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ABSTRACT Feather pecking and cannibalism are 2
major problems in laying hens’ husbandry. Although
additional environmental enrichment material (EM)
supply is thought to lessen these problems, consistent
evidences are lacking. This study examined the effects of
EM supply (pecking stones and alfalfa bales) on biological
performance, carcass composition, and animal losses in a
littered housing system. 2,000 brown-egg and 2,000 white-
egg layer hen pullets of the genetic strains Lohmann
Brown classic and Lohmann Selected Leghorn classic,
respectively, were reared separately in a 16-compartment
aviary system until week 18. 1,320 remaining laying hens
were then transferred to a 44-compartment laying stable
(weeks 19–48). Both strains were tested under 4 treat-
ment variants (n 5 150–180 per strain and per variant):
V1—no EM over the entire study period; V2—the rearing
period with and the laying period without EM; V3—the
rearing period without and the laying period with EM;
V4—EM over the entire study period. Data on develop-
ment, performance, egg quality, feed intake, EM
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consumption, animal losses, carcass composition, and
economic traits were collected. Enrichment material
supply during rearing (V2 and V4, both strains) was
found to globally increase not only hens’ relative gizzard
mass (P 5 0.036) but also the cracked eggs’ percentage
(compared with V3; P5 0.008) and to decrease the body
mass in weeks 6 (P 5 0.023) and 8 (P 5 0.023) and the
uniformity in week 16 (P 5 0.011). Enrichment material
provision during the laying period (V3 and V4, both
strains) increased egg weights (P 5 0.028) and the mean
body mass (P5 0.036); however, continuous provision of
EM (V4, both strains) increased the floor eggs’ percentage
(P5 0.019). The EM supply did not affect mortality, loss
of production days, losses due to skin and toe cannibalism,
or the income over feed costs. However, the income over
feed and enrichment costs of V1 hens was higher by 0.55
V/hen than that of V4 hens (P 5 0.022). Therefore, EM
supply cannot be recommended as a measure to increase
laying performance and reduce animal losses, but its
positive effects on animal welfare should be considered.
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INTRODUCTION

Feather pecking and cannibalism are 2 major prob-
lems in laying hens’ husbandry that have considerable
impact on animal welfare and performance. Their
prevalence increases significantly when beak trimming
is abandoned (Niebuhr et al., 2006; Sepeur et al.,
2015). With the loss of feathers caused by feather peck-
ing, the plumage loses its insulation function because
heat loss increases via the body surface, which results
in an increased feed intake to maintain energy balance
(Damme and Pirchner, 1984). Cannibalistic pecking
can cause severe bloody injuries to the skin, which may
lead to the victims’ death (Spindler et al., 2016). Pecking
injuries to the skin and toes are a major cause of laying
hen losses (Cronin et al., 2018; Damme et al., 2018)
and lead to an increased mortality on the herd level
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(Johnsen et al., 1998; Hartini et al., 2002; Cronin et al.,
2018). It is beyond dispute that animals identified as
injured, ill, dying, or otherwise adversely affected likely
experience compromised welfare (Brambell 1965; Farm
Animal Welfare Council 1979). Moreover, cannibalism
may result in reduced laying performance (El-Lethey
et al., 2000; Niebuhr et al., 2006). Correlations between
floor and feather pecking and characteristics of egg qual-
ity have been demonstrated (Buitenhuis et al., 2004),
whereby selection for feather pecking leads to changes
in the egg quality in these lines (Su et al., 2006).

The supply of additional environmental enrichment
materials (EM) is an approach thought to reduce feather
pecking and cannibalism (reviewed by Schreiter et al.,
2019). However, consistent evidence of the effect of addi-
tional EM on animal losses and biological performance
in littered housing systems is lacking. To date, as regard
to mortality, Steenfeldt et al. (2007) found that the use
of carrots and silage as EM reduced animal losses during
the laying period, while Cronin et al. (2018), that offered
straw as EM, obtained an increased mortality. Freytag
et al. (2016) did not find unidirectional effects of EM on
animal losses. In a few studies only, positive effects of
EM were observed on body mass (Steenfeldt et al., 2007)
and weight gain (Cronin et al., 2018). Effects of EMs on
laying performance, egg weights, egg mass production,
and feed consumption could not be identified in
Hartcher et al. (2015) and Cronin et al. (2018).
Steenfeldt et al. (2007) found differences in laying perfor-
mance when providing different EM but not in compari-
son with control (CON) groups (without enrichment).
Compound feed consumption was reduced with the supply
of carrots and pea-barley silage compared with CON
groups, and silage EM were found to increase gizzard
mass. Recently, Bari et al. (2020) investigated the effects
of an EM offered during the rearing period on the egg qual-
ity in the subsequent laying period. Littered CON groups
were compared with structural environmental enrichment
groups (perches) and groups supplied with peckable but
not edible EM (e.g., balls, brooms, buckets, ropes, dog
toys, pipes). Between the rearing treatments, no differ-
ences in egg weight, albumen consistency, egg shell thick-
ness, and egg anomalies were observed during the laying
period. In contrast, the CON groups showed a faster
reduction of the egg shell reflectivity and a paler yolk color
than the groups with environmental enrichment. In addi-
tion, the EM offer led to a reduction of floor eggs.

The aim of the present study was to examine the effects
of edible EM supplied during the rearing and/or laying
period on the biological performance, carcass composi-
tion, and animal losses. The following hypotheses were
formulated: (1) The provision of EM affects laying perfor-
mance, egg weight, and/or animal losses, and (2) there
are differences between partial and permanent EM supply
as regard to production performance and animal losses.
MATERIAL AND METHODS

This comprehensive study was carried out at the
Bavarian State Research Center for Agriculture,
Department of Applied Research and Education in
Poultry in Kitzingen/Germany on non–beak-trimmed
pullets and laying hens from October 2017 to September
2018. In this study, we present the effect of additional
EM on biological performance and animal development
in white-egg and brown-egg layers. The effect of addi-
tional EM on the integument condition was also investi-
gated, and results of this first part of the study are
presented in the study by Schreiter et al. (2020).
Animal Husbandry and Management

