
  INTRODUCTION 
  Numerous infectious organisms can colonize the egg 

before and after laying. In addition to surface contami-
nation, a freshly laid egg is wet and warm, and the 
cuticle is immature and some pores may be open, thus 
susceptible to penetration by microorganisms (Board, 
1966; Williams et al., 1968; Mayes and Takeballi, 1983; 
Bruce and Drysdale, 1994). 

  When laid, the number of bacteria on the shell range 
from 300 to 500. This number may increase up to 20,000 
or 30,000 bacteria rapidly in one hour after the egg 
was laid (North and Bell, 1990). Typical contaminants 
are Salmonella, Pseudomonas (Jones et al., 2004), co-
liforms and Escherichia coli (Singh et al., 2009). Yeast 
and mold have also been monitored as well (Jones et 
al., 2011). 

  Lactobacillus spp. and Micrococcus spp. from the ova, 
Salmonella ssp. (Salmonella Enteritidis and host-spe-
cific Salmonella Gallinarum and Salmonella Pullorum) 
are able to translocate to the ova via the blood from 
the alimentary canal (Gordon and Tucker, 1965). Harry 

(1963) suggested the possibility of direct infection of 
the ovarian tissue itself; however, infection of the ova 
can occur in the oviduct as well. Although Micrococ-
cus, Streptococcus, and coli-aerogenes organisms are the 
dominant contaminants (Harry, 1963), Staphylococcus 
aureus, Salmonella spp., and Pasteurella spp. have also 
been isolated from the oviduct (Mayes and Takeballi, 
1983). 

  Egg contamination occurs most frequently after ovi-
position and contaminants may be divided into patho-
gens (e.g., Salmonella Enteritidis) or spoilage bacteria 
(e.g., Aeromonas, Enterobacter, Proteus, and Pseudo-
monas). Some infectious organisms can pass through 
the eggshell in contact with feces or bedding. There-
fore, sanitation is essential in successful hatching egg 
production. Several sanitation methods are available. 
Fumigation, spray application, UV light, and wash-
ing with appropriate sanitizer are common practices 
(Adler et al., 1979; Arhienbuwa et al., 1980; Proud-
foot et al., 1985; Kuhl, 1989; Sacco et al., 1989; Whis-
tler and Sheldon, 1989; Coufal et al., 2003). Sanitation 
practices depend on the size of operation, history of the 
disease problems at the site, and the capacity of the 
equipment. In the case where hatching eggs were not 
sanitized before incubation, excessive bacterial contam-
ination and subsequent growth can lead to decreased 
hatchability, poor chick quality, and poor growth/per-
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  ABSTRACT   Propolis is a sticky resin produced by 
worker honeybees from substances collected from 
plants, and it has strong antibacterial and antifungal 
properties. The purpose of this study was to establish 
the effects of propolis on egg weight loss, hatchability, 
chick performance, and to control microbial activity 
naturally occurring on eggshells. A total of 750 fresh 
eggs was randomly divided into 5 groups. Eggs from 
the first group were sprayed with ethyl alcohol (70%, 
A), the second group was sprayed with benzalkonium 
chloride (B), and the third, fourth, and fifth groups 

were sprayed with propolis at 3 doses: 5, 10, and 15%. 
Eggs sprayed with propolis had lower egg weight loss 
than eggs from groups A and B (P < 0.001). Bacte-
rial activity was reduced significantly in all propolis 
groups. There were no significant differences between 
treatments for hatchability, embryonic mortality, BW 
gain, and relative growth. Results of the present study 
indicated that propolis could be an alternative hatching 
egg disinfectant versus a chemical disinfectant, without 
adverse effects on hatchability and performance of quail 
chicks. 
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formance (Scott and Swetnam, 1993) and to increased 
mortality (Reid et al., 1961).

Human health, environmental concerns, and con-
sumers’ demand for residue-free food require evalua-
tion of alternative, low-risk control methods. Natural 
biologically active compounds from plants are gener-
ally thought to be more acceptable and less hazard-
ous than synthetic compounds and represent a rich 
source of potential disease-control agents. As a result, 
increased interest is being shown in developing alterna-
tive methods to control microbial contamination reduc-
ing or eliminating reliance on synthetic pesticides. One 
such method involves the use of plant-derived-products, 
such as plant essential oils and propolis, which possess 
microbicidal effects.

