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Silage and haylage as forage in slow and fast-growing broilers – effects on
performance in Campylobacter jejuni infected birds
E. Valečková a, E. Ivarssona, P. Ellströmb, H. Wangb, K. Mogodiniyai Kasmaeia and H. Walla

aDepartment of Animal Nutrition and Management, The Swedish University of Agricultural Sciences (SLU) Uppsala, Sweden; bDepartment of
Medical Biochemistry and Microbiology, Infection Biology, Uppsala University, Uppsala, Sweden

ABSTRACT
1. This study investigated the effects of daily intake of silage or haylage on broiler production performance
and organ development. Furthermore, effects of daily intake of Lactobacillus plantarum either via silage or
by supplemented drinking water, on Campylobacter jejuni loads in faeces were studied.
2. To test this, a 42-d experiment using Ross 308 and a 63-d experiment with Rowan Rangers hybrids,
were performed. Silage inoculated with L. plantarum strain 256 and haylage were fed in total mixed
rations with mixtures of 85% of pellets and 15% of respective forage (DM-based weight). Feed intake
(FI), forage intake, body weight (BW) and feed conversion ration (FCR) were monitored weekly.
Mortality was recorded daily, and organ weights were registered at slaughter. Quantification of
C. jejuni was performed by colony counts from faecal samples after culture on agar plates.
3. There was a negative effect of haylage on BW and FI in the fast-growing Ross 308 hybrid. Silage had
a negative effect on BW only on week four and six. Water inoculated with L. plantarum 256 increased
BW in the starter period. Interestingly, no significant adverse effect of forage inclusion was observed
in the Rowan Ranger birds.
4. Relative weight of the emptied gizzard was higher in both Ross 308 and Rowan Ranger birds fed
haylage and silage than in the control group. In Ross 308 birds, both forages significantly reased the
relative weight of gizzard with digestive content when compared to birds fed solely pellets.
5. In both studies, higher consumption of silage than haylage was observed.
6. In conclusion, daily intake of L. plantarum 256 either via silage or supplemented in drinking water,
was not effective in reducing the shedding of C. jejuni in either Ross 308 or Rowan Ranger hybrids at
the end of the rearing period.
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Introduction

Forages (e.g. grass, clover), are feedstuffs containing a high
amount of insoluble fibre, a group of plant compounds that
cannot be broken down by digestive enzymes (Choct 2015).
Commonly, insoluble fibre has been considered as a poultry
diet diluent, causing adverse effects on feed intake and
digestibility of the nutrients (Rougière and Carré 2010;
Sklan et al. 2003). Despite this belief, recent publications
have shown that moderate amount of insoluble fibre have
a positive effect on nutrient availability (Svihus 2011),
volume of gizzard contents (Hetland et al. 2003) and diges-
tive traits, e.g. stimulated development of the upper digestive
tract part (González-Alvarado et al. 2008). However, it has
been shown that the effect of fibre on broiler performance
depends on many factors, such as fibre particle size (Amerah
et al. 2009) and inclusion level (Jiménez-Moreno et al. 2009).

Since the number of consumers demanding organically
produced food is increasing, organic livestock farming is
growing (Hughner et al. 2007). All organic birds in the
European Union must have the possibility to range outdoors
and have daily access to forage (Commission Regulation
(EC) 889/2008). However, although the access to forage is
required, guidelines for its quantity and quality are missing
for broilers as well as data about predicted intake.

In temperate regions, forage is commonly stored anaero-
bically at 50-70% water content in the form of silage. Silage is
rich in lactic acid bacteria (LAB) (~107 CFU/g fresh matter)

and has a low pH (~4). In Nordic countries, it is common to
store forages anaerobically at lower 30–50% water content in
a fermented product known as haylage. Haylages have gen-
erally lower contents of LAB and a higher pH compared to
silages. The preservation of the forage in haylage is secured
by the low moisture content that prohibits microbial growth.
To the best of current knowledge, information about haylage
and silage provision as a feed to both organic and conven-
tional broilers remain largely unknown.

Campylobacteriosis is the most commonly reported zoo-
nosis in the EU. According to EFSA, 50–80% of human
Campylobacter jejuni infections are associated with poultry
(EFSA 2010). In Sweden, the mean prevalence of
Campylobacter spp. is approximately 15% of slaughtered
conventional broiler flocks (SVA 2018). However, the pre-
valence is greater (60%) when chickens have access to out-
door areas, due to increased contact with Campylobacter spp.
reservoirs, such as wild birds, rodents and flies (Rosenquist
et al. 2013).

Fermented feeds with low pH and high numbers of LAB
have been shown to reduce the susceptibility to
Campylobacter spp. colonisation in chickens (Heres et al.
2003). This effect might be explained by different mechan-
isms. It has been reported that C. jejuni survive poorly at
a pH below 6 (Axelsson-Olsson et al. 2010). Moreover, some
LAB can produce bacteriocins (peptides with antimicrobial
properties) that are active against both gram-positive and
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gram-negative bacteria and particularly Campylobacter spp.
(Neal-McKinney et al. 2012). Furthermore, low pH, provi-
sion of Lactobacillus ssp. as probiotics and the addition of
fibre can cause a change in the gut microbiota composition
in favour of a reduced Campylobacter spp. abundance. In
theory, the use of silage as feed to organic broilers would
combine all of these effects. In addition, it has been reported
that provision of water inoculated with L. plantarum might
decrease the level of C. jejuni colonisation in the bird’s gut
(Kobierecka et al. 2017). Supplementing birds’ drinking
water with LAB in order to inhibit the growth and survival
of C. jejuni, could be a promising strategy to reduce the load
of C. jejuni in conventional broiler production.