Husbandry and management during the rearing and
laying period are described in detail in the study by
Schreiter et al. (2020). Briefly, chicks were housed from
their first day of life in the lower aviary level of a rearing
stable divided into 16 identical compartments (250
chicks per compartment), each one equipped with a
double-decked aviary system (i.e., 12.9 m2 of floor area,
thereof 6.6-m2 grids and 6.3-m2 litter). On day 35, aviary
segments were opened so that chicks could access the lit-
tered floor. In week 19, hens were moved to the laying
stable consisting of 44 identical compartments with a
floor area of 4.07 m2 each (30 hens housed per compart-
ment). Each compartment was equipped with a storage
feeding trough, nipple drinkers, perches, and a family
nest. One-third of the floor was littered with soft wood
shavings, and the other two-thirds consisted of perfo-
rated flooring (i.e., metal grids). For demand-oriented
feeding, a four-phase feeding program with chick starter
feed, complete chick feed, complete young hen feed, and
a prelaying feed was used. From week 21 onward, a com-
plete phase-I feed for laying hens was given until the end
of the study on week 48. To control the animal develop-
ment and laying maturity, a regulated step-down step-
up light program using a high frequency was applied
(Lohmann Tierzucht, 2017).
Animals, Study Design, and Data Collection

Details on the animals and study design are available
in the study by Schreiter et al. (2020). In brief, 2,000
chicks of the white-egg–laying hybrid strain Lohmann
Selected Leghorn classic (LSL, Lohmann Tierzucht,
Cuxhaven/DE) and 2,000 chicks of the brown-egg laying
hybrid strain Lohmann Brown classic (LB, Lohmann
Tierzucht, Cuxhaven/DE) were housed in the rearing
stable in alternating compartments (of 250 chicks each,
516 cm2 per animal, i.e., 19.4 animals/m2) and study
blocks. Animals of both strains were divided into 2
different study groups. In the CON group, no EM was
supplied apart from the chick paper and litter. In the
experimental (EXP) group, additional edible EMs (i.e.,
2 pecking stones (VILOlith medium, Deutsche Vilomix
Tierern€ahrung GmbH, Neuenkirchen-V€orden/DE) and
4 hard-pressed alfalfa bales (Einstreuprofis, See-
lingst€adt/DE) per compartment) were available to the
animals from the first day of life throughout the entire
rearing period. Sample sizes per study group were calcu-
lated using a web-based tool (http://imsieweb.uni-
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koeln.de/beratung/rechner/t2.html). During rearing,
the body mass was defined as the main outcome and
the individual compartment as the observation unit.
Based on preliminary investigations (data not shown),
we chose a sample size of 4 compartments per study
group to be able to detect differences in the body mass
of 30 g at an SD from 15 g with a statistical power of
0.80 and a type-I error of a � 0.05. During the rearing
period, 4 replicates for each of the study groups and
for each strain were available.
In week 19, the animals were transferred to the laying

house, and the CON and EXP groups from the rearing
period were further split into 2 groups, with or without
access to EM during the subsequent laying period,
resulting in 4 different groups: variant 1 (V1)—no EM
over the entire study period; variant 2 (V2)—the rearing
period with and the laying period without EM; variant 3
(V3)—the rearing period without and the laying period
with EM; and variant 4 (V4)—EM over the entire study
period. In V3 and V4, EM (i.e., one pecking stone and ¼
of a hard-pressed alfalfa bale) were permanently avail-
able in the scratching area, from the first day of housing
throughout the entire laying period. The same web-
based tool as for the rearing period was used to calculate
sample sizes for each variant of the laying period. In that
period, the laying performance per average hen was cho-
sen as the main outcome, and the compartment was
defined as the observation unit. Based on preliminary in-
vestigations (data not shown), we defined a sample size
of at least 5 compartments per study group (i.e., 5 or 6
repetitions per variant and per strain was used) to be
able to detect differences in laying performance per
average hen of 5% (88% vs. 93%) at an SD of 2.8%
with a statistical power of 0.80 and a type-1 error of a
� 0.05. A total of 660 LB and 660 LSL hens were equally
distributed into the 44 compartments (1,356 cm2 per an-
imal, i.e., 7.4 animals/m2) of the laying stable (Schreiter
et al., 2020).
For this part of the study, we collected information on

pullets’ biological performance (body mass, body mass
gain, uniformity), laying performance, egg quality,
body mass, feed intake, consumption of EM, animal los-
ses, carcass composition, and economic traits (for details
on data collection, see Figure 1).
During the laying period, the number of total eggs and

floor eggs (i.e., found in the litter) was recorded daily.
The laying performance per average hen and per hen
housed was calculated according to Damme et al.
(2018). Eggs were sorted (sorting machine, Staalkat In-
ternational, Aalten, the Netherlands) according to their
weight class, dirtiness, and whether they were cracked,
conforming to the Commission Regulation (EC, No.
589/2008). The average egg weight was determined
weekly by weighing with a digital scale (Kern DE6
K2N, Kern, Balingen/DE) all individual eggs of one
daily clutch of each compartment. Egg quality traits
were assessed in week 42 in 15 randomly selected eggs
per compartment, in the same way as reported by
Damme et al. (2018) for the egg quality assessments in
laying hen performance tests. The egg weight (Navigator
NV1101 digital scale, Ohaus, Parsippany, NJ), breaking
strength of the egg shells (FEST V2.0 egg shell tester,
Futura, Lohne/DE), and the albumen height (1/A
2001 albumin altimeter, Futura, Lohne, DE) were
measured. Based on the egg weight and albumen height,
and according to Eisen et al. (1962), the Haugh unit
(Haugh unit 5 100log [albumen height 2 1.7 ! egg
weight0.37 1 7.69]) for characterizing albumen consis-
tency were calculated.

The body mass of the pullets was determined during
rearing in weeks 2, 6, 10, 14, and 18 (scale: Defender
3000, Ohaus, Parsippany, NJ) by weighing groups of
40 animals per compartment (10 hens each from the
lower and upper aviary levels, from the middle and outer
scratching areas; 4 compartments per strain and variant,
n 5 160 animals). In weeks 4, 8, 12, and 16, the individ-
ual animal masses were determined using the FlexScale
(Big Dutchman AG, Vechta-Calveslage, DE) by weigh-
ing 50 animals per compartment (4 compartments per
strain and variant, n 5 200 animals). At the same
time, the uniformity for each compartment was calcu-
lated on the basis of these individual animal masses.
The uniformity indicates the proportion of animals
weighed in a sample with respect to the body mass
that lies within610% of the arithmetic mean of the sam-
ple (Jeroch and M€uller, 2018). During the laying period,
the body mass of all hens of 2 compartments per strain
and variant (16 compartments) was measured in groups
in weeks 20, 22, 24, 26, 28, and 32 using a Defender 3000
table scale. Individual animal masses were recorded in
week 48 for all hens in the study (44 compartments)
and in weeks 30 and 45 for all hens from 4 compartments
per strain and variant (32 compartments) using a FlexS-
cale (Big Dutchman AG). In addition, the metabolic
body mass (body mass0.75) was calculated according to
Jeroch et al. (2013).

