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Introduction

Avian colibacillosis is an infectious disease of birds caused 
by Escherichia coli. It is considered as one of the principal 
causes of morbidity and mortality, associated with heavy 
economic losses to the poultry industry. Avian colibacillosis 
has been noticed to be a major infectious disease in birds of 
all ages. This disease has an important economic impact on 
poultry production worldwide. The majority of economic 
losses of this disease are mortality and decreasing in 
productivity of the affected birds [12]. Fecal contamination 
of egg may result in the penetration of E. coli through the 
eggshell and may spread to the chickens during hatching. It 
is often associated with high mortality rates, or it may give 
rise to yolk sac infection [10]. Fecal contamination of the 
eggshell is possible during the passage of the egg through 
the cloaca after laying. The latter possibility is considered as 
the main route of infection for the egg [11]. Before hatching, 
E. coli causes yolk sac infection and embryo mortality. The 
chick can also be infected during or shortly after hatching. 
In these cases, retained infected yolk, omphalitis, septicemia 
and mortality of the young chicks up to three weeks of age is 

seen [11]. A first step is the prevention of egg contamination 
by fumigating them within two hours after lay, and by 
removing cracked eggs or eggs soiled with fecal material 
[10]. However, the contamination of egg shells is inevitable. 
Therefore, disinfection of fertile egg before setting in 
hatchery is necessary to reducing egg contamination. Hence, 
it is tried in this investigation to evaluate the efficiency of a 
widely spectrum disinfectant (Virkon SR) with commercial 
conditions (using of formaldehyde gas) in disinfecting 
surface of eggs, and the biological characteristics of fertile 
eggs such as the rate of hatchability, survival of hatched 
chicks, microbial culture of the chicks and probably losses 
of chicks.

Materials and methods

120 fertile eggs are prepared from Behjoujeh Zagros 
Aviculture (Chaharmahal-va-Bakhtiyari province, Iran) 
to compare the efficacy of the Virkon S® and formaldehyde 
gas in decreasing bacterial contamination of eggshells from 
fertile eggs. The eggs were disinfected primary in the breeder 
farm (2 hours after laying) and the one-week were stored 
in the refrigerator and then transferred to microbiological 
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RESUME
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laboratory. We divide 120 eggs into four groups (with 3 
replicates). In the first group, fertile eggs were disinfected 
with Virkon SR with 1/100 dilution. In the second group, 
the fertile eggs were disinfected with Virkin S® with 1/200 
dilution. In the third group, the fertile eggs were disinfected 
with formaldehyde gas (by conventional commercial 
method). In the fourth group, the fertile eggs were sprayed 
with distilled water as negative control.

Virkon S® (Dupont co., USA) is a wide commercial 
disinfectant, being effective against viruses, bacteria and 
fungi. This material is in the form of pink powder, easily solved 
in water, providing a uniform and transparent substance 
with the same color. Virkon S® is a balanced, stabilized blend 
of peroxygen compounds, surfactant, organic acids and 
inorganic buffer. 

In the current study, Virkon S® was used with the dose 
of 1500 ppm, and to provide the dose, the prepared solution 
(in the volume of one ml) is sprayed on each egg. After 
spraying, the fertile eggs were remained in room temperature 
for drying. The eggs that are exposed to formaldehyde gas 
were disinfected in the incubator, with the usual dose and 
method (with commercial conditions). Then, in aseptic 
conditions, the eggs were incubated and the rate of hatching 
eggs is considered in the different groups. Moreover, the 
rate of survival of the hatched chicks in the first week of life 
and bacteriology culturing [2] from the death embryos were 
analyzed.

All the fertile eggs were incubated for 18 days with the 
temperature of 37.5ºC and 55% of relative humidity, with 
minimum 4 daily turning in the vertical position. After 18 
days of incubation, the fertile eggs were placed horizontally in 
the hatchery tray, being incubated without turning in 36.5ºC 
and 70% of relative humidity. After hatching, the chicks were 
taken out of the incubator, and kept in 32-33ºC with free 
access to water and feed. The rate of hatching chicks from the 
fertile eggs was recorded at this stage, for each group.

