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Abstract: Hatching egg disinfection, as part of the quality assurance system, is a standard procedure
in commercial hatcheries. Formaldehyde was and is broadly used but bears high risks for the
personnel. In preliminary studies, the spray application of hydrogen peroxide was successfully
tested and was chosen to compare its efficacy and impact on hatchability, as well as performance
during fattening, and at slaughter, to formaldehyde under field conditions. The trial was set up with
hatching eggs from two breeder flocks, running parallelly in three groups (H,O,, formaldehyde and
non-disinfected control) at four different flock ages (at 38, 39, 56, 57 weeks). No significant differences
were noticed in the hatchery, whereas in the rearing period higher 7-day- and total mortalities
occurred during trials 1 and 2 in all non-disinfected groups and one formaldehyde-treated group,
making an antibiotic treatment necessary. At slaughter, the findings in all groups were comparable.
Trials 3 and 4 passed without significant differences between all groups, leading to the conclusion
that hatching egg disinfection lowers the risk of infection-related losses. Meanwhile, formaldehyde
fumigation and the spraying of hydrogen peroxide produced similar results in all stages.
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1. Introduction

Hygienic measures are taken at all stages in the broiler production chain to ensure
animal health and the safety of food products. Up to 10 colony forming units (cfu) of
bacteria from various genera can be isolated from the eggshell [1], however, the rearing
method [2] and farm equipment [3] have an influence on the microbial load. This entails
the risk of pathogens penetrating the eggshell [4,5] and infecting the embryo. A decrease
in temperature after egg deposition and a humid environment are factors that facilitate
bacterial penetration through the eggshell [6]. In this context, pre-incubation hatching egg
disinfection is one step to control bacterial contamination and to ensure the hatching of
high-quality chicks.

The most used method of hatching egg disinfectant is formaldehyde fumigation. As
early as 1970, its high effectivity as pre-incubation disinfectant has been described [7]. Its
effect in the hatcher was assessed [8] regarding relevant pathogens such as Salmonella spp.
or Pseudomonas spp., and formaldehyde displayed its efficacy [9]. However, formaldehyde
irritates the upper respiratory tract [10,11], has teratogenic and carcinogenic properties [12],
and therefore it is criticized. The EU regulation 605/2014 classifies formaldehyde as
carcinogenic, mutagenic, and acutely toxic. In Germany, its use is restricted to certified users
under certain technical parameters only [13]; a potential market withdrawal is discussed
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regularly. As substitution, various hatching egg disinfection protocols using substances
such as essential oils [14], colloidal silver [15,16], electrolyzed water [17], phenols [18],
UV light [19], quaternary ammonium salts [18] and ozone [20], but also different types of
radiation [21-23], have been inspected for their bactericidal effectivity and their impact on
production and general health parameters.

Hydrogen peroxide is one of the more extensively tested hatching egg disinfectants.
Years ago, the effect of egg dipping protocols with different hydrogen peroxide concentra-
tions were evaluated with good results. The use of 1% hydrogen peroxide via dipping led
to an 85% reduction of inoculated Salmonella sp. in the first minute [24], with three consec-
utive immersions showing a 22% higher effectivity than a single immersion [25]. When
using concentrations of 2% and 5% hydrogen peroxide via pressure difference dipping, no
negative impact on hatching rate could be noticed [26]. Additionally, egg dipping in a 6%
hydrogen peroxide solution confirmed a reduction of Salmonella sp. about 95% and had
no adverse effects on hatchability [27]. Due to a tendency to refrain from the total wetting
of the eggshell, different application methods were also tested. Compared to spraying
Salmonella sp. inoculated eggs with 1.5% hydrogen peroxide for 10 s, an immersion in the
same solution over 30 s was more effective, however the antimicrobial effect depended on
the method of application [28]. When spraying the eggshell surfaces, a hydrogen peroxide
concentration of 5% was necessary to reach a 5-log bacterial reduction, at the same time
the hatchability increased about 2% [29]. The eggshell permeability was not measurably
affected. Via the fogging of hatching eggs with a concentration of 3% hydrogen peroxide, a
significant reduction of aerosol bacterial counts could be achieved, resulting in a higher loss
of moisture during incubation without affecting the hatchability and subsequent broiler
performance [30]. The nebulization of 6% hydrogen peroxide did not have a measur-
able effect on bacterial counts and lead to averaging fertility and hatching rate without
a negative impact on broiler performance [31], while the use of 30% hydrogen peroxide
vapor effectively decreased the microbial load by about 1 logl0 cfu per egg, showing
good hatchability rate, a good chick quality and good performance [31]. Melo et al. [32]
confirm these results in their study using hydrogen peroxide spraying at 3%. Even though
the positive aspects of hydrogen peroxide were described partly, in comparison to other
disinfectants hydrogen peroxide appeared to have a low effectivity and was noticeably
time dependent [33]. Different trials have examined the combination of hydrogen peroxide
with other methods, e.g. UV light [34] or peracetic acid. In particular, the combination with
peracetic acid has been found to be synergistic [33].