During the rearing period (weeks 1–18), the feed con-
sumption was determined in each compartment at the
end of the 14-d period by recording the quantity
consumed using a feeding computer (Fancom 743, Fan-
com, Panningen, the Netherlands) and a manual back
weighing (Defender 3000 scale). From week 21 onward
(i.e., the laying period), the feed consumption was deter-
mined by continuous feed and back weighing (Defender
3000 scale) in 4 wk periods. Each pecking stone and al-
falfa bale of each compartment were weighed (DE6
K2N scale, Kern, Balingen, DE).

Animal losses were recorded daily. Dead hens with
bloody skin injuries, or skin injuries and bloody sur-
rounding plumage, were classified as mortality because
of skin cannibalism, and those with toe injuries as mor-
tality due to toe cannibalism. According to Damme
et al. (2018), and based on the realized hen days, the
loss of production days was calculated. Three hens per
compartment (n 5 132) were slaughtered at the end of
week 48 to measure their live mass after 8 h of sobriety
(FlexScale) and carcass mass 12 h after slaughter (Navi-
gator NV1101 scale, Ohaus, Parsippany/NJ) and thus
calculate their individual carcass yield (i.e., the percent-
age of carcass mass to live mass; Damme et al., 2015).

http://imsieweb.uni-koeln.de/beratung/rechner/t2.html


Figure 1. Study design including the scoring schedule and data collection (for integument scoring information, see the study by Schreiter et al.
(2020)).
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Furthermore, the gizzard and abdominal fat masses of
each of these hens were determined according to Halle
et al. (2012), to calculate their relation to the carcass
mass.

Income over feed costs (IOFCs, i.e., egg revenue minus
feed costs) were calculated for each compartment ac-
cording to Damme et al. (2018), with assumed com-
pound feed costs of 26.00 V/dt and the following
revenues per egg: S–5.20 ct, M–7.05 ct, L–7.63 ct, and
XL–12.50 ct (Market Info Eggs and Poultry, 2017).
Furthermore, income over feed and enrichment costs
(IOFECs, i.e., egg revenue minus feed costs and costs
for additional EMs) were calculated as an economic
parameter, which takes into account not only feed costs
but also costs for EMs (IOFEC5 IOFC2 costs for EMs
during rearing 2 costs for EMs during the laying
period). Costs for EMs resulted from the consumption
of pecking stones and alfalfa bales in the compartment,
and from the additional costs of these materials during
rearing for V2 and V4 only (LB: 17.70 ct/laying hen,
LSL: 15.70 ct/laying hen). Costs of 0.94 V/kg VILOlith
medium, 0.78 V/kg VILOlith hard, and 1.14 V/kg al-
falfa bale were assumed.
Statistical Analyses

Microsoft Excel (version 2013, Microsoft Corporation,
Redmond) was used for the data collection, processing,
and creation of selected diagrams. For further descrip-
tive and inferential statistical analyses, the Standard
SAS program package (version 9.4., SAS Institute Inc.,
Cary, NC) and the IBM SPSS Statistics program
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(version 23, SPSS Inc., Chicago, IL) were used. The
normal distribution of the residuals was tested using
the Kolmogorov-Smirnov test (Weiß, 1999). The gizzard
mass and its relative proportion to the carcass mass,
body mass, and metabolic body mass, as well as abdom-
inal fat proportion to the carcass mass were log10-trans-
formed (Rasch et al., 2010).
For normally distributed data (i.e., egg number per

hen housed, egg number per average hen, egg mass per
hen housed, egg mass per average hen, egg weight,
body mass, body mass gain, uniformity, feed and EM
consumption, feed conversion, albumen consistency,
breaking strength, IOFC, IOEFC, gizzard mass, gizzard
percentage of carcass/body/metabolic body mass,
abdominal fat percentage of carcass mass), a two-
factorial ANOVA linear model was calculated (du Prel
et al., 2010) with the fixed-effect strain, group, and the
interaction strain*group. For post hoc pairwise compar-
isons the Generalized Tukey 2 test according to Hoch-
berg was used (Weiß, 1999; Rasch et al., 2010). The
same ANOVA linear model was used for the rearing
and laying periods, but the number of study groups
differed:

yij 5m1Hi 1Vj 1 ðH �VÞij1eij

yij: observed trait (dependent variable); m: model constant;
Hi: effect of strain (i 5 1–2); Vj: effect of the study group
(j 5 1–2 for the rearing period and j 5 1–4 for the laying
period); (H*V)ij: interaction strain*study group; eij: resid-
ual error.
For individual animal body mass analysis during the

laying period, an ANOVA linear model with the group
and strain as between-subject effects and age as a
within-subject effect was used because of repeated mea-
surements (Rasch et al., 2010). Metrically scaled traits
without normal distribution of residuals (i.e., cumulative
mortality, loss of production days, mortality due to skin
cannibalism, mortality due to toe cannibalism, percent-
age of cracked/dirty and floor eggs, and carcass yield)
were tested using a Mann-Whitney U-test (for the rear-
ing period) or Kruskal-Wallis test (for the laying period)
(du Prel et al., 2010). For the characteristics of the
laying period, a post hoc pairwise comparison was per-
formed when necessary using a Mann-Whitney U-test
(du Prel et al., 2010). Differences were considered statis-
tically significant for P � 0.05. To control for the false
discovery rate due to multiple testing, the Benjamini-
Hochberg procedure was used (Victor et al., 2010).
RESULTS

Rearing Period

The LB pullets’mean body mass was higher than that
of LSL pullets (P , 0.01; Table 1). However, in both
strains, the body mass was lower in weeks 6 (P 5
0.023) and 8 (P 5 0.028; data not shown) when EM
were provided (EXP). A group effect was found on the
weekly weight gain of weeks 1 to 6 only (P 5 0.031,
Table 1), with EXP weight gain being lower. Compared
with LB pullets, LSL pullets were less uniform in week 4
(P5 0.012) but more uniform in weeks 8 (P5 0.035), 12
(P, 0.001), and 16 (P, 0.001; data not shown). An ef-
fect of the strain*group interaction was observed in week
12 (P5 0.008; Table 1), with CON pullets from the LSL
strain being the most uniform (P 5 0.014), and in week
16 (P 5 0.032; Table 1), with CON pullets being more
uniform than EXP pullets (P 5 0.011) and EXP pullets
from the LB strain the least uniform (P 5 0.005). Feed
consumption and feed conversion were not influenced
by EM supply (P 5 0.582 and P 5 0.571, respectively;
Table 1). During rearing, an average consumption of
43.5 (4.2) g (mean (SD) in g/hen) of pecking stones
and 110.9 (14.1) g of alfalfa bales per hen was recorded.
The consumption of alfalfa bales was lower in LSL (100.6
(4.1) g/hen) than in LB pullets (121.1 (12.9) g/hen; P5
0.023; data not shown), while the consumption of peck-
ing stones was not influenced by strains (P5 0.330; data
not shown).

