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Abstract: Comparison of the laying and egg
weight of laying hens in two types of cages. This
study was aimed at comparing production results
of laying hens kept in two types of cages: fur-
nished cages and conventional cages. It covered
the period from the 36" till the 541 week of hens
life that was divided into two experimental stages:
stage | — from week 36 till week 44, and stage Il
— from week 46 to week 54. Till week 44, 190
layers were reared in groups (10 hens each) in
furnished cages (F) and 190 layers were kept in-
dividually in conventional cages (C). In week 45,
the hens from furnished cages (F) were moved to
conventional cages (FC), whereas these from con-
ventional cages (C) were randomly merged into
groups of 10 hens and transferred to furnished
cages (CF). Egg laying (%) and egg weight (g)
were controlled as well as percentage contribution
of eggs in standard egg weight classes was de-
termined in both experimental stages. The study
showed a significant (P < 0.01) effect of cage type
on the laying performance of the hens but only
in the second stage of the study, as well as a sig-
nificant (P < 0.01) effect of hens moving to dif-
ferent cages. In both cases, higher egg laying was
reported for the hens from the conventional cages.
Egg weight in the first and the second stage of the
experiment was significantly (P < 0.01) higher in
the groups housed in the furnished cage. A higher
egg weight (P < 0.01) was determined in the lay-
ers in the second stage of the study. Both in the
first (P < 0.01) and in the second (P < 0.05) stage,
analyses showed a significant effect of cage type
on the contribution (%) of eggs in particular egg
weight classes. A higher percentage of eggs in
the L class was obtained from the hens housed in
the furnished cages. Differences in laying perfor-

mance after hens moving suggest that the layers
adapt more easily and faster to conditions of the C
type cages. The egg weight was, probably, more
dependent on general laying performance and age
of the hens than on cage type.
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INTRODUCTION

Rearing conditions of laying hens are
recently arising much controversies,
which is due to the implementation of
EC Directive 1999/74/EC that stipu-
lates rearing standards for layers in the
EU Member States (European Commis-
sion 1999). This Directive obliges egg
producers to replace traditional battery
cages by new furnished cages with an
increased area (750 cm? per 1 hen) and
possessing additional equipment. With
no explicit evidence that hens rearing
in furnished cages contributes to their
improved welfare (Barnett et al. 2009,
Tactacan et al. 2009, Lay et al. 2011),
producers had to incur vast expenses to
modernize their hen houses according
to the Directive and in some cases were
forced to eliminate their flocks. Too lit-
tle time has gone since the final dead-
line of cages replacement (1.01.2012) to



14 K. Damaziak et al.

conclude on any consequences of these
changes to production farms that had ad-
justed their production standards to Di-
rective guidelines as well as to the laying
hens themselves that were the focus of
interest in this fight for “rearing condi-
tions improvement” between producers
and animal rights defenders. Problems
in reconciling these two sides may result
from difficulties in the unequivocal deter-
mination of animal welfare (Rodenburg
et al. 2008). In the case of laying hens,
the level of welfare may be determined
based on observations of their behavior
(Appleby and Hughes 1991), changes
in their plumage (Sherwin et al. 2010),
their ability to absorb calcium from feed-
stuff and its further use in the calcifica-
tion process (Nasr et al. 2012) as well as
the incidence of cannibalism symptoms
(Gunnarsson et al. 1999). Also produc-
tion performance may be indicative of
the birds adaptation to rearing conditions.
Simultaneously, this performance is of
the key significance to producers as it de-
termines poultry production profitability
(Sosnéwka-Czajka et al. 2010). Another
important information may as well be

FIGURE 1. Furnished
farm, SGGW (photo J. Riedel)

provided by observations of birds ability
to adapt to altered rearing conditions.

The aim of this study was to com-
pare two production parameters: laying
performance and egg weight, of laying
hens reared in conventional cages and
furnished cage, as well as to compare the
impact of a rapid change in rearing con-
ditions on these two parameters.