After laboratory experiments [35] with identical disinfection protocols, the aim of
this study was to compare parameters concerning incubation, hatchability, health, and
the performance of broiler chicks between groups of broiler-hatching eggs treated with
hydrogen peroxide nebulization, formaldehyde fumigation and non-disinfected hatching
eggs over four separate trials in a commercial setup. The efficacy of the disinfections
procedures was verified in in vitro trials [36]. The study has been conducted as part of a
German-wide project that evaluates possibilities for the reduction of multi-resistant bacteria
along the poultry production chain (EsRAM, FUZ 28 177 01714).

2. Materials and Methods

To investigate the influence of different hatching egg disinfectants in this prospectively
planned field trial, three groups were treated either with a hydrogen peroxide preparation
(Wessoclean® K50 Goldline, Bio-Clean B.V., Arnhem, The Netherlands, from now on H,O5),
with formaldehyde (Formaldehyd Biozid at 20%, Jdklechemie, Nuremberg, Germany, from
now on FA) or without disinfectant and compared over four consecutive trials. All eggs
used in this study were collected from the same two Ross 308 broiler breeder flocks (referred
to as flocks A and B) at 38th, 39th, 56th and 57th week of age. Both parent flocks were
managed according to the integration’s guidelines, therefore receiving the same vaccination
program, feed, and management. Per definition, hatching eggs that were included for
this trial weighed between 48 g and 80 g. Only clean eggs were set, with a tolerance for
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single dirt specks under 0.2 cm in diameter. No floor eggs or washed eggs were used.
During an in-depth microbiological evaluation, a contamination between 2.26 x 10% and
1.43 x 10* cfu was detected on plate count agar, which was considered ordinary (Motola,
personal communication).

Egg collection from the egg holding room on farm took place daily with proprietary
trucks. The hatching eggs were not fumigated directly on farm but were stored in the
hatchery at 18 °C and a maximum humidity of 70% first. As the batch of eggs for each
trial covered four laying days, the first disinfection was carried out in the hatchery one to
four days after lay. The disinfection, incubation and hatch always took place in the same
hatchery and the disinfectants were applied before the onset of incubation as recommended
by the respective companies:

Hydrogen peroxide was nebulized with specific Veugen-injectors, resulting in a parti-
cle size of 5-10 um. The ready-to-use formula contained 0.5 mL/m? of hydrogen perox-
ide, 500 mL/m? of ethanol and 200 mL/m? of propan-2-ol and was applied over 1 min
with 50 min exposure time afterwards. FA was used as fumigation in a concentration of
44 mL/m? applying a protocol that consisted of 15 min exposure time, 10 min neutraliza-
tion time with ammonia and 300 min ventilation. The non-disinfected eggs received no
mock treatment. After treatment, the eggs were held in the hatchery’s egg storage room
again at 18 °C and a maximum humidity of 70%. Egg age was between five and eight days.
Consequently, the time elapsed between disinfection and egg setting amounted to four
days. The eggs from each day of laying were distributed evenly over all groups.

For the trials 1 and 2, incubation onset was in November 2018 with an interval of one
week in between the trials and 27,000 hatching eggs per group were used. The incubation
of trials 3 and 4, also staggered by one week, started in March 2019 with 23,000 hatching
eggs per group. After candling on day 18 of incubation and transfer to hatcher baskets, all
groups received the same air sanitation treatment with Wessoclean® K50 Goldline until
hatching on day 21. The incubation was realized in Single Stage Chick Master Avida setters
(81,684 or 27,216 eggs) and hatchers (27,216 eggs) with the hatchery’s standard incubation
program. The hatched chicks from trials 1 and 2 were placed on the same farm, the chicks
from trial 3 on a second farm and the chicks from trial 4 on a third farm for fattening under
real-world conditions. All involved farms used the integration’s commercial feed and
litter and implemented site-specific management and operational processes. The licensed
veterinarian and the vaccination program were the same for all farms. A partial slaughter
took place at the age of 32-33 days. The final slaughter was at the age of 37-38 days
according to the company’s operating procedures.

For comparison between groups, parameters were evaluated at different points in the
broiler production process. To evaluate the incubation period, the amounts of fertile eggs,
early and late dead embryos and infertile hatching eggs detected via candling, as well as
the hatching rate were recorded. During fattening, the daily and cumulative mortality rate
and body mass performance were evaluated. At slaughter, the number of rejected carcasses,
mean carcass weight and anomalies like runts, ascites, dermatitis, general infection, and
emaciation were recorded.

Termination criteria for the study were determined beforehand. In case the daily
mortality exceeding 0.2% and a necessity for antibiotic treatment, data was not statistically
evaluated from this point onward. In trial 1 and 2, the termination criteria were met, which
set limitations to the statistical evaluation of performance, mortality, and slaughter data.
All collected data was interval-scaled and examined for normal distribution via Shapiro-
Wilk-Test. Concerning candling and hatching, all four trials were evaluated together. As
for fattening, trials 1 and 2 were evaluated collectively up to day 2, the trials 3 and 4 were
evaluated up to slaughter. To detect differences between the three disinfection methods,
the Kruskal-Wallis-Test was applied, with Mann-Whitney-U-Test as post hoc test. For the
detection of differences between breeder flocks or age of the breeder flocks, the Mann-
Whitney-U-Test was used directly. The evaluation was conducted with SPSS 25.0 (SPSS,
IBM, Armonk, NY, USA), significance was assumed for p < 0.05.
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3. Results

