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Simple Summary: It is common practice that one-day-old chicks can be deprived of feed for about
48 h or more before they are housed on farms. Thus, we hypothesized that early nutrition on-farm
hatched chicks might overcome the adverse effects of delayed nutrition on-hatchery hatched chicks
regarding some animal welfare issues such as foot pad health as well as growth performance of birds.
Our results confirmed that early nutrition on-farm hatched chicks together with using new fresh
litter at d 7 of life led to a reduction in the severity of foot pad lesions and improved the growth
performance of broiler chickens.

Abstract: This study aimed to investigate the possibility of rearing newly hatched chicks with
immediate access to feed and water in the same hatching unit one week prior to transferring them
to the conventional broiler house with special regards to foot pad health and growth performance.
Two trials were performed with a total of 6900/6850 (trials 1/2) broiler chickens (ROSS 308). A total
of 3318/3391 chicks (trials 1/2) were transported from the hatchery (duration of about 3 h) and
reared in a conventional broiler house (control group: delayed nutrition on-hatchery hatched). The
control group did not receive any form of nutrition until they were taken to conventional broiler
housing. Additionally, a total of 3582/3459 (trials 1/2) embryonated eggs (d 18) were obtained from
the same parent flock of the same commercial hatchery and taken to the farm facility. After on-farm
hatch, the chicks had immediate access to water and feed (experimental group: early nutrition
on-farm hatched). After d 6/7 of life, the on-farm hatched chicks (trials 1/2) were transferred to the
broiler house on the same facility. The delayed nutrition on-hatchery hatched groups displayed a
significantly lower dry matter content in the litter compared to the early nutrition on-farm hatched
groups (two-factorial analysis) at d 6/7 and d 14 of life. However, thereafter, no significant differences
were noted. Based upon two-factorial analysis, the early nutrition on-farm hatched groups revealed
lower foot pad lesions from d 14 of life onwards and showed a higher body weight (BW) throughout
the rearing period compared to the delayed nutrition on-hatchery hatched groups (p < 0.05). Overall,
early nutrition on-farm hatched chickens is of critical importance together with using new litter
at d 7 to maintain healthy foot pads as well as to enhance nutrient utilization and optimize the
growth performance.
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1. Introduction

In commercial hatcheries, broiler chicks are usually hatched in conventional hatchers
where they are not provided with feed and water until being housed on-farm (delayed
nutrition) [1]. Eggs do not hatch at exactly the same time but do so within a “hatch window”
which is defined as the time interval from the first to the last hatched chick [2]. This could be
varied over a 24 to 48 h-period until the majority of chicks have been hatched [2]. This time
may be further delayed depending on other procedures taking place within the hatchery
such as sexing, vaccination, packaging and transportation distance to the farm [3]. During
this period, the hatched chicks depend on residual yolk for maintenance and growth [4].
However, despite the presence of the yolk sac in chicks, prolonged post-hatch holding
periods and delayed feeding may cause potential dehydration and energy depletion, which
can have negative consequences on the growth and development of broiler chicks [5,6]. The
time until the first feed and water intake “holding period” may take up to 72 h when long
transportation distances are involved [7]. The long transportation process could exacerbate
the depletion of reserves and dehydration through excessive thermoregulatory demands
and stress, thus possibly affecting chicks’ BW and mortality rates [8,9]. The European
Union legislation [10] specifies that newly hatched broiler chicks can be transported in the
first 72 h after hatching including a maximum transport time of 24 h without feed and
water. This recommendation is based on the fact that the chick’s metabolic reserves stored
in the yolk sac last up to 3 d [11]. Nevertheless, chick mortality during the first week of life
can reflect the stress of the transportation process [12]. Moreover, increasing mortality is
considered to be the most extreme consequence of delayed feeding [3,13].

Delayed nutrition is only one of several welfare risks associated with conventional
hatchery hatching. Exposure to continuous darkness in the hatcher, high noise and dust
levels and transportation may act as stressors that impact chick welfare negatively [14–16].
Thus, any negative consequences resulting from delayed nutrition on the development
of the intestine and muscles [17–19] and the immune system such as poor vaccination
or reducing the response toward diseases [20] are considered welfare issues and should
be avoided.

In recent years, early nutrition strategies, directly after hatching, have been proposed
and conducted as an alternative to overcome the drawbacks of delayed nutrition on chick
health and performance [21]. One strategy of early nutrition is giving the feed to the chicks
in the hatchery, during transportation and before housing on-farm [22]. In the on-farm
system, eggs are transported to the farm at d 18 of incubation, where the hatching period
takes place on the farm and the hatched chicks have immediate access to feed and water
directly after hatching and continuous light is provided [23]. Additionally, the on-farm
system avoids the transport of newly hatched chicks from hatch chicks directly on-farm
and hence decreases stress during handling [24]. All vaccinations (via drinking water
or spray vaccinations) are performed on-farm [1]. Currently available on-farm hatching
systems differ in the layout and degree of automation [25]. The use of these approaches
is necessary not only for improving the growth performance but also for maintaining
homeostasis [21,26]. Recent studies carried out in Belgium [24,25] assessed this system
regarding BW, mortality and feed conversion ratio and found similarities between both
on-farm hatched and commercially hatched flocks.

In addition, another welfare aspect, the birds’ foot pad health, was investigated
by de Jong et al. [24,25]. Foot pad dermatitis (FPD) for example occurs if housing and
management factors are disadvantageous [27]. There are many factors influencing the
occurrence and severity of FPD. Nonetheless, poor litter quality, i.e., wet litter, is the most
important cause of FPD [28–30]. Thus, achieving good litter quality and a low prevalence
of FPD is highly desirable regarding the health and welfare of the animals.

It was hypothesized that a reduction in stressors in the peri- and post-hatching envi-
ronments, such as the absence of deprivation of feed and water and less or no handling,
would lead to improved welfare both early and later in life. Early nutrition on-farm hatched
chicks were expected to score best, as on-farm hatching does not only include the offering
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of early feeding but also the absence of transport of day-old chicks and of other potentially
stressful hatchery processing procedures.

Therefore, the objectives of the present study were first to test the possibility/success
of hatching eggs (d 18) in a special on-farm unit near the broiler-rearing house. Additionally,
to the best of our knowledge, it is the first study investigating the possibility of rearing
newly hatched chicks with immediate access to feed and water in the same hatching unit
one week prior to transferring them to the conventional broiler house. Secondly, the study
aimed to investigate the effects of this new strategy on foot pad health as an animal welfare
issue as well as litter quality and growth performance.