MATERIAL AND METHODS

The experiment was conducted with
two types of three-store cages. Fur-
nished cages (F), with area for 10 hens,
equipped according to guidelines of Di-
rective 1999/74/EC (European Commis-
sion 1999) — Figure 1, and individual
cages, i.e. conventional cages (C), ad-
justed for individual housing of hens,
with area of 1,196 cm?, height of 44 cm,
and equipped only in one nipple drinker
and 26 cm long feeders (Fig. 2).

The study included 380 ISA Brown
hens: 190 layers kept in groups in fur-
nished cages and 190 layers kept individ-
ually in conventional cages. The housing
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FIGURE 2. Conventional individual cages for laying ISA Brown hens at the RZD Wilanéw-Obory
experimental farm, SGGW (photo J. Riedel)

conditions (light program, temperature
and air humidity) were consistent with
the ISA Brown Management Guide
(www.hendrix-genetics.com 2008). All
birds were receiving the same powdered
feed mixture in the quantity of 114 g per
hen daily. The nutritive value of the feed
mixture was provided in Table 1.

TABLE 1. Nutritive value of basal diet applied in
ISA Brown laying hens

Nutritive value Unit Content in diet
EMN kcal 2 750.00
EMN MJ 11.60
Total protein % 17.00
Crude fiber % 4.40
Crude fat % 3.90
Ash % 12.10

In week 45 of hens life, their hous-
ing conditions were changed as follows:
the laying hens from furnished cages (F)
were moved to conventional cages (FC)
and housed individually, and the laying
hens from conventional cages (C) were
randomly merged into groups of 10 birds
and transferred to furnished cages (CF).

The other housing conditions and feed
mixture remained unchanged.

Observations were continued in two
stages (9 weeks each). The first stage
(from week 36 to week 44) covered the
period when the hens were staying in the
same cage as at the beginning of pro-
duction, whereas the second stage (from
week 46 to week 54) covered the period
since hens transfer to different cages till
the end of experiment. The week when
the cages were changed (45" week) was
not included into any of the stages in
order to eliminate the impact of direct
stress induced by hens transfer.

Since week 44 to week 54 of hens
life, laying performance and egg weight
were controlled in hens from both types
of cages. The percentage of egg lay-
ing was calculated on an everyday and
weekly basis. Eggs were weighed 3
times a week, next day after laying. Data
achieved enabled calculating: the mean
laying performance (%), the mean egg
weight (g), and the percentage contri-
bution of eggs in particular egg weight
classes (F, C, FC, CF).
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The statistical analysis of results was
carried out using the statistical pack-
age SPSS 21.0 (SPSS 2010). Normality
of parameters distribution was verified
with the Kotmogorow-Smirnow test (of
all parameters examined only egg lay-
ing had normal distribution). The effect
of cage type, hens age and the effect of
cage change on laying performance was
examined with one-way analysis of vari-
ance. Differences in egg laying between
groups in particular weeks were deter-
mined with the T-test. The impact of
cage type on egg weight was estimated
with the Mann-Whitney test, and the im-
pact of cage change — with the Kruskal-
-Wallis test. The contribution of eggs in
particular egg weight classes was com-
pared with the Chi-square test. The dif-
ferences were considered significant at
P <0.01 and P < 0.05. The variability of
the investigated traits was expressed by
the standard error of the mean (xSE).

RESULTS AND DISCUSSION

Laying performance

The laying performance of ISA Brown
hens kept in both types of cages before
the change of the housing system (36-44
week of life) was at a similar level of ca.
89% (Table 2) and slightly lower than the
standard values of 91-94% (www.hen-
drix-genetics.com 2008). A significantly
higher (P < 0.01) laying performance in
group C was determined only in week 2,
5 and 6 of observations (Fig. 3), which
was however insignificant to the total re-
sult from this period. The higher laying
performance of hens kept in conventional
cages compared to furnished cages was
confirmed by Glatz and Barnett (1996),
whereas Appleby et al. (2002) as well
as Guesdon and Faure (2004) achieved
a similar laying percentage in both types
of cages. Egg laying was found to depend
to the greatest extent on the rapid transfer
to a different type of cage. In both groups
analyses demonstrated a decrease in lay-
ing performance between week 44 and
46 of hens life: by 8.0% in hens moved
from group C to group CF, and by 1.0%

