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Abstract This study aimed to evaluate the effectiveness of propolis extract as a natural
preservative for livestock products in term of chemical and microbiological characteristics
by meta-analysis. The stages carried out in this study were identification, selection,
checking suitability, and the resulting selected articles were used in the meta-analysis.
The selection results obtained a total of 22 selected journal articles consisting of 9 articles
for analysis of the antimicrobial activity of propolis extract and 13 articles for analysis of
the chemical and mirobiological characteristics of livestock products. The articles were
obtained from electronic databases, namely Science Direct and Google Scholar. The
model used in this study is the random-effect model involving two groups, control and
experimental. Heterogeneity and effect size values were carried out in this study using
Hedge’s obtained through openMEE software. Forest plot tests and data validation on
publication bias was obtained using Kendall’s test throught JASP 0.14.1 software. The
results showed that there is a significant relationship between propolis extract with the
results of the antimicrobial activity (p<0.05). In addition, the results of the application of
propolis extract on the livestock products for the test microbes and the value of
thiobarbituric acid reactive substances (TBARs) showed significant results (p<0.05).
Conclusion based on the random-effect model on the effectiveness of antimicrobial activity
of propolis extract and their apllication as a natural preservative of the chemical and
microbiological characteristics of livestock products is valid by Kendall’s test (p>0.05).
Propolis in this case effectively used as natural preservatives in livestock products.

Keywords antimicrobial, livestock products, natural preservative, propolis

Introduction

Propolis is a product produced by honey bees from a mixture of wax compounds, [3-

glucosidase enzymes, and resins from plant parts, shoots, and exudates derived from

bee saliva (Rocha et al., 2012). For decades, the chemical composition and properties
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of propolis have been extensively studied and research data have also been published in various scientific papers around the
world. From 1998 until now, more than 5,000 articles on propolis have been published in Science Direct. The chemical
composition of propolis varies according to geographic area, climate, environmental conditions, and harvest season (Lopez et
al., 2014). More than 420 chemical compounds have been identified in propolis from various geographic regions of the world
(Bankova, 2005; Milojkovi¢ Opsenica et al., 2016). Propolis has a reputation as a natural product in the world. In recent
decades, it has been widely accepted in many countries as a dietary supplement for promoting health and preventing disease.
In general, propolis influences human health (Azemin et al., 2018; Farooqui and Farooqui, 2012).

The health-promoting properties of propolis come from its chemical composition, including antimicrobial and antiviral
(Bankova et al., 2014; das Neves et al., 2016; Nolkemper et al., 2010), antioxidant properties (Azemin et al., 2018; Mello and
Hubinger, 2012; Sun et al., 2015), anticancer (Markiewicz-Zukowska et al., 2013; Xuan et al., 2014), anti-inflammatory and
cytostatic (Corréa et al., 2017; Kismet et al., 2017), immunostimulants (Nassar et al., 2012), and anti-allergic (Yasar et al.,
2016). The rich bioactive components are useful in their application in various fields such as medicine and dentistry,
pharmaceuticals, cosmetics, and the food industry.

Research data related to antimicrobial properties and the application of propolis extract to livestock products are quite
widely published at the national and international levels. The results of research on the antimicrobial properties of propolis
extract have been widely published and quite a lot related to its application. The antimicrobial properties of propolis are
effective against the type of bacteria, both gram-positive and negative, molds, and fungi (gram-positive bacteria:
Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, Enterococcus faecalis; gram-negative bacteria: Salmonella
enteritidis, Shigella sonnei, Klebsiella pneumoniae, Escherichia coli O157, Proteus mirabilis, Enterobacter aerogenes,
Pseudomonas aeruginosa; molds: Rhodotorula mucilaginosa, Candida albicans, Candida krusei, Saccharomyces cerevisiae;
and fungi: Colletotrichum gloeosporoides, Alternaria solani, Fusarium solani, Rhizopus stolonifer, Botrytis cinerea,
Cladosporium cladosporoides, Aspergillus niger, Aspergillus ochraceus, Mucor mucedo, Penicillium expansum, Penicillium
chrysogenum; Pobiega et al., 2019a). Meanwhile, several studies stated that the antimicrobial properties of propolis extract
were applied to livestock products (such as fermented meat sausage, beef patties, fresh oriental sausage, sausage, Tuscan
sausage, milk, and ice cream) with various concentrations of propolis extract added (Pobiega et al., 2019b). Preliminary
research was also carried out related to the use of propolis extract as food preservation in beef products stored for 24 hours.
The result data shows that the higher the concentration used, the better the quality given (Andre et al., 2021). However, in this
study, there is not enough data to produce comprehensive information. Thus, it is necessary to conduct a study using meta-
analysis to produce information related to problems in the field of livestock products.

Regulation of propolis on the production in the food sector are grouped under the category of health products. However,
the regulation depends on region on each with the requirements of registration are different. Now, the legal regulations
regarding the use of propolis has been introduced in various areas, such as Brazil, the USA, European Union, Australia,
Canada, China, Japan, and Korea (Berretta et al., 2017). Propolis in it is classified as a dietary supplement and has been listed
on the group Directive 2002/46/EC, as a source of concentrated nutrients with physiological effects (European Parliament and
Council of the European Union, 2002). However, everything depends on the stage of production and the method of extraction
used [European Food Safety Authority (EFSA), 2010]. Aspects of the commercialization of propolis, especially in my region
it was reported that as many as 3,957 kg/year production propolis is produced from a total of four farmer groups (Utama et
al., 2021). Given the magnitude of the results of such production, along with groups from different areas and regions, propolis

enough potential to be commercialized synergy with the resulting production.
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A meta-analysis, according to Anwar (2005), is a statistical technique for quantitatively combining two or more original
studies (a statistical procedure for combining data from various studies). Meta-analyses have been carried out in the fields of
medicine, pharmacy, education, psychology, criminology, business, marketing, economics, management, nutrition, and food
(Donker et al., 2014). This study aims to obtain comprehensive information through quantitative data analysis using meta-
analysis. In addition to providing information related to a meta-analysis on food, especially in the livestock sector, this study
aims to evaluate the effectiveness of the potential of propolis as food preservation by considering the results of the analysis of
the antimicrobial compound content of propolis extract and its application to the chemical and microbiological characteristics
of livestock products. Therefore, this study is expected to provide information related to natural preservatives as a solution to

problems in the field of livestock products.

