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The aim of the study was to investigate whether egg disinfectants have a toxic effect
on the tissues of the developing chicken embryo. The basic active ingredients of the
disinfectants tested were quaternary ammonium compounds (Amino-Steril); stabilized
peracetic acid and hydrogen peroxide (Oxydion); glutaraldehyde, didecyldimethylam-
monium chloride, quaternary ammonium compounds and benzyl-C12-C16-alkyldi-
methyl (Viron FF); and stabilized hydrogen peroxide (Hydro-Clean). The tests were
performed on hatching eggs from Ross 308 parent stock. The potential adverse effects
of aqueous solutions of the disinfectants were tested in vitro using the Hen’s Egg Test —
Chorioallantoic Membrane (HET-CAM). The results were confirmed in in vivo tests by
analysing the hatchability of disinfected eggs. In the in vitro tests, aqueous solutions of
the disinfectants with concentrations of 1%, 0.5%, 0.25% and 0.125% were spotted onto
previously prepared chorioallantoic membranes of live eight-day-old chicken embryos (n=8 embry-
os/disinfectant/concentration). The toxicity of the substances was assessed on the basis
of the occurrence of hyperaemia, haemorrhage, and coagulation of the blood vessels of
the membrane after 0.5, 2 and 5 minutes, using the 21-point Luepke scale. The in vivo
testing consisted of two experiments conducted under production conditions, using eggs
from flocks in the peak (37th week of life) and the final (54th week) laying periods. The
eggs were sprayed with a 1% aqueous solution of disinfectant (400 eggs/disinfectant/
experiment) about 2 hours before incubation. Hatching results, the stage of embryonic
development at the time of death and any cases of infection were evaluated. The HET-CAM
tests showed that the 1% solutions of the disinfectants induced strong (Hydro-Clean),
moderate (Oxydion and Amino-Steril) and weak (Viron FF) reactions, while the 0.125%
concentration produced a weak reaction or none. Analysis of hatching results showed
that they were not affected by the disinfectants. However, in the case of laying hens in
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their final production period, spraying with aqueous solutions of each agent reduced
losses due to early embryo mortality. In conclusion, the disinfectants tested can be safely
used in poultry hatcheries.

KEY WORDS: Hen’s Egg Test — Chorioallantoic Membrane / disinfection / hatching eggs /
hatchability

The task of the poultry hatchery is to provide the manufacturer with healthy chicks of
full value. This depends both on the quality of the reproductive stock, i.e. its genetic va-
lue, health status, and nutritional status, and on housing conditions, handling of hatching
eggs before setting, and the incubation technology itself. At each of these stages, however,
strict adherence to the principles of biosafety is of key importance [5]. It is commonly
believed that the microorganisms found on the shell, Salmonella enteritidis, Escherichia
coli, Enterobacter, and also moulds and yeasts [1], may be a factor significantly reducing
hatching capacity and may also cause deaths in chicks in the first few days after hatching
[3]. A treatment effectively preventing the development of microorganisms on the shell
is disinfection of the eggs. It is recommended that hatching eggs should be disinfected
twice: first immediately after egg collection and then before incubation. The most com-
mon methods are fogging with formalin vapour, ultraviolet irradiation and spraying with
a disinfectant [6].

A good disinfectant should be effective against micro-organisms, resistant to adverse
environmental conditions and relatively inexpensive. It should also be odourless, casily
biodegradable and non-toxic to living organisms [14].

Formaldehyde, which is commonly used for disinfection of eggs, is highly toxic, an
irritant, and carcinogenic; it is also slowly biodegradable and therefore harmful to the
natural environment [16, 20]. For this reason, it is increasingly being replaced in poultry
production by disinfectants based on chemical compounds such as hydrogen peroxide,
ammonium compounds, peracetic acid and aldehydes (excluding formaldehyde). It sho-
uld be noted, however, that it has never been conclusively demonstrated whether prepara-
tions based on these compounds are completely safe for the bird embryo.

One of the methods used to evaluate the irritant effect of chemical substances, as alter-
natives to the Draize test, is the Hen’s Egg Test — Chorioallantoic Membrane (HET CAM)
developed by Luepke [10]. The model of the chorioallantoic membrane of the chicken
egg is successfully used to study biological processes such as gas exchange and substance
transport, as well as to assess the toxicity of chemical substances and the virulence of
microbes [18].

It therefore seemed interesting to evaluate the potential adverse effects of four disin-
fectants in vitro using the Hen’s Egg Test — Chorioallantoic Membrane and to verify these
results in vivo based on analysis of hatching results.
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Material and methods

The main active ingredients in the disinfectants used in the study are as follows:

— quaternary ammonium compounds (Amino-Steril)

— stabilized peracetic acid and hydrogen peroxide (Oxydion)

— glutaraldehyde, didecyldimethylammonium chloride, quaternary ammonium compo-
unds and benzyl-C12-C16-alkyldimethyl (Viron FF)

— stabilized hydrogen peroxide (Hydro-Clean)

All disinfectants were manufactured by DDD-1 (Poland).