2. Materials and Methods

The broiler chickens in this study were raised under standardized husbandry condi-
tions and subjected to a standard fattening procedure on the Farm for Education and Re-
search Ruthe, University of Veterinary Medicine Hannover, Foundation, Sarstedt, Germany.
Since no interventions were carried out on live animals, the study was not considered
an animal experiment according to the Animal Protection Act, and thus did not require
approval from the respective authority.

2.1. Experimental Design

Influences of delayed or early nutrition of broilers were investigated in two subsequent
trials upon two-factorial analysis (group “either delay nutrition or early nutrition” and
trial repetition “either trial 1 or trial 2”). The concept of common hatching practice (delay
nutrition on-hatchery hatched) versus the new strategy of early nutrition on-farm hatched
is presented in Figure 1.
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Figure 1. Concept of common hatching practice (delay nutrition on-hatchery hatched) versus the
new strategy of early nutrition on-farm hatched. (Figure was created with BioRender.com, in
20 August 2021).

In the common hatching practice, the newly hatched chicks were allowed to be
transported within the first 72 h after hatching with a maximum transportation period of
24 h without feed and water. In contrast, in the new hatching strategy, the embryonated
eggs (d 18) were transported in a special truck and thereafter hatched on-farm in a special
hatching unit and reared there for 6/7 days with immediate access to feed and water. Thus,
in this new hatchery strategy, there is a combined effect of on-farm hatching and the early
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access of feed and water. Thereafter, these chicks were transported to the conventional
broiler house for rearing in the same facility. Chicks’ ages are expressed as chronological
age [16], starting from the end of the hatch window (0 d) until slaughter (33 d).

2.2. Housing

The facility consisted of a conventional broiler closed house with a floor pen of 398 m2.
A wire fence was used in the middle of the stall to separate the control and experimental
groups in both trials. The location of groups was swapped between both trials to avoid
any effects regarding housing conditions. Generally, each pen was littered with wood
shavings to a depth of approximately 1 cm above the floor at the start of the trials. The
litter material was covered with chick paper in the stall for the first two days of life to
provide access to feed for the chicks. The temperature and humidity in the stables were
controlled automatically (Big Dutchman International GmbH, Vechta, Germany) with a
regimen of 16L:8D. The light intensity was identical in both groups for the 2 trials. The
dark period was between 2100 and 0500 h. Both lights and shutters, which blocked external
light, were automatically controlled using timers. The artificial light source in all houses
consisted of 2 rows of 14 fluorescent strip lights, running parallel to each other along the
length of the house. At the age of two weeks, all chicks received an obligatory Newcastle
disease vaccination. The feeders and nipple drinkers (without cups) were installed in the
longitudinal pens of the special unit (on-farm hatched). An automatic chain feeding system
by the trough and nipple drinkers with drip cups (Big Dutchman International GmbH,
Vechta, Germany) were used in the barn. The stocking density was estimated in accordance
with the final BW of slaughterhouse data as well as the number of live birds delivered
to the slaughterhouse divided by the size of floor pen reared by each group. Stocking
densities did not exceed 33 kg/m2 at any stage of the production cycle.

2.3. Hatching

In comparison to the control group, overlay egg trays (embryonic age: d 18) were
obtained from the same commercial hatchery (i.e., eggs had absolutely identical conditions
until d 18 of brooding). Thereafter, the eggs were incubated under standard incubation
conditions near the conventional broiler house (experimental group: early nutrition on-
farm hatched). Three days prior to hatching, the floor temperature was about 34 ◦C and
air temperature was controlled (37.5 ◦C), while the average humidity was around 60–65%
from the housing of the embryonated eggs until hatch based on recommendations of
Lourens et al. [31] and Molenaar et al. [32]. The on-farm hatched chicks were reared in six
longitudinal pens (1.60 m × 5.00 m) covered with wood shavings. After 6 or 7 days of life
on-farm hatched (trials 1 and 2, respectively), the chicks were transferred to the broiler
house on the same facility to simulate conventional fattening procedures.

2.4. Animals

Two trials were performed with a total of 6900/6850 (trials 1/2) broiler chickens
ROSS 308 (BWE-Brüterei Weser-Ems GmbH & Co. KG, Visbek-Rechter-feld, Germany). A
total of 3318/3391 chicks (trials 1/2) were reared (after a 3 h transport from the hatchery)
in a conventional broiler house (control group; delayed nutrition on-hatchery hatched.
In comparison to that, a total of 3582/3459 (trials 1/2, respectively) eggs (embryonic age:
d 18) were obtained from the same parent flock of the same commercial hatchery and
transported in an air-conditioned van to the research farm facility. The chicks in the control
groups (delayed nutrition on-hatchery hatched) did not receive any form of nutrition
from hatching till being housed in the conventional broiler house, whereas in the case of
the on-farm hatched, the newly hatched chicks had immediate access to water and feed
(experimental group: early nutrition on-farm hatched).
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2.5. Diets and Chemical Analysis

Feed and water were available ad libitum for all groups. All birds in both trials were
fed commercial pelleted diets throughout the rearing period. The commercial starter diets
were offered for the first week of life to all birds. From the beginning of the second week,
the birds received a commercial grower diet. The commercial finisher diet was offered
from the beginning of the fourth week to all birds. Generally, the commercial diets fed to
all birds in both trials were based on wheat grain, yellow corn, soybean meal, and rapeseed
meal obtained from MEGA Tierernährung GmbH & Co. KG, Visbek-Rechterfeld, Germany.

The diets were analyzed by the Association of German Agricultural Analytic and
Research Institutes (VDLUFA) methods [33]. The dry matter (DM) content was deter-
mined mathematically by weighing before and after drying the samples at 103 ◦C. The
muffle furnace was used to detect the crude ash content by weighing the samples before
and after combustion at 600 ◦C. The Dumas incineration method (Vario Max, Elementar,
Analysensysteme GmbH, Langenselbold, Germany) was applied to measure the total N
content. Moreover, the crude fat content was measured by the Soxhlet apparatus using
a standard protocol. The crude fiber content was determined by washing the samples
in diluted sulfuric acid and sodium hydroxide (FibertecTM 2010, Foss Analytical A/S,
Hillerød, Denmark). A polarimetric method was used to determine the starch content of
the diets (Schmidt + Haensch GmbH & Co., Berlin, Germany). Sugar in the samples was
analyzed by using the Luff–Schoorl method, while the atomic absorption spectrometry was
used to analyze the minerals (Unicam Solaar 116, Thermo Fisher Scientific GmbH, Dreieich,
Germany). Finally, ion-exchange chromatography (AA analyzer LC 3000, Biotronik Wis-
senschaftliche Geräte GmbH, Maintal, Germany) was used to analyze amino acid contents.
The chemical composition of the starter, grower and finisher diets is presented in Table 1.