Materials and Methods

The meta-analysis in this study was divided into two groups which were analyzed separately using the same method. This
is due to the limitations of several studies. The division of these groups, the antimicrobial activity of propolis extract, and the

application of propolis extract to chemical and microbiological properties are presented in Table 1.

Research stages

The stages carried out in this study were identification, selection, suitability check, and the final included articles were
selected to be used in the meta-analysis. The identification stage included the number of journals produced by scientific
database search engines such as Science Direct, Springer, and others using certain keywords and search results on other
sources. The selection of articles was done using reference software such as Zotero and Mendeley to read the titles and
abstracts of the journals and then eliminated the duplicate journals. The conformity assessment stage was carried out by
viewing the full article and selecting it based on its suitability with the topic under study. The data required included complete
control and experimental treatment with the average value, number of samples, and SD or SE. Articles that meet these
requirements were then used for meta-analysis. The meta-analysis data processing was carried out using Microsoft Excel
2019 on the recap data of the selected article data extraction results. The articles were obtained from electronic databases,

namely Science Direct and Google Scholar. The effect size value used in this study used Hedge’s d.

Data analysis

The data obtained were analyzed using OpenMME software, calculated effect size to obtain information related to

Table 1. Group division in the meta-analysis study

Group 1 Group 2
(antimicrobial activity of propolis extract) (Ca}llirr);?;trigtlicg propolis extract on chemical and microbiological
Subgroup
Pathogenic microbes Chemical characteristics
TBARs
Microbiology

Microbial test

TBARs, thiobarbituric acid reactive substances.
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heterogeneity test and JASP 0.14.1 to obtain information related to standardized mean difference and publication bias.

Results and Discussion

Initial search results on antimicrobial activity from databases of international journals and Google search engine obtained
522 articles. After removing the articles with the same content and selecting the title and abstract contents, 9 complete articles
were selected which were assessed for their suitability for meta-analysis. Complete articles were excluded from 101 articles
as many as 92 due to inappropriate substances such as incomplete and inappropriate information. The following 9 articles that
were used are presented in Table 2. Furthermore, the search results for the application of propolis extract on livestock
products from the database of international journals and the google search engine are 216 articles. After removing articles
with the same content and selecting titles and abstracts, 12 complete articles were selected which were assessed for their
suitability for meta-analysis. Thirty eight complete articles were excluded due to inappropriate content; 109 articles were
excluded with 50 selected articles from 159 duplicated articles. The following 12 articles that were used in this study are

presented in Table 3 and diagram of the meta-analysis of screening, inclusion, and exclusion of articles are presented in Fig. 1.

Antimicrobial activity

The number of study data used in the meta-analysis of the difference in antimicrobial activity through the inhibition zone
diffusion method at various concentrations of propolis extract was 22 with a range of 1998 to 2020 (Fig. 2). The total number
of samples/ replications in the bacterial inhibition zone of propolis extract was 182. Based on the results of the calculation
with random-effect model values obtained SMD/d+ overall by 4.05 with C195% (2.96, 5.13; Table 4), because the confidence
interval does not contain 0 (zero), then the treatment given to the experimental group different from the control group in

terms of inhibiting the microbial activity. The results of the analysis showed (Table 4), then in this case the true effect size is

Table 2. Description of studies used in the meta-analysis of antimicrobial activity of propolis extract

Source Study location  Extract method N EPc Control Bacterial species
Abdullah et al. (2020) Brunei Ethanol 55 2 g/l Negative Basillus subtilis and
Darussalam Staphylococcus aureus
Abdullah et al. (2019) Brunei Ethanol 18 2 mg/mL; Negative  Staphylococcus aureus, and
Darussalam 8 mg/mL Pseudomonas aeruginosa
Seibert et al. (2019) Brazil Ethanol, hexane, 36 50 mg/mL Negative  Staphylococcus saprophyticus,
ethyl acetate Listeria monocytogenes, and
Enterococcus faecalis
Khodayari et al. (2019) Iran Ethanol 4 2% Negative  Escherichia coli
Rezaeigolestani et al. (2017) Iran Ethanol 12 2% Negative  Staphylococcus aureus, and
V. parahaemolyticus
Kujumgiev et al. (1999) Bulgaria Ethanol 6 0.1% Negative  Streptococcus aureus
Oliveira et al. (2017) Portugal Ethanol 12 20 ulL Negative  Staphylococcus aureus, and
Salmonella Typhimurium
Airen et al. (2018) India Ethanol 60 5%; 20% Negative L. acidophilus, and

Streptococcus mutans

Tosi et al. (2007) Argentina Ethanol 10 1.4 mg Negative  Escherichia coli

N, sample size; EPc, extract of propolis concentrations.
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Table 3. Description of the studies used in the meta-analysis of the application of propolis extract to the value of TBARs and microbial
testing of livestock products

