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Executive Summary

Range usage can frequently be associated with intestinal grass impaction (Ruhnke et al.,
2015a). Fresh pasture cover and the availability of foraging material on the range are essential
criteria in most accreditation guidelines (FREPA, 2015; ACO, 2013; CSIRO, 2002). However,
unrestricted access to pasture can result in excessive fibre intake, reducing the intake of a
balanced feed, leading to a lack of energy and nutrients such as essential amino acids.
Subsequently, uncontrolled pasture intake by the hen is of major concern to the Australian free-
range industry, and especially in birds with a relatively long life span, such as laying hens,

pasture consumption can have a significant impact on the laying hen’s health and productivity.

In order to investigate the impact of pasture and feed additives on laying hen performance and
nutrient digestibility, 300 laying hens were used in this study. A general linear model was
arranged to evaluate 2 time points (short term vs long term exposure to the range), 2 range

types (pasture vs gravel), and 3 diets (control, multi-enzymes and organic acid).

Analysis of the performance data indicated that feed additives significantly increased the body
weight of the hens. Hens that ranged on pasture were significantly heavier and produced
significantly heavier eggs. Analysis of the egg quality indicated that range type significantly
affected egg yolk colour (hens on pasture had darker yolk). Feed type increased liver weight
significantly, with 43.1 g, 45.0 g, and 46.6 g in hens of the standard, organic acid, and multi-
enzyme group respectively (P = 0.008). Range type also had a significant impact on gizzard,
pancreas, and liver weight (P = 0.000; P = 0.038; and P = 0.022 respectively), and resulted in
heavier organs generally, thus indicating that pasture improved gut function. Despite the
enhanced development of gastrointestinal organs, the estimated ileal nutrient digestibility of
crude fibre (CF), crude protein (CP), calcium and phosphorus was reduced in hens exposed to
pasture. The use of feed additives improved the estimated ileal digestibility of phosphorus
significant, and the estimated ileal digestibility of CF close to significant.
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1. Introduction

Free range farming is a rapidly growing sector of the Australian layer industry, with an
estimated market share value of 49% (AECL, 2015). One of the main reason for changes in
consumer’s consumption is the apparent welfare benefit, and environmental impact (Blokhuis
et al., 2003; Hermansen, 2003). Commonly free range laying hens have a ‘meaningful and
regular access on an open range on most ordinary days (FCA, 2014), where they are able to
express a broad variety of behaviours, such as running, flying, and dust bathing (Lunam et al.,
1996). Conversely, free range farming can be challenging in many ways. Exposing chickens
which were genetically selected for closed-house production to the outdoor environment can
led to a number of health, performance and welfare problems (Ruhnke at al., 2015b). For
example, range usage can result in a reduced hen performance and higher mortality compared
to hens housed in cages (Glatz et al., 2005). While the intensity of range usage depends on
several factors such as flock size, shed design, shade coverage, and weather conditions, the use
of mobile sheds and the availability of feed on the range results in the vast majority of the flock
ranging during daytime. In a recent survey, 53% of all farms contacted used mobile sheds and
50% of farmers feed their layers on the range (Ruhnke et al., 2015a). Furthermore, 82% of
farmers reported that >75% of the flock used the range, and hens accessed the range for >6
hours/day. Eighty-two percent of layer farmers report that their range was never stripped of
vegetation. It has been reported that grass impaction can cause flock mortality up to 17 %,
severe loss of body condition, and reduced hen house production (Ruhnke et al., 2015b).
Consequently, the intake of pasture by the hen is of major concern to the Australian free-range
industry, and especially in birds with a relatively long life span, such as laying hens, because

pasture consumption can have a significant impact on the laying hen’s health and productivity.



1.1 Objectives

The aim of this research was to evaluate feed enzymes and organic acids for their beneficial

use on health and nutrient digestibility in free range laying hens.

In order to minimise the damage of excessive intake of viscous structural materials obtained
from long grass, enzyme supplementation such as xylanases, pentosanases, hemicellulases and
B-glucanases are hypothesised to be of benefit to the hen’s digestive system. Modes of action
may include (1) reduced viscosity of the digesta, (2) physical breakdown of fibrous feed

compounds and (3) increased digestibility of the nutrients obtained with the feed.

Specific enzymes in the diet may alleviate the viscous nature of the forage material so passage
time of compacted material through the digestive system is promoted. In addition, proteases
may act synergetic by increasing the digestibility of proteins in the digestive tract. With a well-
developed gastrointestinal system, and improved nutrient digestibility, hen health and welfare

may be improved.



2. Materials and Methods

2.1 Animal Experiment

The animal experiment was reviewed and approved by the Animal Ethics Committee of the
University of New England (AEC15-009). A total of 300 Lohmann Brown egg laying hens
were obtained from a commercial rearing facility at the age of 16 weeks and placed in 30 pens
with 10 hens/pen. After a 2-week adaption period, at the age of 18 weeks, hens were given
access to the range. The total of 6 treatments were arranged 2 x 2 x 3 factorial. The range was

either structured as gravel (control group) or tall fescue (Fescue arundinacea) (Figure 1).

