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ABSTRACT

In this study, eggs were coated with propolis in order to determine its effect on egg quality and total
bacterial count. Effect of storage time prior to propolis coating was also studied. Eggs were obtained
from a local farm, coated with 0, 3, 6 or 9% of propolis and stored at 4°C with a humidity of 75%
for 30 days. 18 eggs were used for egg quality traits and 6 eggs were chosen for microbial activity
for each group. Bacteria were recovered with sterile cotton swabs from egg surfaces. Colonies with
different morphology and color were detected. 11 bacterial species were determined following the
characterization of 14 isolates. Elevated levels of bacterial counts were detected for fresh eggs,
which were significantly higher than those stored for 30 days. The quality traits of the fresh eggs
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Introduction

Eggs, which are laid by poultry species, have been
extensively used as one of the most valuable human foods.
Unless species is specified, the term “egg” is stated as hen
egg in legal regulations with foods and food hygiene
(Tekinsen and Celik, 1995). Egg is defined as a shelled
food, which is obtained from the hens of Gallus gallus var.
domesticus and is either directly presented to human
consumption or is used for the preparation of egg products
(Altan, 2015).

Eggshell can be contaminated with microorganisms
either in reproductive organs or after laying.
Contamination with reproductive organs often occurs via
Salmonella, mycoplasma and several viral factors in ovary.
Majority of newly laid eggs are sterile or contain 300 to
500 microorganisms (Mayes and Tekeballi, 1983).
Depending on the temperature and humidity, the number
of microorganisms can rapidly increase and reach up to
1500-3000 in 15 min and 20000-30000 in 1 hour.
Husbandry conditions, storage time of eggs and hen’s age
are regarded as the most crucial factors influencing egg
quality (Williams, 1992). Quality traits of eggs decrease
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with increase in storage time (Silversides and Villeneuve,
1994). pH of a normal egg varies between 7.6 and 7.9,
which can increase up to 9.7 with time (Powrie, 1973).

Egg, which contains high quality protein, can rapidly
deteriorate and lose its quality when not stored under
appropriate conditions (De Campos et al., 2011). Eggs are
contaminated with many microorganisms within a short
period of time in farms that do not take necessary hygienic
precautions. As the cuticle layer has not been fully formed,
some of the pores remain open that in turn allow
microorganisms to penetrate easily to the internal parts of
the eggs (Williams et al., 1968). Bacteria such as
Escherichia, Salmonella and Pseudomonas occur on the
surface of eggs (Jones et al., 2011). In order to avoid the
entry of the microorganisms into the internal side, eggs are
coated with various materials before storing. Edible films
and coatings can be derived from polysaccharides,
proteins, lipids or gums (Saeed et al., 2017). The primary
aim of the edible coatings is the prevention of foods from
microbial deterioration and physical damages and thus
extension of shell life.
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Propolis is a resinous mixture, which is produced by
honey bees from tree buds, sap flows, or other botanical
sources by mixing saliva and beeswax (Schmidt, 1997).
Due to volatile fatty acid composition, it is generally
aromatic and varies in color, taste and consistency
depending upon botanical origin and the harvest season
(Krell, 1996). Antioxidative, antibacterial and antifungal
properties (Krell, 1996) of propolis offer a great potential
for human health as well as for food technology in food
storage.

This study was carried out to investigate the effects of
storage time and coating with varying concentrations of
propolis on quality traits and total bacterial counts as well
as microbial activity of fresh eggs.

Material and Methods

Preparation of Propolis Extracts

Propolis samples were donated by Ordu Apiculture
Research Institute. Propolis extracts were obtained by
mixing 100 g of propolis in 500 mL of 95% ethyl alcohol
(Copur et al., 2008). The samples were stored in air-tight
glass containers in a dark place at -20°C until use. The
propolis extracts were filtered through 45 um membrane
filter and then stored at 4°C for one week. 3, 6 and 9%
(w/v) solutions of propolis were diluted from the propolis
extract using 70% ethyl alcohol. These solutions were
stored in air-tight glass containers and shaken twice daily.
Each solution was filtered into a bottle and stored in dark
at -20°C until use.

Provision of Eggs and Design of Treatment Groups

Fresh eggs were obtained from a local farm. 6 eggs
were taken for microbial activity and total bacterial counts
for each group (30 eggs in total). Additionally, several egg
quality traits were determined on 18 eggs for each group
(90 eggs in total), which have been chosen randomly. For
the determination of total bacterial counts and egg quality
traits, the eggs were coated with 3, 6 and 9% of propolis by
simply spraying the propolis solution and stored for 30
days at 4°C with a humidity of 75%. For the control groups,
the same procedure was followed for the uncoated eggs.
Other quality traits were determined in terms of the
parameters given below after keeping the eggs at 24°C with
a humidity of 75% (Yannakopoulos and Tserveni-Gousi,
1986; Narushin, 2005; Alkan et al., 2013).

