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Which Method Is Better for Preserving Meat and Cheese: Coating Propolis on The 

Packaging Material or Spraying Directly onto The Food?* 

Et ve Peyniri Saklamak İçin Hangi Yöntem Daha İyi: Ambalaj Malzemesine Propolis 

Kaplamak mı, yoksa Doğrudan Gıdanın üzerine Püskürtmek mi? 

 

Ezgi KARPUZ1*, İbrahim PALABIYIK2 

Abstract 

This study was carried out to determine whether it is better to spray a preservative coating of propolis on the food 

packaging material or directly onto meat and cheddar cheese. To test this, the surfaces of a vacuum bag 

(Polyamide/Polyethylene-PA/PE), some stretch film (Low Density Polyethylene- LDPE) and a ziploc bag 

(Oriented Polypropylene-OPP) and food samples were coated by spraying them with a propolis-ethyl acetate (PEA) 

solution.  Moreover, a propolis-propylene glycol (PPG) solution was sprayed directly on the food surfaces (cheese 

and meat) to study the shelf life of these products without packaging. Meat and cheddar cheese placed in packages 

and covered with a PPG solution were stored at 4°C for 30 and 45 days, respectively. The predominant phenolic 

compound in the propolis used in the study was caffeic acid phenethyl ester (CAPE) at a level of 27.523,4 μg g-1, 

and the lowest amount of phenolic acid was epigallocatechin gallate at 287.53 μg g-1. At the end of the storage 

period, the Enterobacteriaceae count of the meat sample stored in propolis sprayed vacuum packaging decreased 

by 1.01 log CFU g-1 (p˂0.05) compared to the control, and achieved the best result. It was concluded that the PPG 

solution applied onto the meat did not adhere well to it and the solution could not achieve its antimicrobial effect. 

At the end of the storage period, while the cheddar cheese sample kept in a propolis-treated vacuum bag had the 

lowest TMAB count for 21 days (p˂0.05), PPG directly sprayed on cheddar cheese had the lowest TMAB count 

at the end of storage with 6.64 log CFU g-1 (p˂0.05). The PPG solution was able to adhere to the surface of the 

cheddar cheese and propolis was able to show its antimicrobial activity. In addition, the LAB (MRS) value for the 

cheddar cheese sample stored in propolis-treated vacuum packaging decreased by 0.60 log CFU g-1 (p˂0.05) 

compared to the control and achieved the best result. Microbiological analysis showed that propolis coating in 

vacuum packaging improved the microbiological quality of the meat and the cheddar cheese. 
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Öz  

Bu çalışma, propolisin koruyucu bir kaplamasının gıda ambalaj malzemesi üzerine mi yoksa doğrudan et ve kaşar 

peyniri üzerine mi püskürtülmesinin daha iyi olduğunu belirlemek amacıyla gerçekleştirilmiştir. Bunu test etmek 

için bir vakum torbası (Poliamid/Polietilen-PA/PE), bir miktar streç film (Düşük Yoğunluklu Polietilen-LDPE) ve 

bir ziploc torbası (Yönlendirilmiş Polipropilen-OPP) ve gıda örneklerinin yüzeyleri propolis-etil asetat (PEA) 

çözeltisi püskürtülerek kaplanmıştır.  Ayrıca, bu ürünlerin ambalajsız raf ömrünü incelemek için gıda yüzeylerine 

(peynir ve et) doğrudan propolis-propilen glikol (PPG) çözeltisi püskürtülmüştür. Paketlere yerleştirilen ve PPG 

çözeltisi ile kaplanan et ve kaşar peyniri sırasıyla 30 ve 45 gün boyunca 4°C'de saklanmıştır. Çalışmada kullanılan 

propoliste baskın fenolik bileşik 27.523,4 μg g-1 ile kafeik asit fenetil ester (CAPE), en düşük fenolik asit miktarı 

ise 287,53 μg g-1 ile epigallokateşin gallat olmuştur. Depolama süresinin sonunda, propolis püskürtmeli vakum 

ambalajda depolanan et numunesinin Enterobacteriaceae sayısı kontrole kıyasla 1,01 log CFU g-1 (p˂0,05) 

azalmış ve en iyi sonucu elde etmiştir. Et üzerine uygulanan PPG solüsyonunun ete iyi yapışmadığı ve solüsyonun 

antimikrobiyal etkisini gösteremediği sonucuna varılmıştır. Depolama süresinin sonunda, propolisle muamele 

edilmiş vakum torbasında tutulan kaşar peyniri örneği 21 gün boyunca en düşük TMAB sayısına sahipken (p˂0.05), 

kaşar peynirine doğrudan püskürtülen PPG 6.64 log CFU g-1 ile depolama sonunda en düşük TMAB sayısına sahip 

olmuştur (p˂0.05). PPG çözeltisi kaşar peynirinin yüzeyine yapışabilmiş ve propolis antimikrobiyal aktivitesini 

gösterebilmiştir. Ayrıca, propolisle muamele edilmiş vakumlu ambalajda saklanan kaşar peyniri numunesi için 

LAB (MRS) değeri kontrole kıyasla 0,60 log CFU g-1 (p˂0,05) azalmış ve en iyi sonucu elde etmiştir. 

Mikrobiyolojik analizler, vakum ambalajda propolis kaplamanın etin ve kaşar peynirinin mikrobiyolojik kalitesini 

iyileştirdiğini göstermiştir. 

Anahtar Kelimeler: Propolis, Ambalaj, Antimikrobiyal, Raf Ömrü, Püskürtme 
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1.Introduction 

Propolis is a natural medicine that has been widely used since ancient times (Castaldo and Capasso, 2002). 

Propolis is a bee product that is collected from the leaves and buds of poplar, birch, pine, oak, eucalyptus and 

chestnut trees, and is mixed with wax and used for many purposes in the hive. Among more than 300 components 

identified in the chemical composition of propolis, phenolic compounds are important since they are responsible 

for the pharmacological and biological activities of propolis (Escriche and Juan-Borrás, 2018; Galeotti et al., 2018). 