After the end of the 22nd day, the fertile eggs that were 
not hatched were opened and the yolk sac or the heart was 
sampled for bacterial cultures. The chicks were taken under 
the care for 7 days, and the rate of survival of the chicks in the 
groups was analyzed and compared.

The chicks that died in first 7 days after hatching were 
examined bacteriologically by culturing of the yolk or heart. 
At the end of 7 days old, the weight gain, rate of consuming 
feed and Feed conversion rate (FCR) in different groups were 
calculated.

Sigma State 2.0 software was used to analyze the data. 
Data was analyzed with One away ANOVA for investigation 
of significant differences between the different groups. If the 
difference was between groups, it was evaluated by Tukey 
test. The significant difference level for was considered to be 
P<0.05.

Results

RATE OF HATCHABILITY

Comparison of the rate of hatching in the groups 
receiving disinfectants and the control group shows that 
using formaldehyde and Virkon S® (1/200 dilution) have no 
effects on hatching of the eggs, while using Virkon S® (1/100 
dilutation) could significantly reduce the rate of hatching of 
fertile eggs for broilers (P=0.002). (Table I).

SURVIVAL RATE

Comparison of the affected embryos by E. coli in different 
groups receiving disinfectants shows that using formaldehyde, 
Virkon S® (1/100) and Virkon S® (1/200) could significantly 
reduce the contamination to E. coli of the lost embryos ( 
reliability levels of 0.18%, 0.12% and 0.33%, respectively). In 
other words, it is shown in a general comparison that there 
is a significant relation between using disinfectants and 
reducing infection of the embryos (P=0.005) (Table II).

Comparison of the survival rate of hatching chicks in 
different groups receiving disinfectants shows that using 
formaldehyde, Virkon S® (1/100) and Virkon S® (1/200) could 
significantly reduce losses of the 1st week. In other words, it 
increases the survival rate of hatching chicks during the first 
week (P<0.005). Thus, there is a significant relation between 
using disinfectants and reduction of 1st week losses (P<0.001) 
(Table III).

GROWTH INDICES

Results show that the weights of hatching chicks in the 
group disinfected by formaldehyde are significantly higher 
than the groups receiving Virkon S® (1/200) (P<0.05), while 
no significant difference exists between the other groups.

Comparison of weights and feedings by the end of the 
first week show that the group receiving formaldehyde or 
Virkon S® (1/100) had higher rates in weight and feeding. 
Thus, statistically, a significant difference exists between the 
groups that were disinfected by formaldehyde or Virkon S® 
(1/100) with other groups, while no significant difference is 
observed between these two groups.

Comparison of the FCR at the end of the first week of 
age shows that no significant difference exists between these 
groups. (Table IV).

Discussion 

There are many pathogens that can infect fertile 
eggs comprising Proteus, Pseudomonas, Staphylococcus, 
Streptococcus, Colostrum, Bacillus cereus, Salmonella 
typhimurium and Enterococcus, but the main pathogen that 
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affects fertile eggs more than others is usually Escherichia coli 
[15]. This pathogen could enter the egg from the pores on 
the eggshell after contamination of the egg by feces. There 
are about 7000-17000 pores on an eggshell that provide a 
proper place for entering the bacteria [17, 20]. On the other 
hand, there usually are about 100000 microorganisms on the 
surface of a clean eggshell [9], indicating necessary cleaning 
and disinfecting the fertile eggs for hatching. Furthermore, 
it is necessary to cleaning and washing the hatchery. The 
methods such as fumigation, spraying or in some cases 
applying UV radiation are usually used for disinfecting 
the hatchery and the fertile eggs [6]. About 80-85% of the 
infections are reduced by washing the hatchery, while the 
remaining microorganisms are eliminated by disinfecting. 
According to HACCP standards, disinfectants reduce 

about 99.99% of the microbes. However, not disinfecting 
the fertile eggs infects the embryos to E. coli, causing losses 
during embryonic stage or even the first week of growing. 
Thus, not disinfecting or improper disinfecting causes the 
growth of bacteria and hatching of low quality chicks as 
well as inappropriate performance of these chicks [16], and 
eventually increases losses during the first week of breeding, 
due to infection of the yolk sac [13].