2.6. Excreta and Litter Quality and Foot pad Scoring

Fresh pure excreta samples (n = 9) from each group were collected (and pooled)
weekly to measure DM content. Additionally, litter samples (n = 9) for measuring the DM
content were collected (on the same day as the excreta sampling) from nine locations/spots
(six peripheral and three central samples within a standardized procedure, i.e., equal
distances to feeder and drinker lines and the peripheral wall). The foot pads (only the
central plantar) of the birds (50 birds/group) were scored weekly on a scale from 0 to 7 in
accordance with Mayne et al. [30]: score 0 = healthy skin, score 7 = more than 50% of foot
pad area is necrotic. The average scoring of both legs was performed for each bird. A
photograph of the foot pad scoring was shown in a previous study [34]. Foot pad scores
were determined by forming the average of the scores for both feet of each animal.

2.7. Performance Parameters

In both trials, the individual BW was recorded at d 0, d 4, and d 6/7, and thereafter
once a week by catching 50 birds randomly from each group as performed previously by
Abd El-Wahab et al. [35]. BW was recorded in the farm by using digital scale (BAT 1, VEIT
Electronics, Moravany, the Czech Republic). Moreover, animal losses were recorded in
each group. In addition, the final BW data were obtained from the slaughterhouse per
group for each trial.
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Table 1. Analyzed chemical composition of experimental diets.

Item
(g/kg DM) 2

Commercial Diets 1

Starter Grower Finisher

T1 T2 T1 T2 T1 T2

DM 898 893 891 894 891 891
Crude ash 57.6 57.1 60.9 57.8 55.9 60.3

Crude protein 219 222 213 214.3 222 223
Crude fat 43.8 47.0 50.7 55.3 52.4 51.2

Crude fiber 28.4 28.7 38.3 38.1 30.7 34.1
Starch 490 486 469 462 480 471
Sugar 44.5 46.1 46.6 48.0 48.3 48.0

Metabolizable energy
(MJ/kg) 3 13.7 13.8 13.5 13.6 13.9 13.7

Calcium 9.40 10.1 7.60 8.31 7.00 8.37
Magnesium 1.80 1.76 1.88 1.86 1.76 1.77
Phosphorus 7.69 7.18 5.89 5.95 5.56 5.19

Sodium 1.58 1.41 1.76 1.45 1.42 1.45
Potassium 9.30 9.35 9.23 9.23 8.86 8.91
Chloride 2.15 1.96 2.20 2.08 2.03 2.02
Copper

(mg/kg DM) 26.7 23.3 28.2 23.7 24.7 23.8

Zinc
(mg/kg DM) 107.2 94.8 104 108 91.3 101

Iron
(mg/kg DM) 267 276 329 298 309 277

Manganese
(mg/kg DM) 144 141 137 130 112 134

Arginine 13.5 12.9 12.9 12.6 13.4 12.6
Cysteine 3.71 3.90 3.68 3.35 4.07 3.35

Isoleucine 8.86 8.49 8.44 8.37 8.56 8.37
Leucine 16.8 16.0 15.7 15.7 16.1 15.7
Lysine 13.5 12.8 13.4 12.2 12.6 12.2

Methionine 4 6.58 6.46 3.05 2.57 5.97 2.57
Phenylalanine 10.6 10.1 10.0 9.69 10.3 9.69

Threonine 8.25 7.91 7.98 8.54 8.45 8.54
Valine 9.92 9.68 10.1 9.69 10.1 9.69

1 T1 = first trial; T2 = second trial; 2 DM = dry matter; 3 Metabolizable energy (MJ/kg) = 0.01551 × g/kg crude
protein + 0.03431 × g/kg crude fat + 0.01669 × g/kg starch + 0.01301 × g/kg sugar; 4 Methionine hydroxy analog
was added only to grower commercial diets at a percentage of 0.28%.

2.8. Statistical Analysis

The statistical analysis was performed using the Statistical Analysis System for Win-
dows, the SAS® Enterprise Guide®, version 9.3 (SAS Institute Inc., Cary, NC, USA). The BW
and foot pad scores were analyzed for the individual animals; further values, i.e., litter and
excreta DM contents were analyzed at the group level. For most parameters, mean values,
as well as the standard deviation of the mean (SD), were calculated. A test for normal
distribution was performed using the Shapiro–Wilk test and normally distributed data
were checked for significant differences with the Ryan–Einot–Gabriel–Welsch test (simple
Anova). Not normally distributed data were checked for significant differences with a
Kruskal–Wallis test followed by a Wilcoxon two-sample test. In order to determine the
influence of the two factors (group type and trial repetition) in the first and second trials,
the p-values were determined using two-factorial ANOVA. Differences with a significant
level of p < 0.05 were considered significant.
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3. Results
3.1. Dry Matter Content of Excreta

The results of two-factorial analysis regards to excreta DM content in both trials are
presented in Table 2. Only at d 6/7 of life did the DM content of excreta show significant
differences for the group effect (p < 0.05). A significant effect of the trial repetition was noted
on the excreta DM content throughout the rearing period except at d 4 of life. However,
the significant effect of the group x trial was observed only at d 32 of life.

Table 2. Dry matter content (%) of excreta depending on different groups and different trials (n = 18 each, except at d 4; n =
6) using two-factorial analysis.

Trial Group
Day of Life

4 6/7 14 21 28 32

1 *
Control 21.7 ± 0.404 22.8 ± 0.250 22.8 ± 0.479 23.3 ± 0.580 22.9 ± 0.557 23.1 ± 0.263

Experimental 22.1 ± 0.404 23.0 ± 0.238 22.8 ± 0.939 23.2 ± 0.359 22.7 ± 0.714 23.2 ± 0.238

2 *
Control 22.2 ± 0.964 20.1 ± 0.668 24.3 ± 0.512 26.8 ± 1.59 29.7 ± 2.80 25.4 ± 0.624

Experimental 23.3 ± 1.00 21.1 ± 0.374 23.5 ± 0.526 26.5 ± 1.02 27.7 ± 2.11 26.2 ± 1.27

p-value
Group 0.122 0.016 0.223 0.697 0.248 0.280
Trial 0.096 <0.001 0.005 <0.001 <0.001 <0.001

Group × Trial 0.443 0.073 0.176 0.922 0.327 0.373

* There were no significant differences between groups at each time point within each trial.