Figure 1: Range design of the research experiment. The 2 x 3 factorial arrangement allowed
certain hens to range on gravel, while others had access to tall fescue (Fescue arundinacea).

Hens were offered either a typical Australian commercial layer feed (C), a typical Australian
commercial layer feed supplemented with multi enzymes (ENZ), or a typical Australian
commercial layer feed supplemented with organic acids (OA). Details about the diets
formulated following breeder recommendation can be obtained from Table 1. The nutrient
composition of the diets is outlined in Table 2. While the basal diet (C) was supplemented with
commonly used phytase/xylanse (Ronozyme WX CT 100 mg/kg and Ronozyme Hi Phos 600
FYT 60 mg/kg, the multi enzyme diet (ENZ) included phytase/xylanse/betaglucanase/xylo-
glucanase/pectinase/ protease (Ronozyme Hi Phos 600 FYT 60 mg/kg, Ronozyme Multigrain
100 mg/kg, Ronozyme Pro Act 200 mg/kg and Ronozyme VP 200 mg/kg, and the diet with
organic acids (OA) contained phytase/xylanse/benzoic acid/essential oils (Ronozyme WX CT
100 mg/kg, Ronozyme Hi Phos 600 FYT 60 mg/kg, and Crina Plus 300 mg/kg. All enzymes
and the organic acid were provided by DSM Nutritional Products Australia Pty Ltd Wagga
Wagga NSW 2650, Australia. A total of 5 replicates per treatment were investigated.



Table 1: Feed ingredients of the experimental diets

Ingredient (%) C ENZ OA
Wheat 66.19 | 66.01 | 66.05
Soybean meal 1411 | 14.12 | 14.12
Limestone 6.04 6.04 6.04
Canola Meal 3.92 3.94 3.93
Meat meal 3.76 3.76 3.76
Limestone fine grit 3.00 3.00 3.00
Canola Oil 2.21 2.25 2.23
Sodium Bicarbonate 0.20 0.20 0.20
Salt 0.17 0.17 0.17
DL-Methionine 0.16 0.16 0.16
Lysine-HCI 0.11 0.11 0.11

Free range layer premix 0.10 0.10 0.10
Choline CHL 60% 0.05 0.05 0.05
L-Threonine 0.03 0.30 0.30
Ronozyme WX CT 0.01 0.00 0.01
Ronozyme Hi Phos 600 FYT L 0.01 0.01 0.01
Crina Plus 0.00 0.00 0.03
Ronozyme Multigrain 0.00 0.01 0.00
Ronozyme ProAct 0.00 0.02 0.00
Rononzyme VP 0.00 0.02 0.00
Total 100 100 100

Table 2: Nutrient composition of the experimental diets

Nutrient content (%) C ENZ OA

Calculated ME kcal/kg 2780.00 | 2780.00 | 2780.00
Crude protein 17.37 17.37 17.37
Lysine 0.87 0.87 0.87
Methionine 0.42 0.42 0.42
Met + Cys 0.74 0.74 0.74
Threonine 0.63 0.63 0.63
Isoleucine 0.67 0.67 0.67
Leucine 1.23 1.23 1.23
Tryptophan 0.22 0.22 0.22
Arginine 1.06 1.06 1.06
Crude fat 4.27 4.30 4.29
Crude fibre 2.90 2.90 2.90
Calcium 4.00 4.00 4.00
Available phosphorus 0.44 0.44 0.44

In order to evaluate the acute and chronic effect of pasture intake, hens were sacrificed at two

time points: At the ages of 24 weeks (6 weeks after range exposure) and of 30 weeks (12 weeks
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after range exposure). At the beginning of the trial, the pasture was 30-50 cm of length (Figure
2 A,B). The vast majority of pasture was depleted after 6 weeks ranging activity (Figure 2C).
After 12 weeks of ranging, the range was completely denuded (Figure 2D). The stocking
density for the first 6 weeks of range exposure was 1.6 hens/m?, the stocking density for the

following 6 weeks of range exposure was 0.8 hens/m?.

Figure 2: Pasture depletion throughout the research trial. While the initial fescue was 30-50
cm of length (A,B), the majority of fescue was ingested within 6 weeks (C). After 12 weeks of

ranging, the entire range was denuded (D).