The cumulative mortality during the rearing period
(weeks 1–18) was 1.2 [0.6; 1.9] % (median [lower; upper
quartile]) in the LB pullets, which was lower than in
LSL pullets with 2.1 [1.7; 2.1] % (P 5 0.028). Remark-
ably, the main difference was the mortality rate in the
first 2 wk, which was 0.1% in LB and 0.8% in LSL (P
5 0.002). There was no group effect on mortality rates
(with 1.2 [1.2; 2.0] % in CON and 2.0 [1.6; 2.3] % in
EXP; P 5 0.130).
Laying Period

During the laying period (weeks 21–48), an average
hen laid 170.2 eggs, equating to a laying performance
of 86.8%. No variant effect was observed on the laying
performance and egg mass production (Table 2). Howev-
er, the egg mass production of LSL hens tended to be
lower in V2 than in the other variants. The average
egg weight was influenced by the variant (P 5 0.028;
Table 2), with the provision of EM during the laying
period (V3 and V4), increasing egg weights. This was
accompanied by differences in the egg weight classes’ dis-
tribution (Figure 2), that is, a higher proportion of L-
eggs (P 5 0.021) and a lower proportion of M-eggs (P
5 0.048) in V3 and V4. Differences between strains
were observed in egg weights (P 5 0.027; Table 2) and
thus in egg weight class distribution, but not in laying
performance per average hen (P 5 0.105) or per hen
housed (P 5 0.487; data not shown). No effect of EM
supply was found in the albumen consistency (P 5
0.214) and egg shell stability (P 5 0.162; Table 2).
Enrichment material provision throughout the study
(V4) resulted in a higher percentage of floor eggs than
the other 3 variants over both strains confounded (P 5
0.019), and in LSL hens (P 5 0.021; Table 3). 1.4 [1.1;
1.9] % (median [lower; upper quartile]) of dirty eggs
from the total clutch was recorded, with no variant effect
(Table 3). The percentage of cracked eggs was higher in
the variants providing EM during rearing (V2 and V4)
than in V3 (P 5 0.008; Table 3). Across all variants,



Table 1. Effect of edible enrichment materials on performance and feed consumption during the rearing period (weeks 1–18).

Trait (unit) Strain

Study group (mean 6 SD) P-value

CON EXP Group Strain*group

Weight gain (weeks 1–6) (g BM/WA) LB 1 LSL 61.3 6 2.4 59.2 6 2.0 0.031 0.472
LB 63.0 6 1.3 60.3 6 1.3 0.027
LSL 59.6 6 1.9 58.2 6 2.1 0.346

Weight gain (weeks 7–12) (g BM/WA) LB 1 LSL 110.9 6 10.6 111.1 6 9.5 0.856 0.684
LB 120.3 6 4.8 119.9 6 1.5 0.899
LSL 101.5 6 2.2 102.3 6 1.6 0.550

Weight gain (weeks 13–18) (g BM/WA) LB 1 LSL 67.1 6 14.2 68.4 6 12.5 0.542 0.517
LB 79.7 6 4.6 79.7 6 2.9 0.977
LSL 54.4 6 4.8 57.1 6 4.0 0.424

Uniformity (week 4) (%) LB 1 LSL 68.8 6 6.5 70.0 6 9.9 0.723 0.831
LB 73.5 6 3.0 75.5 6 8.5 0.674
LSL 64.0 6 5.4 64.5 6 8.9 0.926

Uniformity (week 8) (%) LB 1 LSL 73.3 6 10.3 71.0 6 8.4 0.592 0.377
LB 66.5 6 7.7 68.0 6 6.3 0.774
LSL 80.0 6 8.2 74.0 6 10.1 0.390

Uniformity (week 12) (%) LB 1 LSL 81.0 6 10.8 78.8 6 5.0 0.274 0.008
LB 71.5 6 5.0 75.5 6 3.4 0.235
LSL 90.5 6 2.5 82.0 6 4.3 0.014

Uniformity (week 16) (%) LB 1 LSL 92.0 6 4.0 84.8 6 7.9 0.011 0.032
LB 89.0 6 2.6 78.0 6 4.3 0.005
LSL 95.0 6 2.6 91.5 6 2.5 0.100

Cumulative feed consumption (kg/pullet) LB 1 LSL 6,838 6 197 6,787 6 159 0.582 0.818
LB 6,910 6 236 6,838 6 205 0.663
LSL 6765.6 6 143.8 6736.1 6 98.2 0.746

Feed conversion (kg feed/kg weight gain) LB 1 LSL 4,690 6 0.448 4,659 6 0.401 0.571 0.479
LB 4,285 6 0.127 4,292 6 0.108 0.929
LSL 5,096 6 0.111 5,027 6 0.066 0.327

Abbreviations: BM, body mass; CON, control group (without additional enrichment materials); EXP, enrichment group (supply of additional
enrichment materials); LB, Lohmann Brown classic; LSL, Lohmann Selected Leghorn classic; WA, week of age.
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0.3 [0.1; 0.6] % (median [lower; upper quartile]) of the
laid eggs classified as cracked eggs were not due to a
strain effect (P 5 0.778; data not shown).

When analyzing the course of body mass during the
laying period, the variant had as expected a significant
effect over both strains (P , 0.001) as well as within
LB (P 5 0.001) and LSL (P , 0.001), with LB hens be-
ing heavier than LSL hens (P , 0.001; Figure 3). Over-
all, EM supply during the laying period (V3 and V4)
increased the mean body mass, but an effect of the
strain*group interaction (P , 0.001; Figure 3) led to
different variants’ ranking between the 2 strains. The
LB hens in V2 and V4 (i.e., hens reared with EM) had
the lowest mean body mass and those in V1 the highest,
while on the contrary in LSL hens, V4 hens had the high-
est mean body mass, followed by V2 and V3 hens, and
then V1 hens (Figure 3). A strain effect was observed
on the hens’ body weight gain in weeks 21 to 26 and
weeks 27 to 32 (P , 0.001; data not shown). A variant
effect could additionally be observed in weeks 21 to 26,
where the weekly weight gain in V4 (34.6 (9.9) g; mean
(SD)) was higher than in V2 (27.7 (9.5) g; P 5 0.015;
data not shown). Feed consumption and feed conversion
were unaffected by the strains and variants (Table 2).
The pecking stone consumption during the laying period
was unaffected by the EM supply during rearing (P 5
0.863; Table 3), or by the strain (P 5 0.450; data not
shown). Conversely, the consumption of alfalfa was
found to be higher in V4 (192.2 g/hen in laying hens
that had already access to EM during rearing) than in
V3 (group and strain*group interaction: P , 0.001;
Table 2), and more pronounced in LB hens
(1165.8 g/hen) than in LSL (134.9 g/hen).
Differences in animal losses due to toe cannibalism