The aim of the present study was to investigate the effects
of daily intake of silage or haylage on broiler production
performance and organ development. Furthermore, the
effects of LAB intake, either via intake of silage/haylage or
by supplemented drinking water, on C. jejuni loading in
faeces at the end of the rearing period were studied. Silage
inoculated with the L. plantarum strain 256 and haylage
without inoculation with L. plantarum as a closest control
to the silage were used. Effects of the treatments were eval-
uated in broilers from slow- and fast-growing genotypes in
two separate trials after a C. jejuni challenge.

Materials and methods

Experimental design

The experiments were carried out at the Swedish Livestock
Research Centre of the Swedish University of Agricultural
Sciences, located outside Uppsala and were approved by the
committee for animal ethics of the Uppsala region (approval
number 5.8.18-16 271/2017).

Two trials were conducted in parallel on two different
hybrids of broiler chickens. In both experiments, two ran-
dom chickens from each replicate were individually marked
with a neck tag by tagging gun (Jolly Fine, Jolly, Italy) at 11
d of age. These focal birds were later used for the collection of
faeces for C. jejuni culture and quantification.

Experiment 1 included a total of 160, one-day-old,
unsexed, Ross 308 hybrid broiler chickens. The chicks were
sourced from hen aged 26 weeks, and had an initial body
weight 32.0 ± 0.5 g (mean ± SD). The length of experiment 1
was limited to 42 days, which is considered a normal growing
period for fast-growing strains.

Experiment 2 included a total of 160, 1-d-old unsexed
Rowan Ranger hybrid broiler chickens. The chicks were
sourced from 38 weeks old hens and had an initial body
weight 38.1 ± 0.6 g (mean ± SD). The length of experiment
2 was 63 d, in accordance with the age at which slow-growing
hybrids are generally slaughtered from organic production
systems in Sweden.

Housing and management

In each trial, chickens were randomly distributed in groups
of eight in 20 raised pens (1.5 × 0.75 m) with four dietary
treatments and five pen replicates for each treatment,
arranged in a randomised block design. The trials were con-
ducted during the winter (outside temperature below 0°C) in
an insulated house equipped with the facilities for automatic
control of light and temperature. Light was provided 24 h/d

during the first 2 d and was then reduced by 1 h every day
until day eight, giving 18 h of light per day during the
remaining period. The temperature was maintained at 33ºC
for the first 3 d and thereafter gradually reduced according to
age until reaching 23ºC on d 24, remaining the same for the
rest of the period. Body temperature of the birds was checked
during the first few days of trials to ensure that they had
a stable internal temperature in accordance with their needs.
On the chicks’ arrival, fresh wood shavings were provided as
litter in each pen. Pens were equipped with feeders – metal
plates for the starter feed and metal troughs for the grower
feed. Water was provided in 3-l bell drinkers.

Forage preservation

Second-cut grass (seeding composition: 70% timothy and
30% meadow fescue) harvested from a field outside
Uppsala, Sweden in the last week of September 2017, was
used in the production of silage and haylage which differed
in dry matter content. Grass for the silage was inoculated
with L. plantarum 256 during baling, providing an inocu-
lum concentration of 108 CFU per gram fresh matter. The
strain L. plantarum 256 was originally isolated from silage
(Johansson et al. 1995) and was chosen after initial in vitro
evaluation of different LAB. Silage bales with 450 g/kg DM,
weighed 655 kg on average and were wrapped with 16 layers
of plastic wrap. Haylage bales with 715 g/kg DM weighing
370 kg on average with 10 layers of plastic wrap, were made
without inoculation. After 11 weeks of storage, bales were
opened and the silages/haylages were chopped to a length of
5–10 cm, followed by a further chopping with an industrial
meat grinder to 0.5–1 cm particles. Forage was then vacuum
packed using a Genzo ProPack V4 machine (Hylte Jakt and
Lantman, Hyltebruk, Sweden), in 1 kg bagged batches.
From there on, i.e., 2 d prior to the start of the experiments,
bags were stored in an uninsulated room (at temperature
below 0°C) to maintain a similar feed quality throughout
the experiments.

Composition of experimental diets

Birds were provided ad libitum daily with fresh feed and
water. The base of all the experimental diets were organic-
pelleted compound feeds; a crumbled starter from days one
to 20 and a 3 mm pellet grower from d 20 and onwards
(Table 1). Daily nutritional requirements for the formula-
tion of the pellets was based on the Management Handbook
for Ross 308 (Aviagen 2014b) and Rowan Ranger (Aviagen
2017). Daily feed allowances were increased by 25% in all
treatment groups to ensure ad libitum provision of the feed.
Chickens from each breed were divided into four different
treatment groups; silage, haylage, LP256 or control. Silage
and haylage experimental diets were formulated as total
mixed ratios (TMR) containing 85% pellets and 15% of
the respective forage (on a DM basis). Hence, on a DM
basis 15% of the pellets was replaced by forage. The LP256
and the control groups received the organic-pelleted com-
pound feed (no forage provided). The LP256 group had
their drinking water inoculated with L. plantarum 256 (107

CFU/ml) and the control group received clean, unsupple-
mented water.

Silage and haylage were thawed overnight in the fridge and
mixed with pellets before being provided to the birds as TMR.
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Feed residues were collected and measured daily from each
group. In each experiment, water intake was estimated daily
from two pens per treatment, calculated as the difference
between the amount of water provided and the remainder.

Experimental feed analyses and energy calculations

Pellets and silage/haylage were analysed for DM (Table 1) by
drying at 103°C for 16 h and then ashed by ignition at 600°C
for 3 h (Jennische and Larsson 1990). The content of crude
protein (N × 6.25) was determined by the Kjeldahl method
(NMKL 2003), and the crude fibre was analysed according to
the method of Jennische and Larsson (1990). The fat (as
ether extract; EE) in feed was determined according to
Official Journal of European Communities (1994). Starch,
including maltodextrins, was analysed by an enzymatic
method described by Larsson and Bengtsson (1983), whereby
free glucose was determined separately and subtracted from
the starch value. Water-soluble carbohydrates (WSC),
including glucose, fructose, sucrose and fructans, were deter-
mined using enzyme-based acid hydrolysis as reported by
Larsson and Bengtsson (1983). In addition, amino acid com-
position of the starter and grower feed was analysed accord-
ing to ISO (2005) methods.