The anti-inflammatory (Memmedov et al., 2017), antioxidant (Zabaiou et al., 2017), antibacterial (Hames-Kocabas 

et al., 2013), antiviral and antifungal (Güney and Yılmaz, 2013) properties of propolis have been proven in many 

studies. 

Propolis has an antimicrobial effect on some Gram positive and Gram negative bacteria such as E. coli, 

S. aureus, Pseudomonas aeruginosa, B. subtilis, S. epidermidis and Streptococcus (Aliyazcoglu et al. 2013; Fadaly 

and El-Badrawy, 2001; Obregón Fuentes and Rojas Hernández, 1990). In the studies which investigated propolis 

as a natural antimicrobial and antioxidant agent for food preservation, it was determined that samples coated with 

propolis reduced lipid oxidation and successfully inhibited microbial growth (Coban and Coban, 2020; Correa et 

al., 2019; Güler et al., 2022; Jonaidi Jafari et al., 2018; Safaei and Roosta Azad, 2020; Yazgan et al., 2020). 

Properties of packaging materials has become more significant today since it plays a crucial role in delaying the 

deterioration of food products, extending the shelf life, and protecting the quality and safety of foods (López-Rubio 

et al., 2004).  

Packaging is an effective way to restrict the growth of microorganisms and extend shelf life, thereby helping 

to maintain the quality of the food (Dizaj et al., 2014; Yu et al., 2017). Jonaidi Jafari et al. (2018) removed food 

fillets after 30 seconds of soaking them in a coating solution containing 0.1% and 2% propolis extract with chitosan 

to form the coating, and then re-immersed them for 30 seconds after 2 minutes. Correa et al. (2019) immersed 

cheese slices in 5% and 10% ethanol extract of green propolis solutions for 5 seconds. In the study by Coban and 

Coban (2020), food fillets were dipped in coating solutions (pure chia mucilage (CM), CM with added 0.1% 

propolis liquid extract, and CM with added 0.3% propolis liquid extract) at 4°C three times at two-minute intervals. 

After immersion, the fillets were dried in a sterile incubator under an airflow (4°C and 50% RH) for 60 minutes. 

Safaei and Roosta Azad (2020) developed active polylactic acid films containing 10%, 20% and 40% w w-1 

propolis extract as active agents in order to extend the shelf life of meat products. The methods of dipping food in 

propolis solution and the use of propolis as an additive are of limited industrial use on a large scale. However, the 

spraying method is practical and suitable for industrial-scale use. The spray technique offers potential cost 

reduction, single-end coating, thickness control and the possibility of very easy application (Andrade et al., 2012; 

Olivas and Barbosa-Cánovas, 2009; Ustunol, 2009). No study has been found that examines systematically the use 

of propolis by spraying on the packaging or on foods directly to increase their shelf life at the same time. Meat and 

cheddar cheese is an excellent source of animal protein with high biological value, containing all essential amino 

acids and unsaturated fatty acids for human nutrition. These foods are perishable due to their biological 

composition (Labadie, 1999; Zheng et al., 2021). In this study, the comparison of spraying methods of propolis 

indirectly on the packaging or directly on meat and cheddar cheese has been investigated. Thus, the more effective 

of these methods will be determined for the first time in the literature for the perishable foods. 

2. Materials and Methods 

2.1. Materials 

Raw propolis was obtained from beekeepers in Kırklareli province where the oak (Quercus spp.) tree is the 

dominant tree. Materials obtained from the international companies included ethyl alcohol (Merck, Germany), 

ethyl acetate (Tekkim, Türkiye), propylene glycol (Alfasol, Germany),Whatman A4 filter paper (Merck, 

Germany), M17 agar acc. to TERZAGHI (Merck, Germany), Man Rogosa and Sharpe (MRS) (Merck, Germany), 

Violet Red Bile Glucose (VRBG) (Merck, Germany), Plate Count skimmed milk (PCSM) (Merck, Germany), 

Nutrient Broth (Merck, Germany), Mueller-Hinton Agar (MHA) (Merck, Germany), Nessler reagent (Merck, 

Germany) and a stomacher bag (PE, 180 × 310 mm, Lp Italiana Spa). Beef meat and cheddar cheese were 

purchased directly from a local market (Tekirdağ, Türkiye). 80 µm thick vacuum bags (Polyamide/Polyethylene-

PA/PE) (Packtech, Türkiye), stretch film (Low Density Polyethylene-LDPE) (Packtech, Türkiye), ziploc bags 
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(Oriented Polypropylene-OPP) (Packtech, Türkiye) were purchased from the wider market. A spray painting 

system (TC-SY 600 S, Germany) was used for the spraying application. 

2.2. The preparation of propolis solutions 

Thirty grams of powdered propolis were mixed with 100 ml of 70% ethanol. Subsequently, the mixture was 

placed in a shaker incubator (Infors HT Ecotron, Switzerland) at 60°C and 150 rpm for 24 hours. After this, the 

mixture was filtered through Whatman A4 filter paper, and the ethyl alcohol was evaporated completely in a rotary 

evaporator (R-100, Buchi, Switzerland). The resulting solvent-free propolis resin was stored in a refrigerator 

(4±0.5°C) until the experiments were conducted (Bölük et al., 2021). 

Proposed weights of solvent-free propolis resin were mixed with liquid ethyl acetate or propylene glycol, and 

the mixtures were shaken in a shaker incubator (Infors HT Ecotron, Switzerland) at 150 rpm for 5 to 6 hours at 

room temperature to dissolve propolis resin completely in these solvents. Propolis-ethyl acetate (PEA) solutions 

were obtained at ratios of 5%, 10%, 20% and 30% (propolis/ethyl acetate, w v-1) to cover the surface of the 

packages. On the other hand, propolis-propylene glycol (PPG) solutions in ratios of 5%, 10%, 20% and 30% 

(propolis/propylene glycol, w v-1) were prepared and used as a solution to directly coat the propolis onto meat and 

cheddar cheese samples. 

