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Introduction

It is a common practice to increase the number of laying hens per cage to reduce production costs. However, reduced
cage space (which is accompanied with reduced feeder space) generally results in impaired laying performance due
either to insufficient feed (nutrient) intake and/or to the negative effects of induced stress.

Replacing mash feed with pellet feed may alleviate the negative effects of reduced cage space on feed uptake. The
better performance of broiler chicks fed on pelleted diets relative to those fed on mash diets is well known in poultry
production and is associated with higher dietary density, better starch digestibility due to chemical changes resulting
from processing, higher feed intake, changes in physical form of the feed, and reduced feed waste and energy use for
feed consumption | ; ). demonstrated that the better
performance of broiler chicks receiving pelleted feeds is associated with higher apparent metabolisable energy (AME)
intake, better protein digestibility, as well as better intestinal function, as shown by increased villi height and ratio of
villi height to crypt depth.

It has been demonstrated that stress can disrupt breeding in either wild or domestic chickens. Glucocorticoids (GC),
as the final effectors of the hypothalamic-pituitary-adrenal axis, participate in the control of whole body homeostasis
and the arousal of stress responses. GCs transmit information about environmental conditions to the hypothalamic-
pituitary-gonadal axis, ultimately influencing the reproduction of poultry. reported that infusion
of corticosterone resulted in reduced egg production in laying hens.

The current study was carried out to determine if impaired egg production in hens with reduced cage space is due to
insufficient reception of feed (nutrient) and consequently could be restored by using pelleted feed instead of mash
diets, or rather is attributable to the negative effects of induced stress.

Materials and methods

A total of 384 Shaver laying hen were used to assess effects of different feed forms and cage densities on their
performance, welfare and stress status. Hens were selected from a commercial flock so that the experimental unit
had equal mean weight (1652 + 15 g) and weight distribution. The experiment, which began at 50 weeks and lasted
up to 60 weeks of age was carried out using a complete block design with a factorial arrangement of treatments (2x3).

Factors consisted of feed form (pellet and mash) and cage density (320, 400 and 533 cm’ per bird corresponding to 5,
4 and three hens per cage, respectively). Birds had a 10-day adaptation period to the type of feed they were given
before being allocated to cages of different density. Forty-eight experimental units included 6 treatments, each of
which was replicated 8 times. Each cage (40x40x35 cm) was equipped with 2 nipple drinkers and trough feeders (8,

10 and 13 cm feeding space for 533, 400 and 320 cm’ density, respectively). The house temperature was kept at
22 £ 2°C, and a lighting program with 16 h light with 10 lux intensity was used during the entire experiment.
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The content of dry matter, CP, ash, ether extract and crude fibre was determined for maize, soybean meal and wheat
(AOAC, 1999) samples. The metabolisable energy content of each ingredient was calculated using the

regression equation. The amino acid content of ingredients was determined using a near-infrared spectroscopy
(NIRS) technique. These data were employed to formulate diets that met Shaver nutrient requirements according to
the egg production of the hen and the daily feed intake (Table 1). Ingredients were mixed using a horizontal mixer
and half of the mixed diet was used in pelleted feed preparation. Prior to entering the die (3.5 mm), the mixed feed
was exposed to approximately 73°C in a steam conditioner for 40s. Feed and water were available ad libitum
throughout the experiment.

Table 1. Composition and nutrient contents of experimental diet

Ingredient g/kg
Maize 464
Soybean meal 253
Wheat 150
Soybean oil 10.0
Oyster shell 98.6
Dicalcium phosphate 13.8
Sodium chloride 2.70
NaHco3 1.00
Vitamin premix’ 2.50
Mineral premix? 2.50
DL-Methionine 1.60
Nutrient (analysed except for ME)

Metabolisable energy (MJ/kg) 1.2
Crude protein (%) 17.0
Ca (%) 4.00
Available P (%) 0.350
Total P (%) 0.490
Na (%) 0.160
Met+Cys (%) 0.720
Lys (%) 0.870
Thr (%) 0.640
Ether extract (%) 3.40

"To supply per kg diet: 8800 IU vitamin A; 3300 IU vitamin D3; 16.5 [U vitamin E; 2.2 mg vitamin K; 0.022 mg vitamin B12; 1.7 mg thiamine;
3.3 mg pyrodoxine; 5.5 mg riboflavin; 28 mg niacin; 6.6 mg pantothenic acid; 0.6 mg folacin; 0.055 mg biotin; 90 mg

2 Manganese; 55 mg iron; 5.5 mg copper; 88 mg zinc; 1.7 mg iodine; 0.3 mg selenium.

Data collection
Body weights were recorded individually when the hens were 50 and 60 weeks of age, at which point body weight
change (BWC) was calculated.