were found between strains (Table 3). Toe cannibalism
was not the cause of any animal loss in LB hens, whereas
0.6 [0.0; 0.8] % (median [lower; upper quartile]) of the
LSL hens died because of toe injuries (P 5 0.038;
Table 3). The total mortality (P 5 0.132), loss of pro-
duction days (P 5 0.170), and losses due to skin canni-
balism (P 5 0.335; data not shown) did not differ
between strains. During the laying period, 3.3 [0.0; 6.7]
% (median [lower; upper quartile]) of the laying hens of
all groups died, which resulted in a loss of production
days of 1.4 [0.0; 3.0] %. As a result of pecking injuries
to the skin, 0.7 [0.0: 2.5] % of the hens over all groups
died (i.e., cannibalism loss). Enrichment material supply
did not affect the total mortality (P 5 0.429; Table 3),
loss of production days (P 5 0.360), and losses due to
skin (P 5 0.258) and toe (P 5 1.000) cannibalism.
The strain had an effect on the percentage of carcass

yield, gizzard mass (in g, in the percentage of the carcass
mass and in the percentage of the body mass), and per-
centage of abdominal fat mass of the carcass mass
(P , 0.001; data not shown), all higher in LB than
LSL strain except for the abdominal fat mass. The
variant had an effect on the carcass yield (P 5 0.004;
Table 4), which was the lowest in V4, and within the
LB strain, also lower in V2 than V1 (P5 0.005). The ab-
solute gizzard mass was 28.0 [24.1; 30.2] g (median
[lower; upper quartile]), and represented 2.56 [2.29;
2.91] % of the carcass mass, 1.54 [1.35-; 1.75] % of the



Table 2. Effect of edible enrichment materials on biological performance (weeks 21–48) and egg characteristics (at week 42) during the
laying period.

Trait (unit) Strain

Study group (mean 6 SD) P-value

V1 (2/2) V2 (1/2) V3 (2/1) V4 (1/1) Group Strain*Group

Number of eggs per hen housed LB 1 LSL 168.1 6 5.0 164.7 6 9.1 167.1 6 5.9 167.5 6 7.7 0.641 0.098
LB 165.3 6 4.5 168.2 6 6.0 165.9 6 7.0 164.4 6 9.0
LSL 170.4 6 4.4 160.6 6 11.3 168.5 6 4.5 170.2 6 6.1

Number of eggs per average hen LB 1 LSL 171.4 6 5.9 169.1 6 6.1 170.8 6 4.8 169.2 6 8.5 0.714 0.208
LB 169.1 6 6.2 170.8 6 4.8 168.8 6 5.0 165.1 6 9.3
LSL 173.2 6 5.3 167.2 6 7.6 173.3 6 3.3 172.6 6 6.6

Individual egg mass (g) LB 1 LSL 61.5 6 0.7a 61.5 6 1.0a 62.2 6 0.8b 62.2 6 0.5b 0.028 0.952
LB 61.6 6 0.4 61.8 6 1.1 62.5 6 0.8 62.5 6 0.3
LSL 61.3 6 0.8 61.1 6 1.0 61.9 6 0.8 62.0 6 0.2

Egg mass production per hen
housed (kg)

LB 1 LSL 10.3 6 0.3 10.1 6 0.6 10.4 6 0.4 10.4 6 0.5 0.375 0.111
LB 10.2 6 0.2 10.4 6 0.3 10.4 6 0.5 10.3 6 0.5
LSL 10.4 6 0.3 9.8 6 0.8 10.4 6 0.4 10.6 6 0.4

Egg mass per average hen (kg) LB 1 LSL 10.5 6 0.3 10.4 6 0.4 10.6 6 0.4 10.5 6 0.5 0.586 0.230
LB 10.4 6 0.3 10.6 6 0.2 10.5 6 0.3 10.3 6 0.5
LSL 10.6 6 0.3 10.2 6 0.5 10.7 6 0.3 10.7 6 0.4

Albumen consistency
(week 42) (HU)

LB 1 LSL 88.9 6 5.8 87.7 6 7.0 89.0 6 6.4 89.2 6 5.9 0.214 0.504
LB 86.5 6 6.1 85.8 6 6.5 86.5 6 6.6 86.0 6 6.4
LSL 90.9 6 4.8 90.0 6 7.0 91.9 6 4.6 91.8 6 3.7

Breaking strength of egg shells
(week 42) (N)

LB 1 LSL 42.3 6 9.4 41.6 6 9.9 43.9 6 9.8 42.2 6 9.9 0.162 0.194
LB 43.5 6 11.1 44.6 6 11.0 46.1 6 10.6 44.5 6 11.6
LSL 41.3 6 7.5 40.8 6 6.8 41.1 6 7.8 40.2 6 7.9

Daily feed intake (g/hen day) LB 1 LSL 119.5 6 3.1 119.6 6 2.8 120.3 6 2.7 119.3 6 2.6 0.835 0.881
LB 119.1 6 4.8 119.6 6 1.7 119.4 6 3.0 119.0 6 1.2
LSL 119.8 6 0.5 119.6 6 4.0 121.3 6 2.2 119.5 6 3.5

Feed conversion
(kg feed/kg egg mass)

LB 1 LSL 2,225 6 0.064 2,256 6 0.090 2,220 6 0.085 2,224 6 0.096 0.629 0.179
LB 2,239 6 0.075 2,223 6 0.047 2,221 6 0.062 2,264 6 0.110
LSL 2,213 6 0.073 2,297 6 0.117 2,219 6 0.060 2,190 6 0.076

Consumption of pecking stones
(g/hen day)

LB 1 LSL n.a. n.a. 190.2 6 55.6 183.7 6 65.8 0.863 0.353
LB n.a. n.a. 211.0 6 61.8 181.2 6 100.0
LSL n.a. n.a. 165.4 6 39.1 186.0 6 25.6

Consumption of alfalfa bales
(g/hen day)

LB 1 LSL n.a. n.a. 172.4 6 21.9a 264.6 6 85.9b ,0.001 ,0.001
LB n.a. n.a. 183.7 6 23.7a 349.5 6 31.9b