2.3. Coating packaging and food with propolis solutions 

Spray coating was carried out using a compressed air-assisted sprayer (Ronseal Power Sprayer, Sheffield, UK) 

(Leceta et al., 2015; Meng et al., 2010). Propolis-coated stretch film, ziploc bags, vacuum bags and the PPG 

solution sprayed onto meat and cheese samples are shown in Figure 1. Vacuum packaging, stretch film and ziploc 

bags are easily accessible and cheap to produce. In addition, these packages are frequently used in the food 

industry. Considering all these points, vacuum packaging, stretch film and ziploc bags were preferred in this study 

in order to protect food in a way that is compatible with industry.  

A 10% PEA solution was sprayed homogeneously onto the stretch film (30 cm × 50 cm) – opened up to 1 meter 

in length – for 7 seconds with the help of a compressor. Then, by keeping the stretch film at room temperature for 

6 hours, the ethyl acetate was completely evaporated and only propolis remained as a thin yellow layer.  

For vacuum and ziploc bags, 5 ml of a 10% PEA solution was taken and poured into the vacuum bags and 

ziploc bags using a glass pipette and was manually spread all over the packaging. Then, the ethyl acetate was again 

evaporated off for 6 hours at room temperature. After the packages were covered with propolis solution and dried, 

the surfaces of the packages became yellow. Propolis is a sticky substance that is less soluble in water and is 

attached to the packaging (Keskin, 2018). 

In addition, a 5% PGG solution was sprayed for 7 seconds with the help of a compressor to cover the entire 

surface of the meat and cheddar cheese samples. As a result of preliminary experiments, the amount sprayed was 

chosen by considering the maximum amount of propolis that does not impair the sensory properties of the food, 

and 0.4 g of propolis was sprayed on each square meter of food surface. 

During the preparation of solutions with propolis, propolis was extracted at 50℃ and it was not exposed to any 

higher temperature during the study. Since the coating processes of packaging materials of propolis solutions of 

different concentrations are created at room temperature, the phenolic compounds in propolis are protected (Yurteri, 

2015). For this reason, the method used to treat packages with propolis is also important in terms of protecting the 

phenolics in it. 

Meat and cheddar cheese samples of fixed weights (40 g and 30 g, respectively) were aseptically wrapped in 

stretch film, put and sealed in vacuum bag and sealed in Ziploc bag without evacuation of the air. Control samples 

had the packaging materials which were uncoated with propolis. On the other hand, meat and cheddar cheese 

samples sprayed with PPG solution were aseptically placed in a container without packaging during storage. All 

the samples were kept in the refrigerator at +4℃; the meats were stored for 30 days and the cheddar cheese for 45 

days. 
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Figure 1. Stretch film with propolis (A), Ziploc with propolis (B), vacuum bag with propolis (C) 

preparation and coating of cheddar samples and beef meat with PPG solution (D, E) 

2.4. Determination of the optimum concentration of propolis 

Antimicrobial activity analysis was performed to find the optimum concentrations of propolis solutions to be 

used for the packaging and for spraying on foods. 

Staphylococcus aureus (ATCC6538P) and Escherichia coli (ATCC8739) strains taken from the Microbiology 

Laboratory Culture collection of the Food Engineering Department (Tekirdağ Namık Kemal University) were used 

to evaluate the antibacterial activity of the solutions. Antibacterial activity was measured using the agar well 

diffusion method. Bacterial strains cultured in nutrient broth were incubated at 37°C (18 to 24 hours). A standard 

working culture was formed by setting McFarland at a value of 0.5. A 100 µL amount of bacterial suspension was 

spread on the surface of Mueller-Hinton Agar (MHA) with the help of a sterile drigalski spatula. Then 10 µl 

propolis preparations were injected into different petri dishes through two wells opened equidistant from the agar 

surface. After the solutions were added to the agar, they were incubated at 37°C for 24 hours. At the end of the 

incubation period, the susceptibility of the test organisms was determined by measuring the diameters of the 

inhibition zone around the well with digital calipers. The results given are the average of 3 consecutive results. 

2.5. The determination of the phenolic compounds in propolis using the HPLC-DAD system 

Chromatographic separation was conducted using an Inertsil® ODS-3 (5μm, 4.6 × 150 mm, Tokyo, Japan) 

column, mobile phase A (0.1% formic acid and deionized water, v v-1) and mobile phase B (acetonitrile) at a flow 

rate of 1 ml min-1. The column temperature was 30°C. A 5 μl alcoholic extract of propolis injection was done at a 

wavelength of 270 nm with a gradient system. Stock solutions of corresponding phenolic compounds were 

prepared with methanol at a concentration of 1 mg ml-1. Spectra were determined by injecting the standards into 

the HPLC (Agilent, USA) system. Solutions diluted with methanol to concentrations of 3, 6, 12, 24 and 48 µg ml-

1 were used for the preparation of calibration curves (Pellati et al., 2011). 

2.6. Putrefaction analysis 

All meat samples (5 g) were taken and placed in a petri dish and Nessler’s reagent (Chembio CB2740.0100) 

was poured over it (15 ml). If the sample putrefied, a color ranging from orange to dark orange-brown was formed 

(Kirillov et al., 2020). 