For each cage, hen day egg production (HDP) was calculated after daily egg counts; feed consumption (FC) and egg
weight (EW) were measured weekly, and then egg mass (EM) was calculated as follows: EM = HDPxEW. Furthermore,
feed conversion ratio (FCR) was calculated using the following formula: FCR = FC<EM. All the data were analysed
after pooling daily or weekly data into 10-week periods.

Upon completion of the study, blood samples from 2 birds for each cage were taken from the ulnar vein using a 23-
gauge needle and heparinised syringe. To minimise the effects of sampling on plasma corticosterone, a standardised
capture and bleeding method ( ) was used and all samples were taken within 2 min of each bird being
removed from its cage. Blood samples were immediately centrifuged at 2000 g for 15 min to collect blood plasma.
Plasma samples were stored at —20°C pending for glucose and corticosterone (CS) assays. Plasma CS concentrations
were determined by enzyme-linked immunoassay (EIA; Correlate-EIA for CS, Assay Designs, Inc., Ann Arbor, MI).
Heterophil/lymphocyte ratios were determined according to the method described by
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At 60 weeks of age, two birds from each cage were selected randomly to evaluate feather score as described by

Statistical analyses

Statistical analyses were carried out using GLM procedure of SAS software (SAS, 1999). Results are generally
presented as least squares means values based on the statistical model used. The following statistical model were
used for data analyses: Yy = p + R; + aj + b+ (ab)ji + ey, where Yj = responsible variable, u= overall mean, R; = fixed
effect of block, a; = fixed effect of density, by = fixed effect of feed form, abj = interaction between cage density and

feed form and ey, = random error.

Results and discussion
Performance

Results on body weight change (BWC), HDP, egg weight (EW), egg mass (EM), feed consumption (FC) and feed
conversion ratio (FCR) are presented in Table

Table 2. Effects of feed form and cage density on egg production, egg weight, egg mass, feed consumption, feed conversion ratio and body

weight change
Feed
Egg Egg weight Egg mass Feed conversion Body weight

Treatment production (%) (g) (8) consumption (g) ratio change (g)
Feed Form Mash 92.4 63.5 59.1 152 1.982 2472

Pellet 90.1 64.6 58.3 107° 1.85P _16.0°
SEM 0.880 0.280 0.520 110 0.030 7.26
Density 533 92.8° 63.8 59.6 1132 1.93 595

400 91.6% 64.4 59.0 112 1.90 27.62

320 89.1° 64.2 57.4 109 1.92 _19.8°
SEM 1.08 0.350 0.640 1.40 0.020 9.01
Feed form Density
Mash 533 94.4 63.1 60.4 120 2.03 38.8%
Mash 400 94.0 64.0 60.2 1772 1.95 45.3°
Mash 320 88.3 63.4 56.6 1105 1.97 _g.g7be
Pellet 533 91.2 64.4 58.7 108¢ 1.84 _28.3¢
Pellet 400 89.3 64.7 57.8 107¢ 1.86 9.8g%¢
Pellet 320 90.0 64.8 58.3 109° 1.86 _39.7¢
SEM 130 0.490 0.900 1.90 0.040 12.8
SOV
Feed form 0.100 0.009 0.280 < 0.001 < 0.001 < 0.001
Density 0.050 0.450 0.060 0.050 0.800 0.010
Feed formxdensity 0.100 0.750 0.060 0.031 0.470 0.031

a-cMeans in a column with no common superscript letter are significantly different
SOV: Source of variation