Propolis is a sticky gummy resinous substance col-
lected by worker honeybees (Apis melifera) from young 
shoots and buds of certain trees and shrubs (Greenaway 
et al., 1990; Schmidt, 1997), and it has strong antibac-
terial, antifungal, and antiviral properties (Ghisalberti, 
1979; Krell, 1996; Bankova et al., 2000). Bees also use it 
to cover the inside of the hive and mix it with beeswax 
during the building of combs to protect the colony and 
larvae from pathogenic microorganisms, such as Bacil-
lus subtilis, B. alvei, Proteus vulgaris, and P. galangin 
(Ghisalberti, 1979). In addition, propolis has consider-
able antibiotic effects on Salmonella, Staphyloccus au-
reus, P. vulgaris, and Esherichia coli (Powers, 1964). 
Recently, investigations have indicated that the inter-
est for natural preservatives has increased. The use of 
propolis as an alternative preservative agent has been 
considered safe by consumers (Ghisalberti, 1979). Due 
to the antibacterial effects, propolis is used for pro-
tection of various agricultural products during storage. 
Copur et al. (2008) stated that covering table eggs with 
propolis improved interior egg quality during storage. 
The composition of propolis varies with the origin of 
the plant species. Bees tend to collect these resins from 
a large variety of trees and shrubs to take advantage 
of the antibacterial, antifungal, and antiviral effects 
(Krell, 1996).

Keeping all of these points in consideration, an at-
tempt has been made in the present study to find out 
the practical applicability of propolis to control micro-
bial activity naturally occurring on the eggshell and 
to determine its effect on hatchability, embryonic mor-
tality, and performance of quail (Coturnix coturnix ja-
ponica) chicks.

MATERIALS AND METHODS

Breeder Flock
In total, 750 fresh eggs (unwashed, feces-free) were 

obtained from Japanese quail (Coturnix coturnix ja-
ponica; 13 wk of age) that were raised on the Research 
and Application Farm of Agricultural Faculty, Selcuk 
University (Konya, Turkey). The quail were housed in 
battery cages (1 male:2 female) and a photoperiod of 

16L:8D. The quails were fed a breeder diet containing 
2,901 kcal of ME/kg and 20% CP (Table 1). Food and 
water were provided ad libitum.

Preparation of Solutions
Propolis was collected from honey bees in Hatay 

(Turkey), in 2010 and extracted according to the meth-
od suggested by Krell (1996). A 5% propolis solution 
was prepared by mixing 950 mL of 70% ethyl alcohol 
and 50 g of propolis; a 10% propolis solution was pre-
pared by mixing 900 mL of 70% ethyl alcohol and 100 
g of propolis. A 15% propolis solution was prepared 
by mixing 850 mL of 70% ethyl alcohol and 150 g of 
propolis. Solutions were kept in a container, the top 
was sealed, and it was shaken twice daily for one week. 
Each solution was filtered (coarse filter) separately and 
was kept in a clean, dark bottle at 4°C until use.

Application of Solutions
Eggs were collected between 1100 h and 1700 h and 

were stored at 22°C overnight before application of 
disinfectant. The eggs were randomly divided into 5 
groups of 150 eggs. Because the propolis was dissolved 
in ethyl alcohol, the first group was sprayed with ethyl 
alcohol (70%; A) to determine whether there was any 
synergistic effect. The second group was sprayed with 
benzalkonium chloride solution (B). The third, fourth, 

Table 1. Composition of the diet 

Item (%, unless noted)

Amount

Grower Breeder

Ingredient
 Corn, yellow 47.00 43.50
 Soybean meal, 45% 40.30 29.50
 Sunflower meal, 28% 6.80 7.00
 Barley — 7.78
 Limestone 1.15 5.43
 Dicalcium phosphate 0.90 1.32
 Salt 0.30 0.30
 Vitamin premix1 0.15 0.15
 Mineral premix2 0.10 0.10
 dl-Methionine — 0.15
 Vegetable oil 3.30 4.77
 Total 100 100
Calculated value   
 CP 24.10 20.00
 ME (kcal/kg) 2,912 2,901
 Ca 0.80 2.50
 Available P 0.30 0.35
 Sodium 0.15 0.15
 Lysine 1.29 1.02
 Methionine + cystine 0.78 0.81
 Threonine 0.92 0.75
 Tryptophan 0.40 0.30

1Vitamin premix supplied per kilogram of diet: vitamin A, 8,000 IU; 
vitamin D3, 2,200 IU; vitamin E, 13 IU; vitamin K3, 2.67 mg; vitamin 
B1, 2.5 mg; vitamin B2, 4.67 mg; vitamin B6, 3.33 mg; vitamin C, 33 mg; 
calcium d-pantothenate, 6.67 mg; nicotine acid, 17 mg; d-biotin, 0.03 
mg; folic acid, 0.67 mg; and vitamin B12, 0.01 mg.