2.7. Microbiological analysis 

Microbiological analyses were performed on meat samples at day 0, 7, 15, 21 and 30, and to cheese samples 

on day 0, 7, 15, 21 and 45. Samples (10 g) were aseptically unpacked and placed in a stomacher bag (PE, 

180 × 310 mm, Lp Italiana Spa) and homogenized for 2 minutes in sterile 0.85 g l-1 of tryptone salt solution with a 

blender (Stomacher 400, Germany). Serial decimal dilutions were prepared with peptone at the same dilutions and 

1 or 0.1 ml samples of the dilution were spread on agar plates. Plate Count Agar (Merck, Germany) medium was 

used for a total mesophilic aerobic bacteria count, as well as M17 agar acc. to Terzaghi (Merck, Germany) medium 

and Man Rogosa and Sharpe (MRS) (Merck, Germany) medium. Violet Red Bile Glucose (VRBG) (Merck, 

Germany) medium was used for the Enterobacteriaceae family, and Plate Count skimmed milk (PCSM) (Merck, 

Germany) medium was used for Pseudomonas bacteria. Incubation conditions were 30°C for 2 days and 30°C for 

3 to 4 days for total mesophilic aerobic bacteria and lactic acid bacteria counts, respectively. Pseudomonas and 

Enterobacteriaceae were incubated at 37°C for 2 days. The results given are the average of 3 parallel results 

obtained by observing the characteristics of the colonies (shape, size, pigmentation, etc.) and expressing them as 

log10 CFU g-1 meat and log10 CFU g-1 cheese samples (Muhlisin, Utama, Lee, Choi, and Lee, 2016; Talon et al., 

2007). 
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2.8. Statistical analysis 

Two-way ANOVA tests and Tukey multiple comparison test were used with the JMP (5.0.1, USA) statistical 

software package to determine the differences created by TMAB, LAB, Enterobacteriaceae and Pseudomonas 

bacteria in meat and cheddar cheese samples by directly spraying on food samples and spraying on the food 

packaging (p<0.05).  

3. Results and Discussion 

3.1. Profiling the phenolic compounds in propolis 

The phenolic compounds found in propolis are shown in Table 1. The predominant phenolic compound in 

propolis was found to be caffeic acid phenethyl ester (CAPE) at a level of 27.523,4 μg g-1, and the lowest amount 

of phenolic acid was epigallocatechin gallate at 287.53 μg g-1. It has been stated that studies on the bioactivity of 

propolis should commence with the phenolic profiling of the propolis extracts, since its antibacterial activity is 

largely due to phenolic compounds (Sforcin and Bankova, 2011). CAPE (Velazquez et al., 2007), ferulic acid 

(Borges et al., 2013), quercetin (Xu and Lee, 2001), pinocembrin (Rasul et al., 2013; Velazquez et al., 2007), 

galangin (Cushnie and Lamb, 2005), kaempferol (Xu and Lee, 2001), naringenin and chalcone (Cushnie and Lamb, 

2005) are phenolic compounds found in propolis that have antibacterial effects. The antimicrobial activity of 

propolis is due to the flavonoids, aromatic acids and esters contained in the resin. Galangin, pinocembrin and 

pinostrobin are the most effective flavonoids against bacteria. Ferulic and caffeic acids also provide an antibacterial 

effect to propolis (Marcucci, 1995). 

Table 1. Phenolic compounds of propolis 

Compound Value (μg g-1) 

Epigalocatchine gallate 287.53 

Caffeic acid 1.304,39 

trans-Ferulic acid 556.21 

trans-Isoferulic acid 2.529,77 

3-4 Dimethoxycinnamic acid 2.203,40 

Quercetin 2.062,06 

trans-Cinnamic acid 2.105,71 

Naringenin 3.823,16 

Apigenin 2.335,43 

Kaempferol 3.075,68 

Chyrisin 6.795,93 

Pinocembrin 16.246,77 

Galangin 11.809,23 

Cafeic acid fenetil ester 27.523,40 

trans- Chalcon 11.700,92 

3.2. Determination of the optimum concentration of propolis 

The antibacterial activity results of PEA and PPG solutions on Escherichia coli (ATCC8739) and 

Staphylococcus aureus (ATCC6538P) bacteria are shown in Table 2. According to the results in Table 2, the 

antimicrobial effect of 5%, 10%, 20% and 30% PEA solutions on E. coli bacteria was not found to be statistically 

significant (p>0.05). The antimicrobial effect of 5% and 10% PEA solutions on S. aureus bacteria was found to be 

statistically significant (p˂0.05). Again, according to these results, the antimicrobial effect of 5%, 10% and 20% 

PPG solutions on E. coli bacteria was found to be statistically significant (p˂0.05), and the antimicrobial effect of 

5%, 10% and 20% PPG solutions on S. aureus bacteria was also found to be significant (p˂0.05).  



Karpuz & Palabıyık 

Which Method Is Better for Preserving Meat and Cheese: Coating Propolis on The Packaging Material or Spraying Directly onto The Food? 

608 

 

It is commercially important to use the minimum amount of propolis to create a solution. For this reason, 

according to the results in Table 2, a 10% PEA solution was preferred for the coating of the packaging and a 5% 

PPG solution was preferred for the direct coating of the foods due to their statistically highest antimicrobial effect 

for the least cost. In one study, it was recommended to add 10% water extract of propolis to extend the shelf life 

of soft cheese (Moawad et al., 2001). Pobiega et al. (2021) investigated the effect of coating with 5% and 10% 

propolis extract of blueberry to reduce the number of bacteria, mold and reduce the effect of physicochemical 

properties during storage. 

Ertürk (2015) carried out a study and found that the inhibitory effect of 20% ethyl acetate extract of propolis 

on E. coli and S. aureus was 17 mm and 13 mm, respectively. In another study, Tosi (1996) found that a 30% 

propylene glycol extract of propolis had an inhibition zone diameter of 6 to 15 mm against the same bacteria. The 

results of this study were consistent with some of the results in existing published literature (Apaydın and Gümüş, 

2018; Rahman et al., 2010; Vică et al., 2021). According to the antimicrobial activity results in Table 2, a 10% 

PEA solution was preferred for spraying on packaging, and a 5% PPG solution was preferred for direct spraying 

on meat and cheddar cheese samples. 