Concerning incubation parameters, the number of infertile and fertile eggs, early and
late embryo mortality, and the hatching rate were almost exclusively distributed normally
over all trials. However, in hatching eggs from the breeder flock B, it was noticeable that the
hatching rate and number of fertile eggs was not distributed normally in the FA treated and
non-disinfected groups. When comparing the different disinfectant methods, no significant
differences could be observed. The mean number of fertile eggs was 92.96% in the HO,
treated group, 92.59% in the FA treated group and 92.86% in the non-disinfected group.
The mean number of early and late embryo mortality was 0.62% and 0.87% in the H,O,
treated group, 0.75% and 0.91% in the FA treated groups and 0.61% and 0.83% in the
non-disinfected groups. The mean number of infertile eggs was 5.55% in the Hy O, treated
group, 5.75% in the FA treated group and 5.42% in the non-disinfected group. The mean
hatching rate was 89.16% for HyO,, 88.67% for FA and 88.78% for the non-disinfected eggs.
For further details see Table 1.

Table 1. Results from the hatchery. Presentation of the number of fertile eggs (Fertile), early (Early-
dead) and late dead embryos (Late-dead) and infertile eggs (Infertile) detected via candling, as well
as the hatching rate (Hatch) for trials 1 to 4.

Disinfection Trial Flock Fertile [%] Late-Dead [%] Early-Dead [%] Infertile [%] Hatch [%]
H,O, 1 A 94.14 0.77 0.42 4.67 90.52
H,O, 1 B 93.23 0.78 0.36 5.63 90.46
Non-disinfected 1 A 94.36 0.66 047 4.51 90.87
Non-disinfected 1 B 93.16 0.74 0.56 5.54 89.66
FA 1 A 93.70 0.63 0.66 5.01 90.11
FA 1 B 93.51 0.57 0.55 5.36 89.59
H,0O, 2 A 92.87 0.69 0.58 5.86 88.56
H,O, 2 B 92.62 0.67 0.53 6.18 87.94
Non-disinfected 2 A 93.77 0.66 0.59 4.98 89.95
Non-disinfected 2 B 92.88 0.81 0.62 5.67 88.67
FA 2 A 92.02 0.92 0.65 6.41 88.59
FA 2 B 91.46 0.84 0.75 6.95 87.93
H,O, 3 A 92.20 1.24 0.88 5.67 87.42
H,0, 3 B 93.01 1.05 0.94 5.01 89.82
Non-disinfected 3 A 9291 1.04 0.51 5.54 86.03
Non-disinfected 3 B 91.39 0.97 0.78 6.86 88.75
FA 3 A 91.83 1.27 0.96 5.94 87.26
FA 3 B 93.17 1.01 0.79 5.03 89.48
H,O, 4 A 92.03 0.95 0.72 6.30 88.77
H,0, 4 B 93.60 0.79 0.52 5.09 89.81
Non-disinfected 4 A 91.35 0.90 0.77 6.98 86.61
Non-disinfected 4 B 93.09 0.84 0.59 3.28 89.66
FA 4 A 91.50 1.05 0.91 6.54 86.73
FA 4 B 93.52 0.98 0.71 4.79 89.67

When comparing trials 1 and 2 with trials 3 and 4 without regard to the disinfection
methods to allow for differences in age of the breeder flocks, there are significant differences
concerning the number of fertile eggs (p = 0.036), number of early dead (p = 0.003) and the
number of late dead (p < 0.001) embryos as well as the hatching rate (p = 0.041), as antici-
pated. Split up according to disinfection method, only significant differences concerning
the number of late dead embryos (p = 0.029 in each group) remain. When comparing the
breeder flocks, A and B, over all trials and disinfection methods, no significant differences
were found.

In the parameters recorded during fattening and slaughter, normal distribution ac-
cording to Shapiro-Wilk-Test was not confirmed for most of the parameters. In trial 1 and
2, antibiotic treatments were necessary in all non-disinfected groups and one of the FA
treated groups.

Enrofloxacin (Enro-Sleecol®, Dechra, Germany) was used to treated E. coli infections
from day 2 to day 5 of age. A statistical evaluation from day 2 onwards, including slaughter,
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was refrained from as the termination criteria for the study were met. A comparison of
daily mortality rates and mean body mass development on days 0 and 1 did not show
significant differences between the different groups. During fattening and on slaughter,
no significant differences in body weight development were seen between the groups (see
Figure 1). For information, the mean cumulative mortalities on day 37 added up to 2.81%
in the HyO, treated group, 3.38% in the FA treated group and 7.09% in the non-disinfected
group (see Figure 1).
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Figure 1. Body mass performance and daily mortality in trials 1 and 2.
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Presentation of the body mass performance [g] and daily mortality [%] comparing the
H,O, treated group with the FA treated and non-disinfected group during the fattening
period in trials 1 and 2.

Trials 3 and 4 did not need antibiotic treatment over the entire fattening period. An
augmented mortality, as in trials 1 and 2, could not be observed, so statistical evaluation
was performed for all collected data. There were no significant differences concerning daily
mortality and mean body mass development between all groups (see Figure 2).
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Figure 2. Body mass performance and mortality in trials 3 and 4.
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Presentation of the body mass performance [g] and daily mortality [%] comparing the
H,O, treated group with the FA treated and non-disinfected group during the fattening
period in trials 3 and 4.