Source Study Product N EPc Treatment Output
location
Mehdizadeh and Iran  Chicken breast 18 1% Storage at 4°C for Inhibits oxidative activity and
Mojaddar Langroodi meat 16 days prolongs the shelf life.
(2019)
Pedonese et al. (2019) Italia Milkand 48 2% and 5% Cultivation of pasteurized Inhibits the growth of Bacillus
whey cheese milk products at 37°C for  cereus, Pseudomonas fluorescens,
24 hours and storage for 28 and Staphylococcus aureus and
days on cheese products  prolongs shelf life.
Vargas-Sanchez et al. Mexico  Beef patties 4 2% Storage at 2°C for Inhibits the growth of Staphylococcus
(2019) 16 days aureus and prolongs shelf life.
Kisa et al. (2018) Turkey  Turkishdry- 96 1% and 2% Storage at 4°C for Inhibits the occurrence of fat
fermented 30 days oxidation and the growth of
sausage mesophilic bacteria and extends
the shelf life.
dos Reis et al. (2017) Brazil Burger 6 03gkg Storage at —16°C for 28  Inhibits fat oxidation reactions and
meat days prolongs shelf life.
Viera et al. (2016) Brazil Tuscan 24 0.5% Storage at 4°C for Inhibits the growth of mesophilic,
sausage 56 days psychotropic, and Staphylococcus
bacteria and prolongs the shelf life.
Gutiérrez-Cortés and ~ Colombia Sausage 6 0.8 mg/mL Storage for 24 days Inhibits fat oxidation.
Suarez Mahecha
(2014)
Vargas-Sanchez et al. Mexico  Beefpatties 6 2% Refrigerator temperature  Inhibits the growth of psychotropic
(2014) storage for 8 days bacteria.
El-Mossalami and Egypt Fresh 12 400 and Storage at 5°C for Inhibits fat oxidation reactions and
Abdel-Hakeim (2013) Egyptian 600 mg/kg 21 days prolongs shelf life.
sausage
Alietal. (2010) Egypt  Freshoriental 6 0.6% Storage at 5°C for Inhibits fat oxidation reactions and
sausage 21 days prolongs shelf life.
Kunrath et al. (2017) Brazil  Salami Italian 12 0.01 and Storage at 18°C Inhibit oxidation reactions and
0.05% for 35 days prolongs shelf life.
Cor6 et al. (2020) Brazil Jerked beef 12 200 and Storage at 25°C Inhibits oxidation reaction and
400 ppm for 60 days prolongs shelf life.
Andre et al. (2021) Indonesia  Beefslice 18 1% and 2% Storage at 25°C Inhibits oxidation reaction.
for 24 hours

TBARsS, thiobarbituric acid reactive substances; N, sample size; EPc, extract of propolis concentrations.

not equal to 0. It indicates that there is a significant relationship between propolis extract with the results of the antimicrobial
activity (p<0.05). However, before drawing any conclusions based on the random-effect model this would be accurate if it is
proved that all research results in true effect size that is different in the population so that the need for the test of
heterogeneity. Analysis of the heterogeneity of the impact on antimicrobial activity of propolis extract showed the presence of
variability that occurs in all of the research (p<0.05; Table 4). Then the assumption of homogeneity needs to be rejected and
accept the assumption of heterogeneity, namely the variability that occurs not more caused by sampling error (Vi = p + 7:+
&). It was also evidenced by the high percentage of 1% (inconsistency) that is equal to 97.38% (Table 4). Thus it can be
concluded that propolis extract is effective in inhibiting the growth of microbes.

Further evaluation of the validation of the effectiveness of propolis extract in inhibiting the growth of microbes test is

required validation against the bias of the publication using the test provided by Kendall's test. The results of the analysis
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Fig. 1. Diagram of the meta-analysis of selection, inclusion, and exclusion of articles. n1, group 1 (antimicrobial activity of propolis
extract articles); n2, group 2 (application of propolis extract on chemical and microbiological characteristics articles).
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Fig. 2. Forest plot meta-analysis of the differences in antimicrobial activity through the inhibition zone using the diffusion method at
various concentrations of PE (propolis extract) using the Random Effect model.
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Table 4. The results of the meta-analysis of the antimicrobial activity parameters of propolis extract microbial test and TBARs value for
their application to livestock products

No Parameter N SMD/d+ (RE 95% Cl) p-value 12 p-value  Kendall’s ¢ p-value
1 Antimicrobial activity 182 4.05 (2.96, 5.13) <0.05 95.32% <0.05 0.025 0.862
2 Microbial test 188 -1.20 (-1.69, —0.72) <0.05 84.10% <0.05 —0.179 0.138
3 TBARs 132 -1.62 (—2.27,-0.98) <0.05 99.32% <0.05 0.048 0.781

TBARSs, thiobarbituric acid reactive substances; N, sample size; SMD/d+ (RE 95% Cl), standardized mean difference (true effect size) by random
effect model with 95% of confident interval; 12, Inconsistency (percentage).

show that the p-value on the method (rank correlation test for Funnel plot Asymmetry) is symmetrical or in other words did
not happen or finding evidence of a bias publication (p>0.05). Negative rank correlation (—0.096) in Table 4 indicates that
research with a big sample isn’t included in the study sample meta-analysis. So the conclusion made based on the random-
effect model on the effectiveness of antimicrobial activity of propolis extract is valid is indicated by the inconsistency is high
and the bias publication of the resulting low through the test provided by Kendall's (p<0.05; Table 4).

