1.46 42124+ 148 46.9244+ 221
C 0.122A+0.01 0.61°P+ 0.03 0.96P+ 0.06 1.684P+ 0.06
Po 0.1224+0.01 0.47¢+0.03 0.83<c+0.01 1.434¢+0.05
TBARS (mg/100 g) P1 0.12a4+0.01 0.42t8¢+ (.02 0.77<<+0.03 1.444¢+0.05
P2 0.122A+0.01 0.37vAB+ (0.03 0.558+ 0.03 1.2548+ 0.08
Ps 0.122A+0.01 0.30vA+ 0.04 0.46¢2+ 0.03 1.0544+ 0.05

Ta—d: mean values marked with various lowercase letters show statistically significant differences within rows (P < 0.05);
A-D: mean values marked with various capital letters show statistically significant differences within columns (P < 0.05);
C—uncoated pork loins; Po—gelatin-coated pork loins; P1—gelatin-coated pork loins with the addition of 1% propolis
extract to gelatin coating; P2— gelatin-coated pork loins with the addition of 2% propolis extract to gelatin coating; Ps—
gelatin-coated pork loins with the addition of 3% propolis extract to gelatin coating.

3.5. Lipid Oxidation

The measurement of substances that cause a color reaction with 2-thiobarbituric acid
(TBARS) is one of the basic methods of determining the lipid oxidation process in meat
and meat products. Results presented in Table 3 indicate that lipid oxidation of all samples
increases with storage time (P < 0.05), reaching the highest TBARS values for the control
group (P <0.05) in all analyzed days. As assumed, gelatin coatings with low gas permea-
bility reduced lipid oxidation in stored meat [16]. Nevertheless, in high-moisture products
such as pork, oxygen permeability of gelatin coatings increases during storage because of
the interaction between water and gelatin molecules [53]. In such cases, the appropriate
amount of phenolic compounds and scavenging free radicals incorporated into gelatin
solutions may be of key importance in preventing lipid oxidation in coated samples. Start-
ing from Day 4 of storage, samples from the P> and Ps groups were characterized by lower
TBARS values than gelatin-coated samples (Po group). Based on the obtained results, the
addition of 3% propolis extract to gelatin coatings was able to significantly reduce the rate
of lipid oxidation in stored pork loins, resulting in their lowest rancidity compared with
other treatments. Compared to Groups C and Po, TBARS values of P3samples at the end
of storage decreased by 37.5% and 26.6%, respectively. This is consistent with other stud-
ies, owing to the fact that edible films with the addition of propolis, due to polyphenolic
compounds, are characterized by high antioxidant activity, which increases with the
greater addition of propolis [44,46,54]. Similar findings were also reported by Jonaidi
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Jafari et al. [55] and Mehdizadeh and Mojaddar Langrodi [26], who found that incorpora-
tion of propolis ethanolic extract to chitosan coatings at the level of 1-2% resulted in a
reduction in TBARS values in stored chicken fillets.

3.6. Microbiological Analysis

A high content of protein substances and almost neutral pH of meat promotes the
development of various microflora. The amount of microorganisms and their develop-
ment in meat depend on many factors, ranging from the method of slaughtering animals
to the method of meat storage. Treatment and storage time were the factors affecting the
total aerobic plate count (TAPC), an indicator of the microbiological quality of meat (Table
4).

Table 4. The effect of the applied coatings on chemical parameters of pork loins during storage.

Storage Time (Days)

Parameters Treatments 0 4 8 12
C 2.9924+ (.24 4.37°0+ (.17 5.580+0.11 6.960+ 0.16
Po 2.992A4+ (.24 3.71%¢+0.20 5.17<+0.13 5.534¢+ 0.08
TAPC (log CFU/g) P1 2.992A+ (.24 3.500BC + 0.09 4.44<+0.15 4594+ (.13
P2 2.992A+ (.24 3.3904B+ 0.06 4.2738+0.17 4.354+0.10
Ps 2.992A+ (.24 3.2604+0.08 3.954+0.15 4.0344+0.13

la-d: mean values marked with various lowercase letters show statistically significant differences within rows (P < 0.05);
A-D: mean values marked with various capital letters show statistically significant differences within columns (P < 0.05);
C—uncoated pork loins; Po—gelatin-coated pork loins; P1—gelatin-coated pork loins with the addition of 1% propolis
extract to gelatin coating; P2—gelatin-coated pork loins with the addition of 2% propolis extract to gelatin coating; Ps—
gelatin-coated pork loins with the addition of 3% propolis extract to gelatin coating.

It is assumed that the upper limit for TAPC values in meat that is acceptable should
not exceed 7 log CFU/g [56]. Although TAPC values significantly increased during storage
(P <0.05) for all groups, at the end of storage, only the values in the C group came close
to the spoilage limit of meat. Beginning from Day 4, the values of the analyzed parameters
for coated samples were significantly lower (P < 0.05) than the control group (C). This was
probably due to the fact that gelatin coatings are characterized by low gas permeability
[57] and thus provide better results for the inhibition of aerobic flora. In addition, after 8
and 12 days of storage, a significant decrease (P < 0.05) in TAPC values compared to the
other groups was observed for the samples coated with gelatin containing 2% and 3%
ethanolic propolis extract. At the end of storage, it was possible to reduce the TAPC values
in these groups in the range of 1.6 (P2)-1.73 (Ps) in relation to uncoated meat. Additionally,
Nessianpour et al. [58] observed that propolis incorporation in a gelatin matrix led to a
reduction in microbial growth of refrigerated Saurida tumboli fillets. These effects can be
mainly attributed to the antimicrobial activity of propolis extract related to the presence
of polyphenolic compounds inhibiting DNA and RNA synthesis by changing the perme-
ability of the cell membrane of microorganisms [38,59]. What is more, our results are also
in line with the research carried out by Shavisi et al. [27], which showed differences in the
values of the analyzed parameters of ground beef during storage depending on the con-
centrations of propolis extract used in polylactic acid (PLA) films.