Specific weight (g/cm®): Specific gravity (SG) was
determined by the following equation after weighing in air
and in distilled water using an analytical balance with 0.01
g sensitivity.

SG= Weight in air(g)
~ (Weight in air (g) —Weight in water (g))

Yolk index (YI): Yolk index was determined using the
equation below after measuring yolk height with a tripod
micrometer and yolk diameter with a digital caliper.

_ Yolk height (mm)

~ Yolk diameter (mm) %100

Haugh Unit (HU): Haugh Unit was calculated by the
equation below using egg weight and albumen height.

HU = 100 Log (H+7.57 — 1.7G%37)

where H is the albumen height in mm and G is the egg
weight in g.

pH: pH was measured in thick albumen section with a
pH meter.

Total Bacterial Counts

Microorganisms on the shells of the eggs were swept
into a solution by sterile swabs under aseptic conditions in
a sterile cabin for determining the total bacterial counts of
the eggs coated with or without propolis. In order to take
into account the influence of propolis, each group of eggs
were treated with no propolis (control group) or 3,6 and 9%
propolis solutions. The solution was diluted 1:10 by adding
900 mL of sterile % ringer’s solution to 100 mL of ringer’s
solution prior to homogenization. Similarly, ringer’s
solution was prepared for each group and dilution process
was carried out based on Log10 (10%, 102, 10°%, 104, 10°®
and 109). At the end of this process, 100 pL of samples
from ranging between 102 and 10° dilutions were
inoculated on Nutrient Agar and incubated at 28 °C for 2-
3 days (Thaddeus et al., 2001).

Identification and Characterization of Bacterial Isolates

Biochemical features of the isolates were determined by
Vitek® 2 Advanced Colorimetry™ one day after their
inoculation onto Nutrient Agar. During this process, great
attention was paid to the use of fresh isolates. Gram-negative
(GN) gram-positive (GP) and bacillus (BCL) cards were
used for the isolates. The isolates were aseptically
transferred to 3 mL saline solutions (water content 0.45 to
0.50% NaCl, pH 4.5 to 7.0) in transparent plastic test tubes
(12 mm x 75 mm). The bacteria were inoculated with sterile
extract to the saline tubes. A homogenous microbial
suspension with an equivalent turbidity to Mc Farland No:
0.50-0.60 was prepared by McFarland equipment. This
procedure was repeated for each sample (Verweij et al.,
1999). Cell suspensions and subsequent analyses were made
according to the recommendations of the manufacturer.

Preparation of Pure Cultures

After the incubation, each single colony on the Nutrient
Agar was identified and colonies different in morphology
and color were determined. These colonies were then taken
to be inoculated on Nutrient Agar by streak plate method.
In this way, pure cultures were prepared. In addition,
inoculations were made on eosin methylene-blue lactose
sucrose (EMB) Agar and MacConkey Agar. After staining,
samples differing in bacterial shape and color were
collected as study materials (Benson, 1985).

Statistical Analyses

Normal distribution control of the data with respect to
all traits was made by Kolmogorov-Simirnov Test. One-
way ANOVA was used for the assessment of the traits
fulfilling the hypothesis. Tukey Multiple Comparison Test
at 5% significance level was used to determine different
means. The data were analyzed by Minitab 16 Statistical
Software.
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Results and Discussion

In the present study, 11 of 14 isolates determined from
the shells of fresh eggs by VITEK® 2 were characterized
and 11 bacterial species were obtained (Table 1). Most of
the isolates were gram-positive bacteria such as

Granulicatella adiacens, Micrococcus luteus,
Staphylococcus  vitulinus,  Granulicatella  elegans,
Staphylococcus lentus and Leuconostoc

pseudomesenteroides. On the other hand, two gram-
negative bacteria (Pantoea spp. and Escherichia coli) have
also been detected.