The potency of propolis extract in various studies shows that there is an activity from the influence of antimicrobial
compound content with different concentrations. This is evidenced by the variability that occurs in all the studies analyzed.
The variability that occurs is no longer caused by sampling error. The results showed that all propolis extracts showed strong
antimicrobial activity against, namely B. subtilis, S. aureus, and P. aeruginosa (Kharsany et al., 2019; Okinczyc et al., 2020).
Several alternatives can complement or can be used as a substitute for the use of synthetic preservatives, propolis provides
antimicrobial effects in several studies that have been carried out (Aga et al., 1994; Farnesi et al., 2009). Furthermore,
propolis has been tested as a food preservative because of its activity that can inhibit various bacteria and is safe (Tosi et al.,
2007). The potential of propolis can show that propolis is economically feasible by introducing safe additive compounds as

preservatives in food technology.

Microbial test

The number of study data used in the meta-analysis of differences in product microbial test results with the addition of
different concentrations of propolis extract was 34 with the range from 2014 to 2019 (Fig. 3). The total number of samples/
replications in the microbial test was 188. Based on the results of the calculation with random-effect model values obtained
SMD/d+ overall by —1.20 with C195% (—1.69, —0.72; Table 4), because the confidence interval does not contain 0 (zero), then
the treatment given to the experimental group different from the control group in terms of inhibiting pathogenic microbes on
products. These values indicate that the test microbes with the treatment of the addition of propolis extract on various
products lower than the control. It is shown through the summary effect (the difference value is negative). The results of
calculations showed (Table 4), then in this case the true effect size is not equal to 0. It indicates that there is a significant
relationship between the addition of propolis extract with the results of the test microbes on the farm (p<0.05). However,
before drawing any conclusions based on the random-effect model this would be accurate if it is proved that all research
results in true effect size that is different in the population so that the need for the test of heterogeneity. Analysis of the
heterogeneity against test microbes of the product indicates the presence of variability that occurs in all of the research
(p<0.05; Table 4). Then the assumption of homogeneity needs to be rejected and accept the assumption of heterogeneity,
namely the variability that occurs not more caused by sampling error. It was also evidenced by the high percentage of I?

(inconsistency) that is equal to 84.10% (Table 4). Thus it can be concluded that the addition of propolis extract is effective in
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Fig. 3. Forest plot of microbial analysis at various concentrations of PE (propolis extract) on various livestock products using the
Random Effect model.

inhibiting the growth of microbial pathogens in livestock products.

Further evaluation of the validation of the effectiveness of propolis extract in inhibiting the growth of pathogenic microbes
necessary validation test against the bias of the publication using the test provided by Kendall's test. The results of the
analysis show that the p-value on the method (rank correlation test for Funnel plot Asymmetry) is symmetrical or in other
words did not happen or finding evidence of a bias publication (p>0.05). The rank correlation value is negative (—0.179) in
Table 4 indicate that research with a large sample is not included in the sample of the study meta-analysis, more dominant
research with a small sample size. So the conclusion made based on the random-effect model about the effectiveness of the
extract of propolis in its application as a natural preservative in products of livestock is valid is indicated by the inconsistency
is high and the bias publication of the resulting low through the test provided by Kendall's test (p>0.05; Table 4).

Propolis in terms of its use has been quite promising as a natural preservative in various food products, such as juices, fruit,
and vegetables even in various livestock products (meat and milk) due to its antimicrobial and antioxidant properties
(Bankova et al., 2016). The antimicrobial effect of propolis has been extensively studied, as it was reported that the use of
propolis as a preservative was able to inhibit mesophilic and psychotropic bacteria in beef patties (Vargas-Sanchez et al.,
2014), inhibit micrococcaceae, molds, and yeats on sausage surfaces (Ozturk, 2015), inhibit the activity of pathogenic
microbes (Gutiérrez-Cortés and Suarez Mahecha, 2014), inhibit L. monocytogenes (Thamnopoulos et al., 2018), inhibit S.
aureus (El-Bassiony et al., 2012), and increase the shelf life of yogurt (Ozer, 2020). In this case, propolis can be used as an
enrichment in food products, both as a natural additive, improving food quality, and as a natural preservative (Pobiega et al.,

2019b; Seibert et al., 2019).

Thiobarbituric acid reactive substances (TBARs) value

The number of study data used in the meta-analysis of the difference in TBARs values in products with the addition of
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various concentrations of propolis extract was 22 with the range from 2010 to 2021 (Fig. 4). The total number of samples/
replicates on the TBARs value of the product with the addition of propolis extract was 132. Based on the results of the
calculation with a random-effect model value obtained SMD/d+ overall by —1.62 with C195% (—2.27, —0.98; Table 4), because
the confidence interval does not contain 0 (zero), then the treatment given to the experimental group different from the control
group in terms of inhibiting the oxidation of lipids on the farm with the addition of propolis extract as a natural preservative.
These values indicate that the TBARs value with the addition of propolis extract on various products lower than the control
treatment. It is shown through the summary effect (the difference value is negative). The results of the analysis showed (Table
4), then in this case the true effect size is not equal to 0. It indicates there is a significant relationship between the addition of
propolis extract with the TBARs value produced on products (p<0.05). However, before drawing any conclusions based on the
random-effect model this would be accurate if it is proved that all the research produces true effect size differences in the
population so that the need for the test of heterogeneity. The analysis of heterogeneity on the value of TBARSs product indicates
the presence of variability that occurs in all of the research (p<0.05; Table 4). Then the assumption of homogeneity needs to be
rejected and accept the assumption of heterogeneity, namely the variability that occurs not more caused by sampling error. This
was evidenced by the high percentage of 12 (inconsistency) that is equal to 99.32% (Table 4). Thus it can be concluded that the
addition of propolis extract is effective in inhibiting the oxidation reaction on the product as indicated by TBARs value.