3.2. Litter Quality

The results of litter DM content upon using two-factorial analysis in both trials are
presented in Table 3. The data revealed that no significant differences in litter DM content
between delayed nutrition on-hatchery hatched (control group) or early nutrition on-farm
hatched (experimental group) during the rearing period (except at d 6/7 and d 14 of life).
Nevertheless, significant differences in litter DM content were noted regarding the effects
of the trial repetition (except at d 0, d 6/7 and d 14 of life). However, group x trial as factors
on litter DM content did not show any significant effects throughout the rearing period
(except at d 21 and d 28 of life).

Table 3. Dry matter content (%) of litter depending on different groups and different trials (n = 18 each, except at d 0 and d
4; n = 6) using two-factorial analysis.

Trial Group
Day of Life

0 4 6/7 14 21 28 32

1
Control 91.8 a ± 0.404 87.9 a ± 1.86 83.7 a ± 3.11 76.9 a ± 4.51 69.0 b ± 2.60 66.1 b ± 1.80 63.2 a ± 2.09

Experimental 91.8 a ± 0.436 85.2 a ± 1.82 72.1 b ± 0.797 80.2 a ± 1.30 73.6 a ± 0.601 69.6 a ± 1.03 65.4 a ± 1.68

2
Control 91.9 a ± 0.361 82.3 a ± 6.83 83.8 a ± 5.36 74.6 a ± 3.04 77.4 a ± 3.61 80.3 a ± 1.97 73.2 a ± 3.66

Experimental 92.0 a ± 0.252 75.2 a ± 3.33 72.0 b ± 10.8 77.9 a ± 1.86 74.3 a ± 2.57 78.5 a ± 2.26 74.4 a ± 2.12

p -value
Group 0.706 0.066 <0.001 0.013 0.490 0.305 0.122
Trial 0.415 0.010 0.992 0.064 <0.001 <0.001 <0.001

Group × Trial 0.821 0.377 0.972 0.995 0.002 0.002 0.642
a,b Means in a column within each trial with different superscripts differ significantly (p < 0.05).

3.3. FPD Scoring

At the beginning of the trial, the foot pads of all birds were healthy in each trial
(Table 4). Interestingly, birds of early nutrition on-farm hatched (experimental group)
exhibited significantly lower FPD scores from d 14 until d 32 of life using two-factorial
analysis compared to birds of delayed nutrition on-hatchery hatched (control group). The
trial repetition had a significant effect on the FPD scoring only at d 4, d 21 and d 32 of life.
However, the group × trial showed significant differences in FPD scoring only at d 14, d 28,
and d 32 of life.
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Table 4. FPD scoring of broilers depending on different diets and different trials (n = 100 each) using two-factorial analysis.

Trial Group
Day of Life

4 6/7 14 21 28 32

1
Control 0.020 a ± 0.141 0.410 a ± 0.668 1.77 a ± 1.71 2.04 a ± 2.04 1.78 a ± 1.93 2.54 a ± 2.30

Experimental 0.120 a ± 0.372 0.360 a ± 0.452 0.870 b ± 0.781 1.02 b ± 0.742 0.910 b ± 0.793 1.18 b ± 1.20

2
Control 0.180 a ± 0.414 0.590 a ± 0.560 1.04 a ± 0.807 1.31 a ± 0.931 1.22 a ± 0.648 1.29 a ± 0.840

Experimental 0.240 a ± 0.381 0.390 a ± 0.455 1.02 a ± 0.827 0.920 b ± 0.547 1.01 b ± 0.237 1.09 b ± 0.241

p-value
Group 0.102 0.104 0.004 <0.001 <0.001 <0.001
Trial 0.005 0.172 0.064 0.016 0.140 0.001

Group × Trial 0.682 0.328 0.005 0.067 0.035 0.003
a,b Means in a column within each trial with different superscripts differ significantly (p < 0.05).

3.4. Performance Data and Mortality Rate

Results for feed and water intakes were monitored for both groups together, as it was
difficult to determine these parameters for each group separately. Two-factorial analysis
revealed that birds of early nutrition on-farm hatched (experimental group) showed a
significantly higher BW during the entire rearing period compared to birds of delayed
nutrition on-hatchery hatched (control group) (Table 5). The trial repetition had a significant
influence on the BW independent of group (except at d 21 and d 32 of life). However, group
× trial affected the BW significantly only at d 0, 4, and 28 of life.

Table 5. Average BW (g) depending on different diets and different trials (n = 100 each) using two-factorial analysis.

Trial Group
Day of Life

0 4 6/7 14 21 28 32

1
Control 46.2 a ± 3.32 111 a ± 9.29 167 a ± 14.8 475 b ± 66.8 902 b ± 101 1524 a ± 181 1760 b ± 204

Experimental 47.6 a ± 3.67 113 a ± 9.38 169 a ± 13.0 509 a ± 60.8 954 a ± 109 1575 a ± 184 1911 a ± 223

2
Control 40.3 b ± 3.29 96.2 b ± 8.21 160 b ± 13.4 419 b ± 50.4 885 b ± 126 1381 b ± 191 1736 b ± 185

Experimental 47.5 a ± 2.75 104 a ± 9.39 167 a ± 14.3 462 a ± 51.3 966 a ± 76.7 1541 a ± 142 1883 a ± 177

p-value
Group <0.001 <0.001 0.025 <0.001 <0.001 <0.001 <0.001
Trial <0.001 <0.001 0.024 <0.001 0.847 0.001 0.349

Group × Trial <0.001 0.017 0.230 0.551 0.341 0.029 0.935
a,b Means in a column within each trial with different superscripts differ significantly (p < 0.05).

According to the data of the slaughterhouse (Table 6), the final BW (d 33) was higher
for the birds of early nutrition on-farm hatched (experimental group) (1893 g and 1911 g
for trials 1 and 2, respectively) in comparison to delayed nutrition on-hatchery hatched
(control group) (1817 g and 1795 g for trials 1 and 2, respectively). The mortality rate in
the first week of life was 1.81% and 1.24%, in trials 1 and 2, respectively, for the group of
delayed nutrition on-hatchery hatched (control group) vs. 1.28% and 0.87% for the group of
early nutrition on-farm hatched (experimental group) in trials 1 and 2, respectively. From
week 2 onwards the mortality rate in the first trial was about 3.79% in the early nutrition
on-farm hatched (experimental group) vs. 3.62% for delayed nutrition on-hatchery hatched
(control group). Nevertheless, in the second trial, the mortality rate (d 8–d 33) was 5.66%
in the early nutrition on-farm hatched (experimental group), while it was 6.75% for the
delayed nutrition on-hatchery hatched (control group).
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Table 6. Overall farm and slaughterhouse data for both groups for trials 1 and 2 during the entire
experimental period (d 0–d 33).