Until now, the main and most effective disinfectant for 
reducing the contamination of fertile eggs is formaldehyde 
gas. Although formaldehyde is a super antimicrobial element 
and it is cheaper and more accessible as compared to other 
disinfectants, but if it is used improperly, it could lead to the 
death of embryos. Moreover, formaldehyde is a respiratory 

Virkon S®  
(1/200 dilution)

Virkon S®  
(1/100 dilution)

FormaldehydeControlGroups  
Condition

23152527No. of hatched chicks
71553No. of chicks not hatched

76.65083.3390Percentage of hatching
0.290.0020.70*P Value

Table I: Relation between using disinfectant substances and the rate of hatching eggs

Virkon S®  
(1/200 dilution)

Virkon S®  
(1/100 dilution)

FormaldehydeControlGroups 
Condition

1203Lost embryos that were affected by E. coli
61350Lost embryos that were not affected by E. coli

0.0330.0120.018*P Value

Table II: Relation between using disinfectant substances and the rate of affected infection in lost embryos in hatchery

Virkon S® 
(1/200 dilution)

Virkon S® 
(1/100 dilution)

FormaldehydeControlGroups 
Condition

22142414No. of remaining chicks at the end of 1st week
11113No. of dead chicks at the end of 1st week

95.6593.339651.85Percentage of chicks surviving at the end of 
1st week

0.0020.0070.001*P Value

Table III: Relation between disinfectant substances and the rate of first week losses in chicks

Virkon S® 
(1/200 dilution)

Virkon S® 
(1/100 dilution)

FormaldehydeControlGroups 
Component

45.0+3.00b47.7+3.26ab50+2.85a47.0+3.10abWeight in 1st day
145+4.39a136+4.02b147+5.16a138+4.69bWeight in 7th day
117+7.45a110+6.21b120+8.30a112+5.98bFeed consumption  in the 1st week
0.80+0.05a0.81+0.07a0.82+0.03a0.81+0.94aFCR at the end of 1st week

a, b, c: Different superscripts in each row shows the significant difference between the groups (P<0.05).

Table IV: Comparison of the components of growth in different groups
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stimulant that is harmful to humans. Due to the links of 
this composition to proteins, nucleic acids and unsaturated 
fatty acids it can denaturate of proteins. Also, formaldehyde 
has toxic effects and due to cytotoxic effects, it causes 
inflammatory reactions, necrosis and mutation effects and 
using of this material can cause cancer in humans [18].

Thus, as a general principle, disinfectant compositions 
should have wide spectral effects and minimal biological 
effects. Hence, in the recent study, special considerations are 
given to using the products that could be a proper replacement 
for formaldehyde gas. The present study deals with analyzing 
the effects of Virkon S® as a wide spectral disinfectant with 
high reliability [3] in disinfecting fertile eggs in comparison 
to formaldehyde gas.

The results of this study show that disinfecting fertile eggs 
could reduce the infections of embryos, reduce the first week 
losses and increase the weight and feeding during the first 
week, while it has no effects on hatching and FCR at the end 
of the first week.

Comparison of hatching rate in different groups shows 
that the lowest rate belongs to the group using Virkon S® 
(1/100 dilution), and the difference in hatching rate as 
compared to other groups is significant. The reason that all 
the receiving groups of disinfectants could improve hatching 
of chicks, but using Virkon S® (1/100 dilution) has reduced it 
may be due to toxic effects of the high dose of this composition 
on the primary embryo, since spraying the disinfectant on 
fertile eggs causes the penetration of this composition from 
the pores of the eggshells into the egg content, that provided 
toxic effect on the embryo.