The metabolisable energy (ME) of the compound feed was
calculated using the formula:

ME (MJ/kg) = 0.1551 × % crude protein + 0.3431 × %
crude fat + 0.1669 × % starch + 0.1301 × % total sugar
(Commission Regulation (EC) 152/2009)

The ME of forage was calculated according to a method
presented by WPSA (Janssen 1989) based on digestible
nutrients.

To enumerate silage/haylage LAB, 50 g sample was
macerated in 450 ml Ringer solution (Merck KGaA,
Darmstadt, Germany) for 2 min in a laboratory stomacher
after which, serial dilution was made from the microbial
suspension. Cultivation was done using the pour-plate
method on Man, Rogosa and Sharpe (MRS) agar (Merck
KGaA, Darmstadt, Germany) plates and colonies were
counted after 72 h anaerobic incubation at 30°C. The enu-
meration was carried out 3 d prior to the experiments and,
thereafter, once per month. After grinding the silage/haylage
in a meat grinder, silage/haylage juice was extracted and pH
was measured using a pH metre (Metrohm 654; Metrohm
AG, Herisau, Switzerland).

Campylobacter jejuni colonisation

In order to study the effects of the dietary treatments on
C. jejuni colonisation in the gut, all chickens were orally
infected at 22 d of age in Experiment 1 and 29 d of age in
Experiment 2. At the day of infection, 0.5 l of water contain-
ing 106 CFU/ml of the C. jejuni strain #65 (ST-104, in ST-21
CC); isolated from a broiler chicken in the UK in 2006, was
supplied in the bell drinker of each pen. The inoculated water
was provided for 3 h and viability of C. jejuni in the water
was determined by culturing at the start and end of the
3-h challenge.

Faecal sampling and plating for C. jejuni quantification

For faecal sampling, two focal birds from each pen were
placed individually in clean boxes for a maximum of 20
min. Sterile plastic loops were used to collect faecal matter
from the bottom of the box. Faecal samples were taken from
all birds 1 d before infection challenge, to ensure that the
birds were culture negative for Campylobacter before inocu-
lation. In experiment 1, samples were taken from identified
birds at 19-d post-infection (d.p.i), i.e. at 41 d of age, the
before the end of the trial. In Experiment 2, samples were
taken at 33 d.p.i, i.e. at 62 d of age, the day before the end of
the trial.

Approximately 100 mg of fresh faecal matter was collected
per bird and re-suspended in 1 ml Luria-Bertani (LB) med-
ium complemented with 20% glycerol. Samples were vor-
texed and centrifuged (100 × g for 15 s) in order to create
a pellet of the faecal matter. Thereafter, 100 μl was withdrawn
and serially diluted 10-fold, plated on modified charcoal
cefoperazone deoxycholate agar plates (mCCDA) and incu-
bated for 26 h at 42°C under microaerobic conditions
(Campygen, Thermo Fisher, USA). After incubation, colo-
nies were counted on the plate corresponding to the dilution
that gave approximately 100 CFU per plate.

Production parameters, organ weights and foot-pad
scoring

Calculations regarding feed intake (FI) of pellets and forage
were done on a DM basis. TMR residues were separated using
a JEL 200-II sieve with a 2 mm mesh (J. Engelsmann AG,
Ludwigshafen, Germany). Residual pellets and forage were
subtracted from provided amount and divided by the number
of chickens in pens. Feed conversion ratio (FCR) calculations
were done on a DM basis and were corrected for mortality.
Dead birds were recorded, weighed and removed from pens

Table 1. Diet composition (g/kg as fed) and analysed chemical composition
(g/kg DM) of compound feed.

Ingredient (g/kg as fed) Starter Grower

Wheat 670 620
Oats . 120
Soybean expeller 140 70
Fishmeal 70 70
Barley . 30
Malt sprouts . 30
Rapeseed cake 40 .
Rapeseed . 20
Potato protein 30 20
Source of vitamins and minerals permix1,2 30 20
Maize gluten meal 20 .
Total 1000 1000

Analysed chemical composition (g/kg DM)

Metabolisable energy MJ/kg (calculated) 13.0 13.0
DM 891 891
Ash 56 53
Crude protein 253 230
Crude fibre 38 40
Ether extract 39 40
Water soluble carbohydrates 30 25
Starch 465 482
Lysine 13.6 11.2
Methionine 5.2 4.3
Cysteine 4.3 3.6
Threonine 10.2 8.6

1The starter premix provided (per kg diet): retinyl acetate: 13,500 IU; cholecal-
ciferol: 4,100 IU; dl-α-tocopherol acetate: 75 mg; betaine: 980 mg; Fe: 27 mg;
Cu: 8 mg; Mn: 95 mg; Zn: 108 mg; I: 2.7 mg; Se: 0.47.

2The grower premix provided (per kg diet): retinyl acetate: 10,000 IU; chole-
calciferol: 3,000 IU; dl-α-tocopherol acetate: 50 mg; betaine: 980 mg; Fe:
20 mg; Cu: 6 mg; Mn: 70 mg; Zn: 80 mg; I: 2.0 mg; Se: 0.35.
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daily. At 14 d of age, all chickens were weighed and, in each
experiment, chickens with a live weight more than two times
standard deviation (SD) lower than themeanwere culled due to
poor weight gain.