TABLE 2. Least squares means (LSM) and SE of the ISA Brown laying hens production (%) depending

on cage type

l(_\|/\(/e:<askas()ge Laying production (%) (:Eagzi;gz
Conventional cage (C) Furnished cage (F)

36-44 LSM +SE LSM +SE NS
89.5 0.4 88.9 0.3
Furnished cage (CF) Conventional cage (FC)

46-54 LSM +SE LSM +SE ok
85.7 0.4 90.4 0.5

Effect of cage . . »

type conversion

**difference significant at P < 0.01.
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a, b —difference significant at P < 0.05; A, B — difference significant at P < 0.01.
FIGURE 3. Weekly laying production (%) of ISA Brown hens during experimental period. F/FC — hens
kept in furnished cage and transferred to conventional ones; C/CF — hens kept in furnished conventional

cage and transferred to furnished ones

in hens moved from group F to group
FC (Fig. 3). The statistical analysis of
the entire period after cage shifting dem-
onstrated significantly higher (P < 0.01)
laying performance in FC group com-
pared to CF group. Also in the succes-
sive weeks of the experiment the higher
laying performance was observed in the
hens from conventional cages — except
for the 4™ and 7™ week after the change
of cages (Fig. 1).

The laying performance of hens
moved from group C to group CF de-
creased significantly (P < 0.01) reaching
the maximum value of barely 88.8% in
week 50 of hens life and the minimal
value of 81.3% in week 46 of hens life
(Fig. 3). Undoubtedly the significant dif-
ference in the laying performance of hens
after movement to a different type of

cage was due to the number of birds hav-
ing both direct and visual contact. Hens
kept individually in groups C and FC had
only visual contact with two neighboring
hens, whereas layers kept in group cag-
es (F and FC) had a direct contact with
9 hens housed in the same cage and visu-
al contact with 20 hens from neighboring
cages. It may be speculated that the rapid
decrease in laying performance directly
after hens transfer from C to CF result-
ed from a hierarchy being established
in a group of hens that have so far been
kept individually (Fig. 3). Already after
4 weeks the performance returned to the
level determined before cage change.
The mean egg production in this period
was lower by 3.8% (P < 0.01) compared
to the first stage of the study (Table 2).
In contrast, hens moved to cages with
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a significantly lesser area adapted to
new housing conditions as early as af-
ter a week. It may be speculated that the
diminished egg production was caused
rather by hens taking out of the cages and
their transfer than by the change of rear-
ing conditions. As reported by Lay et al.
(2011), the DEFRE (Department for En-
vironment, Food and Rural Affairs 2006)
study shows that the method of birds
catching and taking out of cages affects
their blood level of corticosterone. In ad-
dition, in the successive weeks of the ex-
periment analyses showed in this group
higher laying performance compared to
the period when these birds were housed
in the group furnished cages. The laying
performance of hens moved from group
F to group FC was higher after cage shift-
ing by 1.5% (P < 0.01; Table 2), reaching
the maximum value of 92.3% in week 52
(Fig. 3). It suggests that the direct contact
with other hens may be a more stressful
factor than the reduction of living space.
Investigations by Douglis (1948) dem-

onstrate that hens are capable of recog-
nizing up to 27 other hens and treating
them as members of their flock. A higher
number of hens in a group induces stress
and predisposes to continuous fights for
dominance. It seems, therefore, that in
our experiment the number of hens and
behavioral interactions between them
had a greater impact on changes in their
laying performance than the size and
equipment of cages they were kept in.