The potential harmful effects of the disinfectants were assessed in two stages: in vitro
testing by HET-CAM and in vivo.

Hatching eggs from parent stock of Ross 308 meat chickens were incubated in Masalles
65 incubators at a temperature (T) of 37.8°C and 50% relative humidity (RH) for 8 days.
Then the eggs were candled, and unfertilized and damaged eggs and those containing
dead embryos were discarded. In the remaining eggs an opening was made above the air
chamber, with a diameter of about 20 mm, through which the internal egg shell membrane
(IESM) was moistened with 0.9% NaCl and placed in the incubator for 20 minutes. Then
the eggs were removed from the incubator, the remaining physiological fluid was pipetted,
and the [IESM was removed, exposing the chorioallantoic membrane (CAM). Only embry-
os with intact chorioallantoic membranes were used in the test.

A 200 pl volume of an aqueous solution of the test product was spotted on the cho-
rioallantoic membrane (CAM) prepared in this manner. Solutions of Amino-Steril, Oxy-
dion, Hydro-Clean and Viron FF were analysed at concentrations of 1%, 0.5%, 0.25%
and 0.125% (n = 8 embryos/disinfectant/concentration). A 21-point scale was used in the
toxicity assessment (0-0.9 points - no reaction, 1.0-4.9 - weak reaction, 5.0-8.9 - moderate
reaction, 9.0-21 points - strong reaction) based on the degree of hyperaemia, haemorrhage
and coagulation of the blood vessels of the membrane after 0.5, 2 and 5 minutes [10]. The
observations were made at room temperature using a magnifying glass.

In the in vivo evaluation we used hatching eggs from Ross 308 (Aviagen®) meat chic-
kens from the same breeding farm, kept in a litter system. Two experiments were conduc-
ted, using eggs from flocks in different laying stages:

— peak period (38th week of life), egg weight of 62.1 £3.42 g (mean £SD)

— final period (54th week of life), egg weight of 70.6 +7.38 g

Before setting the eggs were stored for 72 h in an egg storage room (T=18 £1°C, RH=70
+2%). In order not to interfere with the results of the experiment, the eggs for the experi-
ment were not disinfected immediately after collection.

About 2 hours prior to incubation, the hatching eggs were divided into 6 experimental
groups composed of 8 hatching trays with a capacity of 50 eggs (n = 8/group, 8 trays x 50
eggs = 400 eggs/group). Using a hand sprayer, a large drop of one of the following was
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applied to the surface of the egg shells (about 20 ml/egg): pure water (blank sample) or
a 1% aqueous solution of Amino-Steril, Oxydion, Viron FF, or Hydro-Clean. Eggs from
the control group were not sprayed. The temperature of the water and solutions was about
20°C. The egg trays were left to dry for about 30 minutes and then placed randomly on one
egg setter. The same procedure was used in each replicate of the experiment.

The eggs were incubated under production conditions in Reform-Poldrob multi-level
incubators at 37.8°C and RH 51% (days E1-E18). After being transferred to a Jartom
hatching compartment, the microclimatic parameters were varied according to the hat-
ching stage (the temperature was gradually reduced from the initial 37.8°C and RH 55%
to 37.2°C and RH 60% during the internal pipping phase, 37.0°C and RH 70% when the
chick was leaving the shell, to 36.5°C and RH 60% while the chicks dried off).

All eggs culled during candling on the 10th day of incubation (E10) and those rema-
ining after hatching in the hatching baskets underwent pathological embryo analysis, du-
ring which fertilization was confirmed and the developmental stage of the embryo was
determined according to the key proposed by Borzemska [2]. In addition, any infections,
faulty positioning of the embryo in the egg, or developmental deformities were noted.

The HET-CAM results were analysed by two-way analysis of variance, taking into ac-
count the type and concentration of disinfectant, and differences between groups were
determined by the Holm-Sidak test.

The effects of spraying with a given disinfectant on hatching results were compared to
the number of eggs actually fertilized and analysed by one-way analysis of variance, with
each group comprising 8 trays (n=8). The differences between groups were determined by
the Tukey test, or in the absence of normal distribution, by the Holm-Sidak test. Statistical
calculations were performed using SigmaStat 3.5 software (USA).

Results and discussion

The HET-CAM test revealed significant differences in the toxicity of the disinfectants
(Figure 1). The toxicity of aqueous 1% solutions (recommended for disinfection by the
manufacturer) was strong in the case of Hydro-Clean (9 pts), moderate for Oxydion and
Amino-Steril (8 and 5 pts, respectively) and weak for Viron FF (3 pts), according to the
Luepke scale [10]. As the concentration of the active substance was reduced, its toxicity
decreased (P<0.05). No reaction was noted at the 0.25% concentration for Viron FF, while
a moderate reaction was observed for the other disinfectants even at a concentration of
0.125% (Figure 1).