Trial Parameter Control
Group Experimental Group

1

Total live birds at d 0 (n) 3318 3582
Total live birds at d 6 (n) 3258 3536
Total live birds at d 33 (n) 3140 3402

Mortality rate from d 0–d 6 (%) 1.81 1.28
Mortality rate from d 7–d 33 (%) 3.62 3.79

BW at 0 d (g) 46 48
BW at 33 d (g), slaughterhouse data 1817 1893

BWG from d 0–d 33 (g) 1771 1845
Stocking density (kg/m2) 1 28.7 32.4

2

Total live birds at d 0 (n) 3391 3459
Total live birds at d 7 (n) 3349 3429
Total live birds at d 33 (n) 3092 3196

Mortality rate from d 0–d 7 (%) 1.24 0.87
Mortality rate from d 8–d 33 (%) 6.75 5.66

BW at 0 d (g) 40 48
BW at 33 d (g), slaughterhouse data 1795 1911

BWG from d 0–d 33 (g) 1755 1863
Stocking density (kg/m2) 1 27.9 30.7

1 The facility consisted of a conventional broiler house with a floor pen/group of 199 m2.

4. Discussion

Litter quality is one of the essential factors affecting the welfare of broilers since birds
spend all of their lives on litter material. Additionally, litter management is a crucial step
for foot pad health. Moreover, FPD is considered an indicator of housing conditions and
the welfare of poultry [27]. In the current study, litter quality and/or DM content were
almost similar between both groups in trials 1 and 2 (except at d 6/7 and d 14). The main
reason for drier litter at d 6/7 and d 14 was that the chicks in the early nutrition on-farm
hatched group were transferred from their hatched pens to a new/fresh litter material
compared to the delayed nutrition on-hatchery hatched groups. In the present study, gross
lesions concerning the foot pad health of the broilers could be determined in both trials.
Interestingly, in our study, from d 14 of life up until the end of the fattening period, the early
nutrition on-farm hatched group resulted in healthier foot pads than the delayed nutrition
on-hatchery hatched groups. It is well known that many different factors could affect
FPD. However, wet litter alone may be the cause in most cases [27,30]. Standing on wet
litter brings the broilers feet in constant contact with moisture and it has been suggested
to induce FPD [36]. Additionally, a reduced prevalence of FPD has also been found in
fast-growing broilers hatched on-farm [1,24,25], a painful condition that develops due to
poor litter quality [37]. In agreement with this, de Jong et al. [24] found the dry matter
content of litter to be higher in the on-farm hatching system. It has to be mentioned that
although birds in the experimental group had a higher BW in both trials, i.e., an assumed
high feed intake as well as high water intake, broilers still had a very low incidence of
FPD. There are two plausible explanations for the low severity of FPD from d 14 of life
in this study. Firstly, the possible effect of fresh litter used at d 6/7, resulting in more dry
litter remaining dry for a longer period of time before becoming wet via excreta. Thus,
providing fresh and/or new for the early nutrition on-farm hatched chicks led to a delay in
the onset of incidence and severity of foot pad lesions. Secondly, another explanation could
be the indirect effect of the early feeding regime which helped in developing healthy feet.

Early broiler feeding post-hatch is one of the priorities that could affect growth per-
formance, feed efficiency and health [38]. It has to be explained that in our study, it was
not possible to explain the effect of feed and water intakes due to both groups being fed
from the same automatic feeder and drinker lines in the same barn. Moreover, the day
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of moving of birds either on d 6 or d 7 (for first and second trials, respectively) in the
early nutrition on-farm hatched group was simply to set an upper BW up to which the
ventilation, temperature and all other parameters could be kept optimal. This BW was
reached in the first trial on day 6 of life, while in the second trial, it was achieved only on
day 7 of life. In the current study, it was shown that delayed nutrition on-hatchery hatched
chicks without immediate access to feed and water after hatch resulted in impaired growth
performance during the entire rearing period. Gonzales et al. [39] observed a reduction in
BW of broiler chicks at d 7 when fasting for 30 h post-hatch or longer. Our results also agree
with Noy and Sklan [40] who reported a decrease in the BW of chicks kept for 34 h or longer
until d 14 compared to chicks offered immediate access to feed and water. Weight loss
of an animal in transit has been mainly attributed to dehydration, which has been found
to be related to transport duration caused by an increase in evaporative heat loss [41,42].
According to Hollemans et al. [22], the low BW of delayed nutrition chicks until 28 d of
age was due to impaired organ development and dehydration during delayed access to
nutrition [17,18]. In a review by Noy and Uni [43], it was mentioned that during the
hatching process, embryos deplete their glycogen reserves. This leads to the mobilization
and metabolism of protein from skeletal muscle for energy. These two factors are thought to
be another reason for weight loss due to post-hatch delayed feeding. Therefore, weight loss
has to be considered as major welfare and probably early growth performance problems
associated with newly hatched chicks in transit to the rearing house [39]. Of importance,
in the present study, the first hatched chicks had direct access to feed and water (without
having to experience any delayed feeding or stress caused by transportation) and without
a need to wait until the end of the hatching window. Early nutrition of chicks can provide
readily available energy to assist in restoring hepatic glycogen stores and maintain high
body temperature during initial post-embryonic days [26]. Additionally, it is understood
that early access to feed is essential for the good immunity and health of chicks [44].

Denying chicks feed and water in our study had adverse effects on mortality. It was
observed that the mortality rate was lower in the first week of life in groups of early
nutrition on-farm hatched (0.53% and 0.37% in trials 1 and 2, respectively) compared to
those of delayed nutrition on-hatchery hatched. Delayed access to feed has been shown
to increase mortality in broilers [45]. Total mortality at d 42 was already higher after 48 h
post-hatch feed and water deprivation (common in commercial practice) compared to
early-fed chickens [13]. Vieira and Moran [46] reported that chicks experiencing a delay
in being housed had higher mortality compared to chicks fed immediately after hatching.
The delayed housing of chicks has been reported to cause poor response to vaccination,
impairment in the gastrointestinal tract and immune system development, poor resistance
to diseases and pathogens [47]. This effect was reflected in a tendency for lower mortality
in early nutrition on-farm hatched groups in the first week as compared with the delayed
nutrition on-hatchery hatched groups. In the present experiment, all groups were housed
on a single farm and thus were exposed to similar management practices. Thus, it could be
stated that early access to feed (early nutrition) is critical for the good immunity and health
of chicks and consequently decreases the mortality rate especially in the early days of life.
It cannot be excluded that other factors such as chick handling [14], dust, and pathogens
in the hatchery [15] and stress resulting from the transport as day-old chicks [48] in the
delayed nutrition on-hatchery hatched groups may also have contributed to the effect on
mortality, but that merits further studies as data are scarce. Moreover, in ovo feeding of
specific micronutrients to embryonated eggs could enhance the health status of the chicks
as was reported recently by Gouda et al. [49].