2Mineral premix supplied per kilogram of diet: Cu, 5 mg; Fe, 60 mg; 
Mn, 100 mg; Zn (ZnO), 60 mg; Se, 0.15 mg; Co, 0.50 mg; and choline, 
125 mg.

1019EFFECTS OF PROPOLIS ON EGGSHELL MICROBIAL ACTIVITY



and fifth groups were sprayed with propolis at 3 dos-
es: 5 (P5), 10 (P10), and 15% (P15). Benzalkonium 
chloride is widely used as a sanitizer and disinfectant 
for hospital, livestock, and water treatment (Klimek 
and Bailey, 1956; Russell et al., 1992; Tebbs and El-
liott, 1993; Gradel et al., 2005; Thomas et al., 2005). 
The solutions were taken (15 mL of each solution) and 
sprayed onto the egg, using a hand sprayer, to cover the 
whole surface. After applications, the eggs were allowed 
to dry at 22°C for 10 min. A total of 74 eggs from each 
treatment was numbered and weighed at the beginning 
and on d 14 of incubation to calculate the moisture 
loss. Eggs containing dead embryos and unfertile eggs 
were excluded from the calculation percentage of egg 
weight loss.

Incubation Management
Eggs were incubated in a commercial incubator 

(Çimuka Incubator Co., Ankara, Turkey) with a dry-
bulb temperature of 37.5°C and 60 to 65% RH until 
d 14 of incubation when incubator conditions were 
changed to 37.2°C and 75% RH at the Department of 
Animal Science, Agriculture Faculty, Konya, Turkey. 
Eggs were turned through 90° once every 2 h.

Microbiological Analyses
The 5 eggs per group were taken for microbiological 

analysis at 1, 7, and 14 d of incubation and immediate-
ly placed on sterile stomacher bags containing 50 mL 
of sterile PBS (pH 7.2). A whole-egg washing technique 
was used to recover the shell-associated microorgan-
isms for estimating the total aerobic mesophilic bacte-
ria, coliforms, Salmonella ssp., Staphylococcus ssp., and 
mold-yeast. Serial dilutions were made in PBS and then 
were inoculated into sterile Petri plates (Gentry and 
Quarles, 1972; Jones et al., 2002). Colonies were mea-
sured as log cfu/egg.

Media and incubation conditions used in microbio-
logical analysis are shown in Table 2. Coliforms were 
determined with the most probable number technique. 
The incubated tubes that showed a yellow tint (acid 
production) and gas were considered to be positive. 

Confirmation of E. coli was carried out by indole, 
methyl red, Voges-Proskauar, incubation temperature, 
and citrate (IMVIC) tests. Suspected Staphylococcus 
ssp. colonies were tested for coagulase activity and con-
firmed by other biochemical reactions.

Hatching
Between 360 and 416 h of incubation, transferred 

eggs were checked individually every 8 h, and hatched 
chicks were recorded. After 17.5 d of incubation, all 
hatched chicks were removed from each hatch basket.

At d 17.5 of incubation, unhatched eggs were opened 
to establish the stage of embryonic mortality. The stag-
es of embryonic mortality were classified as follows: d 1 
to 9 (black-eye visible and embryo without feathers), d 
10 to 17 (embryo with feathers and embryo with yolk 
out), and d 17 to 18 (full-grown embryo dead and with 
yolk subtracted). Fertility was calculated as the per-
centage of set eggs. The hatchability was calculated as 
both set eggs set and the fertile eggs.

Chick Performance Procedure
After 17.5 d of incubation, 52 chicks per group (13 

chicks/pen) were randomly selected to growth to deter-
mine their performance for 10 d. Chicks were weighed 
and identified with a leg ring number. Chicks were 
raised (4 pens/group) in different pens with 13 chicks 
per 0.29 m2. During the 10 d of growing, a grower diet 
(2,912 kcal of ME/kg and 24.1% CP) was provided ad 
libitum (Table 1). Room temperature was set at 33°C. 
The photoperiod was 23L:1D. At the end of 10 d, all 
chicks were individually weighed (without leg ring). For 
each chick, the BW of d 1 (BW1) and the BW of d 
10 (BW10) were used to calculate the relative growth 
(RG), where RG was defined as RG = 100 × (BW10 – 
BW1)/BW1.