Investigations on the effects of some disinfectants with 
different effective substances, including the ordinary method 
of using formaldehyde, combination of bleach and an organic 
acid and chloride derivatives, on the rate of hatching, and 
showed that disinfectants with different effective substances 
have no considerable effects on the rate of hatching [5]. Also 
disinfecting of fertile eggs with hydrogen peroxide has no 
effects on the rate of hatching [14]. Although the results of 
these studies are concurrent with the recent research about 
the ineffectiveness of disinfectants on the rate of hatching, 
but there is another report shows that some disinfecting 
substances could reduce hatching. The hatching rate of fertile 
eggs that confront with disinfectants is 6% less than the fertile 
eggs that are not disinfected [2]. Comparison of the average of 
the hatching rates of the recent study shows that disinfecting 
the eggs with formaldehyde reduces 6.6% hatchability while 
disinfecting with Virkon S® (with 1/200 and 1/100 dilution) 
could reduce 13.4% and even 50% hatchability. However, it 
seems that the disinfectant compositions, dilution and the 
duration of exposure are important and effect on outcome 
of hatchability. In this regard, the hatching rate of the eggs 
disinfected by UV radiation or negative ions was relatively 
more than the ordinary method of formaldehyde gas 

[8]. Moreover, ozone has better effects on hatching than 
formaldehyde (91.79% against 91.10%) [7].

Regarding to the 6.6% reduction in hatchability in the 
group receiving formaldehyde, it seems that gaseous or spray 
disinfectants could have biocide effects and be rather toxic for 
the embryos. Thus, the replacement of formaldehyde by safety 
biologic compound for human health and environmental 
health care is necessary.

The results of recent study show that disinfectants by 
reducing the rate of infection of fertile eggs have great roles 
in promoting health and survival of hatching chicks. The 
eggshell contamination with feces provides a suitable place 
for growth of bacteria [4, 5, 19]. Analysis of the effects of 
disinfectants on the population of bacteria showed that 
different compositions of disinfectants have negative effects 
on the total population of the bacteria [1, 5], such that the rate 
of infection of an egg affect the rate of survival and growth 
of the chicks. There is a study that has dealt with the effect of 
hydrogen peroxide in the form of fumigation on the survival 
and growth indices. It showed that using hydrogen peroxide 
as a disinfectant of fertile eggs has no effect on survival of 
chicks, their weight and also the feed conversion rate (FCR), 
but increase the duration of survival of the yolk sacs in the 
hatched chicks [14].

The results of this study are in conformity with the results 
of other studies about the lack of affect ability of the FCR, 
but regarding the effects of disinfecting on the body weight 
and food intake, the recent study indicates that disinfecting 
with formaldehyde and Virkon S® (1/200 dilution) could 
improve the body mass index and food intake during the 
first week, and the improvement may be due to reducing the 
contamination of the eggshell and reducing the events for 
infecting the yolk sac.

No studies have yet been done on using Virkon S® as a 
substitute for formaldehyde gas in hatchery. In the recent 
research, as a basic study, it was shown that Virkon S® with 
1/200 dilution could compete with formaldehyde in the 
investigated parameters in this study. However, regarding 
the sensitivity and importance of disinfecting fertile eggs, it 
is necessary to provide more extensive studies, considering 
the growth factors and rate of survival, and also the analysis 
of metabolic indices such as sensitivity to ascites and others. 

References

1. -  AYGUN A., SERT D., COPUR G.: Effects of propolis 
on eggshell microbial activity, hatchability, and chick 
performance in Japanese quail (Coturnix coturnix 
japonica) eggs. Poultry Sci., 2011, 19, 1018-25.

2. -  BRAKE J., CHELDO B.W.: Effects of a quarternary 
ammonium sanitizer for hatching eggs on their 
contamination, permeability, water loss and hatchability. 
Poultry Sci., 1990, 69, 517-525.



Revue  Méd. Vét., 2016, 167, 1-2, 45-49

EFFECT OF DISINFECTANTS ON FERTILE EGGS 47

3. -  BRYAN L.K., BALDWIN C.A., GRAY M.J., MILLER 
D.L.: Efficacy of selected disinfectants at inactivating 
Rankvirus. Dis. Aquatic Organisms, 2009, 84, 89-94.

4. -  COPUR G., ARSALAN M., DURU M., BAYLAN 
M., CANOGULLARY S., AKSAN E.: Use of oregano 
(Origanumonites L.) essential oil as hatching egg 
disinfectant. Afr. J. Biotechnol., 2010, 9, 2531-2538.