5. Conclusions

Delay nutrition was associated with higher total mortality as well as increased inci-
dence of foot pad lesions. Moreover, the results indicate a negative effect of post-hatch feed
and water deprivation (delayed nutrition) on growth performance. Early nutrition can be
of critical importance to improve the well-being of birds by reducing mortality and foot



Animals 2021, 11, 2888 11 of 13

pad lesions overall in addition to enhancing nutrient utilization and optimizing growth
performance. Thus, providing a source of feed and water as early as possible seems to be
beneficial to enhance animal welfare as well as performance.

Author Contributions: Conceptualisation, A.A.E.-W., C.V. and C.S.; Methodology, A.A.E.-W., J.B.L.,
M.F.E.A. and C.V.; Validation, A.A.E.-W., J.B.L. and C.V.; Formal analysis, A.A.E.-W., M.F.E.A. and
J.B.L.; Investigation, A.A.E.-W., M.F.E.A., J.B.L. and C.V.; Resources, C.S. and C.V.; Data curation,
A.A.E.-W., M.F.E.A., J.B.L. and C.V.; Writing—original draft preparation, A.A.E.-W., M.F.E.A., J.B.L.
and C.V.; Writing—review and editing, A.A.E.-W., M.F.E.A., J.B.L., D.C.S., C.S. and C.V.; Visualisation,
A.A.E.-W., M.F.E.A., D.C.S. and C.V.; Supervision, C.S. and C.V.; Project administration, A.A.E.-W.
and C.V.; Funding acquisition, C.V. All authors have read and agreed to the published version of
the manuscript.

Funding: This publication was supported by the German Research Foundation (Deutsche Forschungs-
gemeinschaft) and the University of Veterinary Medicine Hannover, Foundation within the funding
program Open Access Publishing. Funder: Deutsche Forschungsgemeinschaft. Grand number:
Not applicable.

Institutional Review Board Statement: The experiments were carried out in accordance with
German regulations. These trials required no notification or approval in accordance with the Animal
Protection Act (§ 7, paragraph 2, sentence 3).

Data Availability Statement: The data presented in this study are available in this manuscript.

Acknowledgments: We would like to thank Frances Sherwood-Brock for proof-reading the manuscript
to ensure correct English. Figure 1 was created with BioRender.com in 20 August 2021.

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

References
1. Giersberg, M.F.; Molenaar, R.; de Jong, I.C.; da Silva, C.S.; van den Brand, H.; Kemp, B.; Rodenburg, T.B. Effects of hatching

system on the welfare of broiler chickens in early and later life. Poult. Sci. 2021, 100, 100946. [CrossRef]
2. Careghi, C.; Tona, K.; Onagbesan, O.; Buyse, J.; Decuypere, E.; Bruggeman, V. The effects of the spread of hatch and interaction

with delayed feed access after hatch on broiler performance until seven days of age. Poult. Sci. 2005, 84, 1314–1320. [CrossRef]
[PubMed]

3. Willemsen, H.; Debonne, M.; Swennen, Q.; Everaert, N.; Careghi, C.; Han, H.; Bruggeman, V.; Tona, K.; Decuypere, E. Delay in
feed access and spread of hatch: Importance of early nutrition. World’s Poult. Sci. J. 2010, 66, 177–188. [CrossRef]

4. Van der Wagt, I.; de Jong, I.C.; Mitchell, M.A.; Molenaar, R.; van den Brand, H. A review on yolk sac utilization in poultry.
Poult. Sci. 2020, 99, 2162–2175. [CrossRef] [PubMed]

5. Simon, K.; de Vries Reilingh, G.; Bolhuis, J.; Kemp, B.; Lammers, A. Early feeding and early life housing conditions influence the
response towards a noninfectious lung challenge in broilers. Poult. Sci. 2015, 94, 2041–2048. [CrossRef]

6. Van de Ven, L.J.F.; van Wagenberg, A.V.; Debonne, M.; Decuypere, E.; Kemp, B.; van den Brand, H. Hatching system and time
effects on broiler physiology and posthatch growth. Poult. Sci 2011, 90, 1267–1275. [CrossRef] [PubMed]

7. Van de Ven, L.J.F.; van Wagenberg, A.V.; Koerkamp, P.W.G.G.; Kemp, B.; van den Brand, H. Effects of a combined hatching and
brooding system on hatchability, chick weight, and mortality in broilers. Poult. Sci. 2009, 88, 2273–2279. [CrossRef]

8. De Jong, I.; Berg, C.; Butterworth, A.; Estevéz, I. Scientific report updating the EFSA opinions on the welfare of broilers and
broiler breeders. EFSA Supporting Publ. 2012, 9, 295E. [CrossRef]

9. Jacobs, L.; Delezie, E.; Duchateau, L.; Goethals, K.; Tuyttens, F.A.M. Impact of the separate pre-slaughter stages on broiler chicken
welfare. Poult. Sci. 2017, 96, 266–273. [CrossRef]

10. Council of the European Union. Council Regulation (EC) No 1/2005 of 22 December, 2004, on the protection of animals during
transport and related operations and amending Directives 64/432/EEC and 93/119/EC and Regulation (EC) No 1255/97.
Off. J. Eur. Union L 2005, 3, 1–44.