Hens fed on pelleted feed had significantly lower (P<0.001) feed intake compared to those that received mash feed.
Furthermore, pelleted feed resulted in mean body-weight reduction of 16.1 g during the experiment (P<0.001). The
feed conversion ratio was significantly (P<0.001) lower in pellet fed hens in comparison to those who were fed by
mash diet. Although HDPs were not significantly different between the two forms of feed, hens fed with mash diet
had numerically higher HDP (2.22% more egg production). Pellet fed hens laid significantly (P<0.009) heavier eggs
than did their mash-fed counterparts.
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Increased feed intake in broiler chicks receiving pelleted diets in comparison to mash diets is well documented
( ; ). Contrary to broiler chicks, laying hens fed on pelleted feed in the present
experiment consumed less feed. This result is consistent with those reported by and
suggested that laying hens prefer to consume mash diets compared to
pelleted diets. assumed that difficulty in taking up pelleted feed by beak- trimmed
hens is the main reason for decreased feed intake. In the present experiment, hens were not beak-trimmed, and beak
trimming was most likely not involved in the decreased feed intake. Another possible explanation for decreased feed
intake in pellet fed hens may be related to improved digestibility of nutrients in pelleted feed (
) and the fact that contrary to today's broiler chicks, laying hens are able to precisely control their feed intake

( ).

Improved FCR and heavier eggs in pelleted fed hens are probably attributable to increased nutrient digestibility,
along with reduced feed wastage and energy use for feed consumption ( ; ).
SAVORY (1974) concluded that laying hen pullets spend less time and energy in the ingestion of pelleted feed
compared to mash, and the pellets appeared more digestible than the mash.

Increasing the cage density from three to 5 hens per cage significantly (P<0.05) reduced mean egg production from
92.9 to 89.2, a difference of 3.69%. But, HDP was not significantly different between 4 and three or 5 hens per cage.
Neither egg weight, nor egg mass were influenced by different cage densities. Feed consumption was affected by a
significant interaction between feed form and cage densities. Feed intake significantly reduced in mash fed hens as
numbers of hens per cage increased; similar reductions did not occur in their counterparts fed with pellet feed.
Concurrent with reduction in the feed intake, an HDP reduction (a difference of 5.7-6.1%) was observed in hens fed
mash diet with 5 birds per cage compared to 4 and three birds per cage (P<0.10). Similar to the results of present
study, JALAL et al. (1996), , ), , and also found
that increasing cage density and reduction of feeder space/birds caused a decline in egg production. However, in the
present study using pelleted feed instead of mash, compensated the reduced feeder space in high density cages.
reported in broiler chicks that replacing mash diet with pellet reduced feeding time by one third.

Egg weight results obtained in the current study were similar to those obtained by ,
, , and , who also did not find any effect of cage density on egg weight, whereas
observed a trend of increasing egg weight as cage area per bird was reduced.
found that egg weight decreased in the treatment of highest density.

Although , , and GARCIA et al. (1993) observed an
improvement in feed conversion ratio per kg of produced eggs as the available space per bird in the cage increased,
the feed conversion ratio was not significantly different in the current study among the different cage densities.

Body weight changes were significantly (P<0.01) affected by cage density. Hens from cage densities of 320 and 400

cm’ gained 5.25 and 27.6 g, respectively, hens in cages with a density of 533 cm’lost 19.8 g during the course of the
experiment.

A significant interaction between feed form and cage density were observed for body weight changes. In accordance
with feed consumption (for which birds receiving pelleted feed were not influenced by being kept in cages of different
densities) the BWC of birds kept at different cage densities was significantly different only in mash-fed hens. Using
pelleted feed instead of mash apparently eliminated competition for feed in over-crowded cages, resulting in similar
intake and BWC.

Welfare and stress status

The mean ratios of heterophil to lymphocyte and plasma glucose and corticosterone concentrations are presented in
Table 3. The findings are in contrast to showing that corticosterone concentrations were
consistently higher in the serum of birds housed 5 per cage than in birds housed three or 4 per cage. Contradictory
evidence has been published concerning the effect of stressors on plasma concentrations of corticosterone. Circadian
pattern ( ; ) or the ovulatory cycle ( ) and
handling during bleeding are known stressors ( ), which have given contradictory results.
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Table 3. Effects of feed form and cage density on heterophil/lymphocyte ratio and plasma corticosterone and glucose concentration

