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Abstract

:

The inhibition of growth of Fusarium solani mold on the shells of coated table hen eggs of a ethanol extract of propolis was investigated. Hen eggs were inoculated with F. solani spores and then coated with propolis extract at a concentration of 1, 2, 3, 5 or 10% using the spray method. Hen eggs were stored at room temperature for 28 days. Weight loss and the color of coated hen eggs were checked during storage. The color of hen eggs was tested using the CIELab method. Propolis extract was found to inhibit the growth of F. solani on hen eggshells. A reduction of three log cycles in the number of molds was observed on hen eggs coated with 10% propolis extract. Coating hen eggs with propolis extract slowed down and limited weight loss. No statistically significant changes in color parameters or sensory characteristics were observed during storage of hen eggs. There was a slight smell of propolis on the shells of hen eggs. Spraying table hen eggs with propolis extract at a concentration of 10% can help to improve the microbiological safety of hen eggs in terms of anti-mold protection.
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1. Introduction


Hen eggs are widely available food products and valuable in terms of their nutritional and health properties [1]. As a rule, most of the eggshells immediately after laying are microbiologically uncontaminated or contain few microorganisms [2,3]. In the place of laying eggs, they are subject to secondary pollution, which is most affected by lack of hygiene [4,5,6,7].



Bacteria and fungi contaminate hen eggs. The total number of viable microorganisms is important because it determines the safety of eggs and their shelf life. Bacteria of the genera Staphylococcus [8], Bacillus, Stenotrophomonas and Pseudomonas [9], Enterococcus and the species Escherichia coli [10,11] are very often isolated from eggshells. Fungi are also present on the surface of the shells, which are mainly responsible for the spoilage of eggs. Fungal spores can penetrate through the pores of the eggshell into the interior of the egg, and after the development of mycelium; they can cause an unpleasant odor and taste of the egg [1]. Rajmani et al. [4] isolated Aspergillus, Penicillium, Fusarium, Mucor, Rhizopus and Alternaria. Cumeras et al. [1] identified Cladosporium macrocarpum and Botrytis cinerea inside the eggs. Tomczyk et al. [12] reported the presence of toxigenic strains (Fusarium culmorum and F. equiseti) in eggs.



The natural protection of hen eggs against microorganisms is the shell covered with the cuticle and subvalvular membranes [13]. Nevertheless, eggs spoil and their quality deteriorates [14]. In order to avoid and reduce economic losses and reduce the risk to public health, modern techniques are being developed to protect table eggs against the development of microorganisms, e.g., eggshell coating, as well as disinfection using various substances and physical agents [7,15]. Good microbiological protection is provided by coating eggs with bioactive coatings containing plant essential oils and other natural substances [16,17].



Propolis is a complex plant substance whose components are derived from secretions of a resinous nature from the buds, flowers and leaves of trees, e.g., poplar, willow, elm, alder and conifers [18,19,20,21]. Propolis exhibits antimicrobial activity due to its rich chemical composition of bioactive ingredients, i.e., flavonoids, phenols, terpenoids, aliphatic acids and their esters, carboxylic acids and their esters, alcohols, polyphenols, aldehydes, and ketones [22]. Propolis owes its anti-mold properties to flavonoids [23,24]. Ethanol extract of propolis in concentrations of 1–10% is effective against food-contaminating fungi: Aspergillus versicolor, Penicillium aurantiogriseum [23], Alternaria alternata, Fusarium sp., Ulocladium sp., Botrytis cinerea, P. expansum, Colletotrichum musae [25,26], and A. niger, A. flavus, P. chrysogenum, Rhizopus stolonifer [27]. Due to its high antioxidant activity and antimicrobial properties, propolis is considered as a natural preservative [22]. Propolis extracts are added directly to food, or the surfaces of products are coated with polymer coatings containing propolis extract in their composition [22,28]. Ethanol or water extracts of propolis inhibit fungal growth in apple juice [29] and delay microbial spoilage of strawberries [30,31].



So far, propolis has been used to a small extent to reduce the microflora on the shells of hen eggs [16,32]. Nevertheless, the coating of hen eggshells with propolis reduces the total number of bacteria and aerobic mesophilic bacteria [7,33,34], and inhibits the growth of Salmonella and coliforms [35,36]. The overall quality of table eggs was improved by a coating with rice protein coatings containing propolis extract [37] and a propolis coating [38].