2.2 Data Collection

Performance parameters: The health status of the hens was monitored daily. The body weight
of the individual hens was recorded at the beginning of the experiment, weekly, and on the day
of slaughter. Feed intake was recorded weekly and on the day of slaughter. The eggs from each
group were collected and their number as well as the individual egg weight was determined

daily. The feed conversion ratio (FCR) was calculated as follows:



feed intake per hen per week
FCR = p p (8)

egg mass per hen per week (g)

Organ weight and pH: At the ages of 24 weeks (6 weeks after range exposure) and of 30
weeks (12 weeks after range exposure), five birds from each pen were randomly selected. The
individual body weight of these birds was recorded, and the birds were sacrificed by stunning
and cervical dislocation. Organ weight (gizzard, liver and pancreas) and digesta pH (crop and
ileum) were recorded (Figure 3). The coporodeum content was pooled from 5 birds per pen in
order to determine the health status of the hens indicated by evidence of parasitic eggs

(coccidiosis, ascaridiosis).

Figure 3: A well-developed gizzard filled with fibrous pasture obtained from a hen that ranged

on tall fescue.

Apparent ileal nutrient digestibility: The ileum content from 5 hens per pen were used for
collecting digesta in order to analyze the apparent ileal nutrient digestibility. The intestinal
content of the distal two-thirds of the ileum (excluding the content localized in the distal 3 cm
prior to the ileocaecal junction) was sampled according to Kluth et al., (2005) and Revazvani
et al., (2007). The digesta samples were pooled and freeze-dried for further analysis. One
pooled sample of each replicate was used for statistical analysis, resulting in five samples for
each of the 6 treatment groups. Weende analysis was performed to determine dry matter (DM),
CP, CF, calcium and phosphorus (Naumann and Bassler, 2004). Total non-starch
polysaccharides (NSP), soluble NSP, insoluble NSP and free sugars (mono- and disaccharides)
were determined as previously described (Englyst and Hudson 1987; Theander and Westerlund

1993). Titanium dioxide (0.2%) had been implemented in the feed as an indigestible marker
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and was determined as previously described (Short et al., 1996). Excreta samples were
collected on 3 consecutive days on time point 1, and on time point 2 respectively. Alkane
analysis was used to evaluate the feed dilution due to pasture consumption. Alkane-based
calculation of grass intake was performed based on Hameleers et al. (1996) with brief

modification. All samples were analysed in duplicates.

Figure 4: Crop content of hens that were exposed to a pastured range (A, B, C), or a gravel
range (D, E). The evidence of different digesta composition is macroscopically visible.

2.3 Statistical analysis

Performance data were analysed using a general linear model with 2 time points (short term vs
long term exposure to the range) x 2 range types (pasture vs gravel) x 3 diets (control, multi-
enzymes and organic acid). Means were compared using Tukey’s test. For all statistical
analyses, IBM SPSS Statistics Version 21 was used (IBM, Chicago, IL, USA). Statistically
significant differences were set at P < 0.05. The pen was defined as the statistical unit.



3. Results

Performance parameters: Analysis of the performance data indicated that feed additives
significantly increased the body weight of the hens. Hens fed with multi enzymes weighed on
average 2.046 kg, while hens fed with the standard diet weight 2.005 kg. Hens on pasture were
significantly heavier and produced significantly heavier eggs. No mortalities occurred. Age of
the hens had a significant impact on egg weight, egg mass, feed intake and body weight of the
hens (Table 3).

Analysis of the egg quality indicated that range type significantly affected egg yolk colour
(hens on pasture had darker egg yolk). Age of the hens affected significantly aloumen height,
Haugh Unit, shell strength, bending, shell weight, and shell thickness (Table 4).

Organ weight and pH: Feed type increased liver weight significantly, with 43.1 g, 45.0 g, and
46.6 g in hens of the standard, organic acid, and multi-enzyme group respectively (P = 0.008).
Range type also had a significant impact on gizzard, pancreas, and liver weight (P = 0.000; P
=0.038; and P = 0.022 respectively), and resulted in heavier organs generally, thus indicating
that pasture improved gut function. The age of the hens had a significant impact on organ
weight and pH of the digesta (Table 5); furthermore, the viscosity of the digesta was
significantly affected by age (Table 6). Coccidia or Ascardia oocysts could not be detected at

any time point.

Apparent ileal nutrient digestibility:

Negative CF values were obtained from hens that had access to pasture (Table 7). The ileal
content of hens fed the control diet indicated an estimated -30.8 % CF digestibility, while hens
of the ENZ and OA group had less CF in their ileum (-0.36 % and 0.14 %, respectively). These
values indicate that a significant amount of fibre was retained in the hen’s gastrointestinal tract
and subsequently not taken into consideration when estimating the pasture intake based on
pasture excretion. However, the estimated ileal nutrient digestibility of CF, CP, calcium and
phosphorus was significantly reduced in hens exposed to pasture (P = 0.00, 0.02, 0.05, and
0.01, respectively). The use of feed additives improved the estimated ileal digestibility of
phosphorus significantly (P = 0.03) and the estimated ileal digestibility of CF close to
significant (P = 0.06).