In these trials, the mean cumulative mortality added up to 2.85% in the H,O; treated
group, 2.49% in the FA treated group and 2.84% in the non-disinfected group on day 37. On
slaughter at 37-38 days of age, the number of registered abnormalities was not significantly
different. During early slaughter on day 32-33 however, the number of animals with ascites
and general infection was significantly higher in the non-disinfected group compared to
the group treated with HyO, (p = 0.029). For further information see Table 2.

Table 2. Results from the slaughterhouse. Presentation of the amount of rejected carcasses (Rej), mean
body mass (BM), and the number of anomalies like runts, ascites, emaciated animals (Ema), deep
dermatitis (Derm) and general infection (Gen Inf) for trials 1 to 4. The use of antibiotic treatment (AB)
is shown with 1 meaning antibiotics were applied and 0 meaning no antibiotics were applied.

. Rej Runts  Ascites Ema Derm Gen
Trial Method Flock Age [%] BM [g] AB [%] (%] (%] [%] Inf [%]
1 FA A 32 0.83 1931 0 0 0.18 0 0.12 0.42
1 FA B 32 1.88 2188 1 0.39 0.27 0.09 0.03 1.04
1 H,O, A 32 1.41 1924 0 0.15 0.43 0.03 0.24 0.52
1 H;0, B 32 1.07 1863 0 0.3 0.27 0.12 0.09 0.48
1 Non-disinfected A 32 1.39 1911 1 0.06 0.26 0 0.32 0.68
1 Non-disinfected B 32 1.7 2219 1 0.04 0.63 0.04 0.26 0.7
1 FA B 37 1.92 2418 1 0.08 0.47 0 0.35 0.55
1 H,O, B 37 2.15 2448 0 0.51 0.64 0.02 1.06 0.22
1 Non-disinfected B 37 2.22 2403 1 0.25 0.55 0.01 0.83 0.41
1 FA A 38 1.92 2640 1 0.07 0.49 0 0.99 0.27
1 HyO, A 38 2.44 2605 0 0.2 0.36 0 1.28 0.49
1 Non-disinfected A 38 2 2583 1 0.61 0.82 0 0.87 0.2
2 FA A 33 1.34 2053 0 0.05 0.09 0.09 0.47 1.14
2 FA B 33 2.17 2021 0 0 0.22 0.05 0.16 1.14
2 H,O, A 33 2.63 2005 0 0.1 0.62 0.1 0.58 1.01
2 HyO, B 33 2.33 2030 0 0.06 0.3 0.03 0.27 1.2
2 Non-disinfected A 33 1.99 2042 2 0.08 0.33 0.04 0.17 0.83
2 Non-disinfected B 33 2.89 2072 2 0 0.5 0.04 0.79 1.21
2 FA A 38 2.17 2520 0 0.09 0.27 0.06 0.75 0.75
2 H,O, A 38 1.94 2582 0 0.05 0.42 0 0.72 0.69
2 H,0, B 38 2.06 2438 0 0.01 0.26 0.02 0.5 0.99
2 Non-disinfected A 38 2.17 2569 2 0.04 0.13 0.02 0.48 1.26
2 Non-disinfected B 38 2.63 2532 2 0.02 0.38 0.01 0.53 1.5
2 FA B 39 241 2639 0 0.01 0.63 0.01 0.62 0.59
3 FA A 33 0.01 2031 0 0 0.33 0 0.87 0.33
3 FA B 33 0.08 2007 0 6.47 0.43 0 1.83 0.22
3 H,O, A 33 0 2049 0 0.06 0.26 0 0.19 0.19
3 HyO, B 33 0.01 2042 0 0 0.26 0 1.03 0.13
3 Non-disinfected A 33 0.02 2081 0 0.11 1.12 0 0.56 0.56
3 Non-disinfected B 33 0.02 2070 0 0.08 1.17 0 0.5 0.5
3 FA B 36 0.03 2285 0 0.04 0.33 0.02 2.01 0.58
3 Non-disinfected A 36 0.01 2320 0 0.09 0.13 0.05 1.04 0.53
3 FA A 37 0.02 2397 0 0.55 0.37 0.02 0.92 0.66
3 HyO, A 37 0.01 2457 0 0.11 0.29 0.01 0.64 0.42
3 H,O, B 37 0.03 2429 0 0.06 0.53 0.05 1.67 0.86
3 Non-disinfected B 37 0.02 2455 0 0.25 0.8 0.01 0.92 0.28
4 FA A 33 2.77 2165 0 0.28 2.71 0 0.06 0.17
4 FA B 33 0.27 2117 0 0.22 0.32 0 0.11 0.11
4 H,0, A 33 0.28 2162 0 0.22 0.11 0 0.28 0.22
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Table 2. Cont.