In our previous studies, we documented the antibacterial and antifungal activity of ethanolic propolis extract [39,40] and characterized the physical and anti-mold properties of a pullulan coating containing ethanolic propolis extract [41]. Our research also shows that the pullulan coating with propolis extract has a beneficial effect on extending the shelf life of cherry tomatoes [42] and blueberry [43].



This work consisted in examining the effect of ethanol extract of propolis on the inhibition of F. solani on hen eggshells. The study also evaluated the effect of ethanolic propolis extract on egg weight loss, color and sensory characteristics.




2. Materials and Methods


2.1. Materials


Table hen eggs of weight class M (53–63 g), light brown, uniformly stained, were selected for the study. In total, 240 eggs were used for the study. Hen eggs were purchased from a local store, where they were stored in refrigerated conditions at 4–5 °C and relative humidity RH 30–35%. Ethanol propolis extract was obtained from an ecological beekeeping farm and had the following composition: bio-propolis 10%; ethanol 70%; water 20%. Sabouraud Agar medium (SA) was purchased from BTL (Lódź, Poland). NaCl and glycerol were from Chempur (Piekary Śląskie, Poland). Fusarium solani ATCC 36031 came from the collection of pure cultures of the Department of Biotechnology and Food Microbiology of Warsaw University of Life Sciences—SGGW (WULS—SGGW, Warsaw, Poland). Mold spores were suspended in a cryoprotective medium (20% glycerol) and stored at −80 °C.




2.2. Method of Inoculation and Application of Propolis Extract on Hen Eggshells


The frozen spore suspension of F. solani ATCC 36031 was transferred to SA and incubated at 28 °C for 7 days. After cultivation, F. solani spores were washed with saline and counted in a Thoma chamber. An inoculum containing ~1 × 107 spores/mL was prepared for the study. Ethanol propolis extract was dissolved in sterile distilled water. Briefly, 1 mL, 2 mL, 3 mL, 5 mL and 10 mL ethanol propolis extract was mixed with appropriately 99 mL, 98mL, 97mL, 95 mL, 90 mL of sterile distilled water. Final ethanol propolis extract concentration was 1%, 2%, 3%, 5% and 10% [37].



The hen eggs were washed under warm running water for about 2–3 min and allowed to dry on paper at room temperature. Atotal 1000 μL of mold inoculum was spread at the pole site of each egg and left for 15 min at room temperature. Then, whole eggs were coated with a solution of ethanolic propolis extract using the spray method (airbrush, PZ-270XS with a 0.5-mm nozzle, PointZero Airbrush Co., Tamarac, FL, USA). The eggs were coated thoroughly and evenly on all sides. The operation was performed twice, and then the eggs were left to dry for 1 h. Control eggs were coated in the same manner with sterile distilled water. The eggs were then placed in cardboard boxes and stored at room temperature (22 ± 2 °C, and RH 50–55%) for 28 days. Six groups of eggs were prepared, including five coated with propolis extract (E + P1, E + P2, E + P3, E + P5 and E + P10) and one control group (EC). Each group contained 10 hen eggs. The experiment was repeated three times.




2.3. Determination of the Number of Molds on Hen Eggshells


The eggs were transferred to saline and then shaken for 10 min (S-50 shaker, Ingenieurbüro CAT, M. Zipperer GmbH, Ballrechten-Dottingen, Germany). Subsequently, a decimal dilution series was prepared and transferred to two parallel Petri dishes with SA medium. The plates were incubated at 28 °C for 72 h. After incubation, grown colonies were counted using a colony counter (ProtoCOL 3—Symbiosis, Frederick, MD, USA) and converted to CFU/g. The initial number of molds (0 day) and the number after 7, 14, 21 and 28 days of storage were determined.




2.4. Preparation of Hen Eggs for Determination of Weight Loss, Color and Sensory Evaluation


Non-inoculated eggs were coated with propolis extract solutions in the same way as in Section 2.2. Ten eggs in each group were placed in cardboard boxes and stored at room temperature for 28 days. Three series of experiments were carried out.




2.5. Determination of Weight Loss of Hen’s Eggs


Each egg was weighed with an accuracy of 0.01 g on a technical balance (PS3500/C/2, Radwag, Poland). The percentage weight loss of hen eggs (%) was calculated.