Table 3: Effect of range type and feed additives on performance of egg laying free range

Time point 2 | Range type® Feed additives* SEM® P value

A C G P C ENZ | OA T R F TXR | TxF F
(%) | 88.5 91.7 91.4 89.0 90.7 88.4 91.0 1.10 0.181 | 0.370 | 0.595 | 0.968 | 0.902 |C

59.5° | 62.82 |60.4° |61.9% |60.3 61.8 61.1 0.368 | 0.000 |0.007 |0.072 |0.151 |0.779 |Q
) 1970° | 2070% | 1996° | 2043?% | 2005% | 2046° | 2008* | 0.010 | 0.000 | 0.002 |0.035 |0.970 |0.728 |0

369 402 385 386 383 383 389 5.326 |0.002 |0.927 |0.861 |0.631 |0.874 |C

1232 120P 121 122 119 121 123 0.000 10.024 |0.753 |0.191 | 0547 |0.635 |C

2.36° | 2.10% |2.22 2.24 2.21 2.25 2.23 0.038 |0.002 |0.924 |0.929 |0.691 |0.825 |Q

hens from 18-29 weeks?

ab Means in each row for each factor with different superscripts differ significantly (P<0.05)
! Means of 5 replicates with 10 hens per group (n = 60)/5 hens per group (n = 30)
2 A = Acute ranging effect (hens ranged for 6 weeks): C = Chronic ranging effect (hens ranged for 12 weeks)
3 G = Gravel range, P = Pasture range
4 C = Control diet (standard wheat soy Australian diet supplemented with phytase/xylanse)

ENZ = Multi-enzyme diet (standard wheat soy Australian diet supplemented with
phytase/xylanse/betaglucanase/xylo-glucanase/pectinase/protease)

OA = Organic acid (standard wheat soy Australian diet supplemented with phytase/xylanse/benzoic
acid/essential oils)

5SEM = Standard error of mean

6 Mean values were not normally distributed and non- parametric test was used to analyse data. For interaction
mean values for each factor were assumed to be

normally distributed.



Table 4: Effect of range type and feed additives and age on external and internal quality of

egqg in egg laying free range hens *

Time point? | Range type® | Feed additives* SEMP® P value

A B G P C ENZ | OA T R F TXR | TXF |R
| 205 | 212 206 211 |20.7 207 211 |0.250 |0.198 |0.256 |0.726 |0.177 |[0.698 |O0.
t 7.98% 682 |749 |733 |756 |7.46 720 |0.126 [0.000 |0.497 |0.243 |0.052 |0.021 |O.

89.0 |80.6 856 842 |8.6 8.2 837 |0.884 |0.000 |0.378 |0.412 |0.0/7 [0.197 |O0.
(N) /500 443 464 478 476 479 459 10.704 ]0.000 | 0.257 |0.333 | 0.422 | 0.796 |O.

0.337 1 0.298 |0.315 | 0.318 | 0.323 | 0.320 | 0.307 | 0.005 | 0.000 | 0.671 |0.366 |0.878 |0.420 |O.

5.6 5.7 4.32 7.0° 5.8 5.7 5.6 0.193 [0.416 | 0.000 |0.620 |0.132 | 0.947 |O.
), 578 |6.08 593 594 |593 |6.01 |585 |0.036 |0.000 |0.862 |0.119 |0.747 |0.412 |O.
6 0.436 1 0.424 |0.428 | 0.432 |0.434 | 0.432  0.424 |0.001 |0.000 |0.862 |0.119 |0.747 |0.412 |O0.

ab Means in each row for each factor with different superscripts differ significantly (P<0.05)

! Means of 5 replicates with 5 eggs per group (n = 60)

2 A = Acute ranging effect (hens ranged for 6 weeks): C = Chronic ranging effect (hens ranges for 12 weeks)
3 G = Gravel range, P = Pasture range
4 C = Control diet (standard wheat soy Australian diet supplemented with phytase/xylanse)

ENZ = Multi-enzyme diet (standard wheat soy Australian diet supplemented with

phytase/xylanse/betaglucanase/xylo-glucanase/pectinase/protease)
OA = Organic acid (standard wheat soy Australian diet supplemented with phytase/xylanse/benzoic

acid/essential oils)
SSEM = Standard error of mean
6 Mean values were not normally distributed and non- parametric test was used to analyse data. For interaction
mean values for each factor were assumed to be
normally distributed.



Table 5: Effect of range type and feed additives on organs weight and pH of crop and ileum

Time point 2 | Range® Feed additives* SEM® P value

A C G P C ENZ | OA T R F TXR | TxF R
(9) 32.3 | 304 284 | 34.3 31.5 31.9 30.7 0.356 | 0.003 0.000 | 0.323 | 0.049 |0.983 |O.
) 474 | 42.2 44.0 | 45.7 43.1 46.4 45.0 0.456 | 0.000 0.038 | 0.008 |0.421 |0.159 |O.
t(g) | 4.04 | 3.54 3.71 | 3.88 3.73 3.81 3.80 0.039 | 0.000 0.022 |0.432 |0.422 |0.296 |O.