Table 2. Antibacterial activity on Escherichia coli (ATCC8739) and Staphylococcus aureus (ATCC6538P) 

bacteria (Diameter of inhibition zone, mm) 

E. coli (mm)                                                    S. aureus (mm) 

Solutions   Solutions   

E0 15.68±2.86a E0 15.68±2.86b 

E1 16.86±3.66a E1 34.04±7.91ab 

E2 23.06±4.74a E2 41.44±0.0a 

E3 16.06±2.02a E3 43.62±5.16a 

E4 15.97±0.63a E4 35.29±8.65ab 

P0 0±0c P0 0±0b 

P1 17.13±1.25a P1 37.97±10.76a 

P2 9.26±0.11b P2 33.52±6.47ab 

P3 11.74±3.30ab P3 50.92±14.57a 

P4 11.51±0.00ab P4 32.74±2.40ab 

*The means of replicates ± standard deviations are shown. a-cDifferent lowercase letters within a column indicate significant differences 
between volumes (p<0.05). E0: ethyl acetate, E1: 5% propolis-ethyl acetate, E2: 10% propolis-ethyl acetate, E3: 20% propolis-ethyl acetate, E4: 

30% propolis-ethyl acetate, P0: propylene glycol, P1: 5% propolis-propylene glycol, P2: 10% propolis-propylene glycol, P3: 20% propolis-

propylene glycol, P4: 30% propolis-propylene glycol 

3.3. Putrefaction analysis 

The results of the Nessler analysis after 30 days for meat samples coated with solutions and stored in different 

packaging are shown in Figure 2. Microbial surface contamination was the main cause of spoilage in the raw meat. 

Putrefaction in meat occurred due to alteration of microbial flora (Nakamura et al., 2021; Ouoba et al., 2003). The 

total volatile base nitrogen (TVB-N) result is considered to be an important factor when measuring the extent of 

protein degradation and putrefaction of meat and meat products to amino acids (Han et al., 2001). In many studies 

it was found that treating meat and meat products with propolis extracts reduced the TVB-N value (Ali et al., 2010; 

Gutiérrez-Cortés and Suarez Mahecha, 2014; Han et al., 2001; Jonaidi Jafari et al., 2018; Mehdizadeh and 

Mojaddar Langroodi, 2019). Storage conditions are very important to reduce the putrefaction in foodstuffs 

(Tucker, 2015). It could be seen in Figure 2 that changing colours to darker tone showed putrefaction took place 

during storage time. The findings demonstrated that propolis-coated packaging significantly reduced putrefaction 

at day 15 compared to uncoated packagings as the colours tone were lighter. Yingyuad (2006) stated that the use 

of a natural antimicrobial coating such as chitosan together with vacuum (PVDC/nylon) packaging promoted the 

formation of better organoleptic qualities and better microbiological quality of foods compared to conventionally 
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packaged food products. It was observed that the colour change was the least for meat samples stored by vacuum 

packaging which meant that the least putrefaction was taken place in vacuum packaging. Compared to the other 

packaging types used in this research, the vacuum bag ensured a minimum level of oxygen in the environment 

(Narasimha Rao and Sachindra, 2002) and was more in contact with the meat samples. Ziploc bags and stretch 

films have less contact with the meat sample and more oxygen permeability compared to vacuum packaging. 

Therefore, it was observed that the higher the contact area of propolis coated packaging materials with the samples, 

the stronger the microbial prevention effect of the propolis was. 

 

Figure 2. Color change of Nessler solution after dropped on meat samples which were kept by different 

methods (0) control (1) normal vacuum bag (2) vacuum bag with propolis (3) normal ziploc bag (4) ziploc bag 

with propolis (5) normal stretch film (6) stretch film with propolis (7) PPG spraying. Storage times (A) day 0 

(B) day 7 (C) day 15 (D) day 21 and (E) day 30 

3.4. Microbiological analysis 

The microbiological analysis results of stored meat samples are given in Table 3. According to the findings, 

the TMAB count increased in the sample stored in a normal vacuum bag, normal ziploc bag, normal stretch film 

packaging and propylene glycol solution with propolis during storage. In the sample stored in the vacuum bag with 

propolis, the ziploc bag with propolis and the stretch film with propolis packaging, the TMAB count first increased 

until day 7, then decreased until day 15 day, and then continued to increase until the end of storage. By the end of 

day 30, it was determined that the meat samples preserved in propolis-coated vacuum packaging had the lowest 

(p˂0.05) TMAB count at 6.57 log CFU g-1. There was a 0.56 log CFU g-1 reduction compared to the control 

vacuum packaging. Vacuum packaging with propolis reduced the TMAB count in the meat sample. Vacuum 

packaging is more in contact with the meat surface than other packaging due to complete evacuation of the air. 

Thus, propolis showed more antimicrobial activity by virtue of being more in contact with the meat surface 

(Siripatrawan and Vitchayakitti, 2016).  

Jonaidi Jafari et al. (2018) examined the effect of an edible chitosan (2%) coating – containing a propolis 

ethanolic extract (1% and 2%) – on the microbiological properties of chicken fillets and observed a 7 log CFU g-1 

reduction in 12 days. Compared to control samples, Shavisi et al. (2017) found a 4.27 log CFU g-1 reduction after 

11 days of storage in a film-wrapped meat sample containing 2% essential oil, 2% propolis ethanolic extract and 

1% cellulose nanoparticles. In another study, ethanolic extract added to minced carp was found to be effective 
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against microorganisms that cause spoilage, including psychrotrophic and lactic acid bacteria (Payandan et al., 

2017). Duman and Ozpolat (2015) found that the total plate count of fresh shibuta (Barbus grypus) fillet samples 

treated with propolis extracts was lower than the control sample. These results were consistent with our findings.  