2.6. Determination of the Color of Hen’s Eggs


Egg color was measured using a colorimeter (Konica Minolta, Japan) on the CIE L*a*b* scale. The values of L* (brightness), a* (green to red color), and b* (blue to yellow color) were measured. For this purpose, four points were selected in the equatorial part of the egg and one point at both poles, the “pointed” upper pole and lower “flat” pole. Then, the average values of the color parameters were calculated. Color changes (ΔE) on each measurement day were calculated from the following formula:


  ∆ E =    [     (   L *  −    L   )   2  +    (   a *  −    a   )   2  +    (   b *  −    b   )   2   ]     












2.7. Sensory Evaluation of Hen Eggs


The sensory evaluation was carried out by a semi-qualified team of 35 WULS research workers, aged 22 to 59, who declared that they consume eggs and do not have an egg white or yolk allergy. Raw hen eggs were coated with propolis extract solutions as described in Section 2.2. Raw coated eggs were evaluated for appearance and smell. Additionally, coated eggs cooked at 100 °C for 10 min were evaluated. After the eggs were boiled, the hot water was poured off and the eggs were covered with cold water. After peeling the eggs, they were divided into particles containing egg white and yolk. The panelists assessed the appearance, smell and taste of the cooked egg. In the sensory research, the scaling method was used, thanks to which the intensity of the selected characteristics was expressed numerically on a 9-point scale: 1 = I dislike it extremely, 2 = I dislike it strongly, 3 = I dislike it moderately, 4 = I dislike it a little, 5 = I neither like nor dislike it, 6 = I like it moderately, 7 = I like it quite a bit, 8 = I like it a lot, 9 = I like it extremely [44].




2.8. Statistical Analysis


Figures are presented as the mean ± SD for each of the study groups. Statistical tests were performed using Statistica version 13 PL (TIBCO, Palo Alto, CA, USA). One-way analysis of variance (ANOVA) was used to assess the relationship. Significance of differences between mean values was assessed using Tukey’s test at the significance level of p < 0.05.





3. Results and Discussion


3.1. Effect of Coating Hen Eggs with Propolis Extract on Inhibition of F. solani


Changes in the number of F. solani ATCC 36031 on the shells of inoculated eggs are shown in Figure 1. The initial mold count was 4.24 log CFU/g. After 1 h in the control group (EC) the number of molds did not change, while on the coated eggs (from E + P1 to E + P10) a decrease in the number of molds was observed. The higher the concentration of propolis extract, the greater was the reduction in the number of molds on eggshells. For groups E + P1 and E + P2, the number of molds decreased by only about one log cycle. In the E + P3 group, the number of fungi decreased by 1.80 log cycles, and in the E + P5 group by 2.41 log cycles. The number of F. solani decreased to the greatest extent in the group of E + P10 eggs by 3.24 log cycles, i.e., to the detection limit of fungi, and remained at that level for 28 days.



After 7 days, the number of F. solani decreased in all groups of eggs, with groups E + P1, E + P2 and E + P3 decreasing by 2.87, 2.72 and 2.80 log cycles, respectively, from the initial number. In the case of eggs coated with 5% propolis extract, the number of molds decreased to the limit of detection, i.e., by 3.24 log cycles. No mold growth was found in group E + P10. In the control group, the number of F. solani decreased by 2.13 log cycles. After 14 days of storage, no mold growth was observed on uncoated and coated hen eggs. Our observations show that the activity against the Fusarium strain on hen eggs depends on the concentration of propolis extract. In higher concentrations, propolis extract inhibits the germination of Fusarium spores, preventing mold growth on eggshells.



Similar conclusions were reached by Temiz et al. [23], who observed complete inhibition of mycotoxic mold strains (Aspergillus versicolor and Penicillium aurantiogriseum) by 10% and partial inhibition of their growth by 5% and 1% Turkish propolis extract. Although propolis has so far been used to a small extent for the microbiological protection of table eggs, the first results are encouraging. Pires et al. [37], by coating table quail eggs with a layer of rice protein with propolis extract, reduced the number of microorganisms present on the eggshells, similarly to Ezazi et al. [36], who completely eliminated Salmonella from the surface of hen eggs by coating them with chitosan with propolis extract. The use of a coating of sweet potato starch with thyme essential oil also gave good results and reduced the growth of Salmonella on eggshell [45], and chitosan emulsion with beeswax and basil essential oil reduced the number of native bacteria on the eggshell surface [46]. A composite coating, which included cassava starch, carboxymethyl cellulose and paraffin, protects eggs against microbiological contamination [47].