LSL n.a. n.a. 158.9 6 8.8a 193.8 6 26.9b

Abbreviations: HU, Haugh unit; LB, LohmannBrown classic; LSL, Lohmann Selected Leghorn classic; variants: V1, no additional enrichment materials
supplied over the whole study period; V2, the rearing period with and the laying period without supply of additional enrichment materials; V3, the rearing
period without and the laying period with supply of additional enrichment materials; V4, supply of additional enrichment materials over the whole study
period (as defined in the study by Eisen et al., 1962).
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body mass, and 1.78 [1.57; 2.01] % of the metabolic body
mass. After logarithmic transformation, a variant effect
was observed on the relative gizzard mass to the carcass
mass (P 5 0.013; Table 4), body mass
(P 5 0.036), and metabolic body mass (P 5 0.048), be-
ing higher in V2 and V4 (i.e., in hens supplied with EM
during rearing), but not on the absolute gizzard mass
(P 5 0.412) and relative abdominal fat mass to the
carcass mass (P 5 0.144).
No differences in the economic parameters IOFC

(P5 0.872) and IOFEC (P5 0.624) were found between
strains. Although the IOFC was not influenced by the
variant, the IOFEC of V1 hens was higher by 0.55
V/hen housed compared with the one of V4 hens
(P 5 0.022; Figure 4).
DISCUSSION

In this study, we assessed the effect of edible EM dur-
ing the rearing and/or laying periods on pullets’ develop-
ment and laying hens’ performance, egg quality, carcass
composition, and mortality.
Although the overall provision of EM did not influence

the laying performance and mortality, it did increase the
egg weight and relative gizzard mass and decreased the
carcass yield with differences found between the partial
and permanent supply of EMs.

In agreement with previous studies (Steenfeldt et al.,
2007; Hartcher et al., 2015; Cronin et al., 2018), the
laying performance was found not to be influenced by
the supply of EM. The targets of the breeding company
(Lohmann Tierzucht, 2017) regarding the laying perfor-
mance of the hybrids used were not achieved.
Conversely, the eggs’ weight was above the target value
and was increased by the supply of EM during the laying
period (V3 and V4), regardless of the EM supply during
rearing. Thus, the egg weight class distribution changed
with fewer M- and more L-eggs in V3 and V4. Although
a higher nutrient intake from the complete feed might
have been an explanation, no differences in feed con-
sumption between the variants were noted. Indeed, the
intake of methionine, lysine, energy, and linoleic acid
as nutritive factors is known to influence the eggs’weight
(Thiele, 2012; Schreiter and Damme, 2017). However,
the consumption of pecking stones solely cannot explain
to such an extent the observed effects on eggs’ weight.
Because the exact amount of alfalfa consumed by hens
has not been quantified, the additional substrates’ intake
is thus a possible cause for the differences in eggs’ weight
(and egg weight classes) measured. In the study by
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Figure 2. Distribution of the egg weight classes (weeks 21–48) in the whole clutch of brown-egg and white-egg layer hens depending on the supply of
edible enrichment materials. Egg classification was according to the Commission Regulation (EG, No. 589/2008; XL—individual egg mass �73 g,
L—63 g � individual egg mass ,73 g, M—53 g � individual egg mass ,63 g, S—individual egg mass ,53 g). Abbreviations: LB, Lohmann Brown
classic; LSL, Lohmann Selected Leghorn classic; variants: V1, no additional enrichmentmaterials supplied over the whole study period; V2, the rearing
period with and the laying period without supply of additional enrichment materials; V3, the rearing period without and the laying period with supply
of additional enrichment materials; V4, supply of additional enrichment materials over the whole study period. Different indices indicate differences
concerning the proportion of eggs classified as M or L between variants within a genetic strain (P , 0.05).
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Laudadio et al. (2014), partial replacement of soy meal
by alfalfa in the laying hens’ diet resulted in a shift in
the egg weight classes, with a higher proportion of heavy
and a lower proportion of medium-weighted eggs.
Table 3. Effect of edible enrichment materials on laid eggs an

Trait (unit) Strain

Stud

V1 (2/2)

Cracked eggs (%) LB 1 LSL 0.3 [0.0; 0.4]a,b

LB 0.3 [0.1; 0.9]
LSL 0.2 [0.0; 0.4]a

Dirty eggs (%) LB 1 LSL 1.3 [0.9; 1.7]
LB 1.7 [1.4; 2.0]
LSL 1.1 [0.7; 1.3]

Floor eggs (%) LB 1 LSL 0.8 [0.6; 1.4]a

LB 1.1 [0.8; 2.6]
LSL 0.7 [0.6; 1.2]a

Mortality (total) (%) LB 1 LSL 4.1 [3.3; 6.7]
LB 4.2 [1.7; 6.7]
LSL 4.0 [2.5; 6.7]

Lost hen days (%) LB 1 LSL 1.6 [0.6; 2.7]
LB 1.4 [0.3; 4.5]
LSL 1.9 [0.7; 2.5]

Mortality (skin cannibalism) (%) LB 1 LSL 0.9 [0.0; 3.3]
LB 2.0 [0.0; 3.3]
LSL 0.0 [0.0; 0.0]

Mortality (toe cannibalism) (%) LB 1 LSL 0.0 [0.0; 0.9]
LB 0.0 [0.0; 0.0]
LSL 1.1 [0.0; 1.7]

Abbreviations: LB, Lohmann Brown classic; LSL, Lohmann Se
materials supplied over the whole study period; V2, the rearing p
enrichment materials; V3, the rearing period without and the laying
supply of additional enrichment materials over the whole study perio

1Different indices indicate differences between study groups (P ,
On the other hand, the supply of EM increased the
prevalence of eggs laid on the floor, especially in white-
egg–laying hens provided continuously with EM during
the rearing and laying periods. Explanatory approaches
d animal losses during the laying period (weeks 21–48).1

y group (median [lower; upper quartile])

P-valueV2 (1/2) V3 (2/1) V4 (1/1)