The effect of Enterobacteriaceae on the microflora of meat should be taken into account due to deterioration 

and potential health hazards during long-term storage (Ercolini et al., 2006). The Enterobacteriaceae count 

increased in the samples stored in normal ziploc bags, ziploc bags with propolis, normal stretch film, stretch film 

with propolis-treated packaging, and with a propylene glycol solution with propolis during storage. In the sample 

stored in a normal vacuum bag and vacuum bag with propolis, the Enterobacteriaceae count first increased until 

day 7, then decreased until day 15, and then continued to increase until the end of storage. At the end of day 30, it 

was determined that the meat sample preserved in propolis-coated vacuum packaging had the lowest (p˂0.05) 

Enterobacteriaceae count of 4.78 log CFU g-1. There was a reduction of 1.01 log CFU g-1 (p˂0.05) in propolis 

samples compared to the control vacuum packaging. Vacuum packaging with propolis reduced the 

Enterobacteriaceae count in the meat sample.  

Shavisi et al. (2017) reported that on day 11 the Enterobacteriaceae population reached 6.24 log CFU g-1 in the 

control sample and 3.66 log CFU g-1 in the film-wrapped samples containing 2% essential oil, 2% propolis 

ethanolic extract and 1% cellulose nanoparticles. Bazargani-Gilani et al. (2021) reported that the 

Enterobacteriaceae count in trout fillets wrapped with a carboxymethyl cellulose coating combined with 2% 

propolis extract was 6.015 log CFU g-1, whereas counts for the control samples reached 8.69 log CFU g-1 in control 

fillets after 15 days of storage.  

Pseudomonas spp. is known as one of the contributors to the bacterial spoilage of meat stored under 

refrigeration (Labadie, 1999; Molin et al., 1986). The inhibitory effect of propolis on Pseudomonas has already 

been proven (Mascheroni et al., 2014; Petruzzi et al., 2020). The Pseudomonas count increased in the sample 

stored in a normal vacuum bag, vacuum bag with propolis, stretch film with propolis, normal stretch film, normal 

ziploc bag, ziploc bag with propolis packaging, and the propylene glycol solution with propolis during storage. At 

the end of day 30, the meat sample preserved in propolis-coated vacuum packaging had the lowest (p˂0.05) 

Pseudomonas count of 6.44 log CFU g-1. There was a reduction of 0.34 log CFU g-1 (p˂0.05) in the propolis-coated 

vacuum packaging compared to the control sample. Vacuum packaging with propolis reduced the Pseudomonas 

count in the meat sample.  

Mehdizadeh and Langroodi (2019) applied the combination of propolis extract and chitosan enriched with 

Zataria multiflora essential oil (ZEO) to coat poultry meat, and at the end of the storage period, the samples 

featuring 1% chitosan with propolis extract and 0.5% ZEO, and 1% chitosan with propolis extract and 1% ZEO 

had the lowest Pseudomonas spp. counts. The number of bacteria in the sample treated with 1% chitosan with 

propolis extract and 1% ZEO decreased by 2.81 log CFU g-1 compared to the control sample. In the study by 

Shavisi et al. (2017), the beef sample with antimicrobial film containing propolis ethanolic extract had the lowest 

Pseudomonas spp. count compared to the control sample. Rollinia et al. (2017) showed that the potential 

combination of propolis and chitosan to develop a bio-based active food packaging material increased antibacterial 

activity against Pseudomonas putida ATCC 12633. These results were consistent with our findings.  

It was determined that Enterobacteriaceae and Pseudomonas TMAB numbers were the highest during the 

storage period where PPG was directly sprayed on meat samples (p<0.05). It was concluded that PPG was not 

suitable for direct use on meat products. Although this result was not consistent with published literature, as it was 

found that propylene glycol inhibited Pseudomonas numbers (Meto et al., 2020; Ramanauskiene et al., 2013), the 

high water activity in fresh meat might cause this result and decrease the shelf life during storage. 

In previous studies, it was stated that the antibacterial activity of propolis was largely due to phenolic 

compounds (Chaillou and Nazareno, 2009; Sforcin and Bankova, 2011). According to our findings, it was 

determined that the Enterobacteriaceae and Pseudomonas TMAB numbers for the meat sample stored in a vacuum 

bag with propolis were the lowest (p<0.05) both during storage and at the end of 30 days. It can be deduced that 

the reason why the vacuum bag inhibited the growth of the microorganisms more than other packaging was due to 

the larger contact surface area and lack of oxygen because vacuum packaging completely covered all the surfaces 

of the samples. 
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Table 3. Microbiological quality of meat samples during the storage period *(log CFU g-1) 

Total Mesophilic Aerobic Bacterial Counts 

Day V0 V1 K0 K1 S0 S1 PPG 

0 4.81±0.06a 4.81±0.06a 4.81±0.06a 4.81±0.06a 4.81±0.06a 4.81±0.06a 4.81±0.06a 

7 6.22±0.10c 5.86±0.15d 7.60±0.03a 7.55±0.02a 7.13±0.07b 7.10±0.06b 7.56±0.03a 

15 6.28±0.5e 5.83±0.03f 8.80±0.04a 7.16±0.11d 7.96±0.04c 7.01±0.07d 8.21±0.01b 

21 7.15±0.02e 6.33±0.01f 8.18±0.03ab 7.92±0.02c 8.32±0.11a 7.60±0.01d 8.03±0.09bc 

30 7.13±0.03d 6.57±0.04e 8.39±0.02ab 7.99±0.08c 8.18±0.12bc 8.04±0.09c 8.57±0.1a 

 

Enterobacteriaceae Counts 

Day V0 V1 K0 K1 S0 S1 PPG 

0 0.66±0.57a 0.66±0.57a 0.66±0.57a 0.66±0.57a 0.66±0.57a 0.66±0.57a 0.66±0.57a 

7 4.83±0.03e 4.64±0.04f 5.99±0.01b 5.84±0.02bc 5.81±0.03c 5.21±0.04d 6.15±0.11a 

15 4.48±0.02f 4.33±0.05g 7.38±0.01b 7.08±0.03c 6.80±0.00d 5.90±0.05e 8.33±0.07a 

21 5.50±0.08d 4.47±0.10e 8.33±0.01ab 8.08±0.02b 8.32±0.15ab 7.64±0.07c 8.45±0.11a 