Other methods of disinfection for edible and hatching eggs are also the subject of extensive research worldwide [3]. The number of microorganisms was reduced by chemical disinfection of eggs, e.g., sodium hydroxide and phenols [48,49], benzalkonium chloride with glutaraldehyde [50], electrolyzed oxidizing (EO) water [51], chlorine dioxide gas [52], silver-stabilized hydrogen peroxide [53], and neutral anolyte [54]. In addition, the effectiveness of physical and combined methods in egg disinfection has been demonstrated, e.g., ultraviolet (UV) irradiation [55], pulsed light [56], nonthermal plasma [57,58], UV light and hydrogen peroxide [59], ultrasonic waves with refrigerated temperature [60], ultrasonic waves with heat treatment [61] and high-intensity ultrasound [62]. Research has shown the effectiveness of decontamination of eggs with natural antimicrobial substances, e.g., essential oils and garlic extract [63], licorice plant extract [64], thyme essential oil [65] and nisin [66].




3.2. Effect of Coating with Propolis Extract on Weight Loss of Hen Eggs


Weight is an important indicator of the price and quality of a hen’s egg. Weight loss of all eggs was observed, increasing with each day of storage (Figure 2). After 28 days, the weight loss was greater in the EC group, at 6.85%, while the coated eggs had weight losses from 6.01% (E + P1) to 4.83% (E + P10). The results of this study allow us to conclude that the higher the concentration of propolis extract, the lower was the loss of egg weight, which is consistent with the studies of Aygun and Sert [33] and Akpinar et al. [15], who coated table quail eggs with solutions of propolis extract in concentrations of 5–15%. It was also found that the acceptable 3% weight loss of eggs in retail circulation [35,67] was achieved by uncoated eggs on day 10 and only on day 18 by eggs coated with 10% propolis extract, which is a very beneficial effect.



The applied propolis extract coatings on the eggs slowed down and limited the loss of egg mass. The weight loss of hen eggs is due to the loss, during storage, of water and carbon dioxide, which pass through pores in the eggshells [37]. Egg coating is a process that counteracts weight loss. To a large extent, mass losses depend on the nature of the substance coating the eggs and are the smallest when using a lipid coating, which, thanks to its hydrophobic properties, provides the best protection against water evaporation [16]. Nevertheless, polysaccharide, protein and mixed coatings also fulfill this role well. Lower weight losses were observed in eggs coated with cassava starch mixed with carboxymethyl cellulose and palm oil [68], chitosan coatings with lauric alginate ester [17], coating with shellac [69] and pullulan coating [66] compared to uncoated eggs. A similar trend was noted by Pires et al. [37], who used a coating based on rice protein with propolis.




3.3. Effect of Coating with Propolis Extract on the Color of Hen’s Eggs


The color of eggshells is a genetically determined trait ranging from white to dark brown [70]. Uniform coloration of the shell largely determines consumers’ willingness to buy eggs [70,71]. Table 1, Table 2 and Table 3 shows the results of color measurements of hen eggs uncoated and coated with propolis extract at concentrations of 1, 2, 3, 5 and 10% during storage for 28 days.



The undiluted ethanol extract of propolis was dark brown in color, and the 1–10% solutions were much lighter. As reported by Pires et al. [37], propolis can change the color of eggshells due to the content of yellow pigments that darken the color. In our study, the initial L* brightness values ranged from 64.14 to 66.50 and after 28 days they did not change statistically significantly regardless of the propolis extract concentration (Table 1). Similarly, no statistically significant changes in a* values, ranging from 14.03 to 16.32 (Table 2), and b* values, in the range from 25.26 to 28.43 (Table 3), were observed during egg storage. The values of the absolute color difference ΔE of the coated eggs during the 28 days did not exceed the value of 2.0, which proves high color stability (Figure 3). In another study, a change in the color of coated eggs was found using a solution of rosemary extract [64]. Shellac-coated eggs had higher shell gloss, but ΔE values were small, below 3.0, similar to our study [72].




3.4. Sensory Evaluation of Hen Eggs Coated with Propolis Extract


Table 4 shows the sensory analysis scores of raw and cooked hen eggs coated with propolis extract. The appearance of raw coated hen eggs was highly accepted by the panelists, and the ratings ranged from 8.41 to 8.77 and did not differ statistically significantly from the assessment of the appearance of control eggs (8.86). There were lower smell ratings for raw eggs (7.00–6.83) that were coated with 3 to 10% propolis extract than for uncoated eggs and eggs coated with 1 and 2% propolis extract (8.09–8.64), but the ratings were not statistically significantly different. This proves that the perceptible delicate smell of propolis on the eggshells did not disqualify them. However, coating eggs with various substances can change the odor of the eggs, which affects the purchasing preferences of consumers. The smell of chitosan and pennyroyal essential oil on eggshells was less well received by consumers than thyme essential oil [15,65].