At 21 and 42 d of age in Experiment 1, one random
chicken from each pen was selected and killed by an intrave-
nous injection of sodium pentobarbital through the wing
vein. The body weight (BW) and weight of internal organs
were noted. Weight of gizzard with contents (full) and with-
out (empty), intestines with pancreas, empty small and large
intestine, heart, liver and proventriculus were recorded. The
length of the small and large intestine, colon and caeca was
measured. The same procedure was performed in experiment
2 at 28, 42 and 63 d of age. Moreover, the inner surfaces of the
empty gizzards were scored on a 4-point scale from 1 (poor
condition) to 4 (good condition) at 42 and 63 d of age for each
experiment, respectively. The foot-pads of the selected birds
(both feet) were examined for lesions at the end of the
respective experiments, according to Ekstrand et al. (1998).

Statistical analyses

Statistical analyses of production performance and organ
data were performed with the Proc Mixed procedure in
SAS (SAS Institute 2013) to determine treatment effects by
one-way analysis of variance (ANOVA). The model included
treatment as a fixed factor and pen served as the experimen-
tal unit for performance data. Organ measurements were
determined repeatedly with age as an additional fixed factor,
using a repeated statement with unstructured covariance
matrix. Gizzard surface scores were analysed by the
Glimmix procedure in SAS, with treatment as a fixed factor
and pen as a random factor, where a binary logistic model
was used to evaluate if gizzard surface was affected by the
treatment. Prior to the analyses, scoring values of 1, 2 or 3
were converted to binary value 1 and scoring value 4 (good
condition) to the binary value 0. The proportion of dead
birds was analysed with the Glimmix procedure with pen
and treatment as a fixed factors, where the binary logistic
model was used to evaluate if mortality appeared (1) or not
(0). Plating results were evaluated by one-way ANOVA test,
and statistical analysis was performed using GraphPad Prism
6. The probability value, which denotes statistical signifi-
cance was P ≤ 0.05. Results were presented as least square
means (LSMeans) with a pooled standard error of means
(SEM), unless otherwise stated.

Results

Forage parameters

Silage, on a DM basis, contained 238 g/kg crude fibre, 102 g/
kg WSC, DM content was 450 g/kg and calculated ME
3.3 MJ/kg. Haylage (DM basis) contained 247 g/kg crude
fibre, 108 g/kg WSC, DM content was 715 g/kg and calcu-
lated ME (MJ/kg DM) 3.2 MJ/kg (Table 2).

Monthly enumeration of LAB showed that silage con-
tained 8.0, 7.4 and 7.2 log (cfu/g) of LAB, respectively,
while haylage had 5.0, 3.8 and 3.0 log cfu/g. Hence, silage
displayed ≥3 x 10-log (cfu/g) higher LAB concentrations
than haylage and a gradual decrease in LAB concentrations
was observed in both forages. The pH measurement prior to
the experiment was pH 4.4 for silage and pH 6.2 for haylage.

Production performance

In Ross 308 birds (experiment 1), dietary treatment affected
growth and feed intake (Table 3). At seven and 14 d of age,
accumulated BWwas higher in the LP256 groups, intermedi-
ate in the control and silage, and inferior in the haylage
groups. By the end of the trial, at 42 d of age, there was no
difference in BW between control and LP256 groups, but BW
was significantly lower in the silage groups and even lower in
the haylage groups. Inclusion of haylage in the TMR had an
adverse effect on feed intake throughout the trial, when
compared to the other dietary treatment groups. Besides
one exception at 28 d of age, there were no differences in
accumulated FI between the control, silage or LP256 groups.
Differences in FCR between groups were observed at most of
the time points, but none of these remained at 42 d of age.

In the Rowan Ranger birds (Experiment 2), there were no
significant differences between diets either in BW or FI
(Table 3) but there were some tendencies (P < 0.10). Birds
provided with L. plantarum 256 in the water had a tendency
for the highest BW at 7 d of age in comparison with other
groups (Table 3). The same pattern was observed for the feed
intake, where at 14 and 28 d of age, there was a tendency for
higher FI in LP256 groups. There were differences in FCR
between groups in the latter part of the experimental period.
At the end of the experiment at 63 d of age, FCR was lower
in control compared to the haylage and LP256 groups, but
not different from the silage group.

In experiment 1, the lowest water intake (Table 3) was
observed in the haylage group in comparison with other
groups, suggesting that the water consumption corresponded
to feed intake. No significant differences in water intake were
observed in experiment 2.

Mortality and culling

No significant differences in the proportion of dead birds
between the groups were observed in either Ross 308 (experi-
ment 1) or Rowan Ranger (experiment 2). The actual mortal-
ity was 13 and five dead birds in experiment 1 and experiment
2, respectively. At 14 d of age, the mean weight of Ross 308
birds was 225 g (SD 63 g), and five birds were culled according
to the culling criteria described above. Rowan Ranger mean
weight was 240 g (SD 55 g), three chickens were culled.

Intake of pellets and forage

The average daily intake of haylage on a DM basis was 58 and
50 g per bird in experiment 1 and experiment 2, respectively,
corresponding to 11% and 8% of the feed intake. The intake
of silage on a DM basis represented 14% of feed provided in

Table 2. Analysed chemical composition of silage and haylage (g/kg DM).

Nutrient Silage Haylage

Metabolisable energy MJ/kg DM (calculated) 3.3 3.2
DM 4501 715
Ash 75 86
Crude protein 99 102
Crude fibre 238 247
Ether extract 31 21
Water soluble carbohydrates 102 108
Free (glucose + fructose) 68 85
Starch 13 12

1In-house corrected dry matter to compensate for lost volatiles during drying
(Mogodiniyai Kasmaei, 2014).
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experiment 1 and 10% in experiment 2, with 86 and 67 g of
average daily intake per bird in experiment 1 and experiment
2, respectively.

In Ross 308 birds (experiment 1) the intake of pellets was,
for most weeks, higher in LP256 and control groups com-
pared to the haylage and silage groups (Table 4).

In Rowan Ranger birds, differences in weekly intake of
pellets were only observed on d 14, d 28 and d 42, with intake
of pellets being higher in the control and LP256 groups than
in the haylage and silage groups. The intake of silage was
higher than haylage in experiment 1 at seven, 14, 21 and 28
d of age. The same was observed in experiment 2 at seven and
14 d of age (Table 4).

