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Abstract

Pavlik A., M. Pokludova, D. Zapletal, P. Jelinek: Effects of Housing Systems on
Biochemical Indicators of Blood Plasma in Laying Hens. Acta Vet. Brno 2007, 76: 339-347.

The aim of this study was to compare biochemical indicators of blood plasma of laying hens
housed in three different housing systems (conventional cage system, enriched cage system and
deep litter system). In each housing system, 12 ISA Brown laying hens were observed during
the laying period from week 22 to 75 of age. Blood samples for determination of biochemical
indicators in plasma were collected during this period in week 22, 47 and 75. Indicators of blood
plasma metabolic profile of laying hens of all monitored groups during the laying period ranged
in intervals stated for healthy animals. In some cases, significant differences between housing
systems were found, however, these differences do not give clear evidence of the influence of
the housing system on the health of animals. The differences were apparently due to different
efficiency of each group during the laying period.

Housing system, blood, total protein, glucose, cholesterol, uric acid, alkaline phosphatase

Public concerns about the welfare of laying hens resulted in minimum welfare directives
in the European Union, with the imposing of a ban on conventional cages in 2012 (European
Commission, 74/1999). Since then, cages are allowed only if enriched with nests, perches,
and dust baths, i.e. facilities that improve the behavioural repertoire of the birds (Wall
and Tauson 2002). Group size has been shown to have a significant effect on production
traits. The general trend in layer strains is higher mortality, more feather and skin damage,
and lower egg production as group size increases (Tauson 1998; Bil¢ik and Keeling
1999). The conventional cage was the most common housing system in Europe because
of the advantages of more disease-free birds, allowing e.g. the prevention of coccidiosis
(Appleby and Hughes 1991), and less bird aggression and cannibalism (Abrahamsson
and Tauson 1995). Smaller group sizes consisting of 6 hens or less are associated with
easier bird inspection and cleaner eggs (Bell and Adams 1998), and are economical (van
Horne et al. 1998; Appleby et al. 2002) compared with alternative housing systems such
as deep litter technology. Enriched and modified cages for small groups of hens seem more
realistic as alternative systems in large-scale production than deep litter systems, in which
birds are kept in larger groups (Tauson 1998). De Boer and Cornelissen (2002) consider
the battery cage system, particularly from the perspective of production and several health
indicators, to be more beneficial than the aviary systems.

Determination of the indicators of internal environment is one of the methods of
evaluating the effect of the factors of housing environment on health and production
of farm animals. It provides valuable information about relations between the internal
environment of the organism, nutrition, age and performance. It contributes to an objective
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evaluation of functional and health condition and helps to discover and to diagnose animal
diseases (Kredatus and Valent 1993). The changes in the content of total protein correlate
closely with the metabolic changes in the animal organism, and reflect various disorders of
nutritional character, the cause of which is either insufficient or excessive intake of proteins
in feed mixtures. The level of blood plasma glucose is maintained at a relatively stable
level with highly sensitively controlled homeostatic mechanisms. The level of glycaemia
changes in the course of growth and maturation, depending on the intake of feed, production
performance as well as in relation to the change of the environment (Nasreldin et al.
1988). Cholesterol has a proven relationship with the metabolism of bile acids, sexual
hormones and other steroid substances (Griffin 1992). The effect of the age of laying hens
also contributes during changes of cholesterol concentration (Suchy et al. 1995, 1999).
Uric acid level fluctuates depending on the intake of purines and its increased amount in
blood often accompanies the symptoms of gout. Its concentration increases with elevated
temperature in the environment (Koelkebeck and Odom 1995). Determination of the
alkaline phosphatase (ALP) activity is one of the most important clinical and biochemical
examinations during the monitoring of the metabolic profile of the hens’ blood.

Materials and Methods

Animals and breeding conditions

The experiments were performed on ISA BROWN pullets, kept in a hall with deep litter. The available area,
complete feeding mixture, light-dark (L : D) cycle, housing temperature, relative air humidity changed according
to technological instructions for ISA BROWN pullets. During the rearing period standard vaccinations were
provided. At the age of 15 weeks, they were randomly divided into 3 of the following housing systems:

- conventional cage housing system - four-floor, total (available) area 550 cm?bird (2 birds kept on 1120 cm?
~32 x 35 x 45 cm), 2 nipple drinkers, belt feeder 15 cm/bird, device for claw shortening,

- enriched cage housing system according to Council Directive 99/74/EC - three-floor, total area 945 cm?/bird
(8 birds kept on an area of 7 560 cm?- 180 x 42 x 45 cm), available area 643 cm?*bird, 6 nipple drinkers, belt
feeder 20 cm/bird, nest (30 x 35 x 45 cm), perching area 15 cm/bird, devices for dust bathing and scratching,
device for claw shortening,

- deep litter housing system - available area 2 000 cm?*/bird (20 birds kept on an area of 40 000 cm? - 200 x 200
x 180 cm), tube feeder 5 cm/bird, round drinker 2 cm/bird, deep litter made from wood shavings.