Statistical Analysis
Fertility, hatchability of set, hatchability of fertile 

eggs, and embryonic mortality were phenotypes of 
interest and analyzed using binary logistic regression 

Table 2. Media and incubation conditions used in microbiological analysis 

Microorganism Medium1

Incubation conditions

Reference
Temperature  

(°C)
Time  
(d)

Total aerobic mesophilic bacteria Plate count agar (5% NaCl was added) 37 2 APHA, 1993
Mold-yeast Potato dextrose agar (pH 3.5; acidified with 10% 

tartaric acid)
20 5 Pitt and Hocking, 

1985
Coliform bacteria MacConkey’s broth 37 2 WHO, 1993
Escherichia coli MacConkey’s broth 44 1–2 APHA, 1993
Staphylococcus ssp. Baird Parker agar (supplemented with 5% egg 

yolk-tellurite)
37 2 IAEA, 1970

Salmonella ssp. Selenite cystine broth and 37 1 ISO, 1993
bismuth sulfite agar 37 1

1Merck, Darmstadt, Germany.

1020 AYGUN ET AL.



analysis. The BW at d 10 and BW gain were analyzed 
using GLM by including the BW at d 1 as a covariate. 
Bacterial activity, egg weight loss, hatching time, and 
relative growth were analyzed via one-way ANOVA. 
The least significant difference test was applied to de-
tect statistically significant differences between groups. 
All analyses were carried out by using Genstat (Payne 
et al., 2003).

RESULTS AND DISCUSSION

Microbiological Activity
Application of different disinfection solutions signifi-

cantly (P < 0.001) affected total aerobic mesophilic 
bacteria values (Table 3). Surface flora of hatching 
eggs decreased (P < 0.001) with the increased propo-
lis concentration. The microbial count at incubation 
periods of 1 d decreased from 5.35 to 2.21 log cfu/egg 
within the P15 propolis treatment. The decreased rate 
of microbial loads continued parallel with progressive 
incubation durations. The lowest and the highest total 
aerobic mesophilic bacterial counts of all storage peri-
ods were determined in the P15 treatment and in the 
alcohol control treatment, respectively. Fasenko et al. 
(2009) found that spraying eggs with electrolyzed oxi-
dizing water resulted in the reduction of total aerobic 
bacteria counts. Kuo et al. (1997) evaluated different 
UV (254 nm) treatment times (0, 15, and 30 min) at an 
intensity of 620 μW/cm2 and also different intensities 
(620, 1,350, and 1,720 μW/cm2) at a treatment time of 
15 min. For all UV treatments, a 2-log reduction of cfu 
of aerobic bacteria per eggshell was observed. The visi-
bly clean eggshell surfaces initially contained 5.0 log cfu 
aerobic bacteria per eggshell. Favier et al. (2001) found 
a reduction of 1.6 log on uninoculated, clean eggs after 
a UV exposure for > 25 min (254 nm; 4,573 μW/cm2).

Significant (P < 0.001) differences were also found in 
values of coliform bacteria, which were entitled as a fecal 
contamination indicator in foods, among study groups 
with respect to the type of disinfectant. Although the 
microbial inhibition of coliforms in the control group 
(alcohol treatment) was circa 10%, this value in the P5 
treatment group increased to 26%. Microbial inhibition 
raised to 70% with the increased propolis concentra-
tions. The lowest coliform count (1.16 log cfu/egg) was 
obtained from the P15 treatment. The increasing coli-
form count was obtained during the incubation period. 
Although the increase of the coliform count was 0.7 
log units from the P15 treatment, it was 1.2 log units 
in the alcohol-treated group. Cox et al. (1994) stated 
that the number of total bacteria and coliform bacteria 
were significantly reduced by washing the eggs with 
a sanitizing solution. Effective washing and sanitizing 
of hatching eggs at the breeder farm can eliminate or 
reduce an assortment of bacteria, a result which in turn 
may increase hatchability and may reduce the number 
of new hatched chicks contaminated with human food-
borne pathogens, such as Salmonella (Cox et al., 1994).T
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The colony count of Salmonella ssp. was reduced (P 
< 0.001) by disinfection treatments. Application of 
propolis in all incubation periods diminished the Sal-
monella count. Salmonella values of the alcohol-treated 
group were higher than the other treatment groups. 
Salmonella counts at the beginning and at the end of 
the incubation period were observed to be 2.87 and 
3.88 log cfu/egg, respectively. Salmonella inhibition of 
the P15 treatment at the incubation beginning and end 
increased from 60 and 62%, respectively. Salmonella 
counts after 7 d of storage were not different between 
the P10 and P 15 treatments.