30 5.79±0.02d 4.78±0.01e 8.66±0.07ab 8.28±0.03b 7.71±0.36c 7.45±0.27c 8.97±0.02a 

 

Pseudomonas Counts 

Day V0 V1 K0 K1 S0 S1 PPG 

0 4.3±0.07a 4.3±0.07a 4.3±0.07a 4.3±0.07a 4.3±0.07a 4.3±0.07a 4.3±0.07a 

7 6.10±0.01b 5.84±0.03c 6.46±0.02a 5.78±0.02c 5.57±0.01d 4.90±0.02e 5.60±0.0d 

15 6.30±0.03e 5.89±0.04g 7.48±0.03b 6.48±0.05d 7.25±0.02c 6.13±0.04f 7.84±0.02a 

21 6.42±0.03d 6.12±0.06e 7.84±0.00b 7.37±0.03c 7.75±0.03b 7.38±0.05c 8.62±0.10a 

30 6.78±0.08e 6.44±0.01f 7.57±0.09c 7.31±0.09d 7.82±0.03b 7.40±0.05cd 8.42±0.04a 

*The means of replicates ± standard deviations are shown. a-g Different lowercase letters within a column indicate significant differences (p < 

0.05). V0: normal (control) vacuum bag, V1: vacuum bag with propolis, PPG: propylene glycol solution with propolis, S0: normal (control) 

stretch film, S1: stretch film with propolis, K0: normal (control) Ziploc bag, K1: Ziploc bag with propolis. 

Microbiological results of cheddar cheese samples during the storage period are shown in Table 4. Counts of 

LAB grown on TMAB, MRS agar and LAB on M17 agar were recorded on days 0, 7, 15, 21 and 45. According 

to the findings of this study, the TMAB count of the sample stored in a normal vacuum bag, vacuum bag with 

propolis, normal ziploc bag, ziploc bag with propolis and normal stretch film packaging all increased during 

storage. The TMAB count of the sample coated with propylene glycol solution with propolis first increased until 

day 7, then decreased until day 15, then continued to increase until the end of storage. The TMAB count of the 

sample stored in the stretch film with propolis packaging first decreased until the day 7, then increased until day 

15, then continued to increase until the end of storage. At the end of day 45, while the cheddar cheese sample kept 

in a propolis covered vacuum bag had the lowest (p ˂  0.05). TMAB count at day 21 among the all samples, cheddar 

cheese with PPG directly sprayed on it had the lowest TMAB count at the end of storage with a value of 

6.64 log CFU g-1 (p˂0.05). At the end of the storage, the TMAB value of the cheddar cheese sample coated with 

PPG was followed by the cheddar cheese sample stored in a vacuum bag treated with propolis with a value of 
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6.80 log CFU g-1. In previous studies, it was demonstrated that extracts of propolis with different combinations are 

effective against TMAB (El-Demery et al., 2016; Metwalli, 2011; Nessianpour et al., 2019; Payandan et al., 2017). 

In another study, the number of TMAB in the control during storage (45 days) was higher than in Tallaga cheese 

with 5% propolis extract (Saleh et al., 2020). El-Deeb and Omar (2017) suggested that the addition of 6% and 10% 

water extracts of propolis to karish cheese can create a natural and safe source of antimicrobial agents during 

storage periods.  

Table 4. Microbiological quality of Cheddar cheese during the storage period *(log CFU g-1) 

Total Mesophilic Aerobic Bacterial Counts 

Day V0 V1 K0 K1 S0 S1 PPG 

0 5.41±0.02a 5.41±0.02a 5.41±0.02a 5.41±0.02a 5.41±0.02a 5.41±0.02a 5.41±0.02a 

7 6.08±0.05b 4.79±0.04e 6.62±0.07a 6.16±0.15b 6.04±0.05b 5.28±0.10d 5.70±0.06c 

15 6.17±0.01c 4.84±0.06e 6.86±0.01a 6.65±0.04b 6.27±0.01c 6.15±0.04c 5.52±0.13d 

21 6.35±0.01d 5.30±0.17f 7.35±0.13a 7.08±0.01b 6.77±0.00c 6.31±0.02d 5.88±0.09e 

45 7.13±0.05b 6.80±0.02c 7.24±0.02a 7.18±0.01ab 6.78±0.01c 6.71±0.02cd 6.64±0.07d 

 

Lactic acid Bacterial Counts in the M17 medium 

Day V0 V1 K0 K1 S0 S1 PPG 

0 5.96±0.05a 5.96±0.05a 5.96±0.05a 5.96±0.05a 5.96±0.05a 5.96±0.05a 5.96±0.05a 

7 5.51±0.02d 5.03±0.08e 7.10±0.04a 7.06±0.02a 5.86±0.05c 5.17±0.08e 6.21±0.15b 

15 6.57±0.02d 6.02±0.12e 7.44±0.02a 7.14±0.03b 7.19±0.01b 6.41±0.05d 6.81±0.08c 

21 6.69±0.08c 6.54±0.08d 7.62±0.01a 7.51±0.02a 7.23±0.02b 6.33±0.07e 7.08±0.02b 

45 7.38±0.04ab 6.84±0.01c 7.65±0.05a 7.61±0.02a 6.76±0.06c 6.58±0.25c 7.19±0.04b 

 