All of the housing systems were situated in the same building with central system of ventilation and temperature
regulation. For each system, experimental group consisting of 12 birds was established with the mean body
weight of 1300 + 50g. Throughout the study, the hens were fed using a complete feeding mixture for laying
hens containing 875 g-kg"' of dry matter, energy content ME 11.1 MJ-kg", content of crude protein 170.7 g’kg”,
Ca 35.9 gkg' and P 6.3 g'kg'!. A constant light-dark (L : D) cycle (15 : 9, switching on at 4.00 h, switching off
at 19.00 h) was maintained in all three systems as recommended in technological instructions for ISA BROWN
hens. The temperature of housing was in the range of 18 to 22 °C; relative air humidity ranged from 65 to 70%.
No red mite or other parasite or viral infection was presented during experimental period.

Collection of blood samples

Blood samples (3ml) of all hens in experimental groups were collected from a brachial vein of hens at the
age of 22, 47 and 75 weeks, always between 7.00 and 8.30 h. EDTA was used as anticoagulant. Blood samples
were centrifuged and the separated plasma was stored at -20 °C until analyzed. Blood sampling was performed
randomly in hens kept in conventional, enriched and deep litter system.

Egg production and body weight

Next to the determination of plasma metabolite levels, the body mass of the animals and the egg production
were evaluated. The egg production was recorded weekly during the laying period and it was expressed in
percentage as laying intensity. The individual body weight of laying hens was determined at the beginning of the
laying period and in weeks 22, 47 and 75.

Measurement of biochemical indicators

Blood plasma was also subjected to the following biochemical tests: total protein, glucose, cholesterol, uric
acid and alkaline phosphatase. Analyses were provided photometrically with commercially available kits Bio-La-
Tests made by Pliva-Lachema, a.s., Czech Republic, on COBAS MIRA S analyzer (Roche).

Statistical evaluation
The data are expressed as means + SEM. Changes in egg production were analyzed by One-way ANOVA for
factor housing system. Changes in biochemical indicators and body weight were analyzed by repeated measures
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ANOVA for factors housing system as independent variable and age of hens as dependent variable. ANOVA
was followed by post-hoc Fischer LSD test for pair-wise comparisons, when appropriate. All statistical analyses
were performed by Statistica 7.0 statistical software (StatSoft Inc., Tulsa, USA). The overall level of statistical
significance was defined as p < 0.05.

Results

Housing system significantly influenced the intensity of egg production (Fig. 1). One-
way ANOVA revealed the main effect for factor housing system (F (2, 102) = 53.470, p <
0.001). Fischer post hoc test showed a significantly lower intensity of egg production in
hens exposed to deep litter housing system than those exposed to conventional conditions
or enriched environment.
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Fig. 1. Laying intensity of hens kept in conventional (S, n = 12), enriched (EE, n = 12) and deep litter (DL,
n = 12) housing system during laying period. Data represent mean values.

The body weight (Fig. 2) of hens increased significantly in all experimental groups
during the whole experiment. Two-way ANOVA with repeated measures for factor time
revealed the main effect for factor housing system (F (2, 29) = 4.1443, p < 0.05). There
were significant differences in factor time (F (3, 87) = 314.82, p < 0.001) as well as
system and time interaction (F (3, 87) = 314.82, p < 0.001). Fischer post hoc test showed
a significantly higher body weight gain in hens housed under conventional conditions than
in those exposed to deep litter system in the week 22. At the end of the experiment (week
75), hens housed under conventional conditions had significantly greater bodyweight than
hens kept in enriched environment.

Concentration of total proteins during the laying period in all animals did not significantly
change (Fig 3), which is proved by the results of two-way ANOVA with repeated measures
for factor time (F (2,66) = 0.406, p = 0.667). No significant difference in the concentration
of total protein was determined between individual groups (F (2,33) = 0.708, p = 0.499).