0.4 [0.3; 0.7]b,c 0.2 [0.1; 0.3]a 0.5 [0.4; 0.8]c 0.008
0.4 [0.2; 0.7] 0.3 [0.2; 0.4] 0.4 [0.1; 0.6] 0.757
0.5 [0.3; 1.0]a,b 0.1 [0.1; 0.3]a 0.8 [0.5; 1.7]b 0.008
1.3 [0.7; 2.0] 1.3 [1.1; 1.8] 1.7 [1.2; 2.1] 0.606
1.5 [0.6; 2.4] 1.8 [1.2; 2.7] 2.1 [1.5; 2.6] 0.652
1.2 [0.9; 1.6] 1.2 [0.9; 1.3] 1.4 [1.1; 1.7] 0.364
0.9 [0.7; 1.5]a 0.9 [0.8; 2.1]a 2.6 [1.3; 5.0]b 0.019
1.0 [0.7; 1.5] 1.9 [1.0; 3.0] 1.3 [1.2; 4.0] 0.230
0.9 [0.7; 2.1]a 0.8 [0.7; 1.0]a 3.3 [2.2; 5.2]b 0.021
3.3 [0.0; 10.0] 4.4 [0.0; 6.7] 1.9 [0.0; 3.3] 0.429
3.3 [0.0; 7.5] 2.5 [0.0; 8.3] 0.7 [0.0; 1.7] 0.294
3.3 [0.0; 9.0] 5.8 [3.3; 8.3] 3.3 [0.0; 7.5] 0.728
1.0 [0.0; 4.0] 2.5 [0.0; 3.3] 0.1 [0.0; 1.8] 0.360
0.7 [0.0; 3.7] 1.1 [0.0; 3.8] 0.4 [0.0; 1.1] 0.360
2.7 [0.0; 8.5] 2.6 [1.9; 3.7] 0.9 [0.0; 2.5] 0.454
0.7 [0.0; 1.2] 1.7 [0.0; 3.3] 0.3 [0.0; 0.4] 0.258
0.6 [0.0; 0.8] 2.0 [0.0; 4.2] 0.0 [0.0; 0.0] 0.144
2.7 [0.0; 6.7] 1.3 [0.0; 3.3] 0.6 [0.0; 0.8] 0.454
0.0 [0.0; 0.4] 0.0 [0.0; 0.5] 0.0 [0.0; 0.4] 1.000
0.0 [0.0; 0.0] 0.0 [0.0; 0.0] 0.0 [0.0; 0.0] 1.000
0.7 [0.0; 1.7] 0.7 [0.0; 1.7] 0.6 [0.0; 0.8] 0.990

lected Leghorn classic; variants: V1, no additional enrichment
eriod with and the laying period without supply of additional
period with supply of additional enrichment materials; and V4,
d.
0.05).



Figure 3. Effect of edible enrichment materials on the laying hens’ body mass in week 48. Boxplots indicate the data range as well as median, and
lower and upper quartiles. Different indices indicate differences between variants within a genetic strain. Abbreviations: LB, Lohmann Brown classic;
LSL, Lohmann Selected Leghorn classic; variants: V1, no additional enrichment materials supplied over the whole study period; V2, the rearing period
with and the laying period without supply of additional enrichment materials; V3, the rearing period without and the laying period with supply of
additional enrichment materials; V4, supply of additional enrichment materials over the whole study period.
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include the prolonged use of the scratching area because
of the EM supply (Freytag et al., 2016; Cronin et al.,
2018), a preferred oviposition in the corners, and a pref-
erence for the additional objects in the litter (Martin
Table 4. Effect of enrichment materials (alfalfa bales and peck
fat in laying hens at the time of slaughter (day of life 336).1

Trait (unit) Strain

Study group

V1 (2/2) V2 (1

Carcass yield (%) LB 1 LSL 60.3 (58.8; 61.3)b 59.4 (58.0
LB 61.3 (59.4; 62.1)c 60.7 (59.3
LSL 59.5 (58.1; 60.5) 58.0 (56.6

St

V1 (2/2) V

Log gizzard mass (g) LB 1 LSL 1.42 6 0.07 1.45
LB 1.46 6 0.05 1.49
LSL 1.38 6 0.07 1.39

Log gizzard mass/carcass mass (%) LB 1 LSL 0.38 6 0.07a 0.43
LB 0.40 6 0.05a 0.46
LSL 0.37 6 0.07 0.39

Log gizzard mass/body mass (%) LB 1 LSL 0.16 6 0.07a 0.20
LB 0.18 6 0.07a 0.24
LSL 0.14 6 0.07 0.16

Log gizzard mass/metabolic
body mass (%)

LB 1 LSL 0.22 6 0.07a 0.26
LB 0.25 6 0.06a 0.30
LSL 0.20 6 0.07 0.21

Log abdominal fat mass/
carcass mass (%)

LB 1 LSL 0.67 6 0.16 0.59
LB 0.63 6 0.18 0.50
LSL 0.70 6 0.13 0.70

Abbreviations: LB, Lohmann Brown classic; LSL, Lohmann Se
materials supplied over the whole study period; V2, the rearing p
enrichmentmaterials; V3, the rearing period without and the laying p
of additional enrichment materials over the whole study period.

1Different indices indicate differences between study groups (P ,
et al., 2005). Consequently, the proportion of cracked
eggs increased simultaneously with the proportion of
floor eggs (in V4), which can be explained by the fact
that eggs placed outside the nests are usually dirty and
ing stones) on carcass yield, gizzard mass, and abdominal

(median [lower; upper quartile])

P-value/2) V3 (2/1) V4 (1/1)

; 60.9)b 60.5 (58.8; 62.2)b 58.5 (57.6; 59.8)a 0.004
; 61.2)b 61.9 (60.2; 63.6)b,c 59.4 (58.3; 60.0)a 0.005
; 58.9) 59.2 (57.1; 59.9) 57.9 (57.3; 59.2) 0.060

udy group (mean 6 SD) P-value

2 (1/-) V3 (2/1) V4 (1/1) Group Strain*group

6 0.09 1.44 6 0.06 1.44 6 0.08 0.412 0.680
6 0.07 1.47 6 0.05 1.50 6 0.07
6 0.08 1.40 6 0.06 1.39 6 0.05
6 0.08b 0.41 6 0.07a 0.43 6 0.08b 0.013 0.107
6 0.07a,b 0.42 6 0.07a 0.49 6 0.07b

6 0.08 0.39 6 0.07 0.39 6 0.06
6 0.08b 0.19 6 0.07a,b 0.20 6 0.08b 0.036 0.135
6 0.07b 0.21 6 0.06a 0.26 6 0.07b

6 0.07 0.16 6 0.07 0.15 6 0.05
6 0.08b 0.25 6 0.07a,b 0.26 6 0.08b 0.048 0.220
6 0.07b 0.28 6 0.06a 0.32 6 0.07b

6 0.07 0.22 6 0.06 0.21 6 0.05
6 0.21 0.59 6 0.17 0.59 6 0.18 0.144 0.144
6 0.21 0.51 6 0.14 0.46 6 0.18
6 0.17 0.68 6 0.16 0.71 6 0.08

lected Leghorn classic; variants: V1, no additional enrichment
eriod with and the laying period without supply of additional
eriod with supply of additional enrichmentmaterials; V4, supply

0.05).