Staphylococcus ssp. counts in all incubation periods 
decreased with the higher propolis concentrations. Al-
though the inhibition rate at the beginning of incuba-
tion for the P5 treatment was 43%, it increased to 56% 
in the P15 treatment. At d 14 of incubation, Staphy-
lococcus ssp. obtained a 23% reduction from treatment 
B, while this rate of treatment P15 was 50% lower than 
treatment A. This result confirmed that obtained by 
Alencar et al. (2007) and Rahman et al. (2010), who 
stated that propolis has antimicrobial activity against 
Staphylococcus aureus.

Although E. coli, S. aureus (inoculated eggs), and S. 
linens or S. equorum (major flora on clean eggs) require 
a comparable amount of energy to be deactivated by 
UV (6,600 μJ for E. coli and 5,720–6,600 μJ for Staph-
ylococcus sp., respectively; Srikanth, 1995), our study 
showed that the propolis addition was clearly more ef-
fective on coliforms and Staphylococcus ssp.

Mold-yeast counts of A- and B-treated groups at the 
beginning of incubation were 5.67 and 4.10 log cfu/

egg, respectively. This count decreased with increasing 
propolis concentrations and it reached 2.43 log cfu/egg 
in P15. The inhibition rate increased to 55% at the end 
of incubation. The P15 treatment group was 1.07 log 
units lower than the P5 treatment for mold-yeast at 
14 d of incubation. The difference between P 10 and P 
15 treatments was not significant at the end of incuba-
tion. This result agrees with the findings of Longhini 
et al. (2007), who showed that propolis has antifungal 
activity.

Egg Weight Loss
The results of egg weight loss during the incubation 

of 0 to 14 d of embryonic development are given in 
Table 4. The rates of egg weight loss significantly varied 
between 9.21 and 10.58% among all groups. The egg 
weight losses of all propolis treatment groups were lower 
compared with those of the A and B groups. This might 
be explained by minimization of water loss through oc-
cluded egg pores after propolis treatment. There were 
no significant (P > 0.05) differences in egg weight loss 
among propolis groups. Egg weight loss is an important 
parameter for incubation. Geng and Wang (1990) re-
ported that too-fast moisture loss was disadvantageous 
for the normal embryonic development.

Fertility, Hatchability, and Embryonic 
Mortality

The sanitizer’s effect on hatchability and embry-
onic mortality are shown in Table 5. Treatments had 
no effect on fertility, hatchability of set (B, 92.59%; 
A, 97.04%; P5, 97.78%; P10, 97.04%; P15, 93.33%), 
or hatchability of fertile eggs (B, 94.02%; A, 97.75%; 
P5, 98.52%; P10, 98.49%; P15, 94.73%). Propolis did 
not negatively affect the hatchability of eggs. These 
results agree with Yıldırım and Ozcan (2001) and Co-
pur et al. (2010), who found no significant differences 
using oregano oil and formaldehyde as disinfectants for 
hatchability. Similarly, no significant differences were 
observed between electrolyzed oxidizing water and the 
control group for hatchability (Fasenko et al., 2009). 
On the other hand, Yıldırım et al. (2003) stated that 
there were significant differences between oregano oil 
and formaldehyde treatments on hatchability. There 

Table 4. Effects of hatching egg sanitizers on percentage of egg 
weight loss during incubation (%) 

Group1 n Egg weight loss

A 72 10.58a

B 70 10.41a

P5 73 9.73b

P10 72 9.28b

P15 70 9.21b

Pooled SD  1.33
a,bMeans within a column with different superscripts differ signifi-

cantly (P < 0.001).
1A: 70% ethyl alcohol, B: benzalkonium chloride, P5: 5% propolis, 

P10: 10% propolis, P15: 15% propolis.