Egg weight and egg weight classes

Egg weight in the first and second stage
of the experiment was significantly
higher (P < 0.01) in the groups kept in
furnished cages (by 0.3 g and 0.4 g, re-
spectively, Table 3). The egg weight was
also found to be significantly (P < 0.01)
affected by the change of cage type. In
both variants of the change, higher egg
weight was determined in hens from
the second stage of the study (Table 3).
When comparing laying performance
of the investigated hens (Fig. 3) and

TABLE 3. Least squares means (LSM) and SE of the ISA Brown hens’ eggs weight (g) depending on

cage type
Hens age . Effect of cage
(weeks) Eggs weight (g) type
Conventional cage (C) Furnished cage (F)
(n=4738) (n = 4 608)
**
36-44 LSM +SE LSM +SE
61.0 0.07 61.3 0.07
Furnished cage (CF) Conventional cage (FC)
(n= 4109) (n =4669)
**
46-54 LSM +SE LSM +SE
62.5 0.08 62.1 0.07
Effect of cage type o o
conversion
** ** x
Effect of hens age (F = 37.86) (F = 15.76)

**difference significant at P < 0.01; F — Fischer test.
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egg weight it may be concluded that the
higher level of laying performance cor-
responded to lower weight of eggs, and
that lower egg production corresponded
to higher egg weight. A similar tendency
was observed in the contribution of eggs
in particular weight classes (Table 4).
Both in the first (P < 0.01) and in the sec-
ond (P < 0.05) stage of the experiment
a significant effect of cage type was

19

and a lower number of small eggs (S, M)
were determined after cage change.

The tendency for a lesser egg weight
along with a higher egg production has
been known for years. Even the study of
Jully (1930) demonstrates that hens lay-
ing eggs with the weight higher than the
average for the flock were characterized
by lower laying performance than the
hens laying lighter eggs than the average

TABLE 4. Share (%) of ISA Brown hens’ eggs in different weight classes (S, M, L, XL)

Hens age Effect
9 Share of eggs in egg weight classes of cage
(weeks)
type
Conventional cage (C) Furnished cage (F) .
(n=4738) (n =4 608)
36-44 s M L XL S M L XL
34% | 64.5% | 31.0% 1.1% 2.0% | 63.3% | 33.6% 1.1%
Furnished cage (CF) Conventional cage (FC) -
(n= 4109) (n =4 669)
46-54 s M L XL s M L XL
16% | 59.7% | 37.1% | 1.6% 15% | 63.3% | 34.0% 1.2%
Effect of
cage type ** NS X
conversion

*difference significant at P < 0.05; **difference significant at P < 0.01; NS — difference not signifi-

cant.

Egg weight classes: S (48-53 g); M (54-63 g); L (64-73 g); XL (>74 g).

demonstrated on this parameter. Better
results were achieved in the case of hens
kept in furnished cages: in the first stage
(F) they were characterized by a higher
number of large eggs (L) and a fewer
number of small eggs (S), whereas in
the second stage (CF) — also by a higher
number of large eggs (L) but also of ex-
tra large eggs (XL). In turn, the effect of
cage change turned out to be significant
only in groups C-CF (P < 0.01), where
a higher number of large eggs (L, XL)

for the flock. It is difficult to conclude
explicitly whether the decline of laying
performance induced by stress after hens
transfer to a different type of cage was
due to disorders in the ovulation process
or to simply elongation of egg forma-
tion period, which normally spans for ca.
24 h (Hiramoto et al. 1990). The longer
period of egg formation is usually linked
with its longer retention in the shell gland
and formation of a thicker shell that may
affect its weight (Berg 1945).



20 K. Damaziak et al.

The second factor that could contrib-
ute to differences in egg weight in the first
and second stage of the study was the age
of laying hens (Table 3). Baumgartner
etal. (2007) and Zita et al. (2009) demon-
strated a significant impact of layers age
on the weight of laid eggs. According to
the ISA Brown Management Guide, the
mean egg weight in weeks 36-44 of hen
life reaches 64.6 g, whereas in weeks
46-54 it accounts for 65.1 g (www.hen-
drix-genetics.com 2008). Though the
weight of eggs determined in our experi-
ment was lower than the standard values,
the differences in egg weight between
the subsequent stages of the study could
therefore result from various age of the
laying hens.