In a previous study, Turtura and Lorenzelli (1994)
reported that 75% of the chicken meats slaughtered and
processed for retail sale contained many gram-positive
cocci. 10 of the 93 isolates were identified as Aerococcus
viridans. These species, which primarily colonize the
intestinal tract, may proliferate in other parts of the human
and animal body, and are pathogens. The presence of such
species is also an indication of the fecal contamination of
chicken meats. Nutritional variant streptococci were defined
as a new group of streptococci by Frenkel and Hirsch (1961).
Granulicatella adiacens is a member of gastrointestinal and
urogenital system microflora (Christensen and Facklam,
2001). Khan et al. (2002) isolated erythromycin resistant
gram-positive bacteria from the farm wastes. The primary
species were Staphylococcus spp., Enterococcus spp.,
Streptococcus spp. and S. lentus, the latter being one of the
species isolated in the present study. In another study, of the
136 coagulase negative staphylococci strains isolated from
the healthy or sick people and from the animals like goat,
sheep and antelope, 88 strains were Staphylococcus sciuri
(64.7%), 35 strains were S. lentus (25.7%) and the remaining

Table 1. Morphological properties of bacterial isolates

ones were characterized as Staphylococcus gallinarum
(Adegoke, 1986). These species bear the same features of
the species isolated and described in the present study.
Kocuria rosea and Micrococcus luteus were isolated
from the shell surface of the eggs in the present study.
Kaban and Kaya (2007) determined S. cohnii subsp. cohnii
most, which was followed by S. saprophyticus,
Micrococcus luteus and Kocuria rosea in bacons. In the
same study, S. xylosus, which is of technological
importance, was only isolated from one of the samples.
Vidal et al. (2000) reported keratinolytic activity from the
strain of Kocuria rosea, which is known as a soil isolate.
Micrococcus luteus is the predominant strain both in
broilers and in areas nearby poultry farms (Plewa and
Lonc-Copd, 2011). Dermacoccus nishinomiyaensis, which
was recorded as the isolate of TB2-1 in the present study,
was reported to be present in soil samples (Kamel et al.,
1980). In the same study, Kocuria kristinae and
Dermacoccus hishinomiyaensis were shown to degrade
poly (vinyl alcohol)/poly (vinyl chloride) and poly (vinyl
alcohol)/poly (caprolactone) blends films immersed in the
solution, indicating that these bacteria can use plastics as
carbon source for metabolic reactions. E. coli is a member
of the naturally occurring microflora. Verotoxin producing
strains of E. coli were first reported in early 1980’s to cause
infections and hence diseases in humans (Riley et al.,
1983). VTEC can cause several health problems including
diarrhea related hemorrhagic ulcer, hemorrhagic colitis and
hemolytic-uremic  syndrome and producing both
symptomatic and asymptomatic infections (Tarr, 1995).

Bacterial species GS P Bacterial shape, Colony shape and color Lab code
Granulicatella adiacens P 97 Sometimes seen as coccibacillus or rod cells; 0.4-0.6 mm TB7-1
ACroCOCCUs Viridans P92 Fo_rmlng r.ound, convex and bright colonies; white or TB20-1
bright white

Micrococcus luteus P 97 Round or oval shape; production of yellow pigment; yellow TB21-1

Staphylococcus vitulinus P 95 Forming clustered cocci; short chain colonies; white or TBS-1
cream color

Kocuria rosea P 98 1.0-1.5 mm; slightly convex; smooth; pink TB12-1-1

Granulicatella elegans P 97 Gra_m.—pos_ltlve with Streptococci morphology; short TB22-1
chain; white or cream

Staphylocaceus lentus P 96 F_ormlng clqsterefi cocci; colonization of the skin of TB5-1
different animals; commensal

Leuconostoc Gram-positive cocci naturally found in milk products,

. P 86 L TB8-1

pseudomesenteroides vegetables, legumes and sometimes in human feces

Pantoea spp. N 93 2-3 mm; convex, rod shaped; bright yellow TB1-1

Dermacoccus nlshlno_mlyaenSIS P 97 Irregular clusters, short rods; orange TB2-1

(Kytococcus sedentarius)

Escherichia coli N 99 Rod shaped; yellow-amber TB10-1

GS: Gram, spore; P: Positive; N: Negative; P: Probability (%)

Table 2. Total bacterial counts on the shells of the eggs

Groups

Total bacterial counts (cfu/egg)

Fresh

Control (30 days storage)

3% propolis (30 days storage)
6% propolis (30 days storage)
9% propolis (30 days storage)

67.67x10%+3.38x10%
14.67x10%+2.67x10%
11.33x10%+0.33x10%
9.26x10%+0.16x10%
9.13x10%+0.03x10%

ab Different letters indicate significant differences between groups (P<0.01)
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Table 3. Egg quality traits