11. EFSA Panel on Animal Health Welfare. Scientific Opinion concerning the welfare of animals during transport. EFSA J. 2011, 9,
1966. [CrossRef]

12. Yassin, H.; Velthuis, A.G.J.; Boerjan, M.; van Riel, J. Field study on broilers’ first-week mortality. Poult. Sci. 2009, 88, 798–804.
[CrossRef] [PubMed]

13. De Jong, I.C.; van Riel, J.; Bracke, M.B.M.; van den Brand, H. A ‘meta-analysis’ of effects of post-hatch food and water deprivation
on development, performance and welfare of chickens. PLoS ONE 2017, 12, e0189350. [CrossRef] [PubMed]

14. Knowles, T.G.; Brown, S.N.; Warriss, P.D.; Butterworth, A.; Hewitt, L. Welfare aspects of chick handling in broiler and laying hen
hatcheries. Anim. Welfare 2004, 13, 409–418.

http://doi.org/10.1016/j.psj.2020.12.043
http://doi.org/10.1093/ps/84.8.1314
http://www.ncbi.nlm.nih.gov/pubmed/16156217
http://doi.org/10.1017/S0043933910000243
http://doi.org/10.1016/j.psj.2019.11.041
http://www.ncbi.nlm.nih.gov/pubmed/32241502
http://doi.org/10.3382/ps/pev189
http://doi.org/10.3382/ps.2010-00876
http://www.ncbi.nlm.nih.gov/pubmed/21597068
http://doi.org/10.3382/ps.2009-00112
http://doi.org/10.2903/sp.efsa.2012.EN-295
http://doi.org/10.3382/ps/pew361
http://doi.org/10.2903/j.efsa.2011.1966
http://doi.org/10.3382/ps.2008-00292
http://www.ncbi.nlm.nih.gov/pubmed/19276423
http://doi.org/10.1371/journal.pone.0189350
http://www.ncbi.nlm.nih.gov/pubmed/29236747


Animals 2021, 11, 2888 12 of 13

15. De Gouw, P.; van de Ven, L.J.F.; Lourens, S.; Kemp, B.; van den Brand, H. Effects of dust, formaldehyde and delayed feeding on
early postnatal development of broiler chickens. Res. Vet. Sci. 2017, 112, 201–207. [CrossRef]

16. Giersberg, M.F.; Poolen, I.; de Baere, K.; Gunnink, H.; van Hattum, T.; van Riel, J.W.; de Jong, I.C. Comparative assessment of
general behaviour and fear-related responses in hatchery-hatched and on-farm hatched broiler chickens. Appl. Anim. Behav. Sci.
2020, 232, 105100. [CrossRef]

17. Lilburn, M.S.; Loeffler, S. Early intestinal growth and development in poultry. Poult. Sci. 2015, 94, 1569–1576. [CrossRef]
18. Lamot, D.M.; van de Linde, I.B.; Molenaar, R.; van der Pol, C.W.; Wijtten, P.J.; Kemp, B.; van den Brand, H. Effects of moment of

hatch and feed access on chicken development. Poult. Sci. 2014, 93, 2604–2614. [CrossRef]
19. Powell, D.J.; Velleman, S.G.; Cowieson, A.J.; Singh, M.; Muir, W.I. Influence of chick hatch time and access to feed on broiler

muscle development. Poult. Sci. 2016, 95, 1433–1448. [CrossRef]
20. Panda, A.; Bhanja, S.; Shyam Sunder, G. Early post hatch nutrition on immune system development and function in broiler

chickens. World’s Poult. Sci. J. 2015, 71, 285–296. [CrossRef]
21. Jha, R.; Singh, A.K.; Yadav, S.; Berrocoso, J.F.D.; Mishra, B. Early Nutrition Programming (in ovo and Post-hatch Feeding) as a

Strategy to Modulate Gut Health of Poultry. Front. Vet. Sci. 2019, 6, 82. [CrossRef] [PubMed]
22. Hollemans, M.S.; de Vries, S.; Lammers, A.; Clouard, C. Effects of early nutrition and transport of 1-day-old chickens on

production performance and fear response. Poult. Sci. 2018, 97, 2534–2542. [CrossRef] [PubMed]
23. Van der Pol, C.; Maatjens, C.; Aalbers, G.; Van Roovert-Reijrink, I. Effect of feed and water access on hatchling body weight changes

between hatch and pull. In Proceedings of the 20th European Symposium on Poultry Nutrition-ESPN, Prague, Czech Republic,
24–27 August 2015; p. 255.

24. De Jong, I.C.; van Hattum, T.; van Riel, J.W.; De Baere, K.; Kempen, I.; Cardinaels, S.; Gunnink, H. Effects of on-farm and
traditional hatching on welfare, health, and performance of broiler chickens. Poult. Sci. 2020, 99, 4662–4671. [CrossRef] [PubMed]

25. De Jong, I.C.; Gunnink, H.; van Hattum, T.; van Riel, J.W.; Raaijmakers, M.M.P.; Zoet, E.S.; van den Brand, H. Comparison of
performance, health and welfare aspects between commercially housed hatchery-hatched and on-farm hatched broiler flocks.
Animal 2019, 13, 1269–1277. [CrossRef]

26. Van den Brand, H.; Molenaar, R.; van der Star, I.; Meijerhof, R. Early feeding affects resistance against cold exposure in young
broiler chickens. Poult. Sci. 2010, 89, 716–720. [CrossRef]

27. Abd El-Wahab, A.; Beineke, A.; Beyerbach, M.; Visscher, C.F.; Kamphues, J. Effects of Floor Heating and Litter Quality on the
Development and Severity of Foot Pad Dermatitis in Young Turkeys. Avian Dis. 2011, 55, 429–434. [CrossRef]

28. Abd El-Wahab, A.; Visscher, C.F.; Beineke, A.; Beyerbach, M.; Kamphues, J. Effects of high electrolyte contents in the diet and
using floor heating on development and severity of foot pad dermatitis in young turkeys. J. Anim. Physiol. N 2013, 97, 39–47.
[CrossRef]

29. Chuppava, B.; Keller, B.; Abd El-Wahab, A.; Meissner, J.; Kietzmann, M.; Visscher, C. Resistance of Escherichia coli in Turkeys after
Therapeutic or Environmental Exposition with Enrofloxacin Depending on Flooring. Int. J. Environ. Res. Pub. He. 2018, 15, 1993.
[CrossRef]

30. Mayne, R.K.; Else, R.W.; Hocking, P.M. High litter moisture alone is sufficient to cause footpad dermatitis in growing turkeys.
Brit. Poult. Sci. 2007, 48, 538–545. [CrossRef]

31. Lourens, A.; van den Brand, H.; Heetkamp, M.J.W.; Meijerhof, R.; Kemp, B. Metabolic responses of chick embryos to short-term
temperature fluctuations. Poult. Sci. 2006, 85, 1081–1086. [CrossRef]

32. Molenaar, R.; Reijrink, I.A.M.; Meijerhof, R.; Van den Brand, H. Meeting Embryonic Requirements of Broilers Throughout
Incubation: A Review. Braz. J. Poult. Sci. 2010, 12, 137–148. [CrossRef]

33. Naumann, C.; Bassler, R. Methoden der Landwirtschaftlichen Forschungs-und Untersuchungsanstalt, Biochemische Untersuchung von
Futtermitteln. Methodenbuch III (Einschließlich der Achten Ergänzungen); VDLUFA: Darmstadt, Germany, 2012.

