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ABSTRACT

Studies show that in the tropical region, like Indonesia, eggs have a low shelf life, ranging from 10 to 14 days when kept at
room temperature. The application of natural coating material, such as propolis, could improve the shelf life of eggs. However,
due to the high cost of the material, it is necessary to find more efficient application methods. In this study, propolis extraction
using aquadest as solvent was applied, by brushing and spraying, to 180 fresh eggs of local chicken (Gallus sp.) aged 24
hours with another 180 eggs, without propolis coating, designed as control. All eggs were kept in room temperature for 35
days and changes on the albumen index, yolk index, and height of air sacs were measured every 7 days. This study showed
that the different application methods did not significantly affect the value of the albumen index and yolk index for each
observation time, but haugh unit and height of the air cell. However, the result indicated that the application of propolis by
spraying maintained egg quality for a longer time than brushing and the average shelf life of eggs sold at the local market.
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INTRODUCTION

The chicken egg is a food which has a complete
balance of essential nutrients for human (Kinoshita,
et al., 2002). Furthermore, it also has a low cost
which increased its popularity as food in the low-
income population in Indonesia. However, the
nutrition quality of eggs starts to deteriorate
immediately after its laid and during storage. Rate
of deterioration is affected by strain and age of hen,
storage time and conditions (Stadelman, 1995). The
deterioration of egg is due to the change of the
internal part of the egg as the embryo is developed.
Even though eggshell protects the internal part of
the egg, it is porous and breathable; thus allowing
movement of moisture and carbon dioxide through
the shell which affects the life of the embryo
inside the egg (Wong et al., 1996). This may cause

physical and chemical changes in albumen and
yolk, reducing the weight and quality of egg for
consumers (Copur et al., 2008). Studies showed that
preventing movement of moisture and carbon
dioxide reduces the deterioration rate of the interior
part of the egg (Bhale et al., 2003). Furthermore,
combining it with sanitizing could significantly
increase the shelf-life of the eggs (Park et al., 2003).
Usually prevention of water and carbon dioxide
movement is conducted by the application of
coating material on eggshells while sanitizing by
disinfectant. Thus, the application of coating
material that sanitizes egg while reducing the
movement of water and carbon dioxide would
increase the effectiveness of egg preservation
procedure. One of the potential coating materials
which is considered safe for humans is propolis.

Propolis is a mixture of beeswax and results from
plant buds, leaves, and exudates (Ghisalberti, 1979)
which is collected by worker honeybees (Apis
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melifera), in temperate regions, and Trigona sp., in
tropical regions (Greenaway et al., 1990). Among
natural products, this substance has received more
attention due to its strong anti-bacterial, anti-fungal
and anti-viral properties against a wide range of
pathogenic microorganisms, and has been used in
various agricultural products as a coating material
to reduce a post-harvest loss (Burdock, 1998). Our
previous study showed that 2.5% of propolis extract
was the best concentration for coating. However,
since the high cost of production, it is necessary to
develop an efficient alternative coating method to
reduce material loss (Kinasih et al., 2015). Thus, in
this study, we tested the effect of spraying and
brushing as coating methods of propolis to the
preservation of egg quality. Furthermore, due to the
reluctance of most Indonesia people to apply ethanol
to food material and the high cost of ethanol
products, in this study, we applied propolis water
extraction as the main source for coating.

MATERIALS AND METHODS

Propolis extraction
Raw propolis extract was taken from the

beehives of Trigona sp. at Dago area in Bandung,
West Java. The propolis extract was prepared
according to Pujirahayu et al. (2015) with
modification. Raw propolis was immersed in 70%
ethanol with ratio 1:1 (w/w), kept inside a dark
bottle, and shaken on a rotator for 7 days. Ethanol
Extract Propolis (EEP) was obtained by filtering the
solution with filter paper. Before application,
Aquadest Extract Propolis (AEP) was produced by
mixing 200 ml of EEP and 200 ml 20 mM phosphate
buffer filter in a 500-ml flask and kept on a
magnetic stirrer for 20 min at 20°C. The mixture
was centrifuged at 7000 rpm for 15 min and the
supernatant was collected (Najafi et al., 2007). AEP
was then diluted with aqua dest to produce 2.5%
propolis solution.

Propolis application
About 540 brown and smooth eggs (no crack)

were used in this study. The eggs were sorted and
weighed (between 40–60 g) to reduce the variation
of eggs. Eggs were applied with 2.5% propolis
extract by brushing and spraying. Eggs were then
kept at room temperature for 35 days.

The degradation of the albumen index (AI),
yolk index (YI), the height of the air cell, and
Haugh Unit (HU) were measured every 7 days. For
sampling, each egg was broken on a flat surface,
using a transparent glass plate, where the height of
the albumen, diameter of the albumen, height of yolk
and diameter of the yolk was measured by a digital

caliper. Albumen index (AI) was calculated using
the formula:

where:
H = Albumen height (mm)
D1 = outer diameter of thick albumen (mm)
D2 = shortest diameter of thick albumen (mm)

Yolk index (YI) was calculated using the formula:

where:
h = Yolk height (mm)
d1 = outer diameter of yolk (mm)
d2 = shortest diameter of yolk (mm)

Haugh unit were calculated using the HU formula
(Raji et al., 2009):

HU = 100 log (H + 7,5 – 1,7 W0,37)

where H = height of albumen (mm); W = egg weight
(g).