The housing system had no effect on the concentration of glucose in blood plasma (Fig.
4), as shown in two-way ANOVA with repeated measures for factor housing system (F
(2,33) = 0.2154, p = 0.8073) as well as system and time interaction (F (4,66) = 0.410, p
= 0.801). However, during the laying period, there was a significant change in glucose
concentration (F (2,66) =19.161, p <0.001). The Fischer post hoc test showed a significant
(» <0.01) increase in week 47 and a subsequent decrease in glucose concentration in week
75 in all housing systems.
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Fig. 2. Body weight of laying hens kept in conventional (S, n = 12), enriched (EE, n = 12) and deep litter (DL, n=
12) housing system during experimental period. Data represent mean + S.E.M. ** represent statistical significance
p <0.01, * represent statistical significance p < 0.05.
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Fig. 3. Plasma total protein concentration in laying hens kept in conventional (S, n = 12), enriched (EE, n = 12)
and deep litter (DL, n = 12) housing system during experimental period. Data represent mean + S.E.M.

The highest concentration of cholesterol was recorded during the experimental period
in conventional cage technology, although this difference was not statistically significant
(F (2,33) = 0.731, p = 0.488) compared with other systems. Concentration of cholesterol
in blood plasma of laying hens increased in all groups from week 22 to 75 of age
(Fig. 5) and this increase was determined as statistically significant (F (2,66) = 34.341,
p < 0.001). The Fisher post hoc testing showed a significant increase of the cholesterol
level in the conventional, enriched and deep litter housing system in week 47 (p < 0.01)
and the enriched system in week 75 (p < 0.05).

The concentration of uric acid in blood plasma decreased in each system from the
beginning of the experiment to week 47 with a following increase in week 75 (Fig. 6).
These changes were not determined as significant for factor time (P (2,66) = 2.707,
p=0.074). Theaverage concentrations ofuricacid inthe deep litter system were significantly
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Fig. 4. Plasma glucose concentration in laying hens kept in conventional (S, n = 12), enriched (EE, n = 12) and
deep litter (DL, n = 12) housing system during experimental period. Data represent mean + S.E.M.
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Fig. 5. Plasma cholesterol concentration in laying hens kept in conventional (S, n = 12), enriched (EE, n = 12) and
deep litter (DL, n = 12) housing system during experimental period. Data represent mean + S.E.M.

higher as compared with other housing systems (for factor system F (2,33) = 3.568,
p < 0.05), but there was no significant difference observed using two-way ANOVA
with repeated measures for interaction of factors time and system (F (4,66) = 0.741,
p=0.584).

The housing system had no significant effect on the activity of ALP (Fig. 7). However,
significant changes were observed during the experimental period (F (2,66) = 10.627,
p < 0.001). The Fischer post hoc test showed a significant ALP increase (p < 0.01) in
a conventional cage in week 47; the following decrease had no statistical significance.
A similar trend was observed in the deep litter system. An increase and subsequent decrease
was determined as significant (p < 0.01). In the enriched housing system an increase in
week 47 was observed, which continued up to week 75, although there was no statistical
significance.
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Fig. 6. Plasma uric acid concentration in laying hens kept in conventional (S, n = 12), enriched (EE, n = 12) and
deep litter (DL, n = 12) housing system during experimental period. Data represent mean = S.E.M.
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Fig. 7. Plasma alkaline phosphatase catalytic concentration in laying hens kept in conventional (S, n = 12),

enriched (EE, n = 12) and deep litter (DL, n = 12) housing system during experimental period. Data represent
mean = S.E.M.

Discussion

No distinctive differences in the concentration of total proteins in different housing
systems were found and point at the fact that none of the housing systems had a negative
effect and none interfered with homeostatic mechanisms keeping a steady level of blood
plasma proteins. Minimal changes within the laying period are consistent with the results
of Burnham et al. (2003) and a low increase in the first half of the period of observation
corresponds with the results of Suchy et al. (2001). This increase may be related to the
increased proteosynthesis as a prerequisite for high production of eggs during a higher
intensity of egg production in this period.