Further evaluation of the validation of the effectiveness of propolis extract in inhibiting the oxidation reaction required a
validation test against the bias of the publication using the test provided by Kendall’s test. The results of the analysis show
that the p-value on the method (rank correlation test for Funnel plot Asymmetry) is symmetrical or in other words did not
happen or finding evidence of a bias publication (p>0.05). The positive rank correlation (0.048) in Table 4 indicates that

research with a large sample is included in the study sample meta-analysis. So the conclusion made based on the random-
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Fig. 4. Forest plot analysis of TBARs values at various concentrations of PE (propolis extract) on various livestock products using the
Random Effect model. TBARs, thiobarbituric acid reactive substances.
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effect model about the effectiveness of the extract of propolis in its application as a natural preservative to inhibit the
oxidation reaction on the product is the result of breeding is valid is indicated by the inconsistency is high and the bias
publication of the resulting low through the test provided by Kendall's test (p>0.05; Table 4).

Fat oxidation is one of the main causes of food spoilage. This is indicated by the resulting TBARs value. Several cases
reported that propolis can inhibit the reduction of fat oxidation in sausage products (Ali et al., 2010), beef patties (Vargas-
Sanchez et al., 2014), and research articles used in this study. Preliminary research also reported that giving propolis extract
to beef products stored at room temperature for 24 hours was able to inhibit fat oxidation, the greater the concentration of

propolis extract added, the smaller the TBARs value produced (Andre et al., 2021).

Active compounds and mechanism to inhibit of bacteria

The chemical composition of propolis is composed of resin (flavonoids and phenolic compounds) by 42% to 58%, candles
and oil (oleic acid and palmitic acid fiber of essential oils and aromatic) by 33% to 47%, polen (protein, free amino acids,
vitamins, and minerals) of 3% to 5%, and other components (ketones, lactones, steroids, and sugars) by 2% to 5% (Barlak,
2009; Burdock, 1998; Degirmencioglu, 2018).

The difference of opinion related to the mechanism of action of flavonoids in inhibiting the growth of bacteria. Flavonoids
cause damage to the permeability of the bacterial cell wall, microsomes, and lysosomes as a result of the interaction between
flavonoids with DNA of bacteria (Bryan, 1982; Wilson, 1982). Flavonoids are able to release energy tranduksi against the
cytoplasmic membrane of bacteria it also inhibits the motility of bacteria (Mirzoeva et al., 1997). A different mechanism is
also reported that the hydroxyl groups contained in the structure of the flavonoid compounds cause changes in the organic
component and the transport of nutrients which will eventually lead to the onset of toxic effects against bacteria (Di Carlo et
al., 1999; Estrela et al., 1995). Although the mechanism of the detail of the antibacterial activity of propolis is still unknown
(Santos et al., 2002), the possibility it is related to the compound polar and phenolic lipophilic namely flavonoid compounds.
The compound has a carbonyl electronegative, amen, imina, sulfid, thiol, metoksil, and hydroxyl groups are very polar and
lipophilic, and is responsible for contact with the bacterial cells and induce damage to the structure of the cell wall and
membrane, causing cell lysis and death (Cushnie and Lamb, 2005; Cushnie et al., 2003; Echeverria et al., 2017; Kim and
Chung, 2011; Sanpa et al., 2015).

Conclusion

The effectiveness of propolis extract as a natural preservative in products of livestock indicates the presence of a
significant relationship between the addition of propolis extract at various concentrations of the antimicrobial activity as well
as test microbes and the value of TBARS in its application in a variety of storage. Based on the random-effect model on the
effectiveness of antimicrobial activity of propolis extract and its application as a natural preservative against the
characteristics of the chemical and microbiological analysis on products of livestock is valid and not the discovery of bias
publication that is produced through the test provided by kendall’s. Propolis in this case effectively used as natural

preservatives in the products of livestock.

Conflicts of Interest

The authors declare no potential conflicts of interest.

289



Food Science of Animal Resources Vol. 42, No. 2, 2022

Author Contributions

Conceptualization: Andre. Data curation: Andre, Jayanegara A. Formal analysis: Andre, Jayanegara A. Methodology:
Andre, Jayanegara A. Software: Jayanegara A. Validation: Arief II, Apriantini A, Jayanegara A. Investigation: Andre. Writing
- original draft: Andre. Writing - review & editing: Andre, Arief I, Apriantini A, Jayanegara A, Budiman C.

Ethics Approval

This article does not require IRB/IACUC approval because there are no human and animal participants.

References

Abdullah NA, Ja’afar F, Yasin HM, Taha H, Petalcorin MIR, Mamit MH, Kusrini E, Usman A. 2019. Physicochemical
analyses, antioxidant, antibacterial, and toxicity of propolis particles produced by stingless bee Heterotrigona itama found
in Brunei Darussalam. Heliyon 5:¢02476.

Abdullah NA, Zullkiflee N, Zaini SNZ, Taha H, Hashim F, Usman A. 2020. Phytochemicals, mineral contents, antioxidants,
and antimicrobial activities of propolis produced by Brunei stingless bees Geniotrigona thoracica, Heterotrigona itama,
and Tetrigona binghami. Saudi J Biol Sci 27:2902-2911.

Aga H, Shibuya T, Sugimoto T, Kurimoto M, Nakajima S. 1994. Isolation and identification of antimicrobial compounds in
Brazilian propolis. Biosci Biotechnol Biochem 58:945-946.