3.7. Meat Quality Acceptance

In terms of acceptance of meat quality, differences were observed between the ana-
lyzed groups, regardless of the storage period. All groups were analyzed based on a 10-
point nonstructured scale. Coatings modified the color, odor and overall acceptability of
refrigerated pork loins. Beginning from Day 8, incorporation of 2% and 3% propolis ex-
tract to gelatin coatings improved the color of stored meat compared to uncoated samples
(C) and gelatin-coated samples (Po) (Figure 1).
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Figure 1. Color of stored samples (C—uncoated pork loins; Po—gelatin-coated pork loins; P1—gela-
tin-coated pork loins with the addition of 1% propolis extract to gelatin coating; P.—gelatin-coated
pork loins with the addition of 2% propolis extract to gelatin coating; Ps—gelatin-coated pork loins
with the addition of 3% propolis extract to gelatin coating; DO—Day 0; D4—Day 4; D8 —Day 8;
D12—Day 12).

Nonetheless, the largest extract addition to the gelatin coating solution (Ps group)
had a negative effect on meat odor compared to the Po, P1 and P2 groups (Figure 2). On
Day 4, the odor of samples from the Ps group was assessed slightly worse than the odor
of samples from the control group. This may be due to the fact that the addition of 3%
propolis extract to the coating solution could, in the first days of storage, give off an odor
that, according to consumers, is different from that of typical pork meat.

—C
—P0
Pl
—P2
—P3

odor

D12 D4

D8

Figure 2. Odor of stored samples (C—uncoated pork loins; Po—gelatin-coated pork loins; P1—gela-
tin-coated pork loins with the addition of 1% propolis extract to gelatin coating; P.—gelatin-coated
pork loins with the addition of 2% propolis extract to gelatin coating; Ps—gelatin-coated pork loins
with the addition of 3% propolis extract to gelatin coating; DO—Day 0; D4—Day 4; D8 —Day §;
D12—Day 12).
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This ultimately affected the overall quality scores of all groups (Figure 3). Addition-
ally, Mehdizadeh and Mojaddar Langroodi [26] agreed that when determining propolis
dose in coating solutions, it is necessary to take into account the intrinsic flavor of propolis
extract. Nevertheless, Figure 3 shows that at the end of storage, samples from the P, P2
and Ps groups were characterized by the highest overall quality. Although other authors
have demonstrated the positive effect of edible coatings with propolis extract on the sen-
sory quality of fish [28,59], the effect of propolis extract in gelatin coating solutions on
pork quality has not been analyzed so far.

—C

—P0
iP1

—P2

=—P3

overall acceptability

Do

D12 D4

D8

Figure 3. Overall acceptability of stored samples (C—uncoated pork loins; Po—gelatin-coated pork
loins; P1—gelatin-coated pork loins with the addition of 1% propolis extract to gelatin coating; P>—
gelatin-coated pork loins with the addition of 2% propolis extract to gelatin coating; Ps—gelatin-
coated pork loins with the addition of 3% propolis extract to gelatin coating; DO—Day 0; D4—Day
4; D8 —Day 8; D12—Day 12).

4. Conclusions

In conclusion, the proposed gelatin coatings with ethanolic propolis extract in an
amount equal to 2% (w/v) or higher have great potential to extend the shelf life of meat,
which may be mainly due to the high content of phenolic compounds in propolis (927.32
+ 12.75 mg gallic acid equivalent/100 g) and thus its high antioxidant activity (90.77 +
1.71% DPPH). The use of propolis extract in the amount of 2% (w/v) and 3% (w/v) with
respect to gelatin solution delayed unfavorable color changes, oxidative processes and the
growth of microorganisms in stored pork loins compared to uncoated samples and sam-
ples coated only with gelatin. From Day 8, the addition of 3% propolis extract to the coat-
ings also reduced pork weight loss compared to the Po group. However, a slight deterio-
ration in the overall acceptance of samples from the Ps group was observed compared to
gelatin-coated meat in the initial storage period. Nonetheless, in the Ps group, besides a
slight deterioration in odor on Day 4, no negative changes in overall acceptability com-
pared to uncoated samples were observed. Taking the above into consideration, the use
of gelatin coatings with propolis incorporation at the level of 2-3% could be an environ-
mentally friendly and cheap alternative to chemical preservatives to prolong the quality
of pork during refrigerated storage. However, particular care should be taken so as not to
use excess propolis in coatings, as its characteristic, strong flavor could alter the sensory
characteristics of pork meat. Additional research is needed to see if the use of gelatin coat-
ings with the proposed amount of propolis extract can also minimize pork contamination
with other microorganisms.
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