5.00 |5.33 5.16 | 5.16 5.15 5.25 5.09 0.031 | 0.000 0.962 |0.112 |0.108 |0.011 |O.

7.35 | 6.90 7.17 | 7.09 7.13 7.18 7.08 0.030 | 0.000 0.178 |0.316 |0.444 |0.217 |O.

digesta of free range hens!

ab Means in each row for each factor with different superscripts differ significantly (P<0.05)
! Means of 5 replicates with 5 birds per group (n = 60)
2 A = Acute effects (18-24 weeks), C= Chronic effect (24-29 weeks)
3 G = Gravel range, P = Pasture range
4 C = Control diet (standard wheat soy Australian diet supplemented with phytase/xylanse)

ENZ = Multi-enzyme diet (standard wheat soy Australian diet supplemented with

phytase/xylanse/betaglucanase/xylo-glucanase/pectinase/protease)

OA = Organic acid (standard wheat soy Australian diet supplemented with phytase/xylanse/benzoic
acid/essential oils)
SSEM = Standard error of mean
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Table 6: Effect of range type and feed additives on digesta viscosity of egg laying free range

Time Range | Feed SE P value
point 2 type? additives? M>
A |C G |[P |C |[E |O TR |F |TX|T |R | TXR
N |A R | xF | xF | xF
Z
Crude |12. |- 16. | - - - 01(70 |0. |0. |[0. |O. |0O. |O. |081
fibre 3 |31 |1* |32.(30.|{03 (4 |8 00 |00 |06 |08 |17 |32
(%) 83° o |8 |6

Crude |74.|71. |75 |71.]70.|74.|74.107 |0. |0. |0. |0. [0. |0. |0.77
protein | 9% |6° |3 |3 |1 |7 |7 |9 02 |02 |13 |86 |56 |59
(%)
Calciu |46. |44. |51.]40. |40.|42.152. 127 |0. |0. 0. |[0. [0O. |0O. |0.25
m(@) |0 |9 22 |1 |7 |8 |5 |7 93|05 |24 |42 |68 |79
Phosph | 46. | 30. |33.|44.[32.[41.[42. (23 |0. [0. |[0. |0. |0. [0. [0.59
orus 48 [3> |4° |32 |3 |5° |2° |8 00 |01 [ 03|09 |49 |05

(%)

henst
Time point 2 | Range type® Feed additives* SEM® P value
A G P C ENZ | OA T R F TXR TxF RxF
3.36° | 4.29°|3.72 3.78 3.77 | 3.63 3.83 1.10 0.005 | 0.476 | 0.392 0.476 | 0.204 | 0.061

ab Means in each row for each factor with different superscripts differ significantly (P<0.05)
! Means of 5 replicates with 5 birds per group (n = 60)
2 A = Acute ranging effect (hens ranged for 6 weeks): C = Chronic ranging effect (hens ranges for 12 weeks)
3 G = Gravel range, P = Pasture range
4 C = Control diet (standard wheat soy Australian diet supplemented with phytase/xylanse)

ENZ = Multi-enzyme diet (standard wheat soy Australian diet supplemented with
phytase/xylanse/betaglucanase/xylo-glucanase/pectinase/protease)

OA = Organic acid (standard wheat soy Australian diet supplemented with phytase/xylanse/benzoic
acid/essential oils)
SSEM = Standard error of mean

Table 7: Indication of nutrient digestibility based on acute grass intake of free-range laying
henst

ab Means in each row for each factor with different superscripts differ significantly (P<0.05)
1 Means of 5 replicates with 5 birds per group (n = 60)
2 A = Acute ranging effect (hens ranged for 6 weeks): C = Chronic ranging effect (hens ranges for 12 weeks)
3 G = Gravel range, P = Pasture range
4 C = Control diet (standard wheat soy Australian diet supplemented with phytase/xylanse)

ENZ = Multi-enzyme diet (standard wheat soy Australian diet supplemented with
phytase/xylanse/betaglucanase/xylo-glucanase/pectinase/protease)

OA = Organic acid (standard wheat soy Australian diet supplemented with phytase/xylanse/benzoic
acid/essential oils)
SSEM = Standard error of mean
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Table 8: Effect of feed additives and range on non-starch polysaccharide values in ileum
content of free range hens after 6 weeks of ranging!