Airen B, Sarkar PA, Tomar U, Bishen KA. 2018. Antibacterial effect of propolis derived from tribal region on Streptococcus
mutans and Lactobacillus acidophilus: An in vitro study. J Indian Soc Pedod Prev Dent 36:48-52.

Ali FH, Kassem GM, Atta-Alla OA. 2010. Propolis as a natural decontaminant and antioxidant in fresh oriental sausage. Vet
Ital 46:167-172.

Andre, Apriantini A, Budiman C. 2021. Pengaruh ekstrak propolis sebagai edible coating terhadap karakteristik kimia dan
aktifitas antioksidan daging sapi pada penyimpanan suhu ruang. J Ilmu Produksi Dan Teknologi Hasil Peternakan 9:72-
78.

Anwar R. 2005. Meta-analisis. Universitas Padjajaran Press, West Java, Indonesia.

Azemin A, Md-Zin NB, Mohd-Rodi MM, Kim-Chee AS, Zakaria AJ, Mohd KS. 2018. Application of metabolite profiling
and antioxidant activity in assessing the quality of processed and unprocessed stingless bee’s propolis. J Fundam Appl Sci
9:637-660.

Bankova V. 2005. Chemical diversity of propolis and the problem of standardization. J Ethnopharmacol 100:114-117.

Bankova V, Galabov AS, Antonova D, Vilhelmova N, Di Perri B. 2014. Chemical composition of propolis extract ACF® and
activity against herpes simplex virus. Phytomedicine 21:1432-1438.

Bankova V, Popova M, Trusheva B. 2016. New emerging fields of application of propolis. Maced J Chem Chem Eng 35:1-11.

Barlak Y. 2009. Tiirk propolisiekstraktlarinin prostat kanser hiicre serilerinin proteomigine etkisi. Ph.D. dissertation, Karadeniz
Technical Univ., Trabzon, Turkey.

Berretta AA, Arruda C, Miguel FG, Baptista N, Piacezzi Nascimento A, Marquele-Oliveira F, Hori JI, da Silva Barud H,
Damaso B, Ramos C, Ferreira R, Bastos JK. 2017. Functional properties of Brazilian propolis: From chemical

composition until the market. In Superfood and functional food: An overview of their processing and utilization.

290



Propolis Extract as a Natural Preservative in Livestock Products

Waisundara VY, Shiomi N (ed). IntechOpen, London, UK. pp 55-98.

Bryan LE. 1982. Bacterial resistance and susceptibility to chemotherapeutic agents. Cambridge University Press, Cambridge,
UK.

Burdock GA. 1998. Review of the biological properties and toxicity of bee propolis (propolis). Food Chem Toxicol 36:347-
363.

Cor6 FAG, Gaino VO, Carneiro J, Coelho AR, Pedrao MR. 2020. Control of lipid oxidation in jerked beef through the
replacement of sodium nitrite by natural extracts of yerba mate and propolis as antioxidant agent. Braz J Dev 6:4834-
4850.

Corréa FRS, Schanuel FS, Moura-Nunes N, Monte-Alto-Costa A, Daleprane JB. 2017. Brazilian red propolis improves
cutaneous wound healing suppressing inflammation-associated transcription factor NFxB. Biomed Pharmacother 86:162-
171.

Cushnie TPT, Hamilton VES, Lamb AJ. 2003. Assessment of the antibacterial activity of selected flavonoids and consideration
of discrepancies between previous reports. Microbial Res 158:281-289.

Cushnie TPT, Lamb AJ. 2005. Antimicrobial activity of flavonoids. Int J Antimicrob Agents 26:343-356.

das Neves MVM, da Silva TMS, de Oliveira Lima E, da Cunha EVL, Oliveira EJ. 2016. Isoflavone formononetin from red
propolis acts as a fungicide against Candida sp. Braz ] Microbiol 47:159-166.

Degirmencioglu HT. 2018. Evaluation of phenolic profile, botanical origin, antioxidant and antimicrobial activities of Turkish
propolis. M.S. thesis, Yeditepe Univ., istanbul, Turkey.

Di Carlo G, Mascolo N, Izzo AA, Capasso F. 1999. Flavonoids: Old and new aspects of a class of natural therapeutic drugs.
Life Sci 65:337-353.

Donker AS, de Boer H, Kostons D, Dignath van Ewijk CC, van der Werf MPC. 2014. Effectiveness of learning strategy
instruction on academic performance: A meta-analysis. Educ Res Rev 11:1-26.

dos Reis AS, Diedrich C, de Moura C, Pereira D, de Florio Almeida J, da Silva LD, Oviedo MSVP, Tavares RAW, Carpes ST.
2017. Physico-chemical characteristics of microencapsulated propolis co-product extract and its effect on storage stability
of burger meat during storage at —15°C. LWT-Food Sci Technol 76:306-313.

Echeverria J, Opazo J, Mendoza L, Urzua A, Wilkens M. 2017. Structure-activity and lipophilicity relationships of selected
antibacterial natural flavones and flavanones of Chilean flora. Molecules 22:608.

El-Bassiony TA, Saad NM, El-Zamkan MA. 2012. Study on the antimicrobial activity of ethanol extract of propolis against
enterotoxigenic methicillin-resistant Staphylococcus aureus in lab prepared ice-cream. Vet World 5:155-159.

El-Mossalami HHA, Abdel-Hakeim YA. 2013. Using of propolis extract as a trial to extend the shelf-life and improving the
quality criteria of fresh Egyptian sausage. Assiut Vet Med J 59:23-33.

Estrela C, Sydney GB, Bammann LL, Felippe O Jr. 1995. Mechanism of action of calcium and hydroxyl ions of calcium
hydroxide on tissue and bacteria. Braz Dent J 6:85-90.