Bearing in mind the objectivity of the analysis and interpretation of the results obta-
ined in successive in vivo experiments, it should be noted that the fertilization rate of the
hatching eggs from the flock in the peak laying period was 97.1 £ 2.29% (mean + SD),
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Fig. 1. Toxicity assessment by Hen’s Egg Test — Chorioallantoic Membrane of 1%, 0.5%, 0.25% and
0.125% aqueous solutions of disinfectants: Amino-Steril, Oxydion, Hydro-Clean and Viron FF (n =8
embryos/disinfectant/concentration). Results presented in Luepke’s 21-point scale (0-0.9 points — no
reaction, 1.0-4.9 points — weak reaction, 5.0-8.9 points — moderate reaction, 9-21 points — strong
reaction) based on the degree of hyperaemia, haemorrhage and coagulation of the blood vessels of
the membrane after 0.5, 2 and 5 minutes

which was 12.7 percentage points (pp) higher than for the eggs from the final production
period (P<0.05). However, the detailed pathological analysis of the embryos revealed that
the biological value of the eggs (proportion of fertilized eggs) was similar in the two gro-
ups (P>0.05, Tables 1 and 2) and did not skew the evaluation of the primary experimental
factor (disinfectant).
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Hatching rates for fertilized eggs from the flock in the peak laying period was higher
than for the flock at the final stage of production. In the control group, the difference was
8.6 pp (P<0.05), while in the experimental groups it ranged from 1.8 pp (group disinfected
with Viron FF; P>0.05) to 5.8 pp (group disinfected with Amino-Steril P<0.05) (Fig. 2, Ta-
bles 1 and 2). At the same time, the final hatching results of eggs from the flock at 54 weeks
of age treated with aqueous solutions of the disinfectants were from 2.5 pp (Amino-Steril
and Hydro Clean) to 6.6 pp (pure water) higher than in the untreated group (Table 2). This
was due to the reduction in losses resulting from early embryo mortality in the groups
sprayed with water or with aqueous solutions of Amino-Steril, Viron FF, Hydro-Clean and
Oxydion, as compared to the control group: differences of 3.1, 1.8, 2.1, 1.8 and 2.3-times,
respectively (P<0.05, Table 2). This effect was not observed in the case of spraying of hat-
ching eggs from the flock in the peak laying period (P>0.05, Table 1).

100
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control shame group Clean N Steril

(no treated) (water)

- 38 weeks old flock l:l 54 weeks old flock

a, b — values marked with different letters differ significantly (P<0.05)

Fig. 2. Hatchability of fertilized eggs from parent stock of Ross 308 broiler breeders at the age of
38 and 54 weeks depending on the disinfectant used
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The disinfectants did not affect the frequency of developmental deformities (P>0.05).
However, in the eggs from the flock at the end of the production period, developmental
defects occurred 2.4 times more often than at peak laying (Tables 1 and 2).

The analyses showed no effect of the disinfectant or the reproductive stage on the fre-
quency of changes in the egg contents due to bacteria or fungi. Such changes were noted
in 0.5-1.3% of eggs (P>0.05, Tables 1 and 2).

The results show that the sensitivity of the embryos to the disinfectant varies depen-
ding on the age of the flock. This phenomenon may indicate a decline in the biological
value of the egg as the flock ‘ages’ [7]. In the experiment, in the flock at the peak of the
laying period the disinfectants had no significant effect on hatchability. In the flock at
the end of the production cycle, in the group of eggs sprayed with pure water or aqueous
solutions of Amino-Steril, Viron FF, Hydro-Clean and Oxydion, the hatching rate was
2.5-6.6 pp higher than in the group of untreated eggs. This was primarily due to the re-
duced embryo mortality between days E1 and E6 (the first peak in mortality). A similar
phenomenon has been observed by other authors [8, 11, 17], but they did not attempt to
explain it. Particularly surprising is the a significant improvement in the hatching results
of eggs sprayed with pure water, as contact with water is thought to be conducive to the
development of pathogens on the shell and their penetration through the shell membra-
nes [4].

The high hatchability of the chicks in the experimental groups demonstrates that the
disinfectants were not toxic to the embryos, and the low frequency of developmental de-
fects also rules out teratogenic effects. This is confirmed by the HET-CAM results. The
1% aqueous solutions of the disinfectants were found to have weak (Viron FF) or moderate
(Amino-Steril and Oxydion) toxicity. Only Hydro-Clean had a strong irritant effect on the
blood vessels of the chorioallantoic membrane. This is probably due to the strong haemo-
lytic effect of hydrogen peroxide, which is the main active ingredient of this disinfectant
[12,19].

Pathological embryo analysis showed no differences between groups in the number of
eggs whose contents indicated infection with pathogenic microbes. This suggests that the
isolated infections resulting in the death of some embryos were the result of transovarial
(vertical) infections, due to the health status of the laying hen [9, 13]. These infections,
unlike horizontal infections, cannot be linked to the effectiveness of the disinfectants. It
should also be noted that when prophylactic principles are complied with on the farm and
at the hatchery, cases of horizontal infection in the incubator occur only sporadically [4,
15].

The results obtained indicate that disinfectants based on hydrogen peroxide (Hydro-
-Clean), ammonium compounds (Amino-Steril), peracetic acid (Oxydion) and aldehydes
(Viron FF) are safe for embryos.
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