CONCLUSIONS

In summary, the type of cage the laying
hens were kept in (conventional cages
and furnished cages) had no significant
effect on their laying performance in the
first stage of the experiment. Differences
in egg production after birds transfer sug-
gest that the layers were more easily and
faster adapting to conditions of the con-
ventional cages, despite a smaller living
space. The weight of laid eggs was, prob-
ably, more dependent on the laying per-
formance and age of hens than on cage
type. No sound evidence was achieved
from results of the analysis of two ex-
perimental factors (laying performance
and egg weight) to declare the furnished
cages as better from the viewpoint of
hens laying performance and thus cost-
-effectiveness of egg production.

REFERENCES

APPLEBY M.C., HUGHES B.O., 1991:
Welfare of laying hens in cages and alter-
native systems: environmental, physical
and behavioural aspects. World’s Poult.
Sci. J. 47, 109-128.

APPLEBYM.C.,WALKERA.W.,NICOLC.J.,
LINDBERG A.C., FREIRE R., HUGHES
B.O., ELSON H.A., 2002: Development
of furnished cages for laying hens. Br.
Poult. Sci. 43, 489-500.

BARNETTJ.L.,,TAUSONR.,DOWNINGJ.A,,
JANARDHANA V., LOWENTHAL J.W.,,
BUTLER K.L., CRONIN G.M., 2009: The
effects of a perch, dust bath, and nest box,
either alone or in combination as used in
furnished cages, on the welfare of laying
hens. Poult. Sci. 88, 456-470.

BAUMGARTNER J., BENKOVA 1,
PESKOVICOVA D., 2007: Effect of line,
age and individuality on yolk cholesterol
content and some other egg quality traits
in leghorn type yolk cholesterol selected
hens. XVIII European Symposium on the
quality of poultry meat and XII European
Symposium on the quality of eggs and
egg products, September 2-5, Prague,
35-36.

BERG L.R., 1945: The relationship of clutch
position and time interval between eggs to
eggshell quality. Poult. Sci. 24, 555-563.

DEFRA, 2006: The welfare effect of differ-
ent methods of depopulation on laying
hens. http://randd.defra.gov.uk/Default.
aspx?Menu&Module=More&Location=
None&Project ID=11925&FromSearch=
Y &Publisher=1&SearchText=aw0231&
SortString=ProjectCode&SortOrder=Ac
s&Paging=10#Destription.

DOUGLIS M., 1948: Social factors influenc-
ing the hierarchies of the domestic hen:
interactions between resident and part-
time members of organized flock. Physi-
ol. Zool. 21, 147-182.



Comparison of the laying and egg weight of laying... 21

European Commission, 1999: Council Direc-
tive 1999/74/EC of 19 July 1999 laying
down minimum standards for the protec-
tion of laying hens. Official Journal of the
European Union L203, 0053-0057.

GLATZ P.C., BARNETT J.L., 1996: Effect
of perches and solid sides on production,
plumage and foot condition of laying
hens housed in conventional cages in nat-
urally ventilated shed. Aust. J. Exp. Agr.
36, 269-275.

GUESDON V., FAURE J.M., 2004: Laying
performance and egg quality in hens kept
in standard or furnished cages. Anim.
Res. 53, 45-57.

GUNNARSSON S., KEELING L.J., SVED-
BERG J., 1999: Effect of rearing factors
on the prevalence of floor eggs, cloacal
cannibalism and feather pecking in com-
mercial flocks of loose housed laying
hens. Br. Poult. Sci. 40, 12-18.

HIRAMOTO K., MURAMATSU T., OKU-
MURA J., 1990: Protein synthesis in
tissues and in the whole body of laying
hens during egg formation. Poult. Sci. 62,
264-269.

JULLY M.A., 1930: Problems in egg weigh-
ing in relation to production. Poult. Sci.
9, 207-218.

LAY D.C., FULTON R.M., HESTER
PY., KARCHER D.M., KJAER J.B,,
MENCH J.A.,, MULLENS B.A., NEW-
BERRYR.C.,NICOLC.J.,O’SULLIVAN
P.O., PORTER R.E., 2011: Hen welfare
in different housing systems. Poult. Sci.
90, 278-294.