European Food Safety Authority [EFSA]. 2010. Scientific opinion on the substantiation of health claims related to propolis
(ID 1242, 1245, 1246, 1247, 1248, 3184) and flavonoids in propolis (ID 1244, 1644, 1645, 3526, 3527, 3798, 3799)
pursuant to Article 13(1) of Regulation (EC) No 1924/2006. EFSA J 8:1810.

European Parliament and Council of the European Union. 2002. Directive 2002/46/EC of the European Parliament and of the
council of 10 June 2002 on the approximation of the laws of the Member States relating to food supplements (Text with

EEA relevance). Off J Eur Communities Legis 183:51-57.

291



Food Science of Animal Resources Vol. 42, No. 2, 2022

Farnesi AP, Aquino-Ferreira R, De Jong D, Bastos JK, Soares AEE. 2009. Effects of stingless bee and honey bee propolis on
four species of bacteria. Genet Mol Res 8:635-640.

Farooqui T, Farooqui AA. 2012. Beneficial effects of propolis on human health and neurological diseases. Front Biosci
4:779-793.

Gutiérrez-Cortés C, Suarez Mahecha H. 2014. Antimicrobial activity of propolis and its effect on the physicochemical and
sensoral characteristics in sausages. Vitae 21:90-96.

Kharsany K, Viljoen A, Leonard C, van Vuuren S. 2019. The new buzz: Investigating the antimicrobial interactions between
bioactive compounds found in South African propolis. J Ethnopharmacol 238:111867.

Khodayari M, Basti AA, Khanjari A, Misaghi A, Kamkar A, Shotorbani PM, Hamedi H. 2019. Effect of poly (lactic acid)
films incorporated with different concentrations of Tanacetum balsamita essential oil, propolis ethanolic extract and
cellulose nanocrystals on shelf life extension of vacuum-packed cooked sausages. Food Packag Shelf Life 19:200-209.

Kim YH, Chung HJ. 2011. The effects of Korean propolis against foodborne pathogens and transmission electron microscopic
examination. N Biotechnol 28:713-718.

Kisa C, Karagoz E, Cici G, Koker 0, Kili¢ B, Simsek A, Bilecen D, Soyucok A. 2018. Effects of pomegranate peel and
propolis powders and their combinations on physico-chemical and microbiological properties of Turkish dry-fermented
sausage (Sucuk) with various nitrite levels. Sci Pap D Anim Sci 61:275-282.

Kismet K, Ozcan C, Kuru S, Gencay Celemli O, Celepli P, Senes M, Guclu T, Sorkun K, Hucumenoglu S, Besler T. 2017.
Does propolis have any effect on non-alcoholic fatty liver disease? Biomed Pharmacother 90:863-871.

Kujumgiev A, Tsvetkova I, Serkedjieva Y, Bankova V, Christov R, Popov S. 1999. Antibacterial, antifungal and antiviral
activity of propolis of different geographic origin. J Ethnopharmacol 64:235-240.

Kunrath CA, Savoldi DC, Mileski JPF, Novello CR, da Trindade Alfaro A, Marchi JF, Tonial IB. 2017. Application and
evaluation of propolis, the natural antioxidant in Italian-type salami. Braz J Food Technol 20:¢2016035.

Lépez BGC, Schmidt EM, Eberlin MN, Sawaya ACHF. 2014. Phytochemical markers of different types of red propolis. Food
Chem 146:174-180.

Markiewicz-Zukowska R, Borawska MH, Fiedorowicz A, Naliwajko SK, Sawicka D, Car H. 2013. Propolis changes the
anticancer activity of temozolomide in U§7MG human glioblastoma cell line. BMC Complement Altern Med 13:50.

Mehdizadeh T, Mojaddar Langroodi A. 2019. Chitosan coatings incorporated with propolis extract and Zataria multiflora
Boiss oil for active packaging of chicken breast meat. Int J Biol Macromol 141:401-409.

Mello BCBS, Hubinger MD. 2012. Antioxidant activity and polyphenol contents in Brazilian green propolis extracts prepared
with the use of ethanol and water as solvents in different pH values. Int J Food Sci Technol 47:2510-2518.

Milojkovié Opsenica D, Ristivojevi¢ P, Trifkovi¢ J, Vovk I, Lusi¢ D, Tesi¢ Z. 2016. TLC fingerprinting and pattern
recognition methods in the assessment of authenticity of poplar-type propolis. J Chromatogr Sci 54:1077-1083.

Mirzoeva OK, Grishanin RN, Calder PC. 1997. Antimicrobial action of propolis and some of its components: The effects on
growth, membrane potential and motility of bacteria. Microbiol Res 152:239-246.

Nassar SA, Mohamed AH, Soufy H, Nasr SM, Mahran KM. 2012. Immunostimulant effect of Egyptian propolis in rabbits.
Sci World J 2012:901516.

Nolkemper S, Reichling J, Sensch KH, Schnitzler P. 2010. Mechanism of herpes simplex virus type 2 suppression by propolis
extracts. Phytomedicine 17:132-138.

Okinczyc P, Paluch E, Franiczek R, Widelski J, Wojtanowski KK, Mroczek T, Krzyzanowska B, Skalicka-WozZniak K, Sroka

292



Propolis Extract as a Natural Preservative in Livestock Products

Z. 2020. Antimicrobial activity of Apis mellifera L. and Trigona sp. propolis from Nepal and its phytochemical analysis.
Biomed Pharmacother 129:110435.

Oliveira AV, Ferreira AL, Nunes S, Dandlen SA, Miguel MDG, Faleiro ML. 2017. Antibacterial activity of propolis extracts
from the south of Portugal. Pak J Pharm Sci 30:1-9.