Figure 4. Effect of edible enrichment materials on the income over feed and enrichment costs in brown-egg and white-egg layer hens during the
laying period (weeks of age 21–48). Boxplots indicate the data range as well as median, and lower and upper quartiles. Different indices indicate dif-
ferences between variants (P, 0.05). Abbreviations: IOFEC, income over feed and enrichment costs; variants: V1, no additional enrichmentmaterials
supplied over the whole study period; V2, the rearing period with and the laying period without supply of additional enrichment materials; V3, the
rearing period without and the laying period with supply of additional enrichment materials; V4, supply of additional enrichment materials over the
whole study period.
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have a defective shell (Appleby, 1984). However, an ef-
fect on the proportion of dirty eggs could not be identi-
fied in this study.

The weekly body mass gain during rearing was
partially below the reference values (Lohmann
Tierzucht, 2017) until week 9 but exceeded the specifica-
tions after that age until the end of the rearing. An effect
of EM supply during rearing resulting in a lower body
mass in weeks 6 and 8 and a reduced uniformity in
week 16 was observed. It can be speculated that EM-
supplemented pullets consumed excessive amounts of
the EM, resulting in a lower body mass and uniformity.
Moreover, a strong deviation from the reference body
mass (Lohmann Tierzucht, 2017) was found in the LB
hens during the laying period, with a loss of body mass
between weeks 24 and 32, before it slightly reincreased.
A possible cause of body mass loss may be the insuffi-
cient increase in food intakes at the laying maturity
(Schreiter and Damme, 2017). When testing the effect
of the variant in the laying period over both strains,
the body mass was higher if EMs were provided in this
period. Body mass gain was also higher in the period af-
ter transfer to the laying stable (weeks 21–26) in the
groups with EMs in the laying period. In the further
course of the study, no additional differences due to
EM supply were observed. Cronin et al. (2018) also
found higher body mass gains when straw was provided
as EM. They attributed it to the possible improved
nutrient availability when feeding fiber-containing diet
components.
Throughout the study, the feed consumption was not

influenced by the strain or variant. This is in agreement
with the study by Cronin et al. (2018) that found no
compound feed intake suppression when offering straw
as EM, but in contradiction with the study by
Steenfeldt et al. (2007) that offered silage and carrots
as EM and observed a reduction of the compound feed
consumption (EM accounting for up to 49% of the total
feed intake). In our study, alfalfa (as EM) consumption
was higher during the laying period when hens already
had access to it during rearing, confirming the practical
recommendation assumptions (Keppler et al., 2017).
When EM were available, both during the rearing and

laying periods (V4), the mass of the gastrointestinal
tract and other organs removed at slaughter was higher
than in the other variants. This is consistent with the
higher proportion of relative gizzard mass to the body
mass or metabolic body mass measured in the LB hens
reared with EM (V2 and V4) than in hens reared
without EMs (V1 and V3), regardless of the EM supply
during the laying period. Therefore, the gizzard develop-
ment seems to be promoted by the EM supply during
rearing, possibly due to the intake of fiber-containing al-
falfa material. Indeed, several studies found an increase
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of the relative gizzard mass when providing fiber-
containing EM, for example, wood shavings (Hetland
et al., 2005; Amerah et al., 2009), straw and sugar beet
pulp (Guzman et al., 2015), or silage (Steenfeldt et al.,
2007). The higher consumption of alfalfa during rearing
recorded in LB than in LSL pullets may explain why a
greater gizzard mass was only observed in the LB hens.
The EM effects on the egg weight and body mass, as
well as on the integument condition (Schreiter et al.,
2020) observed in this study may also be attributed to
the better availability of nutrients because of the intake
of coarsely structured fiber (Amerah et al., 2009; Svihus,
2011).
Animal losses were not reduced by the provision of EM

during either rearing or the laying period. This is in line
with the study by Freytag et al. (2016), although previ-
ous studies could not provide consistent results on the
question. Steenfeldt et al. (2007) reduced the mortality
by offering silage and carrots, whereas Cronin et al.
(2018) observed a higher mortality when offering straw.
With reference to working hypothesis 1 of this study,

an increase in egg weight by the provision of EM could be
detected, but no effects on laying performance and ani-
mal losses. Working hypothesis 2, according to differ-
ences in laying performance and animal losses between
the groups with permanent and temporary EM access,
could not be confirmed.
Income over feed costs did not differ between the

tested variants. However, IOFECs, which also takes
into account the additional EM costs into the egg selling
price, were considerably lower when EMs were perma-
nently provided (during both the rearing and laying pe-
riods, V4; i.e., 20.55 V/hen housed). The latter
economically greatly impacts the egg producing farms.
Such high additional costs for EM supply can thus not
be compensated by improved performance.
In regard to the generalizability of our results to more

practical laying hen farm conditions, the group sizes in
particular must be considered as a deviating factor. In
contrast to our study, the group size in farms is ten to
hundred times higher, that is, from 250 pullets or 30
hens per compartment in our study compared with
groups of several thousands of hens per compartment
in a typical floor housing system (Pottg€uter et al.,
2018). A higher group size results in a reduced availabil-
ity of the EM per individual hen. According to a survey
by Spindler (2019), only one enrichment element for 500
up to 1,500 hens is a common practice. In this view, a
validation under practical conditions of the effects of
the 4 tested EM variants on pullets’ development and
laying hens’ performance and mortality is recommended.
Further studies should enclose the period from the first
day of life to the end of a complete laying period
(.70 wk of life). In addition, it should be explored
whether similar effects on the gizzard development can
be achieved with enrichment substrates other than the
pecking stones and alfalfa bales we used and whether
the observed effects of EM on the performance, egg qual-
ity, and carcass composition are applicable to other
hybrid strains.
CONCLUSIONS

Pecking stones and alfalfa bales as EMs did not affect
animal losses or the laying rate. However, the eggs’
weight was increased when EMs were provided during
the laying period but not the cumulative egg mass pro-
duction. A reduced compound feed intake was not
observed, although the consumption of alfalfa during
the laying period was higher when the hens had access
to EM during rearing. The provision of EM during rear-
ing was found to reduce the body mass gain in the first
weeks of life and the 16th wk uniformity. During the
laying period, on the other hand, positive effects of the
EM supply on the body mass development can be ex-
pected. With the additional intake of EM, particularly
during the rearing period, the development of the
gizzard was promoted. However, a permanent supply
of EM greatly decreases the economic outcome of laying
hen farming. Therefore, the supply of EM in pullets and
laying hens cannot be recommended as a measure to in-
crease the laying performance and reduce animal losses.
Nonetheless, not only these requirements should be
taken into account in the decision-making process of
farmers but also animal welfare aspects with reduced
occurrence of feather pecking and cannibalism when
EMs are supplied. Thus, further research is needed to
achieve a synopsis between economic requirements and
animal welfare.
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