NASR M., MURRELL J., WILKINS L.J.,
NICOL C.J., 2012: The effect of keel
fractures on egg-production parameters,
mobility and behaviour in individual lay-
ing hens. Anim. Welfare 21, 127-135.

RODENBURG T.B., TUYTTENS F.A.M,,
DE REU K., HERMAN L., ZOONS J.,
SONCK B., 2008: Welfare assessment of
laying hens in furnished cages and non-
-cage systems: assimilating expert opin-
ion. Anim. Welfare 17, 355-361.

SHERWIN C.M., RICHARDS G.J., NI-
COL C.J., 2010: Comparison of the wel-
fare of layer hens in 4 housing systems in
the UK. Br. Poult. Sci. 51, 488-499.

SOSNOWKA-CZAJKA E., HERBUT E,,
SKOROMUCHA ., 2010: Effect of dif-
ferent housing systems on productivity
and welfare of laying hens. Ann. Anim.
Sci. 10, 349-360.

SPSS, 2010: SPSS, 21.0 for Windows user’s
guide, 2010. SPSS Inc., USA.

TACTACAN G.B., GUENTER W., LE-
WIS N.J., RODRIGUEZ-LECOMPTE
J.C.,HOUSE J.D., 2009: Performance and
welfare of laying hens in conventional and
enriched cages. Poult. Sci. 88, 698-707.

www.hendrix-genetics.com, 2008. Technical
Information, Commercial Layers, ISA
Brown. i

ZITA L., TUMOVA E., STOLC L., 2009:
Effect of genotype, age and their interac-
tion on egg quality in brown-egg laying
hens. Acta Vet. BRNO 78, 85-91.

Streszczenie: Pordwnanie niesnosci i masy jaj
kur niesnych utrzymywanych w dwdéch typach
klatek. W badaniach poréwnywano wyniki pro-
dukcyjne kur niosek utrzymywanych w dwdéch
typach klatek: klatkach wzbogaconych i klatkach
konwencjonalnych. Badaniami objeto okres od
36. do 54. tygodnia zycia kur podzielony na dwa
etapy: | —od 36. do 44. tygodnia, |1 —od 46. do 54.
tygodnia. Do 44. tygodnia 190 niosek utrzymy-
wano grupowo (po 10 kur) w klatkach wzbogaco-
nych (F) i 190 niosek utrzymywano pojedynczo
w klatkach konwencjonalnych (C). W 45. tygo-
dniu nioski z klatek wzbogaconych (F) przenie-
siono do klatek konwencjonalnych (FC), a ptaki
z klatek konwencjonalnych (C) potaczono losowo
po 10 i wprowadzono do klatek wzbogaconych
(CF). W obu etapach badan kontrolowano nies-
nos¢ (%) i mase jaj (g), okreslono tez procentowy
udziat jaj w standardowych klasach wagowych.
Wykazano istotny wptyw (P < 0,01) typu klatki
na niesnos¢ kur, ale tylko w drugim etapie badan,
oraz istotny wptyw (P < 0,01) przeniesienia kur.
W obu przypadkach wieksza niesnos¢ wykazy-
waly kury w klatkach konwencjonalnych. Masa
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jaj w pierwszym i drugim etapie doswiadczenia
byta istotnie wigksza (P < 0,01) w grupach utrzy-
mywanych w klatkach wzbogaconych. Wigksza
mase jaja (P < 0,01) stwierdzono u kur w drugim
etapie badan. Zaréwno w pierwszym (P < 0,01),
jak i w drugim (P < 0,05) etapie badan wykaza-
no istotny wptyw typu klatek na udziat (%) jaj
w poszczegolnych klasach wagowych. Wigcej jaj
w klasie L uzyskano u kur utrzymywanych w klat-
kach wzhogaconych. Rdznice w niesnosci kur po
przeniesieniu sugeruja, ze nioski o wiele tatwiej
i szybciej adaptuja si¢ do warunkoéw klatek C.
Masa uzyskanych jaj byta bardziej zalezna od po-
ziomu niesnosci i wieku kur niz rodzaju klatki.
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