Groups pH Specific gravity (g/cm®) Yolk index Haugh unit
Fresh 8.68+0.032 1.0876+0.00122 50.12+0.732 90.11£1.612
Control (30 days storage) 9.42+0.02° 1.0447+0.0017° 34.5440.73° 39.45+3.41°
3% propolis (30 days storage) 9.4140.17° 1.0518+0.0026" 35.33+0.49° 34.86+3.65°
6% propolis (30 days storage) 9.40+0.01° 1.0530+0.0023" 33.17+0.75° 35.70+3.35°
9% propolis (30 days storage) 9.39+0.05° 1.0478+0.0028" 35.15+0.66° 41.86+3.17°

ab Different letters in the same column indicate significant differences between groups (P<0.01)

Total bacterial counts on the shells of fresh eggs or the
eggs exposed to propolis at varying concentrations are
presented in Table 2. After 30 days of storage, bacteria
were not detected in the samples from the internal parts of
the eggs in each treatment group, indicating that no entry
of bacteria into the egg can take place as long as the eggs
are stored under suitable conditions. It is worth mentioning
that the coating used for the control group contains ethyl
alcohol but no propolis.

Microbiological examination of the eggshells in the
present study clearly demonstrated that the total bacterial
counts in propolis treated groups were lower as compared
to the fresh eggs, which received no propolis (P<0.01;
Table 2). When we evaluate the total bacterial counts for
the control group, we observed that the increase in the
storage time resulted in decrease in the number of total
bacteria on the shells of the eggs. Moreover, coating of
eggs with propolis in a concentration dependent manner
resulted in significant decrease in the total bacterial counts
of the groups. It was observed that, coating the eggs with
6% propolis solution resulted in 37% decrease (from
14.67x10* to 9.26x10%) in the total bacterial counts on the
eggshells.

Some quality traits of the eggs exposed to different
treatments are given in Table 3. Best quality traits were
determined with the fresh eggs, which were significantly
higher than the other treatment groups (P<0.01; Table 3).
As clearly seen from the table, significant losses in quality
traits were detected in all groups after 30 days of storage.
Application of propolis at varying concentrations did not
lead to any significant changes in quality traits of the eggs.

The pH ranged between 7.6 and 8.5 in the fresh eggs
and increased up to 9.2 and 9.4 as the storage time
increased. Specific gravity of normal eggs varies in the
rage from 1.065 to 1.100 g/cm?® (Tiirkoglu and Sarica,
2014). Haugh unit and yolk index of eggs should be greater
than 79 and 46, respectively (Tirkoglu and Sarica, 2014).
The pH and specific gravity of the fresh eggs were found
within the acceptable values reported in the literature. High
yolk index and Haugh unit values were recorded in the
fresh eggs and were consistent with the values in the
literature. The values of all quality traits were deviated
from those of the fresh eggs when the eggs were stored for
30 days. Especially Yolk index and Haugh unit values
decreased very significantly. When the control group was
compared with the propolis coated groups, it was observed
that the losses in the quality traits after 30 days of storage
occurred to the similar extents. So, it is clear that coating
of eggs with propolis did not influence the quality traits of
the eggs (Table 3). If we compare the results of our study
with literature, Copur et al. (2008) coated eggs with ethyl
alcohol, 5%, 8% and 10% propolis and stored for four
weeks at room temperature (25°C) and found higher
albumen index and Haugh unit values in the eggs coated

with 8% and 10% propolis as compared to other treatment
groups. They also noted that during storage, albumen
height decreased whereas albumen pH increased more in
the eggs of the control, alcohol or 5% propolis groups
compared to the eggs of 8 and 10% propolis groups. The
authors suggested that coating of eggs with 10% propolis
extract improved interior egg quality during storage.
However, coating with 9% propolis did not generate
similar results. This difference between the study of Copur
et al. (2008) and the present study can be explained by the
storage temperature (25 vs 4°C, respectively) and implies
that propolis may be protective at higher storage
temperatures.

Conclusions

In conclusion, great efforts are spent to maintain quality
traits of eggs until their use by the consumers. In this
regard, studies on the storage methods, which will enable
to protect eggs from undesirable factors and to extend their
shelf life, are carried out. This study was designed for a
similar purpose and investigated the influence of propolis
coating and storage of eggs for 30 days on quality and total
bacterial counts. The results indicated that propolis
application under the conditions of the present study
resulted in significant decrease in the total bacterial counts
of the eggshells. Moreover, application of propolis at
varying concentrations did not lead to any significant
changes in quality traits of the eggs.
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