Data analysis
The data was subjected to Duncan’s

multivariate Test to detect differences on each
parameter among all treatments. The generalized
linear model was produced to find the pattern of
changes in the albumen index, yolk index, height
of air cell, and Haught index with time. The data
collected was analyzed using SPSS ver. 22 and
PAST version 3.26.

RESULTS AND DISCUSSION

In general, all eggs showed lower albumen and yolk
index than premium eggs which may be due to low-
quality nutrition received during egg production.
Albumen index of all eggs of all groups decreased
with increasing storage period which agrees with the
result of Tilki and Saatci (2004) and Copur et al.
(2008). The effect of the application of propolis as
egg coating did not significantly influence the
change of albumen and yolk condition (p>0.05)
(Fig. 1). In the case of the albumen index, we found
slower albumen index reduction in the control group
compared to both coated groups. There were no
differences in the decreasing level of albumen
quality between both coated groups although the
level of reduction of eggs coated by spraying
method was slightly less than the brushing method
for a long time (Figure 1). Both coating methods
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were only able to maintain the albumen quality up
to 15 days. On the other hand, the application of
PWE by spraying was more likely to maintain the
quality of yolk for a long time compared to the
control group and brushing group (Figure 1). This
study also showed that the application of AEP as
a coating material for eggs could maintain the
albumen and yolk condition up to 21 days as
compared to the control group and brushing group
in which the quality of good yolk was only up to
15 days.

The results were contradictory to other studies
that egg coating prevented both albumen and yolk
deterioration (Park et al., 2003; Copur et al., 2008).
It seems that chemical composition of AEP, which
was highly different from alcoholic extracts (Park &
Ikegaki, 1998; Mello et al., 2010), was unable to
protect albumen and yolk deterioration, that is
mostly caused by increase in pH of inner egg
environment (Walsh et al., 1995; Samli et al., 2005).

Figure 2 shows that air cell size increased with
increased storage time. Increasing the height of the
air cell is caused by the development of chick. The
water vaporised through eggshell replaced by a mass
of oxygen diffusing into the egg is balanced by
carbon dioxide leaving the egg (Stadelman, 1995).
Air that replaces water vapor accumulates in the
air cell caused the increasing height of air cells
(Ar, 1991). The application of propolis by brushing
and spraying significantly maintained the quality of
egg based on the height of the air cell (p<0.05)
(Figure 2). Results also showed that both methods

did not show significant difference, which indicated
both methods could provide good coating results of
egg although the regression model showed a lower
slope of the brushing group which predicted slightly
lower height of air cell in a long time.

Increasing storage time reduced the HU of the
eggs, which is consistent with other studies (Samli
et al., 2005; Keener et al., 2006; Raji et al., 2009;
Singh et al., 2014). There are differences in the
initial HU of the eggs used in this study even though
all eggs were harvested at the same time from the
same age group of chicken, from a selected chicken
farm which indicated the variation of quality of the
eggs produced by local farms. This study showed
that both applications significantly showed a higher
rate of HU reduction in the control group (Figure
3). The results were not similar to studies showing
the positive impact of coated eggs on HU (Homler
& Stadelaman, 1963; Tanabe, 1978; Park et al.,
2003). During storage, carbon dioxide is lost
through the pores of the eggshell (Sharp & Powel,
1931). This condition increases the pH of the
albumen (Chukwuka et al., 2011). Increasing pH
will cause some denaturation of proteins and a
decrease in HU (Stadelman, 1995). Besides storage
time, other factors that can negatively affect HU are
hen genetics, hen age, and disease (Toussant &
Latshaw, 1999). It seems that the application of
propolis water extraction improved the rate of gas
exchange between the inner and outer part of the
egg. Further studies are required to test this
hypothesis.

Fig. 1. Changes of albumen index (above) and yolk index (below) for eggs applied with propolis extract at different methods.
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Fig. 3. Changes of Haugh Unit for eggs without propolis coating and with propolis coating by brushing and spraying.

Fig. 2. Changes of the height of the air cell for eggs applied with propolis extract at different methods.

Similar to the result in air cell, the effect did not
significantly vary between both methods during the
study period. However, based on the regression
linear model of data, we found a lower slope of the
spraying group which may predict that in a long time
spraying group would have higher HU than the
brushing group.

The changes in the albumen index, yolk index,
the height of air cell, and Haugh unit values did not
show the positive impact of propolis water extraction
coating to maintain the best quality of eggs.
Between both coating methods, eggs spraying-
coated by propolis water extraction was slightly
more useful than brushing-coated propolis in the
longer storage time.
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