The Effect of Intermittent Feeding on Performance
of Broiler Chicken and Influence of Oat Hulls
Structure on Diet Flow
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Abstract

Two trials were carried out to study the effectimtermittent feeding on performance of
broiler chicken and passage rate of diet. In aolditinteraction effects among feeding regime,

oat hulls (OH) structure and phytase supplememtatiere studied.

In trial one, broilers were fed, either ad libituon intermittently, a phosphorus deficient
pelleted diet with OH or without and either contdnphytase or not. Ad libitum feeding
consisted of continuous access to feed with 2x4iwrshof complete dark periods, which
separated by one hour lightening between 03.000d@D. Intermittent feeding from 7d to
14d consisted of four 1h and one 2h feeding, wbaeefeeding was when the light turned on
and off between 03.00 and 04.00. From 14d to Metjihg consisted of five 1h feedings and

with the same dark period as before.

Performance, features of the anterior digestivet tneas evaluated in trial 1. In trial 2, passage
rate of diet and starch content in the digestiaettiat different times were assessed. One
hypothesis was that combination of intermittentdfeg, OH structure and phytase
supplementation can improve the performance ofldrahickens. Another hypothesis was
that birds can over-consume feed, and that thispdr@ mainly when the gizzard is

nonfunctioning due to lack of stimulation.

In trial 1, intermittent feeding did not improveetlefficacy of the enzyme addékhe crop dry
matter content of the intermittent feeding birddjickh had been slaughtered 3 hours after
commencement of feeding, was higher than the crppnatter content from ad libitum birds
as expected. Intermittent feeding didn't show aatieg effect on feed/gain in spite of the
lower weight gain. In trial 2birds where the gizzard has not been stimulatedtimctural
components seems to over consume after long tiameaston, which can be regulated with

inclusion of structure components.

In conclusion, broiler chickens quickly adapt teemmittent feeding with improvements in
feed efficiency, but without improving the efficaoy the phytase used. Overload of feed can

happen to long time starved birds when the diktdk of structural components.
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1. Introduction

The utilization of feed in broilers is influencey Bifferent factors. As well as the age, sex and
genetic differences, feeding regime and feed siractare considered to influence the

performance of broiler chickens.

The growth rate of broilers was considered as oh¢he important factors of broiler
performance, which increased dramatically thesesy@&hile the rapid growth of birds can

induce some health problems, for example, leg wesk(Su et al., 1999).

Introduction of the intermittent feeding regimewswver, was found to decrease this problem. .
Restricted access to feed has also been shownpimwen feed utilization through reducing
maintenance requirements and spillage of feed @eysal., 1996)In addition, it has been
suggested that broilers reduce fat deposition tirantermittent feeding (Jones and Farrell,
1992), which is an important aspect of carcassityu@lithough the intermittent feeding was
found to reduce the weight gain at the beginningabse birds are adapting to the feeding

regime, it normally followed by a high compensatgrgwth (Svihus et al., 2013).

The crop is a ventral diverticulum of the oesopls@nd contains longitudinal folds on the
inner surface making it distensible. Although dgrad libitum feeding, the crop is not used to
its maximal capacity, it serves as the main foatagfe organ when intermittent feeding is
applied (Svihus et al., 2010). The crop wall hasmaus-secreting glands. While when the
feed stored in the crop during the intermittentdfeg, may obtain sufficient time for
fermentation by lactobacilli, the dominating midosé in the chicken crop, producing lactic
acid, thereby reduce the crop pH (Guan et al., 2Bl et al., 2007). The reduced pH may
benefit phytase activity, because many microbiajtades reach their optimal activity at
between pH 4.0 and 6.0 (Simon and Igbasan, 206@gdhous enzyme supplements, such as
phytase, are quite commonly used method to dedl thié¢ problems exist in monogastric
animals (Bedford, 2000). Phytase is used to relgssphorous from phytic acid in raw
materials hence increasing their feeding valuaddition, bacteria fermentation of non-starch
carbohydrate in the crop also results in some stloatn fatty acids, which may provide,

though not accepted as common, the chicken wittaextergy (Adil and Magray, 2012). The
1



oesophagus ends at the proventriculus, where #raglglsecrete pepsinogen and hydrochloric
acid (HCI). The proventriculus has limited mobilaypd feed pass through it quickly to enter
the gizzard. The gizzard is a muscular organ witier ridges behind the proventriculus,

which contracts rhythmically and grinds the wetf@@o a smooth paste (McDonald, 2002).