Organ measurements

In Ross 308 birds (experiment 1), decreasing relative organ
weight (ROW) with age was observed for all evaluated organs
(Table 5). ROW of gizzard full was higher in haylage and
silage groups in comparison to control and LP256 group.
The ROW of empty gizzards was higher in haylage-fed birds
than in birds in the control or LP256 groups, whereas silage
groups were intermediate. The ROW of intestines with pan-
creas and the empty small intestine were higher in birds fed
haylage in comparison to the LP256 group, and intermediate
in the control and silage groups. Tendencies (P < 0.10) were
shown for ROW of the empty large intestine and length of
small intestine and caeca, respectively, due to higher relative

weight or length of the respective organs related to the
haylage and silage treatments.

Relative organ length (ROL) of the large intestine and the
colon were higher in birds fed haylage in comparison to birds
with LP256, and intermediate in the birds from the control
and silage groups.

In Rowan Ranger birds (experiment 2), ROW decreased
with age in agreement with the results from experiment 1.
The only significant difference in weight and length of organs
between groups were in empty gizzards, where ROW was
higher in birds fed silage in comparison to the control and
LP256 groups, but not different from haylage (Table 5). Birds
fed silage had a tendency for the higher ROW of full gizzard
in comparison with birds from the other groups.

Gizzard surface and foot-pad scores

In both experiments, the gizzard surfaces of chickens were
not significantly affected (P > 0.05) by dietary treatments
(data not shown here and henceforth in this article). In
experiment 1, at 42 d of age, 35% of the scored chickens
had gizzards with a condition considered ‘good’ (score 4)
whereas 65% of chickens had gizzards in an inferior condi-
tion regarding their inner surface (scores 1 – ulcers and
surface changes seen, 2 – surface changes or 3 – surface
irritation). In experiment 2, at 42 d of age, 55% of the
chickens had a gizzard score of 4, implying good condition,
and 45% had an inferior gizzard surface conditions.

Table 3.Weekly accumulated BW, accumulated feed intake (FI) on DM basis and calculated FCR on DM basis. Water intake per bird (mL) and cumulative mortality.
Least square means ± pooled SEM (unless other is stated).

Experiment 1 (Ross 308) Experiment 2 (Rowan Ranger)

Item
C1

n = 5
H2

n = 5
S3

n = 5
LP2564

n = 5 Pooled SEM P-value
C1

n = 5
H2

n = 5
S3

n = 5
LP2564

n = 5 Pooled SEM P-value

BW (g)
d 7 108b 86c 106b 119a 2.72 <.0001 102 100 105 115 3.90 0.060
d 14 264b 200c 255b 307a 13.30 0.0003 234 231 248 282 17.59 0.188
d 21 627a,b 423c 574b 692a 31.17 <.0001 468 452 482 549 32.65 0.213
d 28 1141a 827c 987b 1203a 37.48 <.0001 762 729 784 851 38.04 0.180
d 35 1793a,b 1352c 1633b 1887a 60.01 <.0001 1256 1146 1163 1300 43.50 0.071
d 42 2509a 1960c 2256b 2588a 82.42 0.0003 1739 1578 1648 1713 56.69 0.225
d 49 . . . . . . 2299 2027 2159 2166 71.22 0.106
d 56 . . . . . . 2879 2543 2697 2705 127.19 0.083
d 63 . . . . . . 3291 3005 3159 3102 92.05 0.214
FI (g)
d 7 102a 93b 115a 112a 3.45 0.0017 104 94 106 105 4.56 0.187
d 14 453a,b 367c 447b 484a 14.42 <.0001 335 305 334 365 13.75 0.054
d 21 918a 711b 906a 997a 43.22 0.0002 645 641 684 772 42.41 0.151
d 28 1635a,b 1258c 1491b 1760a 79.84 0.0007 1177 1110 1176 1359 62.64 0.069
d 35 2499a 2184b 2526a 2640a 117.12 0.0225 1845 1772 1878 2031 80.11 0.181
d 42 3735a 3115b 3553a 3930a 153.41 0.0025 2763 2556 2679 2944 105.01 0.108
d 49 . . . . . . 3713 3530 3674 3752 154.40 0.761
d 56 . . . . . . 4835 4642 4834 4797 201.34 0.889
d 63 . . . . . . 5914 5731 5950 5809 228.28 0.901
FCR
d 7 1.66b,c 2.07a 1.84a,b 1.54c 0.08 0.0027 1.96 1.70 1.80 1.53 0.10 0.052
d 14 2.20a,b 2.43a 2.23a 1.95b 0.09 0.0148 1.98 1.86 1.87 1.72 0.11 0.472
d 21 1.71b 1.90a 1.85a 1.67b 0.04 0.0004 1.74 1.78 1.77 1.73 0.04 0.748
d 28 1.82 1.96 1.85 1.82 0.06 0.1550 1.82 1.84 1.83 1.88 0.02 0.397
d 35 1.69b 1.90a 1.90a 1.67b 0.04 <.0001 1.87 1.93 2.08 1.97 0.05 0.080
d 42 1.82 1.89 1.89 1.85 0.05 0.3366 1.80B 1.91A 1.90A 1.96A 0.03 0.005
d 49 1.88B 2.03A 1.98A,B 2.01A 0.04 0.039
d 56 1.98B 2.16A 2.11A 2.09A,B 0.04 0.022
d 63 2.07B 2.21A 2.18A,B 2.22A 0.04 0.045
Water intake 210a 165b 205a 226a 8.14 0.042 196 200 201 209 22.54 0.981
Mortality (%)5 4 8 8 2 0.19 0.24 4 2 4 0 0.15 0.899

1C = control feed; 2H = diet based on 85% of pellets and 15% of haylage; 3S = diet based on 85% of pellets and 15% of silage; 4LP256 = control feed and water
inoculated with 107 c.f.u/ml of viable L. plantarum 256; 5Mortality (dead and culled birds) results are presented as means.

a-cLeast square means within the same row (Experiment 1) with different superscripts were significantly different (P < 0.05).
A-BLeast square means within the same row (Experiment 2) with different superscripts were significantly different (P < 0.05).
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However, at 63 d of age, all Rowan Ranger birds had gizzards
in good condition. The foot-pad examination for lesions at
the end of each experiment did not show any effect of treat-
ments, since all birds were graded as class 0, denoting no
lesions.