The appearance, smell and taste of cooked hen eggs coated with propolis extract were also assessed. The appearance of boiled eggs received average scores from 7.17 to 8.02, which were not statistically significantly different. Similarly, very similar mean egg odor and taste scores of 7.48–7.80 and 7.28–8.16, respectively, were found. It can be assumed that the propolis extract did not penetrate through the eggshell into the egg interior, and therefore it had no effect on these qualitative characteristics. On the other hand, the research results show that the propolis or chitosan and propolis coating has a beneficial effect on the preservation of the qualitative features of the egg interior due to slowing down the diffusion of gases, including CO2, through the pores in the shell, by plugging cracks in their surface [36,38].





4. Conclusions


The results of this study indicate that the coating of hen eggs with propolis extract may contribute to the improvement of the microbiological safety of hen eggs in terms of anti-mold protection. Propolis extract at concentrations of 1–10% showed an inhibitory effect on the growth of F. solani on hen eggshells, with the most effective concentration being 10%. Smaller weight losses of coated hen eggs during storage and no negative effect of coating on the color and sensory features of hen eggs were found.
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Figure 1. Changes in the number of F. solani on hen eggshells during 28 days after inoculation. Treatments: EC—control hen eggs, E + P1–E + P10 coated hen eggs with 1–10% with ethanol propolis extract at concentrations of 1–10%. 
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Figure 2. Changes in weight loss of hen eggs coated with propolis extract during 28 storage days. Treatments: EC—control hen eggs, E + P1–E + P10 coated hen eggs with ethanol propolis extract at concentrations of 1–10%. 
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Figure 3. Changes in the total color difference of hen eggs during 28 storage days. Treatments: EC—control hen eggs, E + P1–E + P10 coated hen eggs with ethanol propolis extract at concentrations of 1–10%. 
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Table 1. Changes in L* parameter of the color of hen eggs coated with propolis extract at concentrations of 1, 2, 3, 5 and 10% during 28 storage days.
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Day

	
EC

	
E + P1

	
Coating *

E + P2

	
E + P3

	
E + P5

	
E + P10




	
L* Parameter






	
0

	
66.50 ± 1.77 a

	
65.04 ± 0.87 a

	
64.14 ± 3.50 a

	
64.20 ± 0.59 a

	
65.69 ± 0.72 a

	
65.10 ± 1.46 a




	
7

	
67.07 ± 1.79 a

	
65.47 ± 0.99 a

	
62.97 ± 3.29 a

	
63.88 ± 2.04 a

	
65.50 ± 0.76 a

	
65.08 ± 1.32 a




	
14

	
66.94 ± 2.58 a

	
65.42 ± 0.51 a

	
63.86 ± 3.13 a

	
63.07 ± 1.93 a

	
64.63 ± 2.96 a

	
65.24 ± 1.26 a




	
21

	
66.40 ± 2.47 a

	
65.14 ± 0.40 a

	
62.37 ± 2.89 a

	
63.35 ± 2.03 a

	
65.28 ± 0.84 a

	
64.51 ± 1.90 a




	
28

	
67.48 ± 1.96 a

	
65.01 ± 0.60 a

	
63.12 ± 2.79 a

	
63.19 ± 4.12 a

	
65.24 ± 0.82 a

	
64.48 ± 1.91 a








* Coating: EC—control hen eggs, E + P1–E + P10 coated hen eggs with propolis extract in the concentration of 1–10%. Mean values marked with the same letter symbol (a) in the row indicate no statistically significant differences. n = 30 eggs per mean.
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Table 2. Changes in a* parameter of the color of hen eggs coated with propolis extract at concentrations of 1, 2, 3, 5 and 10% during 28 storage days.
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Day