Inclusion of structural components in the dietasrd to increase gizzard size and increase
the starch digestibility of the diet (Hetland et &003). In addition, the retention time of the
diet in the anterior digestive tract may also iase with exposure to structural components
(Hetland et al., 2003). All feed particles will geounded to a particular critical size and then
leave the gizzard through pylorus activity (Moot899, Ferrando et al., 1987), which may
because well-functioned gizzard will lead to an ioyement on grinding ability (Svihus,
2011). The diet retention time in the anterior dige tract is vital for controlling the ratio at
which these get in touch with digestive enzymes ahsdorptive surfaces (Vergara et al.,

1989).

Consequently, utilization of nutrients may incredbeough getting larger surface area.
Hetland et al. (2003) found that amylase activitg &ile salt concentration increase in chyme
following the intake of OH in broilers, which imps a mechanism for the improvement in
starch digestibility due to OH addition includinginsulation of secretion of pancreatic
enzymes and bile. Consequently, protein degradadiwh emulsification of lipids may be
facilitated (Hetland et al., 2003). Furthermordestinal villi height of broilers on day 21 and
later was found (Sarikhan et al., 2010) to be iaseel as inclusion of insoluble fibre, which

may increase nutrient absorption because of threased surface area.

While the birds’ ability to deal with intermittefiéeding is not affected by adding structure
components (Sacranie et al., 2012, Svihus et 813Y so there is a possibility that a

combination of intermittent feeding and OH can @ase enzyme efficacy.

Two separate trials were run in this study. Tria¢ avas performed to study the influences of
intermittent feeding on the performance of broilersd if there is an interaction effect
between intermittent feeding, and structure/phytastévity. The following hypothesis was

tested: Trial two was carried out to study theetd#hces of diet flow through the anterior



digestive tract and small intestines in two groopshickens fed diets with phytase either
with or without OH and intermittent feeding. Thdldaving hypothesis was tested: does an
inclusion of OH help to regulate the digesta fldwough the anterior digestive tract by

stimulating the gizzard, without decreasing feadka and starch digestibility?

Effects of phytase in itself were investigated moher master thesis.

2. Materials and methods

2.1. Diet composition and processing

The diets were produced in the Centre of Feed Tadogg (F6rTek), at the University of Life
Science in As, Norway. The diets were based on tuhiga high protein and high fall number,

grown and harvested in the Drammen area in Norine8012.

Four wheat-based diets were processed. Table 1lsstimndifferent diets, diet 1 and 3 were
feed contained OH that were with or without phytasel diet 2 and 4 were feeds without OH

that were with or without phytase. Titanium dioxigdas the marker.
The diets were made to meet nutritional requireshehexperimental birds according to Ross
308 Broiler Management Manuel (2007), except thaisphorous was provided to a large

extent in the form of phytic acid, and with a sorhatower total provision.

Table 1: Feed composition, Diet 1 — 4:

Ingredients Dietl1 Diet2 Diet3 Diet4
a/kg gkg g/kg  g/kg
Wheat 529.5 5295 5295 5295
Soybean meal 200 200 200 200
Rapeseed meal 80 80 80 80



Rice bran 60 60 60 60

Oat hulls 50 50

90 cellulose + 10 wheat flour* 50 50
Soya oil 40 40 40 40
Limestone 14 14 14 14
Salt 1.8 1.8 1.8 1.8
Sodium bicarbonate 2.6 2.6 2.6 2.6
Mineral premix 1.3 1.3 1.3 1.3
Vitamin A 0.7 0.7 0.7 0.7
Vitamin D3 0.7 0.7 0.7 0.7
Vitamin E 0.4 0.4 0.4 0.4
Vitamin ADKB 0.8 0.8 0.8 0.8
DL-methionine 2 2 2 2
L-lysine 3 3 3 3
Titanium 5 5 5 5
L-threonine 2 2 2 2
Ground wheat (4.9) +

Xylanase, Econase® XT 25 5 5 5 5
Choline chloride 1.2 1.2 1.2 1.2
Phytase, Quantum Blue® 0.028 0.028

*90 cellulose + 10 wheat flour because the stanobl was estimated as 10%

Table 2: Calculated/analysed----diet composition

Metabolizable energy (MJ/kQ) 11.8
Crude Protein (g/kg) 197.3
Calcium (g/kg) 7.1

Non-phytate Phosphorous (g/kg) 1.6




Wheat, soybean and rape seed were ground sepalatedy hammer mill (E-22115 TF,
Muench-Wuppertal, Germany, under Bliss-USA, 18.5 &wd 2870 rpm) on a 3 mm sieve.

The OH were sieved with a 1.4 mm sieve to filter fone particles.

Four batches were produced continuously, each wejgh30 kg mixed in a 400 | mixer
conditioner (Twin shaft paddle, Tatham of EnglaRdrberg, Norway, 7.5 kW). The 2 diets
without phytase were processed first to avoid aoimtation. Duration time of mixing for
each batch was 2 minutes when micro ingredientstibeg with OH or with cellulose were
added. Then soy oil was sprayed on the mash wiiessure of 4 bar for 4 minutes and 45
seconds. The spray nozzle had capacity size of §abgle 65, size 05, Unijet, spraying
systems Co, Wheaton, lllinois, USA) and sprayingacity of 2.3 I/min (based on water

viscosity). The mixing time after oil addition wasminutes.