Table 5. Effects of hatching egg sanitizers on fertility, hatchability, and embryonic mortality (%) 

Group1 n Fertility
Hatchability 
of set eggs

Hatchability 
of fertile eggs

Embryonic mortality 
(% of fertile eggs)

1 to 9 d 10 to 17 d 17 to 18 d

A 135 99.26 97.04 97.75 1.51 0.20 0.00
B 135 98.52 92.59 94.02 2.99 0.40 1.48
P5 135 99.26 97.78 98.52 0.00 0.00 1.48
P10 135 98.52 97.04 98.49 0.74 0.20 0.00
P15 135 98.52 93.33 94.73 4.53 0.20 0.00
P-value  0.649 0.792 0.649 0.549 0.525 0.144

1A: 70% ethyl alcohol, B: benzalkonium chloride, P5: 5% propolis, P10: 10% propolis, P15: 15% propolis.
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was also a significant decrease in hatchability when 
formaldehyde fumigation was used at longer durations 
and higher concentrations (Williams and Gordon, 1970; 
Cadırcı, 1997). We did not find a significant increase 
in embryonic mortality at any stage of incubation 
among all treatment groups. These findings do agree 
with Copur et al. (2010) and Elibol et al. (2003), who 
stated that disinfectants had no increasing effect on 
early embryonic mortality. Conversely, Yıldırım et al. 
(2003) reported a significantly higher mortality rate af-
ter formaldehyde treatment compared with oregano oil 
treatment. The use of P15 may be toxic for the embryo, 
especially at 1 to 9 d of incubation.

Spread of Hatch
Hatching began at 368, 377, 377, 377, and 385 h of 

incubation duration in B, A, P10, P15, and P5 groups, 
respectively (Figure 1). Hatching ended in all groups at 
416 h of incubation. The lowest hatching was observed 
in group B (56%) at 385 to 392 h of incubation. No 
significant differences were found among P15 (92%), A 
(89%), and P5 (83%) groups, but P15 had a significant-
ly higher hatching percentage than that of P10 (82%) 
at 385 to 392 h of incubation. There were no significant 
differences among groups at other hatching times. A 
narrow hatch window (spread between early and late 

hatched chicks) is important for commercial breeders, 
because there will be homogeneity for chicks. A spread 
in the hatching period will increase the number of chicks 
that will be delayed access to water and food. Extended 
hatching causes chicks to dehydrate, reduces posthatch 
performance, and depresses immune response (Becker, 
1960; Pinchasov and Noy, 1993; Casteel et al., 1994; 
Bigot et al., 2003; Gonzales et al., 2003).

Chick Performance
The effect of hatching egg sanitizer on BW on d 10, 

relative growth, and BW gain are shown in Table 6. 
There were no significant differences between treat-
ments in terms of BW, relative growth, and BW gain. 
Propolis did not have a negative effect on performance 
traits. The results of this study agree with the find-
ings of Copur et al. (2010), who reported no significant 
differences with respect to BW and BW gain follow-
ing oregano oil or formaldehyde treatment. Likewise, 
Fasenko et al. (2009) showed that application of elec-
trolyzed oxidizing water did not affect BW in broilers.

Mortality
No significant differences were observed among treat-

ments for growth performance during d 10 (data not 

Figure 1. Effects of hatching egg sanitizers on spread of hatch. A: 70% ethyl alcohol, B: benzalkonium chloride, P5: 5% propolis, P10: 10% 
propolis, and P15: 15% propolis.

Table 6. Effects of hatching egg sanitizers on BW at d 10, relative growth, and BW gain 

Group1 n
BW  

d 1 (g)
BW  

d 10 (g)
Relative  
growth

BW  
gain (g)

A 51 7.98 40.21 404.51 32.23
B 51 7.89 41.14 422.05 33.25
P5 52 7.99 40.88 412.16 32.89
P10 52 7.90 40.99 419.46 33.09
P15 52 7.85 41.17 425.49 33.32
P-value  0.381 0.808 0.313 0.721
Pooled SD  0.418 4.428 55.07 4.328

1A: 70% ethyl alcohol, B: benzalkonium chloride, P5: 5% propolis, P10: 10% propolis, P15: 15% propolis.
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shown). Mortality in the A and B groups was 1.92%, 
whereas there was no death in all P groups.

Conclusion

The results of this study demonstrated that propolis 
could be used effectively to make a reduction in mi-
crobial activity on the surface of quail hatching eggs. 
Propolis did not negatively affect hatchability, embry-
onic mortality, or relative growth. Based on the results 
of this study, propolis may provide an effective, safe, 
and nontoxic natural hatching egg sanitization.
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