34. Abd El-Wahab, A.; Lingens, J.B.; Chuppava, B.; Ahmed, M.F.E.; Osman, A.; Langeheine, M.; Brehm, R.; Taube, V.; Grone, R.;
von Felde, A.; et al. Impact of Rye Inclusion in Diets for Broilers on Performance, Litter Quality, Foot Pad Health, Digesta
Viscosity, Organ Traits and Intestinal Morphology. Sustainability-Basel 2020, 12, 7753. [CrossRef]

35. Abd El-Wahab, A.; Hillert, M.S.; Spindler, B.; Hartung, J.; Sürie, C.; Kamphues, J. Effects of diets formulated on an all-plant
protein basis or including animal protein on foot pad health and performance in fattening turkeys. Eur. Poult. Sci. 2014, 78, 38.
[CrossRef]

36. Martland, M. Wet litter as a cause of plantar pododermatitis, leading to foot ulceration and lameness in fattening turkeys.
Avian Pathol. 1984, 13, 241–252. [CrossRef] [PubMed]

37. De Jong, I.C.; Gunnink, H.; Van Harn, J. Wet litter not only induces footpad dermatitis but also reduces overall welfare, technical
performance, and carcass yield in broiler chickens. J. Appl. Poult. Res. 2014, 23, 51–58. [CrossRef]

38. Uni, Z.; Ferket, R.P. Methods for early nutrition and their potential. World’s Poult. Sci. J. 2004, 60, 101–111. [CrossRef]
39. Gonzales, E.; Kondo, N.; Saldanha, E.S.P.B.; Loddy, M.M.; Careghi, C.; Decuypere, E. Performance and physiological parameters

of broiler chickens subjected to fasting on the neonatal period. Poult. Sci. 2003, 82, 1250–1256. [CrossRef]
40. Noy, Y.; Sklan, D. Different types of early feeding and performance in chicks and poults. J. Appl. Poult. Res. 1999, 8, 16–24.

[CrossRef]
41. Mitchell, M.; Carlisle, A.; Hunter, R.; Kettlewell, P. Weight loss in transit: An issue in broiler transportation. Poult. Sci. 2003, 82, 101.

http://doi.org/10.1016/j.rvsc.2017.04.021
http://doi.org/10.1016/j.applanim.2020.105100
http://doi.org/10.3382/ps/pev104
http://doi.org/10.3382/ps.2014-04123
http://doi.org/10.3382/ps/pew047
http://doi.org/10.1017/S004393391500029X
http://doi.org/10.3389/fvets.2019.00082
http://www.ncbi.nlm.nih.gov/pubmed/30949488
http://doi.org/10.3382/ps/pey106
http://www.ncbi.nlm.nih.gov/pubmed/29669047
http://doi.org/10.1016/j.psj.2020.06.052
http://www.ncbi.nlm.nih.gov/pubmed/32988501
http://doi.org/10.1017/S1751731118002872
http://doi.org/10.3382/ps.2009-00432
http://doi.org/10.1637/9684-021011-Reg.1
http://doi.org/10.1111/j.1439-0396.2011.01240.x
http://doi.org/10.3390/ijerph15091993
http://doi.org/10.1080/00071660701573045
http://doi.org/10.1093/ps/85.6.1081
http://doi.org/10.1590/S1516-635X2010000300001
http://doi.org/10.3390/su12187753
http://doi.org/10.1399/eps.2014.38
http://doi.org/10.1080/03079458408418528
http://www.ncbi.nlm.nih.gov/pubmed/18766841
http://doi.org/10.3382/japr.2013-00803
http://doi.org/10.1079/WPS20038
http://doi.org/10.1093/ps/82.8.1250
http://doi.org/10.1093/japr/8.1.16


Animals 2021, 11, 2888 13 of 13

42. Karaman, M. Effect of transport time on body performance of broilers during transit to slaughter house. J. Anim. Vet. Adv. 2009, 8,
1555–1557.

43. Noy, Y.; Uni, Z. Early nutritional strategies. World’s Poult. Sci. J. 2010, 66, 639–646. [CrossRef]
44. Dibner, J.J.; Knight, C.D.; Kitchell, M.L.; Atwell, C.A.; Downs, A.C.; Ivey, F.J. Early feeding and development of the immune

system in neonatal poultry. J. Appl. Poult. Res. 1998, 7, 425–436. [CrossRef]
45. Yi, G.; Allee, G.; Knight, C.; Dibner, J. Impact of glutamine and oasis hatchling supplement on growth performance, small

intestinal morphology, and immune response of broilers vaccinated and challenged with Eimeria maxima. Poult. Sci. 2005, 84,
283–293. [CrossRef]

46. Vieira, S.L.; Moran, E.T. Effects of delayed placement and used litter on broiler yields. J. Appl. Poult. Res. 1999, 8, 75–81. [CrossRef]
47. Dibner, J.; Knight, C. Early Nutrition: Effect of Feed and Water on Livability and Performance; Novus Int. Inc.: St. Charles, MO, USA,

2003.
48. Mitchell, M.A. Chick transport and welfare. Avian Biol. Res. 2009, 2, 99–105. [CrossRef]
49. Gouda, A.; Samar, A.T.; & Khalid, M.M. Influences of vitamin A, L-carnitine, and folic acid in ovo feeding on embryo and

hatchling characteristics and general health status in ducks. Anim. Biotechnol. 2021, 7, 1–9. [CrossRef] [PubMed]

http://doi.org/10.1017/S0043933910000620
http://doi.org/10.1093/japr/7.4.425
http://doi.org/10.1093/ps/84.2.283
http://doi.org/10.1093/japr/8.1.75
http://doi.org/10.3184/175815509X431894
http://doi.org/10.1080/10495398.2020.1864389
http://www.ncbi.nlm.nih.gov/pubmed/33406975

	Introduction 
	Materials and Methods 
	Experimental Design 
	Housing 
	Hatching 
	Animals 
	Diets and Chemical Analysis 
	Excreta and Litter Quality and Foot pad Scoring 
	Performance Parameters 
	Statistical Analysis 

	Results 
	Dry Matter Content of Excreta 
	Litter Quality 
	FPD Scoring 
	Performance Data and Mortality Rate 

	Discussion 
	Conclusions 
	References