Trial Method Flock Age :EZ} BM [g] AB R[li/?]t S A?E/l;es lig:]a D[g/gn InC;-e[ro;o]

4 H,0, B 33 1.06 2106 0 0.42 0.65 0 0.37 0.23
4 Non-disinfected A 33 1.8 2104 0 0.18 1.02 0.05 0.46 0.55
4 Non-disinfected B 33 1.48 2066 0 0.32 0.79 0 0.8 0.37
4 FA B 36 0.59 2382 0 0.16 0.43 0 0.42 0.11
4 H,O, A 36 1.32 2405 0 0.14 0.7 0.01 0.65 0.3

4 H,0O, B 36 1.43 2406 0 0.26 0.87 0 0.54 0.22
4 Non-disinfected A 36 1.32 2392 0 0.28 0.76 0.01 0.7 0.09
4 Non-disinfected B 36 1.68 2371 0 0.21 0.89 0 0.88 0.18
4 FA A 37 1.34 2514 0 0.24 0.95 0 0.44 0.22

4. Discussion

This study was conducted to examine the impact of two different hatching egg
disinfectants—nebulized hydrogen peroxide and formaldehyde as fumigation—compared
to a non-disinfected group on general performance parameters under field conditions.

An important pre-condition for this study was to achieve an as good as possible com-
parability of the trials and flocks allowing direct comparison of the results. Therefore, it was
ensured that conformity was given for all hatchery related parameters, as the procedures
remained the same over the trials, due to using the same hatchery and their standard oper-
ation procedures. Apart from differences in the disinfection protocols, influencing factors
considered were differences in eggshell thickness and possible variation in the bacterial
load with respect to age and source of the breeder flocks. There were differences concerning
the bacterial load, but the variation occurred in an overall low range of contamination,
where none of the tested batches was considered critical. The flock identity did not have
any statistically measurable impact on hatchery performance parameters, even though
significant differences would not have been surprising. The occurrence of differences in
hatching percentages between earlier and later production stages is well known [37,38],
especially due to decreasing fertility [39] and was therefore expected.

Concerning the fattening period, the comparability of trial 1 and 2 was also given due
to placement on the same farm, with e.g., comparable procedures, and bacterial preloads
in the houses. For the trials 3 and 4, the birds were raised on different farms and at a
later point in time, and many different factors, such as climate or management procedures,
would have to be considered in cases of significant differences. The antibiotic treatment
in trials 1 and 2 was a termination criterion for the trial. The data is still displayed in
Figure 1 and Table 2, but statistical evaluation was not conducted with any information
collected after day 2. Normally, without antibiotic intervention, the mortality rate would
probably have persisted on a high level. After the antibiotic treatment however, the non-
disinfected groups showed comparable daily mortality and body mass development as
well as comparable findings at slaughter. Only the cumulative mortality takes account of
the infectious event with augmented daily mortalities from day 2 to 7. Nevertheless, the
necessity of an antibiotic treatment shows that hatching egg disinfection is an important
part in the hatchery hygiene and that mortality can rise exponentially in groups without
hatching egg disinfection. In in vitro tests, the use of formaldehyde and hydrogen peroxide
displayed a similar disinfection efficacy [36]. While in trial 1 an antibiotic treatment in one
FA treated group was necessary, all other FA groups and groups hatched from eggs treated
with HyO; remained unremarkable, confirming the results of the afore-mentioned in vitro
tests [36]. The mean cumulative mortality was lowest for the H,O, disinfection method.

In trial 3 and 4, there were no significant differences concerning the daily mortality
and body mass development. However, the higher mean cumulative mortality rates matter
in a commercial setup (2.49% vs. 2.85%/2.84%). Surprisingly, the non-disinfected groups
also performed well and without antibiotic treatment. In comparison between the trials
1/2 and 3/4, different influencing factors such as farm, the age of the breeder flock and the



Poultry 2023, 2

season, were observed. The general microbial load, the exposure of the hatching eggs to
pathogenic bacteria, as well as the exposure of the chicks to the bacteria on farm can have
an influence on the occurrence of infections.

The hatching as well as the rearing results confirm earlier reports on the safety of
hydrogen peroxide when used as egg disinfection [29-31]. As the application method in
former studies was different and ranged from dipping, spraying to fogging, the safety
margin of HyO, can generally be confirmed, and the nebulization method offers easy
application to large egg batches. Some studies have been conducted concerning the efficacy
of the treatment, also including different application routes [24,25,29,30]. Beside studies
on the detection of the bacterial contamination, the efficacy was also measured using the
broiler performance data [30]. In the field trials conducted in this study, we also aimed to
confirm the efficacy by comparing the results to an established nebulization method and
untreated groups. Therefore, the results in daily mortality and body mass development
indicate that hydrogen peroxide nebulization is also an effective hatching egg disinfectant
with the potential to substitute formaldehyde.

Negative control groups have repeatedly been used in experimental setups of different
dimensions. Sander and Wilson [30] used a negative control group for the assessment
of microbial reduction. In three trials each with 540 eggs, the negative control groups
served as comparative value for hatching rates [29]. In a commercial setting, an abstention
of hatching egg disinfection on 5040 hatching eggs allowed for a distinction of bacterial
loads [40]. While a distinctly higher number of Enterobacteriaceae could be found in the
non-disinfected group, better results concerning hatchability were recorded.

At slaughter, no statistics were obtained for trials 1 and 2, but the broilers were
unremarkable and were further processed. The antibiotic treatment after the E. coli infection
in the group without hatching egg disinfectant was effective, as mortality reached basic
levels afterwards. If lesions were present in the affected birds, they were either resolved or
went unnoticed upon slaughter. In trials 3 and 4, the broilers were unremarkable as well
with no significant differences between groups being present.