Lactic acid Bacterial Counts in the MRS medium 

Day V0 V1 K0 K1 S0 S1 PPG 

0 5.88±0.03a 5.88±0.03a 5.88±0.03a 5.88±0.03a 5.88±0.03a 5.88±0.03a 5.88±0.03a 

7 5.72±0.02c 5.13±0.11d 7.15±0.06a 6.92±0.04a 6.94±0.04a 4.92±0.17d 6.08±0.07b 

15 6.49±0.17c 6.01±0.02d 7.23±0.03a 7.18±0.02a 6.54±0.05c 5.26±0.06e 6.81±0.04b 

21 6.79±0.03d 6.43±0.05e 7.37±0.01a 7.19±0.03b 7.00±0.03c 6.36±0.01e 7.11±0.01b 

45 7.23±0.09b 6.63±0.07d 7.54±0.07a 7.49±0.08a 6.89±0.11c 6.85±0.09cd 7.20±0.09b 

*The means of replicates ± standard deviations are shown. a-g Different lowercase letters within a column indicate significant differences (p < 

0.05). V0: normal (control) vacuum bag, V1: vacuum bag with propolis, PPG: propylene glycol solution with propolis, S0: normal (control) 

stretch film, S1: stretch film with propolis, K0: normal (control) Ziploc bag, K1: Ziploc bag with propolis. 

The LAB (M17) counts of the samples stored in normal ziploc bags, ziploc bags with propolis packaging and 

those covered with propylene-glycol propolis solution increased until the end of the storage period. LAB (M17) 

counts of the samples stored in vacuum bags with propolis, normal vacuum bags, normal stretch film and stretch 

film with propolis-treated packaging first decreased until day 7 and then continued to increase until the end of 

storage. It was determined that the cheddar cheese sample, which was kept in a propolis covered vacuum bag had 

the lowest (p˂0.05) LAB (M17) number at day 21. At the end of day 45, the cheddar cheese sample covered by 

propolis stretch film had the lowest LAB (M17) number with a value of 6.58 log CFU g-1. There was a reduction 
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of 0.18 log CFU g-1 (p˂0.05) compared to the control sample. Stretch film with propolis was able to demonstrate 

the antimicrobial activity of propolis by wrapping the film around the cheddar cheese. Jonaidi Jafari et al. (2018) 

revealed that the LAB count at day 12 was 7.7 log CFU g-1 in the control sample and 5.5 log CFU g-1 in the 2% 

propolis ethanolic extract sample. Bazargani-Gilani et al. (2021) stated that carboxymethyl cellulose-containing 

propolis extract was the most powerful application in preventing LAB replication, since it caused a 1.22 log CFU 

g-1 reduction in fillet samples at the end of the storage period. In another study by Duman and Ozpolat (2015), the 

LAB count was 7.81 log CFU g-1 in the control sample and 6.55 log CFU g-1 in the 5% propolis water extract 

sample on day 9. These results were consistent with our findings.  

The LAB (MRS) count increased in the sample stored in a normal ziploc bag, ziploc bag with propolis 

packaging and propylene-glycol propolis solution during storage. The LAB (MRS) count of the sample stored in 

a vacuum bag with propolis, normal vacuum bag and stretch film with propolis packaging first decreased until day 

7 and then continued to increase until the end of storage. The LAB (MRS) count of the sample stored in the normal 

stretch film package first increased until day 7, then decreased until day 15, and then continued to increase until 

the end of storage. It was determined that the cheddar cheese sample covered by propolis-treated stretch film had 

the lowest LAB (MRS) number after 21 days as well. At the end of day 45, it was determined that the cheddar 

cheese sample covered by a propolis-treated vacuum bag had the lowest (p˂0.05) LAB (MRS) count of 

6.63 log CFU g-1. There was a reduction of 0.60 log CFU g-1 (p˂0.05) compared to the control sample. At the end 

of storage, cheddar cheese kept in vacuum packaging with propolis was followed by cheddar cheese preserved in 

propolis-treated stretch film with a value of 6.85 log CFU g-1 M17. Vacuum packaging coated with propolis and 

stretch film coated with propolis showed more antimicrobial activity than the normal ziploc bag. 

According to the findings of this study, the reason why the vacuum bag and stretch film showed more 

antibacterial effect than the ziploc bag was due to the larger contact area with the samples. The reason why the 

effect of normal ziploc bag packaging on shelf life is low is because of the decrease in the contact between the 

propolis and the food. Therefore, it is thought that shelf life increase of foods with propolis is not due to propolis’ 

volatile compounds since the results showed that if the contact with propolis was low, the antimicrobial effect of 

propolis decreased. In addition, the PPG solution sprayed on the surface of the cheddar cheese was able to adhere 

to the surface and showed antimicrobial activity since the cheddar cheese sample adsorbed the PPG solution well. 

4. Conclusions 

In the study, the surface of food packaging was coated with propolis by spraying it on ziploc bags, stretch film 

and vacuum bags. In addition, propolis-PPG solution was formed, and spray coated on the food. According to the 

antimicrobial activity analysis, a 10% PEA solution was preferred to coat the packages and a 5% PPG solution 

was preferred to spray directly on the meat and cheddar cheese. The 8.97 log CFU g-1 Enterobacteriaceae, 

8.57 log CFU g-1 TMAB and 8.42 log CFU g-1 Pseudomonas values of the meat samples coated with PPG solution 

were the highest values at the end of storage. Direct spraying is not suitable for wet and slippery foods such as 

meat. Because adsorption of propolis solution on this kind of foods could not happen. Nevertheless, the direct 

spraying process can provide protection for cheddar cheese which are drier than meat, and well adsorption of 

propolis solution was observed. The 7.24 log CFU g-1 TMAB, 7.65 log CFU g-1 M17 and 7.54 log CFU g-1 MRS 

values for the cheddar cheese sample stored in a normal ziploc bag were the highest values at the end of storage. 

As a result of this study, the best results were found in the samples stored in propolis-treated vacuum bags, and 

the worst results were found in the samples stored in normal ziploc bags. When all these results are evaluated, a 

new platform can be created where propolis packaging can be produced with a few additional installations in 

existing established packaging factories.  
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