Ozer ED. 2020. Propolis and potential use in food products. Turk J Agric Food Sci Technol 8:1139-1144.

Ozturk 1. 2015. Antifungal activity of propolis, thyme essential oil and hydrosol on natural mycobiota of sucuk, a Turkish
fermented sausage: Monitoring of their effects on microbiological, color and aroma properties. J Food Process Preserv
39:1148-1158.

Pedonese F, Verani G, Torracca B, Turchi B, Felicioli A, Nuvoloni R. 2019. Effect of an Italian propolis on the growth of
Listeria monocytogenes, Staphylococcus aureus and Bacillus cereus in milk and whey cheese. Ital ] Food Saf 8:8036.

Pobiega K, Krasniewska K, Gniewosz M. 2019a. Application of propolis in antimicrobial and antioxidative protection of food
quality: A review. Trends Food Sci Technol 83:53-62.

Pobiega K, Krasniewska K, Przybyt JL, Baczek K, Zubernik J, Witrowa-Rajchert D, Gniewosz M. 2019b. Growth biocontrol
of foodborne pathogens and spoilage microorganisms of food by Polish propolis extracts. Molecules 24:2965.

Rezaeigolestani M, Misaghi A, Khanjari A, Basti AA, Abdulkhani A, Fayazfar S. 2017. Antimicrobial evaluation of novel
poly-lactic acid based nanocomposites incorporated with bioactive compounds in-vitro and in refrigerated vacuum-packed
cooked sausages. Int J Food Microbiol 260:1-10.

Rocha BA, Rodrigues MR, Bueno PCP, de Mello Costa-Machado AR, de Oliveira Lima Leite Vaz MM, Nascimento AP,
Barud HS, Berretta-Silva AA. 2012. Preparation and thermal characterization of inclusion complex of Brazilian green
propolis and hydroxypropyl-p-cyclodextrin: Increased water solubility of the chemical constituents and antioxidant
activity. J Therm Anal Calorim 108:87-94.

Sanpa S, Popova M, Bankova V, Tunkasiri T, Eitssayeam S, Chantawannakul P. 2015. Antibacterial compounds from propolis
of Tetragonula laeviceps and Tetrigona melanoleuca (Hymenoptera:Apidae) from Thailand. PLOS ONE 10:¢0126886.
Santos FA, Bastos EMA, Uzeda M, Carvalho MAR, Farias LM, Moreira ESA, Braga FC. 2002. Antibacterial activity of

Brazilian propolis and fractions against oral anaerobic bacteria. J Ethnopharmacol 80:1-7.

Seibert JB, Bautista-Silva JP, Amparo TR, Petit A, Pervier P, dos Santos Almeida JC, Azevedo MC, Silveira BM, Brandao
GC, de Souza GHB, de Medeiros Teixeira LF, dos Santos ODH. 2019. Development of propolis nanoemulsion with
antioxidant and antimicrobial activity for use as a potential natural preservative. Food Chem 287:61-67.

Sun C, Wu Z, Wang Z, Zhang H. 2015. Effect of ethanol/water solvents on phenolic profiles and antioxidant properties of
Beijing propolis extracts. Evid Based Complement Alternat Med 2015:595393.

Thamnopoulos IAI, Michailidis GF, Fletouris DJ, Badeka A, Kontominas MG, Angelidis AS. 2018. Inhibitory activity of
propolis against Listeria monocytogenes in milk stored under refrigeration. Food Microbiol 73:168-176.

Tosi EA, Ré E, Ortega ME, Cazzoli AF. 2007. Food preservative based on propolis: Bacteriostatic activity of propolis
polyphenols and flavonoids upon Escherichia coli. Food Chem 104:1025-1029.

Utama GL, Mahani M, Djali M. 2021. Skill and knowledge improvement training on honey and propolis commercialization
in Central Bangka Regency. J Pengabdian Kepada Masyarakat 5:59-73.

Vargas-Sanchez RD, Acedo-Félix E, Pérez-Morales R, Sanchez-Escalante A, Torrescano-Urrutia GR. 2019. Propolis
ethanolic extract against S. aureus growth in beef patties. J Food Process Preserv 2:8-9.

Vargas-Sanchez RD, Torrescano-Urrutia GR, Acedo-Félix E, Carvajal-Millan E, Gonzélez-Cordova AF, Vallejo-Galland B,

293



Food Science of Animal Resources Vol. 42, No. 2, 2022

Torres-Llanez MJ, Sanchez-Escalante A. 2014. Antioxidant and antimicrobial activity of commercial propolis extract in
beef patties. J Food Sci 79:C1499-C1504.

Viera VB, Piovesan N, Moro KIB, Rodrigues AS, Scapin G, da Rosa CS, Kubota EH. 2016. Preparation and microbiological
analysis of Tuscan sausage with added propolis extract. Food Sci Technol 36:37-41.

Wilson G. 1982. Kimia farmasi dan medisinal organik. 8" ed. Dirjen Dikti dan Kebudayaan, Jakarta, Indonesia. pp 10-12.

Xuan H, Li Z, Yan H, Sang Q, Wang K, He Q, Wang Y, Hu F. 2014. Antitumor activity of Chinese propolis in human breast
cancer MCF-7 and MDA-MB-231 cells. Evid Based Complement Alternat Med 2014:280120.

Yasar M, Savranlar Y, Karaman H, Sagit M, Silici S, Ozcan 1. 2016. Effects of propolis in an experimental rat model of

allergic rhinitis. Am J Otolaryngol 37:287-293.

294