As a field study on a large scale, a weakness of this examination is the limited amount
of information on individual results and generally less detailed information in comparison
to experimental studies conducted under laboratory conditions. The advantage of work
under field conditions is that we could demonstrate the effect in a large farm, under
economic conditions and the results derived from typical flock sizes. The results can
therefore add to the experiences already published for the efficacy and safety of hydrogen
peroxide in hatching egg disinfection.

5. Conclusions

All in all, the disinfection of hatching eggs either with H,O, or formaldehyde fu-
migation demonstrated comparable results concerning hatching rates, performance and
slaughter parameters. On the other hand, chicks hatched from eggs without pre-incubation
disinfection have a higher risk to be subject to infectious diseases, but are not necessarily
affected as multiple factors must be considered.

Author Contributions: Conceptualization, S.B.-S., M.P, ].B. and H.M.H.; methodology, M.P. and
J.B.; software, M.P; validation, G.M. and S.B.-S.; formal analysis, W.T.; investigation, G.M. and W.T,;
resources, M.P, ].B. and H.M.H.; data curation, M.P. and W.T.; writing—original draft preparation,
W.T.; writing—review and editing, W.T.; visualization, W.T.; supervision, M.P.; project administration,
M.P. and HM.H.; funding acquisition, M.P., HM.H. and ].B. All authors have read and agreed to the
published version of the manuscript.

Funding: The study was funded by the German Federal Office for Agriculture and Food (EsRAM,
FUZ 28177 01714).

Institutional Review Board Statement: Ethical review and approval were waived for this study as
data were recorded during normal fattening cycles without affecting or sampling the animals for
study purposes.



Poultry 2023, 2 10

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Olsen, R.; Kudirkiene, E.; Thofner, L; Pors, S.; Karlskov-Mortensen, P.; Li, L.; Papasolomontos, S.; Angastiniotou, C.; Christensen,
J. Impact of Egg Disinfection of Hatching Eggs on the Eggshell Microbiome and Bacterial Load. Poult. Sci. J. 2017, 96, 3901-3911.
[CrossRef] [PubMed]

Pesavento, G.; Calonico, C.; Runfola, M.; Lo Nostro, A. Free-range and Organic Farming. Eggshell Contamination by Mesophilic
Bacteria and Unusual Pathogens. . Appl. Poult. Res. 2017, 26, 509-517. [CrossRef]

Sander, J.E.; Wilson, ].L.; Cheng, I.H.; Gibbs, P.S. Influence of Slat Material on Hatching Egg Sanitation and Slat Disinfection. J.
Appl. Poult. Res. 2003, 12, 74-80. [CrossRef]

De Reu, K.; Grijspeerdt, K.; Messens, W.; Heyndrickx, M.; Uyttendaele, J.; Debevere, L.H. Eggshell Factors Influencing Eggshell
Penetration and Whole Egg Contamination by Different Bacteria, including Salmonella enteritidis. Int. J. Food Microbiol. 2006, 112,
253-260. [CrossRef]

Ahmed, B.; de Boeck, C.; Dumont, A.; Cox, E.; de Reu, K.; Vanrompay, D. First Experimental Evidence for the Transmission of
Chlamydia psittaci in Poultry through Eggshell Penetration. Transbound. Emerg. Dis. 2017, 64, 167-170. [CrossRef] [PubMed]
Berrang, M.E.; Cox, N.A; Frank, J.F; Buhr, R.J. Bacterial Penetration of the Eggshell and Shellmembranes of the Chicken Hatching
Egg: A Review. J. Appl. Poult. Res. 1999, 8, 499-504. [CrossRef]

Williams, J.E. Effect of High-Level Formaldehyde Fumigation on Bacterial Populations on the Surface of Chicken Hatching Eggs.
Avian Dis. 1970, 14, 386-392. [CrossRef]

Sander, J.E.; Wilson, J.L.; van Wiklen, G.L. Effect of Formaldehyde Exposure in the Hatcher and of Ventilation in Confinement
Facilities on Broiler Performance. Avian Dis. 1995, 39, 420-424. [CrossRef]

Kalidari, G.A.; Moayyedian, H.; Eslamian, A.; Mohsenzadeh, M. Isolation and Identification of Non-coliform Gram-negative
Bacteria in Hatching Eggs to Evaluate the Effect of Egg Fumigation by Formaldehyde. J. Poult. Sci. 2009, 46, 59-62. [CrossRef]
Hayretdag, S.; Kolankaya, D. Investigation of the Effects of Pre-incubation Formaldehyde Fumigation on the Tracheal Epithelium
of Chicken Embryos and Chicks. Turk. J. Vet. Anim. Sci. 2008, 32, 263-267.

Zulkifli, I; Fauziah, O.; Omar, A.R.; Shaipullizan, S.; Siti Selena, A.H. Respiratory Epithelium, Production Performance and
Behaviour of Formaldehyde-exposed Broiler Chicks. Vet. Res. Commun. 1999, 23, 91-99. [CrossRef] [PubMed]

Duong, A.; Steinmaus, C.; McHale, C.M.; Vaughan, C.P; Zhang, L. Reproductive and Developmental Toxicity of Formaldehyde:
A Systematic Review. Mut. Res. 2011, 728, 118-138. [CrossRef] [PubMed]

TRGS 522. Available online: https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/
TRGS-522.html (accessed on 27 August 2022).