The same tendency of changes of blood plasma glucose concentration during the
experimental period was observed in all systems. Higher average values were observed
at the beginning of the trial in week 22 of age. Glucose concentrations decreased until
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week 47 and increased at the end of the trial in week 75. An opposite trend is reported by
Cerolini et al. (1990), when the glucose level in blood plasma of laying hens increased
from the beginning of egg production; it did not change in the middle of the laying period
and finally it significantly decreased. Nasreldin et al. (1988) report a lower level of glucose
at the beginning of the laying period. Variation of the average values in a similar range as in
our experiment is reported by Suchy et al. (2001, 2004). Our experiment did not prove any
effect of the housing system on the concentration of glucose, which does not correspond
with the results of the study by Onbasilar and Aksoy (2005) who found a decrease in
serum glucose concentration at the end of the experiment compared with the level at the
beginning (from weeks 34 to 56 of age). Increasing cage density, from one to five hens per
cage, resulted in a significant increase of the serum glucose concentration (also found by
Lagadic et al. 1990). Also Erisir and Erisir (2002) found an increase of serum glucose
in female quails with higher population density. Changes in the glucose concentration
in the whole period are probably associated with the intensity of egg production and
with increased energy requirements. There were no significant differences found in our
experiment between the average values determined in blood plasma of laying hens kept
in each technology. Gunes et al. (2002) have shown, in comparison with our results,
significant differences between glucose concentrations in laying hens kept in cages and in
alternative technologies. The findings of Machal and Jetabek (2000) do not correspond
in different egg production in each system, as these authors report changes of glycaemia
related to the intensity of egg production.

Suchy et al. (1995) report consistently with our findings, lower levels of cholesterol in
the blood plasma of younger categories of animals. In agreement with Suchy et al. (1999)
we found an elevation of average values of cholesterol in the middle of the laying period.
These changes of plasma cholesterol concentration are associated (Suchy et al. 1999) with
the intensity of egg production, when in the case of higher intensity there is a higher level
of cholesterol in the egg yolk of produced eggs and vice versa, which could be one of
the causes of decreased or increased level of blood plasma cholesterol. However, these
findings do not correspond with the results of Burnham et al. (2003), who determined
higher concentration of cholesterol in blood plasma of laying hens at the beginning of the
laying period with a following decrease during the laying period.

Increased concentration of blood plasma uric acid in the case of deep litter housing
system compared with other systems could be due to a higher intake of crude protein
obtained during the intake of deep litter. Sahin and Kucuk (2001) report the effect of
feed withdrawal during the day and a change of the light length on the increase in uric
acid concentration in the blood serum of laying hens. Also a linear increase in the dose
of vitamin E has an effect on the changes of uric acid concentration (Sahin et al. 2002).
Considering the lower population density in the deep litter system, the study of Erisir and
Erisir (2002) does not correspond with our results. These authors found that uric acid
levels increased significantly with increasing stocking density in female quails.

Higher average values of ALP catalytic concentration were determined during the
experimental period in conventional and enriched systems. Higher intensity of egg
production was also observed in these systems during the laying period. This finding
corresponds with the results of the authors Zheng et al. (2000) who found an elevated
activity of alkaline phosphatase in blood plasma with simultaneous increase of the level of
egg production. On the other hand, Al-Bustany et al. (1998) found no relation between the
activity of ALP and production properties and do not confirm the presumption that activity
of ALP is dependent on egg production. These authors observed a decreasing activity of
ALP in association with increasing age of laying hens, similarly to Meluzzi et al. (1992).

In conclusion, to our knowledge, such studies comparing blood plasma metabolic profile
indicators among hens kept in these three systems has not yet been performed. The achieved
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monitoring results suggest that the established values of selected indicators of internal
environment, in terms of the effect of the housing system on animal health, indicate that
any mentioned technology could be used without negative effects on internal conditions
of laying hens. However, the results of ethological monitoring and indicators of efficiency
measured in operating conditions would be conclusive for the choice of the most suitable
housing system.

Vliv chovatelskych podminek na biochemické ukazatele krevni plazmy nosnic

Cilem této prace bylo porovnat vybrané biochemické ukazatele krevni plazmy nosnic
ustajenych ve tfech rozdilnych technologickych systémech chovu (tradi¢ni klecova
technologie, obohacena technologie a hluboka podestylka). V kazdém technologickém
systému bylo sledovano 12 nosnic hybridni kombinace ISA Brown v priab&hu celého
sndskového cyklu od 22. do 75. tydne véku. Vzorky krve pro stanoveni hladin
biochemickych ukazateli byly odebirany v pribéhu experimentu ve 22., 47. a 75
tydnu véku. Ukazatele metabolického profilu krevni plazmy nosnic se v prubéhu
snaskového cyklu pohybovaly ve vSech skupinach nosnic ve fyziologickém rozmezi
odpovidajicim hodnotam zdravych zvifat. V nékterych pfipadech byly nalezeny
statisticky prikazné rozdily mezi jednotlivymi technologickymi systémy, avsak ani
tyto nesignalizuji jednoznaény vliv technologie ustajeni na zdravotni stav sledovanych
zvitat. Tyto diference jsou patrn¢ zpusobeny individudlnimi metabolickymi rozdily
i rozdily v uzitkovosti jednotlivych skupin v pribéhu snasky.
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