	
EC

	
E + P1

	
Coating *

E + P2

	
E + P3

	
E + P5

	
E + P10




	
a* Parameter






	
0

	
15.45 ± 1.64 a

	
16.32 ± 0.59 a

	
15.93 ± 1.48 a

	
15.83 ± 0.32 a

	
14.03 ± 0.65 a

	
14.17 ± 0.30 a




	
7

	
14.81 ± 2.04 a

	
15.28 ± 0.97 a

	
16.10 ± 1.74 a

	
15.43 ± 0.82 a

	
13.99 ± 0.62 a

	
13.41 ± 0.79 a




	
14

	
14.56 ± 2.23 a

	
15.83 ± 0.34 a

	
16.20 ± 1.48 a

	
15.54 ± 0.58 a

	
14.36 ± 0.49 a

	
14.06 ± 0.54 a




	
21

	
14.32 ± 2.13 a

	
15.54 ± 1.34 a

	
15.42 ± 1.60 a

	
15.37 ± 1.08 a

	
14.21 ± 0.67 a

	
13.82 ± 0.86 a




	
28

	
15.38 ± 1.96 a

	
16.02 ± 1.03 a

	
16.79 ± 1.27 a

	
16.18 ± 1.62 a

	
14.13 ± 0.66 a

	
13.80 ± 0.77 a








* Coating: EC—control hen eggs, E + P1–E + P10 coated hen eggs with propolis extract in the concentration of 1–10%. Mean values marked with the same letter symbol (a) in the row indicate no statistically significant differences. n = 30 eggs per mean.
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Table 3. Changes in b* parameter of the color of hen eggs coated with propolis extract at concentrations of 1, 2, 3, 5 and 10% during 28 storage days.
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Day

	
EC

	
E + P1

	
Coating*

E + P2

	
E + P3

	
E + P5

	
E + P10




	
b* Parameter






	
0

	
25.26 ± 1.62 a

	
26.99 ± 0.63 a

	
27.16 ± 1.01 a

	
28.43 ± 0.63 ab

	
27.83 ± 3.39 a

	
28.36 ± 1.08 a




	
7

	
26.07 ± 1.38 a

	
28.24 ± 0.60 b

	
28.57 ± 0.54 a

	
29.11 ± 1.28 b

	
29.06 ± 0.63 a

	
29.14 ± 1.03 a




	
14

	
25.46 ± 1.29 a

	
27.46 ± 0.47 ab

	
27.88 ± 0.53 a

	
29.25 ± 0.72 b

	
28.85 ± 0.48 a

	
29.40 ± 0.83 a




	
21

	
26.41 ± 1.58 a

	
28.13 ± 0.71 b

	
27.59 ± 0.90 a

	
29.10 ± 1.02 b

	
29.37 ± 0.38 a

	
29.55 ± 1.06 a




	
28

	
26.11 ± 1.33 a

	
27.49 ± 0.79 ab

	
26.93 ± 3.21 a

	
29.84 ± 0.96 b

	
29.30 ± 0.37 a

	
29.64 ± 1.01 a








* Coating: EC—control hen eggs, E + P1–E + P10 coated hen eggs with propolis extract in the concentration of 1–10%. Mean values marked with the same letter symbol (a,b) in the row indicate no statistically significant differences. n = 30 eggs per mean.
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Table 4. Assessment of sensory factors of hen eggs coated with propolis extract in concentrations of 1, 2, 3, 5 and 10%.
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Coating *

	
Raw Hen Eggs

	
Boiled Hen Eggs (without Shelleggs)




	
Appearance

	
Shell Odor

	
Appearance

	
Odor

	
Taste






	
EC

	
8.86 ± 0.31 a

	
8.64 ± 0.64 a

	
7.17 ± 1.03 a

	
7.48 ± 1.44 a

	
8.02 ± 0.96 a




	
E + P1

	
8.77 ± 0.39 a

	
8.36 ± 0.77 a

	
7.34 ± 0.97 a

	
7.80 ± 0.66 a

	
8.16 ± 0.72 a




	
E + P2

	
8.41 ± 0.97 a

	
8.09 ± 1.00 a

	
7.57 ± 0.92 a

	
7.59 ± 1.18 a

	
8.11 ± 0.67 a




	
E + P3

	
8.46 ± 0.31 a

	
7.00 ± 1.65 a

	
7.27 ± 1.55 a

	
7.57 ± 1.17 a

	
8.16 ± 0.70 a




	
E + P5

	
8.26 ± 0.97 a

	
7.27 ± 1.70 a

	
8.02 ± 0.83 a

	
7.56 ± 1.62 a

	
7.56 ± 0.98 a




	
E + P10

	
8.59 ± 0.63 a

	
6.83 ± 1.76 a

	
7.61 ± 1.11 a

	
7.50 ± 1.52 a

	
7.28 ± 1.26 a








* Coating: EC—control hen eggs, E + P1–E + P10 coated hen eggs with propolis extract in the concentration of 1–10%. Mean values marked with the same letter symbol (a) in the columns indicate no statistically significant differences. n = 30 eggs per mean.
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