Treatment Corticosterone (ng/ml) Heterophil/lymphocyte ratio Plasma glucose (mg/dl)
Feed Form Mash 1.82 0.620 231
Pellet 174 0.600 229
SEM 0.070 0.010 3.51
Density 533 1.72 0.610 231
400 1.74 0.620 229
320 1.89 0.600 231
SEM 0.080 0.010 4.29
Feed form Density
Mash 533 1.72 0.640 230
Mash 400 173 0.630 222
Mash 320 2.02 0.600 220
Pellet 533 1.72 0.590 232
Pellet 400 1.76 0.620 225
Pellet 320 1.75 0.610 232
SEM 0.110 0.030 6.13
sov
Feed form 0.380 0.470 0.830
Density 0.270 0.710 0.970
Feed formxdensity 0.330 0.540 0.610

SOV: Source of variation

The present results indicated no significant effect of either feed form or cage density on H/L ratio. In the same way,
plasma glucose and corticosterone concentration were not significantly different among hens were mash or pellet
diets in different cage densities. These observations are in accordance with those reported by and

. In agreement with the present results, reported that despite a
significant reduction in feed intake and body weight loss, cage density treatments had no significant effect on the
H/L ratio of commercial White Leghorn pullets. They concluded that the impact of stress on the H:L ratio can be
transient, and the duration of the H:L ratio response may be lasted after a short period of time.

Table 4 presents the feather cover area of the body at the end of the experiment. The present results showed poor
feather cover in all areas except for the tail in cages with higher density. These findings are similar to those of

and . The present findings also agree with OUART and ADAMS
(1983) who reported better feather cover in laying hens with lower cage density. The authors showed that the birds
housed at higher density tended to be more nervous. As shown in Table 4, hens fed on pellet diets had significantly
lower wing feather cover than those fed on mash diet. Interaction between cage density and feed form was significant
for back feather cover of hens (P< 0.01). Effect of higher cage density on feather cover was only observed in hens
receiving pellet feed. It is reported that laying hens fed on mash diets spend more time in the ingestion of feed than
birds fed on pelleted diets and satisfy their eating behaviour, which may reduce feather pecking and feather loss
( ; BLOKHUIS and ARKES; 1984). On the other hand, WAHLSTROM et al. (2001)
concluded that diet form generally had little effect on plumage condition, while there were significant differences
between hybrids for plumage condition. The results were obtained from laying hens reared in an aviary system with
enough floor space, which was different from the confined cage system used in the present experiment.
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Table 4. Effects of feed form and cage density on feather cover of different body area (scores)

Treatment Neck Back Wing Breast Cloaca Tail
Feed Form Mash 2.40 3.21 572 2.98 2.65 1.48
Pellet 2.10 3.13 1.90° 2.79 2.98 133
SEM 0.140 0.120 0.100 0.100 0.140 0.080
Density 533 275° 3.66° 2.442 319 319 1.47
400 2.09° 3.22° 2.06° 2.75° 2.81%° 140
320 1.90° 2.63¢ 1.75° 2.72° 2.44° 134
SEM 0.170 0.150 0.130 0.130 0.170 0.100
Feed form Density
Mash 533 275 3442 2.56 3.25 3.06 1.44
Mash 400 275 3 88% 2.31 3.13 3.31 1.50
Mash 320 238 319° 219 2.81 2.62 1.50
Pellet 533 1.81 395 1.94 2.69 3.00 130
Pellet 400 2.06 3.00% 2.06 2.88 2.25 1.50
Pellet 320 1.75 5 95b 1.44 2.56 2.66 119
SEM 0.340 0.200 0.180 0.170 0.340 0.140
sov
Feed form 0.150 0.630 0.010 0.200 0.090 0.220
Density 0.002 < 0.001 0.002 0.010 0.010 0.690
Feed formxdensity 0.520 0.010 0.510 0.960 0.960 0.420

a-b Means in a column with no common superscript letter are significantly different
SOV: Source of variation

Conclusion

In summary, we did not observe any stress sign in birds reared in over-crowded cages, although increasing cage
density resulted in higher feather cover loss. Using pelleted feed instead of mash resulted in similar feed
consumption in low or high density cages, but feed form had no significant effects on egg production.