Free Sugars

Rha Fuc Rib Ara Xyl Man Gal Glu Total
Feed additives? C 029 | 014 | 091 | 1.89 | 2.65° 6.28 117 | 115 34.7
ENZ 0.40 0.16 0.11 1.48 1.042 7.05 12.4 11.0 34.3
OA 034 | 012 | 0.06 | 2.48 | 3.66° 7.08 129 | 10.8 37.5
Range type3 G 032 | 016 | 0.08 | 2.27 | 3.07 6.52 11.2 | 120 35.8
P 035 | 013 | 0.09 | 1.75 | 2.09 6.99 135 | 104 35.4
SEM* 0.03 | 001 | 0.01 | 019 | 0.30 0.35 095 | 1.09 2.45
P value F 054 | 071 | 048 | 0.177 | 0.00 0.61 0.85 | 0.97 0.88
R 080 | 046 | 0.97 | 0.22 | 0.06 0.60 0.32 | 053 0.94
FXR 087 | 061 | 043 | 0.89 | 044 0.88 0.76 | 0.95 0.96
Insoluble Non Starch Polysaccharides (NSP)
Rha  Fuc Rib Ara Xyl Man Gal Glu Total
Feed additives? C 126 | 1.60 | 0.27 | 47.2 | 574 2.63 27.3 | 24.0 | 1426
ENZ 134 | 185 | 037 | 448 | 52.7 2.50 33.7 | 21.2 | 1395
OA 2.10 1.65 2.00 47.1 57.7 5.92 31.4 27.6 154.1
Range type? G 179 | 159 | 165 | 39.0 | 4452 5.21 24.0° | 30.1° | 130.5°
P 142 | 177 | 035 | 519 | 645° | 265 | 35.6° | 20.2% | 156.7°
SEM* 026 | 007 | 056 | 2.77 | 3.50 1.09 203 | 1.82 6.46
P value F 026 | 037 | 031 | 090 | 0.63 0.27 0.44 | 0.26 0.45
R 053 | 028 | 0.31 | 0.02 | 0.00 0.29 0.00 | 0.00 0.04
FXR 027 | 070 | 035 | 0.76 | 0.28 0.29 0.76 | 0.39 0.38
Soluble Non Starch Polysaccharides (NSP)
Rha Fuc Rib Ara Xyl Man  Gal Glu Total
Feed additives? C 014 | 118 | 050 | 832 | 8.97 1.60 545 | 3.34 26.2
ENZ 014 | 117 | 039 | 798 | 9.38 1.67 511 | 258 25.2
OA 016 | 1.26 | 048 | 9.01 | 9.09 1.98 6.26 | 4.53 29.1
Range type? G 0.19° |1.36° | 051 | 982 | 10.1 | 2.29° | 6.80° | 4.72° | 31.9°
P 0.11* | 1.09* | 042 | 745 | 8.37 1.36% | 4.77* | 2.64* | 23.3°
SEM* 0.01 | 006 | 0.03 | 0.70 | 0.92 0.19 0.39 | 0.49 2.08
P value F 0.67 | 067 | 030 | 0.68 | 0.95 0.57 0.20 | 0.16 0.50
R 0.00 | 003 | 020 | 0.10 | 0.36 0.02 0.00 | 0.03 0.03
FXR 0.17 | 009 | 0.05 | 0.08 | 0.17 0.29 0.02 | 0.13 0.03

b Means in each row for each factor with different superscripts differ significantly (P < 0.05)

! Means of 5 replicates with 5 birds per group (n = 30)

2 C = Control diet (standard wheat soy Australian diet supplemented with phytase/xylanse)
ENZ = Multi-enzyme diet (standard diet with phytase/xylanse/betaglucanase/xylo-

glucanase/pectinase/protease)

OA = Organic acid (standard diet supplemented with phytase/xylanse/benzoic acid/essential oils)

3 G = Gravel range, P = Pasture range

4SEM = Standard error of mean
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4. Discussion

In Australia, the outdoor stocking density for free-rang laying hens is not prescribed by
legislation or regulation. However, while the current minimum industry standard of <10,000
hens per hectare was determined by the Australian Consumer Affairs Minister (CAF, 2016) the
stocking density can be frequently be 1500 hens/ha (RSPCA, 2011), or even as low as 350
hens/ha (Singh, 2014). The use of mobile sheds allows access to fresh pasture on a daily base.
In order to maintain a sustainable range area and to minimize the impact of the egg production
on the environment, a low stocking density is favored. Research has shown that birds given
access to pasture may, in part, compensate for small deficiencies in methionine through pasture
access (Moritz et al., 2005). However, constant access to pasture can result in excessive pasture
intake (Ruhnke et al., 2015a) and a recent survey undertaken in Australia indicated that grass
impaction is considered to be a major cause of mortality in up to 21% of free-range farms
(Ruhnke et al., 2015b). In the present study, no mortalities due to grass impaction were
observed. Based on observations mentioned above on commercial farms, and observations by
Cronin & Singh where the overall mortality of the ranging flock was 8.3% (The University of
Sydney, unpublished data) the lack of mortality in the present research study was unexpected.
However, on the commercial farms, as well as at The University of Sydney, the severe grass
impaction was accompanied by reduced feed intake and reduced bodyweight. In the present
study, none of these parameters was negatively affected, the availability of pasture seemed
beneficial rather than disadvantageous:, hens exposed to a pastured range had significantly
heavier body weight (P = 0.002) than hens ranging on gravel. The standard body weight these
Lohmann Brown laying hens referred to is 1870 g (range 1777-1964 g) at the age of 24 weeks
(acute ranging effect; hens ranged for 6 weeks), and 1920 g (range 1824-2016 g) at the age of
30 weeks (chronic ranging effect; hens ranges for 12 weeks) (Lohmann, 2011). The laying hens
subject to this research were heavier at both time points and in every treatment group. This is
not surprising as housing in a research facility and small groups allows for more feeder space
per hen, less stress and a more restricted movement area compared to commercial large scale

housing systems.