Culture determined colonisation patterns of C. jejuni

The evaluation of C. jejuni in faecal samples prior to the
C. jejuni challenge showed that both hybrids were negative,
i.e. not colonised. Subsequent colonisation with 106 cfu of
C. jejuni per ml in drinking water was successful in both

Table 5. Relative organ weights (ROW) presented as g/kg BW and relative organ length (ROL) in correlation to body weight presented as cm/kg BW. Least square
means ± pooled SEM.

Age (days) Treatment Pooled SEM P-value

Experiment 1 21 42
C1

n = 5
H2

n = 5
S3

n = 5
LP2564

n = 5 A5 T6 A5 T6 A*T7

Gizzard full 3.93 2.25 2.42b 3.88a 3.45a 2.63b 0.17 0.22 <.0001 <.0001 0.144
Gizzard empty 2.76 1.41 1.81b 2.52a 2.26a,b 1.75b 0.11 0.16 <.0001 0.004 0.787
Intestines + pancreas 9.15 5.79 6.93b,c 8.39a 8.02a,b 6.55c 0.27 0.37 <.0001 0.002 0.490
Heart 0.77 0.60 0.72 0.67 0.68 0.66 0.03 0.03 <.0001 0.495 0.341
Liver 4.01 2.14 3.25 3.09 3.19 2.76 0.21 0.25 <.0001 0.318 0.390
Proventriculus 0.69 0.42 0.58 0.59 0.54 0.50 0.02 0.03 <.0001 0.161 0.484
Small intestine empty 4.36 2.49 3.35a,b 3.72a 3.49a,b 3.13b 0.08 0.12 <.0001 0.013 0.439
Large intestine empty 0.71 0.51 0.61 0.65 0.65 0.52 0.03 0.04 <.0001 0.059 0.867

ROL (cm/kg BW)
Small intestine 21.7 7.58 14.0 16.9 15.0 12.6 0.61 0.86 <.0001 0.057 0.402
Large intestine 5.08 2.09 3.45a,b 4.05a 3.77a,b 3.07b 0.13 0.19 <.0001 0.005 0.153
Colon 1.30 0.45 0.84a,b 1.03a 0.87a,b 0.75b 0.05 0.06 <.0001 0.008 0.454
Caeca 3.83 1.67 2.61 3.01 2.93 2.46 0.14 0.18 <.0001 0.064 0.165

Experiment 2 28 42 63
C1

n = 5
H2

n = 5
S3

n = 5
LP2564

n = 5 A5 T6 A5 T6 A*T7

ROW (g/kg BW)
Gizzard full 5.02A 3.76B 2.47C 3.31 3.94 5.07 3.68 0.53 3.75 <.0001 0.067 0.586
Gizzard empty 3.03A 2.30B 1.51C 2.07c 2.38a-c 2.55a 2.13b,c 2.28 2.28 <.0001 0.003 0.931
Intestines + pancreas 8.56A 7.91A 5.74B 8.43 7.70 7.17 7.31 0.92 0.93 <.0001 0.746 0.597
Heart 0.75A 0.71A 0.54B 0.68 0.66 0.65 0.68 0.06 0.06 <.0001 0.816 0.809
Liver 4.09A 3.87A 2.90B 3.71 3.40 3.54 3.82 0.32 0.34 <.0001 0.142 0.430
Proventriculus 0.75A 0.63B 0.50C 0.61 0.61 0.65 0.64 0.09 0.09 <.0001 0.761 0.716
Small intestine empty 3.58A 2.89B 2.03C 2.81 2.94 2.82 2.76 0.22 0.22 <.0001 0.671 0.580
Large intestine empty 0.84A 0.80A 0.64B 0.76 0.78 0.74 0.75 0.07 0.06 <.0001 0.715 0.920

ROL (cm/kg BW)
Small intestine 21.6A 13.9B 9.6C 15.3 15.0 15.2 14.7 1.30 1.32 <.0001 0.818 0.883
Large intestine 5.07A 3.32B 2.24C 3.54 3.60 3.57 3.47 0.35 0.36 <.0001 0.913 0.579
Colon 1.31A 0.83B 0.61C 0.89 0.90 0.93 0.94 0.12 0.12 <.0001 0.904 0.905
Caeca 3.78A 2.53B 1.64C 2.66 2.73 2.68 2.55 0.26 0.26 <.0001 0.601 0.455

1C = control feed; 2H = diet based on 85% of pellets and 15% of haylage; 3S = diet based on 85% of pellets and 15% of silage; 4LP256 = control feed and water
inoculated with 107 c.f.u/ml of viable L. plantarum 256; 5A = age effect; 6T = treatment effect; 7A*T = age*treatment effect.

a-c Least square means within the same row (Experiment 1) with different superscripts were significantly different (P < 0.05).
A-C Least square means within the same row (Experiment 2) with different superscripts were significantly different (P < 0.05).

Table 4. Actual weekly intake of pellets and roughage (silage or haylage) on DM basis per bird. Least square means ± pooled SEM.