5. -  DARMUS I.: Determining effects of use of various 
disinfecting materials on hatching results and total 
bacterial count. Asian J. Anim. Vet. Adv., 2012, 7, 739-
744.

6. -  ERNST R.A.: Hatching Egg Sanitation: The Key Step 
in Successful Storage and Production, 812 pages, 
University of California Press, California, 2010.

7. -  HRNČÁR C., PRACHÁROVÁ S., BUJKO J.: The Effect 
of Disinfection of Hatching Eggs on Hatchability of 
Oravka Chickens. Anim. Sci. Biotech., 2012, 45, 411-415.

8. -  KUSTURA A., GAGIC A., RESIDBEGOVIC E., 
GOLETIC T., KAVAZOVIC A.: Different hatching eggs 
disinfection influence on hatchability. Stocarstvo, 2009, 
63, 209-216.

9. -  LEDOUX L.: The importance of hygiene and 
disinfection. Int. Hatchery Practice, 2004, 19, 11-15.

10. -  LUTFUL KABIR S.M.: Avian colibacillosis and 
salmonellosis: A closer look at epidemiology 
Pathogenesis, Diagnosis, Control and Public Health 
Concerns. Int. J. Environ. Res. Public Health, 2010, 7, 
89-114.

11. -  NOLAN L.K., BARNES H.J., VAILLANCOURT 
J.P., ABDUL-AZIZ T., LOGUE C.M.: 
COLIBACILLOSIS. IN: D.E. Swayne, J.R. Glisson, L.R. 
McDougald, L.K. Nolan,   D.L. Suarez, V.L. Nair (ÉD.): 
DISEASE OF POULTRY, WILEY-BLACKWELL, 
MASSACHUSETTS, 2013, 751-807. 

12. -  OTAKI Y.: Poultry disease control program in Japan. 
Asian Livestock, 1995, 20, 65-67.

13. -  REID W.M., MAAG T.A., BOYD F.M., KLECKNER 
A.L., SCHMITTLE S.C.: Embryo and baby chick 
mortality and morbidity induced by a strain of 
Escherichia coli. Poultry Sci., 1961, 40, 1497-1502

14. -  SANDER J.E., WILSON J.L.: Effect of hydrogen 
peroxide disinfection during incubation of chicken eggs 
on microbial levels and productivity. Av. Dis., 1999, 43, 
227-33.

15. -  SARMA D.R.L., CHAR N.L., RAO M.R.K., KAHN D.I., 
NARAYANA G.: A comprehensive study on  bacterial 
flora isolated from yolk sac infection (omphalitis) in 
chicks. Indian J. Poultry Sci., 1985, 20, 262-266.

16. -  SCOTT T.A., SWETNAM C.: Screening sanitizing 
agents and methods of applicationk for hatching eggs 
I. Environmental and user friendliness. J. Appl. Poultry 
Res., 1993, 2, 1-6.

17. -  SMELTZER T.J., ORANGE K., PEEL B., RUNGE G.: 
Bacterial Penetration in floor and nest eggs from meat 
and layer birds. Australian Vet. J., 1979, 55, 592-593.

18. -  UNSALDY E., CIFTCI M.K.:  Formaldehyde and its 
using areas, risk group, harmful effects and protective 
precautions against it. J. Faculty Veterinary Med. Univ. 
Yuzuncu Van, 2010, 21, 71-75.

19. -  WELLS J.B., COUFAL C.D., PARKER H.M., KIESS 
A.S., PURSWELL J.L., YOUNG K.M., MCDANIEL 
C.D.: Hatchability of broiler breeder eggs following 
eggshell sanitization by repeated treatment with a 
combination of ultraviolet light and hydrogen perowide. 
Int. Poult. Sci., 2011, 10, 421-425.

20. -  WILLIAMS J.E., DILLARD L.H., HALL G.O.: The 
penetration of patterns of Salmonella typhimurium 
through the outer structures of chicken eggs. Av. Dis., 
1968, 12, 445-466.