No evidence of impaired health or reduced feed intake due to pasture consumption could be
obtained. The impact of pasture consumption on organ weight such as significantly increased
gizzard, pancreas, and liver weight relate to a more pronounced development of digestive

organs, which can be used as an indicator of improved gut health. Feeding high fibre diets or

13



providing structure in form of coarse feed particles is known to increased gizzard weights in
broilers and layers (Nir et al., 1994; Engberg et al., 2002). Structural components may include
seed hulls, wood shavings, or large feed particles (Starck, 1999, Hetland et al., 2003; Bjerrum
etal., 2005; Amerah et al., 2008). Hens in the present study that ranged on tall fescue obviously
fed on more pronounced structural components, which were also clearly visible in collected
crop content (Figure 4). The significant amount of pasture intake could also be confirmed by
the significantly darker egg yolk colour observed for hens that ranged on pasture compared to
hens that ranged on gravel (Table 4). There findings are in agreement with the literature, where
yolk color depends strongly on pasture availability and vegetative status (Puki¢-Stoj¢i¢ M et al.,
2009; Mugani et al., 2009) Relevant oxycarotinoids such as lutein and zeaxanthin are known to
be at higher levels when the protein concentration of the plant is highest, which is reflected in
plant maturity. In the present study, pasture was consumed during first growth at onset and mid
plant maturity. This vegetative stage is known to have highest xanthophyll levels (Nys, 2000).
Zeaxanthin, lutein and a-tocopherol has been shown to accumulate in significantly higher
concentration in egg yolk when hens had access to pasture, compared to hens with access to a
non-pastured range (Skiivan & Englmaierova 2014).

In agreement with the heavier pancreas weight observed in the present experiment (Table 5),
other studies showed that increased relative gizzard weights were often found in combination
with increased relative pancreas weights (Engberg et al., 2002; Gabriel et al., 2007; Williams
et al., 2008; Rougiere et al., 2009). Physiologically, the increased gizzard activity stimulates
the release of cholecystokinin which reinforces pancreatic juice secretion, which can lead to an
increased nutrient digestibility (Li and Owyang, 1993; Svihus et al., 2004a; Svihus, 2006).
However, in the present study the estimated nutrient digestibility of CF, CP, calcium and
phosphorus was significantly decreased in hens that ranged on pasture. This indicates that the
overall consumption of pasture reduced the availability of nutrients despite counteraction of
the gizzard and pancreas. Negative CF values obtained from hens that had access to pasture
indicate that a significant amount of fibre was retained in the hen’s gastrointestinal tract. This
may lead to the conclusion that the method of alkane analysis in the excreta for evaluating ileal
nutrient digestibility may benefit from modification for hens that have access to pasture over a
prolonged time period. Various methods have been reported to estimate pasture intake (Antell
& Ciszuk, 2006; Milby, 1961) and the use of alkane analysis demonstrated to be a reliable
method for the detection of fibre intake in free-range broilers (Singh & Cowieson, 2013). Using

this method as internal marker for estimating the intake of fescue grass (Festuca arundinacea)
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in free-range layers allowed to calculate the dilution of feed based on grass excretion and
subsequently assumed grass intake. However, the CF values obtained from ileal content reveal
that a significant amount of fibre was retained in the hen’s gastrointestinal system. In order to
quantify the amount and determine the correct ileal dilution factor for nutrient digestibility, the
amount of alkanes in the ileal content rather than the excreta should be determined. In future
research, analysis of the alkanes in the ileum and the excreta should be performed to allow for
accurate ileal nutrient digestibility. However, Table 7 still allows to estimate differences of
nutrient digestibility amongst the treatment groups and hens that were supplemented with
organic acid in their diets retained close to significant less fibre in their ileum (P = 0.06; Table
7).

A benefit of organic acids and/or multienzymes in the feed could be observed on hen body
weight, (Table 3), liver weight (Table 5), and phosphorus digestibility (Table 8).
Supplementing feed with exogenous enzymes such as xylanases, pentosanases, hemicellulases
or B-glucanases specifically targets the water-soluble NSP fraction and has been reported to
reduce the viscosity of the digesta (Steenfeldt et al., 1998). However, in the present study no
impact of digesta viscosity could be observed (Table 6). A reduced viscosity of the digesta has
been reported to increases feed passage time in the digestive tract, resulting in an increase in
feed intake (Danicke et al., 1997; Dénicke et al., 1999b; Lazaro et al., 2003a). In the present
study, no effect of enzymes or organic acids on feed intake could be observed (Table 3). An
increased viscosity and subsequently increased feed passage time could have promoted the

excretion of grass boluses that were coiled up in the digestive tract.