Experiment 1 (Ross 308) Experiment 2 (Rowan Ranger)

Item
C1

n = 5
H2

n = 5
S3

n = 5
LP2564

n = 5 Pooled SEM P-value
C1

n = 5
H2

n = 5
S3

n = 5
LP2564

n = 5 Pooled SEM P-value

Pellets (g)
d 7 102b 93c 106a,b 112a 2.57 0.001 104 93 96 105 4.37 0.181
d 14 349a 258c 295b 370a 12.40 <.0001 230B 195C 196C 260A 9.01 0.003
d 21 464a,b 349c 420b 512a 30.92 0.002 310 316 311 406 27.46 0.068
d 28 732a 488b 506b 778a 37.24 <.0001 532A 414B 433B 587A 21.16 <.0001
d 35 815 770 868 836 43.40 0.404 682 616 643 685 33.04 0.097
d 42 1222a 803b 879b 1276a 47.43 <.0001 913A 701B 724B 918A 28.40 <.0001
d 49 . . . . . . 976 928 920 832 89.45 0.472
d 56 . . . . . . 1122 1046 1049 1045 61.39 0.772
d 63 . . . . . . 1079 1011 1007 1012 28.41 0.262
Roughage (g)
d 7 . 0b 9a . 0.23 <.0001 . 1B 10A . 0.64 <.0001
d 14 . 11b 39a . 2.28 <.0001 . 17B 31A . 3.72 0.035
d 21 . 0b 38a . 3.31 <.0001 . 22 38 . 7.09 0.161
d 28 . 76b 102a . 6.55 0.003 . 54 59 . 8.08 0.676
d 35 . 128 161 . 18.99 0.099 . 59 71 . 11.78 0.514
d 42 . 133 164 . 19.55 0.127 . 83 77 . 15.19 0.760
d 49 . . . . . . . 70 97 . 16.96 0.287
d 56 . . . . . . . 65 112 . 16.26 0.080
d 63 . . . . . . . 78 109 . 21.57 0.335

1C = control feed; 2H = diet based on 85% of pellets and 15% of haylage; 3S = diet based on 85% of pellets and 15% of silage; 4LP256 = control feed and water
inoculated with 107 c.f.u/ml of viable L. plantarum 256.

a-c Least square means within the same row (Experiment 1) with different superscripts were significantly different (P < 0.05).
A-C Least square means within the same row (Experiment 2) with different superscripts were significantly different (P < 0.05).
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experiments. Quantification of C. jejuni in faecal samples by
the end of each experiment showed no significant differences
in C. jejuni colonisation levels between the treatments in
either of the experiments.

Discussion

In the present trials, one of the aims was to study how a daily
intake of silage and haylage affected the performance and
organ development of both slow- and fast-growing broiler
chickens. Currently, there appears to be a shortage of studies
focusing on the provision of forages based on grass to broiler
chickens, even though the provision of forage is
a requirement in organic poultry production (Commission
Regulation (EC) 889/2008). Negative effects of haylage on
BW and FI in comparison with birds fed only feed pellets
were observed, particularly in Ross 308 birds (experiment 1).
Haylage-fed Ross 308 birds had significantly lower BW than
birds in the control group at 42 d post hatch, weight differ-
ence being 549 g, representing 22% lower BW. Birds fed only
pellets (control and LP256 groups) weighed around 2.5 kg at
42 d of age, which was 300 g less than the predicted growth
according to the Performance Objectives for Ross 308 broi-
lers (Aviagen 2014a). However, the predicted performance
stated in the Performance Objectives was based on Ross 308
birds in a commercial setting. The lower growth perfor-
mance in the present study was probably due to the provision
of organic feed, which has a different nutrient composition
than conventional feed. Moreover, the low weight of Ross
308 1-d-old chickens due to the young age of their dams may
have been an influencing factor. Lower FI and BW were
observed in the haylage-fed Ross 308 birds in comparison
to those fed silage, indicating that haylage reduced voluntary
feed consumption and, in turn, growth performance. The
results showed higher consumption of silage than haylage in
most weeks, and one explanation could be the drier texture
of haylage particles due to higher DM content, which likely
decreased the bird’s interest in the feed. Thus, birds probably
learnt to visually avoid substances that caused unpleasant
post-ingestion effects (Gillette et al. 1983). It is noteworthy
that haylage did not have a significant adverse effect either on
FI or on BW of the Rowan Ranger birds (experiment 2).

Unlike a previous experiment on feeding poultry with
maize silage as supplemental foraging material (Steenfeldt
et al. 2007), the present study provided grass silage and
haylage as a TMR with pellets, which likely enabled higher
forage intake as compared to feeding forage separately. This
was to avoid the obvious risk that the pelleted concentrate
would have been preferred if fed separately. The short length
of chopped forage in TMR better enabled forage feeding to
the day-old chickens. Longer fibre length might have
induced problems, such as crop and gizzard impaction
(Christensen 1998). The provision of foraging material in
a TMR in the present study decreased the intake of pellets in
the haylage group in the first half of experiment 1, which may
be explained by the fast-growing broilers sensitivity to diet-
ary quality and structure of the feed (Tufarelli et al. 2018).
Ranjitkar and Engberg (2016) reported that Ross 308 broilers
fed a pelleted diet with 15% inclusion of crimped kernel
maize silage (CKMS) on a DM basis (fed as TMR) had
comparable FI with the control group. This is in agreement
with the current findings in Ross 308 birds (experiment 1),
where silage-fed birds had similar FI when compared to the

control. Higher intakes of silage in the study by Ranjitkar and
Engberg (up to 30% of supplemented silage) could be attrib-
uted to the different nutritional composition of maize silage
when compared to grass silage, especially regarding the
higher content of ME in maize silage.

Intake of water plays an important role in commercial
broiler management, since it influences quality of the carcase
as well as conditions of the litter (Jiménez-Moreno et al.
2016). The lowest water intake was seen in the Ross 308
birds (experiment 1) was observed in the haylage groups,
suggesting that water consumption corresponded to the low-
est FI observed in these groups.