Summary

A total of 384 Shaver laying hens were used to assess the effects of different feed forms and cage densities on their
performance, welfare, and stress status. The experiment began at 50 weeks and lasted until 60 weeks of age, and was
carried out using a complete block design with a factorial arrangement of treatments (2x3). Factors consisted of feed

form (pellet and mash) and cage density (320, 400 and 533 cm’ per bird corresponding to 5, 4 and three hens per
cage). Hen day egg production, feed consumption and egg weighs were measured, followed by calculation of the egg
mass and feed conversion ratio. Furthermore, blood samples were taken to determine plasma glucose and
corticosterone as well as heterophil /lymphocyte ratio.

Hens fed on pelleted feed had significantly lower (P<0.0001) feed intake and numerically produced fewer eggs in
comparison to their mash-fed counterparts. Increasing density from three to 5 hens per cage significantly (P<0.05)
reduced mean egg production from 92.9 to 89.2%. Feed consumption also decreased linearly as number of hens per
cage increased from three to 5. Significant interactions (feed form x cage density) were found in feed consumption,
while in mash form the feed consumption significantly decreased as the number of hens per cage increased; similar
reduction was not observed with pelleted feed. The present results indicated no significant effect for either feed form
or cage density on heterophil/lymphocyte ratio, plasma glucose and corticosterone concentrations. In summary, no
signs of stress were observed in birds reared in over-crowded cages. Using pelleted feed instead of mash resulted in
similar feed consumption in low- and high-density cages, but the form of feed used did not significantly affect egg
production.
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Zusammenfassung

Einfluss verschiedener Futterformen und Besatzdichten auf die Legeleistung und den Stressstatus

Das Ziel der vorliegenden Studie war die Untersuchung des Einflusses von verschiedenen Futterformen und
Besatzdichten in der Kafighaltung auf die Leistung, das Tierwohl und den Stresslevel von Legehennen. Hierzu
wurden 384 Shaver Legehennen verwendet. Der Versuch begann in der 50. Lebenswoche und endete in der 60.
Lebenswoche. Dem Versuch lag ein vollstindiges Blockdesign mit den Faktoren Futterform (pelletiert, mehlformig)
und Besatzdichte (320, 400, 533 cm? je Tier) zu Grunde. Die Besatzdichten wurden erreicht, in dem die
Versuchskifige mit 5, 4 bzw. 3 Hennen besetzt waren. Die tdglich produzierte Eimasse, die Futteraufnahme und die
Eigewichte wurden erfasst und die Eimasseproduktion und die Futterverwertung berechnet. Ferner wurden
Blutproben zur Bestimmung des Glukose- und das Kortikosteron-Spiegels im Blutplasma sowie des
Heterophilen/Lymphozyten-Verhiltnisses gezogen.

Die mit pelletiertem Futter gefiitterten Hennen wiesen eine signifikant geringere Futteraufnahme (P<0,0001) und
tendenziell eine geringere Legeleistung als die mit dem mehl-formigen Futter gefiitterten Tiere auf. Die Erh6hung
der Besatzdichte von 3 auf 5 Hennen je Kifig verminderte die Legeleistung signifikant von 92,9 auf 89,2% (P<0,05).
Parallel hierzu ging auch die Futteraufnahme linear zuriick. Es traten signifikante Futterform x Besatzdichte-
Interaktionen auf. Wihrend bei der Fiitterung mit mehl-formigem Futter die Futteraufnahme bei steigender
Besatzdichte zuriickging, wurden bei Fiitterung mit Pellets keine vergleichbaren Verdnderungen beobachtet. Die
Behandlungsfaktoren Futterform und Besatzdichte haben sich nicht signifikant auf das Heterophilen/Lymphozyten-
Verhiltnis und die Plasmaspiegel von Glukose und Kortikosteron ausgewirkt. Das bedeutet, dass die Erhohung der
Besatzdichte nicht zu Stress gefiithrt hat. Die Fiitterung von pelletiertem Futter fithrte zu einer &dhnlichen
Futteraufnahme bei geringer und hoher Besatzdichte wie das pelletierte Futter und hat sich nicht auf die
Legeleistung ausgewirkt.

Stichworte

Legehenne, Fiitterung, Besatzdichte, Futterform, Corticosteron, Befiederung
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