Apple cider vinegar, a fermented liquid containing acetic acid and malic acid, is commonly
administered in the drinking water and has been anecdotally reported to reduce the clinical
symptom of chickens suffering from grass impaction (Ruhnke et al., 2015a). It could be
demonstrated, that the usage of 0.1%, 1.0%, and 10% apple cider vinegar reduced feed extract
viscosity significantly (P = 0.041, P = 0.026, and P = 0.002, respectively; unpublished data).
In the present study, the ileal content of hens fed the control diet indicated an estimated -30.8
% CF digestibility, while hens of the ENZ and OA group had less CF in their ileum (-0.36 %
and 0.14 %, respectively). While these results were not statistically significant (P = 0.06), one
can suspect a beneficial clinical outcome in hens that ranged < 6 weeks (estimated CF
digestibility 12.3 %) compared to hens that ranged > 6 weeks (estimated CF digestibility -31.83
%).
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Feed enzymes allow hens to utilise their full spectrum of nutrients efficiently (Cowieson &
Adeola, 2005). It has been demonstrated that feed enzymes such as phytases, xylanases, -
glucanases, xylo-glucanases, pectinases, and proteases can increase protein digestibility. This
is especially so in chickens that suffer a nutrient dilution due to high fibre diets and
subsequently are at risk of suffering from nutrient deficiency such as insufficient essential
amino acids. In these cases, proteases may play a significant contribution to overall hen health
and hen welfare (Roberts et al., 2007). In the current study, the access to pasture clearly
demonstrated a significantly (P = 0.02) reduced CP digestibility, which was also affected by
the duration of ranging time (P = 0.002). However, while a statistically significant beneficial
effect of feed additives on estimated CP digestibility could not be observed, the impact of multi-
enzymes on body weight and egg weight was significant (P = 0.035). The feasibility of using
the combination of tall fescue and multi-enzymes has previous been demonstrated in free-range
broiler chickens (Buchanan et al., 2007). When 500 Ross broilers were evaluated for their
nutrient utilisation with/without enzyme supplementation while foraging, enzyme inclusion
enhanced broiler performance only when given access to pasture. Furthermore, Buchanan et
al. (2007) support the theory that the capacity of a NSP enzyme to aid in the degradation of
plant cell wall components was accentuated in early-growth forage. The composition of the
same grass species varies significantly between their vegetation statuses and within the annual
season (Agfact, 2003; Scott et al., 1998). While grass of the first cut was reported with a total
NSP content of 37%, grass of the second cut had an increased NSP content of 43% (Bach-
Knutsen, 1997). Subsequently, the nutrient values of forage can be better utilised in its early
vegetation status. In the present study, the fescue consumed by the hens was in its first-cut
phase with a height of 50 cm and CP values of 18.6 % dry matter (Figure 2). The vegetative
status of this grass was similar to that observed on commercial farms and suggested that the
quantity rather than the quality of the grass are the responsible factor for impaired health status.
The true ileal digestibility would have allowed more accurate evaluation of nutrients provided
by the pasture. Increased CF of the diet is known to decrease nutrient digestibility due to the
barrier function of the structural components and the lack of endogenous enzymes of
monogastric animals (Choct et al., 1996; Fengler & Marquardt, 1988; Kocher et al., 2000). For
example, an increase of CF from 5 to 17 % due to the use of finely milled straw decreased the
digestibility of CP from 73 to 63 % and the digestibility of nitrogen-free-extract from 81 to
61% (Jeroch et al., 2012). This is consistent with the findings of the present study. However,

in the present study the use of multi-enzymes or organic acids improved the estimated nutrient
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digestibility of CF, CP and calcium numerically and estimated nutrient digestibility of

phosphorus statistically significant.

In summary, the exposure of free-range hens to tall fescue (Festuca arundinacea) resulted in
significantly heavier body weight and subsequently heavier eggs, as well as heavier gizzard,
liver and pancreas weights. Despite the enhanced development of gastrointestinal organs, the
estimated ileal nutrient digestibility of CF, CP, calcium and phosphorus was reduced in hens
exposed to pasture. The use of feed additives improved the estimated ileal digestibility of

phosphorus significant, and the estimated ileal digestibility of CF close to significant.

5. Conclusion

When evaluating nutritional parameters obtained from free range laying hens such as ileal
digestibility, existing research methods need to be modified. In order to optimise the mode of
action of feed additives such as organic acids and multi-enzymes in feed for free-range laying
hens, the uncontrolled amount of pasture intake should be taking into account.
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