Probiotics are live microorganisms that contribute to the
health and balance of the host digestive system (Fuller 1989).
Karimi Torshizi et al. (2010) reported that the probiotic
administration method affects its efficiency, where provision
by drinking water was found to be the most effective. They
administered a probiotic supplement consisting of nine dif-
ferent microorganisms (Protexin, UK) in water for Ross 308
chickens and reported increased BW, higher FI in the starter
period and lower FCR in groups with the probiotic compared
to the unsupplemented, control group. This is in agreement
with the current findings whereby increased BW was seen in
Ross 308 birds given drinking water inoculated with
L. plantarum 256 (experiment 1) in the starter period. The
discrepancies in FI and FCR results may be caused by micro-
organisms other than L. plantarum in the probiotic supple-
ment, which was a probable environmental management
effect.

It is well known that the physical structure of the feed
effects the physiology and morphology of the gastrointestinal
tract (GIT) in birds (Engberg et al. 2002). As expected, the
increased intake of fibre in chickens fed a TMR with forage
inclusion seen in these experiments had clear effects on the
relative weight of some GIT organs in both fast- and slow-
growing genotypes. The weight of empty gizzards was higher
in birds fed haylage and silage than in the control group of
both in Ross 308 and Rowan Ranger birds. In Ross 308 birds,
both forages increased the weight of full gizzards when
compared to the birds fed only pellets. These results were
consistent with data from González-Alvarado et al. (2008),
who observed increased relative weight of the gizzards as well
as the digesta content of the gizzards when fibre was included
in the diet. Nonetheless, they concluded that both the source
and particle size of fibre were important, since 3% oat hull
inclusion (467 μm) resulted in a 32% increase of gizzard size,
while the same inclusion level of soy hulls (582 μm) did not
affect the size of the gizzard. The reaction of birds to fibre
inclusion could be explained by the findings of Mateos et al.
(2012), stating that the response to fibre inclusion is depen-
dent on its amount and source, as well as on the physiological
state of the broilers.

Gizzard erosion and ulceration (GEU) syndrome is
a widely spread, subclinical condition in commercial poultry
flocks. GEU syndrome can be induced by feed structure,
nutritional deficiencies or microbial colonisation. Yet,
knowledge about the definitive cause of the syndrome is
lacking (Gjevre et al. 2013). In both current experiments,
GEU was observed, with a higher incidence in Ross 308 birds
(experiment 1). The reason for different GEU severity among
the breeds is not known. Interestingly, no dietary treatment
effect was seen, even though the drier texture of haylage
would be expected to cause this. At the end of experiment
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2, no birds showed affected gizzards, which likely indicated
gizzard irritation in the first part of the experiment and
possible ability of birds to reverse this later on.

Intensive selection in fast-growing broilers has resulted in
increased muscularity and growth with additional adverse
effects, including delayed development of the internal
organs, which may be the potential cause of several metabolic
disorders such as ascites or sudden death syndrome (Dou
et al. 2017). The birds in the current studies did not show any
signs of these metabolic disorders, although the differences
in internal organ size were detected. In contrast to what was
observed for the Ross 308 birds, Rowan Ranger internal
organs represented a higher percentage of the body weight
at 42 d of age. The probable explanation is the lower degree
of selection for high growth in organic hybrids.

Footpad dermatitis is a condition causing necrotic lesions
on growing broiler’s footpads and it is considered an animal
welfare issue. No issue regarding foot-pad score were
observed in any treatment, indicating appropriate environ-
mental conditions in both experiments. Additionally, birds
were kept in small groups with low stocking density and good
litter conditions, which is correlated to a lower risk of lesions.
Shepherd and Fairchild (2010) defined litter moisture and
stocking density as significant predisposing factors in the
development of footpad lesions. Moreover, several studies
showed that litter material and management are critical fac-
tors in maintaining optimum footpad and bird health.

It is well documented that fast-growing broiler hybrids have
a higher feed intake than slow-growing ones. Therefore, the
numerically higher intake of forage observed for Ross 308
compared to Rowan Ranger birds was expected. In theory, it
is reasonable that a possible inhibitory effect of silage on
C. jejuni colonisation would be related to the level of daily
consumption of silage. For that reason, it was of interest to
test the effects of silage also on a fast-growing hybrid. However,
according to the current studies, grass-based silage inoculated
with L. plantarum 256 was not an efficient means for reducing
C. jejuni colonisation in the broilers’ gut, at least not at the end
of the rearing period.

The current results were in accordance with findings from
Ranjitkar and Engberg (2016), who concluded that there was
no significant influence on the intestinal colonisation by
C. jejuni in Ross 308 broilers when crimped kernel maize
silage was included in the pelleted maize-based diet.
A possible explanation could be that insufficient amounts
of silage was consumed in order to manifest a Campylobacter
reducing effect by lowering the pH in the GIT or to induce
changes in the gut microbiota composition. Moreover, the
Lactobacillus strain L. plantarum 256 used in the present
study does not produce bacteriocins. However, optimisation
such as supplying different Lactobacillus strains that thrive in
silage while having a stronger inhibitory effect against
C. jejuni in the bird’s intestines, might be a promising
approach. The other alternative could be the inoculation of
grains with a Lactobacillus strain producing bacteriocins,
where higher feed intake of birds (up to 60%) can be
expected.

In conclusion, the inclusion of 15% of silage or haylage in
an organic-pelleted diet (fed as TMR) is possible in slow-
growing Rowan Ranger chickens without interfering with
performance. When 15% of haylage was included in the
diet of the fast-growing hybrid Ross 308, adverse effects on
feed intake and body weight were observed during the whole

experimental period, while the negative effect of silage inclu-
sion on BW was observed only at weeks four and six of age.
Interestingly, water inoculated with L. plantarum 256
increased body weight of Ross 308 chickens in the starter
period. However, intake of L. plantarum 256 via silage or
inoculated water was not an effective intervention against
C. jejuni colonisation at the end of the rearing period either
in Ross 308 or in Rowan Ranger hybrids. However, further
experiments may optimise this approach for better effects.
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