Yildirim, I.; Ozsan, M.; Yetisir, R. The Use of Oregano (Origanum vulgare L.) Essential Oil as Alternative Hatching Egg Disinfectant
versus Formaldehyde Fumigation in Quails (Coturnix coturnix japonica) Eggs. Rev. Med. Vet. 2003, 154, 367-370.
Chmielowiec-Korzeniowska, A.; Tymczyna, L.; Dobrowolska, M.; Banach, M.; Nowakowicz-Debek, B.; Bryl, M.; Drabik, A.;
Tymczyna-Sobotka, M.; Kolejko, M. Silver (Ag) in Tissues and Eggshells, Biochemical Parameters and Oxidative Stress in Chickens.
Open Chem. 2015, 13, 1269-1274. [CrossRef]

Batkowska, J.; Al-Shammari, K..A.; Gryzinska, M.M.; Brodacki, A.; Wlazlo, L.; Nowakowicz-Debek, B. Effect of Using Colloidal
Silver in the Disinfection of Hatching Eggs on some Microbial, Hatchability and Performance Traits in Japanese Quail (Coturnix
cot. japonica). Eur. Poult. Sci. 2017, 81, 211.

Russell, S.M. The Effect of Electrolyzed Oxidative Water Applied Using Electrostatic Spraying on Pathogenic and Indicator
Bacteria on the Surface of Eggs. Poult. Sci. 2003, 82, 158-162. [CrossRef]

Bourassa, D.V.; Buhr, R.].; Wilson, J.L. Hatchability of Eggs Sanitized with Increasing Concentrations of BioSentry 904 or Bio-Phene.
J. Appl. Poult. Res. 2002, 11, 397-401. [CrossRef]

Rehkopf, A.C.; Byrd, J.A.; Coufal, C.D.; Duong, T. Advanced Oxidation Process Sanitization of Hatching Eggs Reduces Salmonella
in Broiler Chicks. Poult. Sci. 2017, 96, 3709-3716. [CrossRef]

Whistler, PE.; Sheldon, B.W. Bactericidal Activity, Eggshell Conductance, and Hatchability Effects of Ozone versus Formaldehyde
Disinfection. Poult. Sci. 1989, 68, 1074-1077. [CrossRef]

Gerrits, A.R.; Dijk, D.J. Effect of X-ray Irradiation of Hatching Eggs on Hatching Time, Hatchability and Broiler Weight. Arch.
Gefluglk. 1992, 56, 179-181.

Castaneda, S.M.P; Tellez, 1.G.; Bustos, R.E.; Quintana, L.J.A.; Sanchez, R.E.; Hargis, M.B. Effect of Electron Irradiation on
Hatchability and Broiler Performance of Hatching Eggs. Act. Aliment. 1996, 25, 305-310. [CrossRef]

Zakaria, A.H. Effect of Low Doses of Gamma Irradiation Prior to Egg Incubation on Hatchability and Body Weight of Broiler
Chickens. Br. Poult. Sci. 1991, 32, 103-107. [CrossRef] [PubMed]

Cox, N.A,; Bailey, ].S.; Berrang, M.E. Bactericidal Treatment of Hatching Eggs I. Chemical Immersion Treatments and Salmonella.
J. Appl. Poult. Res. 1998, 7, 347-350. [CrossRef]


http://doi.org/10.3382/ps/pex182
http://www.ncbi.nlm.nih.gov/pubmed/29050418
http://doi.org/10.3382/japr/pfx023
http://doi.org/10.1093/japr/12.1.74
http://doi.org/10.1016/j.ijfoodmicro.2006.04.011
http://doi.org/10.1111/tbed.12358
http://www.ncbi.nlm.nih.gov/pubmed/25882831
http://doi.org/10.1093/japr/8.4.499
http://doi.org/10.2307/1588482
http://doi.org/10.2307/1591888
http://doi.org/10.2141/jpsa.46.59
http://doi.org/10.1023/A:1006202418092
http://www.ncbi.nlm.nih.gov/pubmed/10359153
http://doi.org/10.1016/j.mrrev.2011.07.003
http://www.ncbi.nlm.nih.gov/pubmed/21787879
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/TRGS-522.html
https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/TRGS-522.html
http://doi.org/10.1515/chem-2015-0140
http://doi.org/10.1093/ps/82.1.158
http://doi.org/10.1093/japr/11.4.397
http://doi.org/10.3382/ps/pex166
http://doi.org/10.3382/ps.0681074
http://doi.org/10.1016/0969-806X(96)81106-6
http://doi.org/10.1080/00071669108417331
http://www.ncbi.nlm.nih.gov/pubmed/2049616
http://doi.org/10.1093/japr/7.4.347

Poultry 2023, 2 11

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cox, N.A; Berrang, M.E.; Bailey, ].S.; Stern, N.J. Bactericidal Treatment of Hatching Eggs V Efficiency of Repetitive Immersions in
Hydrogen Peroxide or Phenol to Eliminate Salmonella from Hatching Eggs. J. Appl. Poult. Res. 2002, 11, 328-331. [CrossRef]
Hafez, HM,; Jodas, S. Behandlungsverfahren mit verschiedenen Desinfektionsmitteln zur Bekdimpfung von Salmonella enteritidis
bei kiinstlich infizierten Bruteiern (Legehybriden). Tierarztl. Umsch. 1993, 48, 517-521.

Padron, M. Egg Dipping in Hydrogen-Peroxide Solution to Eliminate Salmonella-Typhimurium from Eggshell Membranes. Avian
Dis. 1995, 39, 627-630. [CrossRef]

Musgrove, M.T.; Cox, N.A.; Berrang, M.E.; Buhr, R.J.; Richardson, L.J.; Mauldin, ].M. Effect of Inoculation and Application
Methods on the Performance of Chemicals used to Disinfect Salmonella-contaminated Broiler Hatching Eggs. J. Appl. Poult. Res.
2010, 19, 387-392. [CrossRef]

Sheldon, B.W.; Brake, ]J. Hydrogen-Peroxide as an Alternative Hatching Egg Disinfectant. Poult. Sci. 1991, 70, 1092-1098.
[CrossRef]

Sander, J.E.; Wilson, J.L. Effect of Hydrogen Peroxide Disinfection During Incubation of Chicken Eggs on Microbial Levels and
Productivity. Avian Dis. 1999, 43, 27-233. [CrossRef]

Keita, A.; Huneau-Salaun, A.; Guillot, A.; Galliot, P.; Tavares, M.; Puterflam, J. A Multi-pronged Approach to the Search for
an Alternative to Formaldehyde as an Egg Disinfectant without Affecting Worker Health, Hatching, or Broiler Production
Parameters. Poult. Sci. 2016, 95, 1609-1616. [CrossRef]

Melo, E.F; Climaco, W.L.S.; Triginelli, M.V.; Vaz, D.P.,; de Souza, M.R ; Baiao, N.C.; Pompeu, M.A ; Lara, L.].C. An Evaluation of
Alternative Methods for Sanitizing Hatching Eggs. Poult. Sci. 2019, 98, 2466-2473. [CrossRef] [PubMed]

Alasri, A.; Roques, C.; Michel, G.; Cabassud, C.; Aptel, P. Bactericidal Properties of Peracetic-Acid and Hydrogen-Peroxide,
Alone and in Combination, and Chlorine and Formaldehyde Against Bacterial Water Strains. Can. J. Microbiol. 1992, 38, 635-642.
[CrossRef] [PubMed]

Wells, ].B.; Coufal, C.D.; Parker, H.M.; McDaniel, C.D. Disinfection of Eggshells Using Ultraviolet Light and Hydrogen Peroxide
Independently and in Combination. Poult. Sci. 2010, 89, 2499-2505. [CrossRef] [PubMed]

Tebriin, W.; Motola, G.; Hafez, M.H.; Bachmeier, J.; Schmidt, V.; Renfert, K.; Reichelt, C.; Briiggemann-Schwarze, S.; Pees, M.
Preliminary Study: Health and Performance Assessment in Broiler Chicks Following Application of Six Different Hatching Egg
Disinfection Protocols. PLoS ONE 2020, 15, e0232825. [CrossRef]

Motola, G.; Hafez, H.M.; Briiggemann- Schwarze, S. Efficacy of Six Disinfection Methods Against Extended-spectrum Beta-
lactamase (ESBL) Producing E. coli on Eggshells in Vitro. PLoS ONE 2020, 15, 0238860. [CrossRef]

Ulmer-Franco, A.M.; Fasenko, G.M.; O’'Dea Christopher, E.E. Hatching Egg Characteristics, Chick Quality, and Broiler Performance
at 2 Breeder Flock Ages and from 3 Egg Weights. Poult. Sci. 2010, 89, 2735-2742. [CrossRef]

Elibol, O.; Peak, S.D.; and Brake, J. Effect of Flock Age, Length of Egg Storage, and Frequency of Turning During Storage on
Hatchability of Broiler Hatching Eggs. Poult. Sci. 2002, 81, 945-950. [CrossRef]

Gumutka, M.; Kapkowska, E. Age Effect of Broiler Breeders on Fertility and Sperm Penetration of the Perivitelline Layer of the
Ovum. Anim. Reprod. Sci. 2005, 90, 135-148. [CrossRef]

Musgrove, M.T.; Stephens, C.B.; Bourassa, D.V.; Cox, N.A.; Mauldin, ].M.; Berrang, M.E.; Buhr, R.J. Enterobacteriaceae and
Salmonella Recovered from Non-Sanitized and Sanitized Broiler Hatching Eggs. J. Appl. Poult. Res. 2014, 23, 516-522. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1093/japr/11.3.328
http://doi.org/10.2307/1591818
http://doi.org/10.3382/japr.2009-00105
http://doi.org/10.3382/ps.0701092
http://doi.org/10.2307/1592612
http://doi.org/10.3382/ps/pew058
http://doi.org/10.3382/ps/pez022
http://www.ncbi.nlm.nih.gov/pubmed/30690560
http://doi.org/10.1139/m92-104
http://www.ncbi.nlm.nih.gov/pubmed/1393833
http://doi.org/10.3382/ps.2009-00604
http://www.ncbi.nlm.nih.gov/pubmed/20952715
http://doi.org/10.1371/journal.pone.0232825
http://doi.org/10.1371/journal.pone.0238860
http://doi.org/10.3382/ps.2009-00403
http://doi.org/10.1093/ps/81.7.945
http://doi.org/10.1016/j.anireprosci.2005.01.018
http://doi.org/10.3382/japr.2014-00975

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