Three samples from each diet were taken after miyxirocess from the “waiting hopper”
(after mixing, before conditioning). The samplesreveaken directly from different places —
representative samples — and then mixed togetheebutket and distributed into plastic bags.
The feed mash was sent through the twin pass/daudmelitioner (Twin Pass, Muench,
Germany, 1.2 t/h, 2 x 1.8m x 30cm). There was 48amtadded at 76 in 20-30 seconds
(retention time) before it was processed in a petidl (Muench, Germany, 1.2t/h max.
Capacity, 2 x 18.5 kW). Processing parameters tétpey were recorded, shown in table 3.
Temperatures of feed were measured manually imnedgliafter the pelleting process, with a

thermometer in an isolated box.

The pellets were cooled in a counter-flow cooliggtem for 30 minutes, which used ambient
air to reduce the temperature of the products évilf New Zealand, capacity 1.2 t/h). Then
each cooled pellet diet was packed in 1000 | bagsaming the final product 208 6 kg.
Then 3 representative pellet samples from eachwebe¢ taken directly from the filled bags
with grain sampler. Before each new diet was preegsthe system was cleaned by 30kg of

ground wheat to avoid contamination.



Table 3. Processing parameters:

Die Specification

Conditioner temperature °C 74.8
Production capacity kg/h 700.0
Die diameter mm 3.0
Die length mm 36/42
Knife distance mm 6.6
Motor load % 22.8
Amperes Motor 1 amp 13.6
Amperes Motor 2 amp 12.9
Average amperes motor amp 13.3
Energy Consumption kwW 8.1
Specific Energy Cons. kWh/kg 0.0116
Steam kg/h 51.0
ISO - Box °C 79.2

2.2. Experimental animals and feeding

The experiment was performed between tHE df2ZOctober and 4 of November 2012 at the

Animal Production Experimental Centre (Senter fastyrforsgket), UMB. There were 380
day-old female Ross 308 broiler chickens placeoraoder cages in a room with 23 h of light
and a temperature of 32 and were fed on a commercial starter diet aneémad libitum till

7 days of age. Feed consumption and weight gair wezorded weekly as groups for all

birds used in the experimental trials.

Trial 1 — Excreta collection and dissection

At 7 days of age, 4 randomly selected birds wenghezl and placed in each of 48 mesh floor

cages (50cm x 35cm x 20 cm). Two racks of cagecéyes per rack) were placed such that

6



the intermittently fed birds (cage 13-36) did nawé visual contact with ad libitum fed birds
(cage 1-12 and 37-48) by placing the ad libitund$ifacing the wall and intermittent facing
each other. The four diets were given in rows of fand sequentially. A bucket was assigned

to each cage and contained 5kg of feed. The gregghwof the buckets was recorded.

The ad libitum chickens had a 2x4h hours dark plef&3.00 — 03.00 and 04.00 — 08.00). The
intermittent feeding regime lasted from 7 to 14 slay age, while birds had access to feed
consumption (ad libitum) from 08.00 — 09.00, 12-023.00, 16.30 — 17.30 and 21.00 until
the light went off at 23.00 (adaptation period)ofar14 days of age until termination of the

experiment at 21 days of age, feed for the inteemily fed group were available for ad

libitum consumption from 08.00 — 09.00, 13.00 -004.17.30 — 18.30 and 22.00 — 23.00. The
temperature was reduced to 29 when chickens reached 7 days of age, and furéuerced

to 26 °C at 14 days of age.

At 17d of age, in preparation of excreta collectiba birds and feed were weighed at 08.00
and the trays under cages were removed and cleAfted.6 hours at 14.00, the clean trays
were placed back under the cages. Cages were emterd because of human error, which

may have influenced the final results.

At 17d of age, birds and feeds were weighted a8d@8&xcreta was collected quantitatively
on d18 and 19. At 20d of age, the feed and birdsveare not weighed at 08.00 but 12.00 due

to human error and so the excreta were collecté&.80 instead of 14.00.

At 21d of age, the lights were switched on at 0400 feed was removed from intermittently
fed birds at 04.00. From 06.30 to 07.40 all birdsl deed, intermittent fed birds then ad

libitum fed birds, were weighed.

The intermittently fed birds in cage 13-15, 16-18;21, 22-24 were given access to feed at
07:40h, 08:00h, 08:20h, 08:40h respectively. Adt@min of feeding, the feed were removed.

The intermittently fed birds in cage 25-27, 28-3@;33, 34-36 were all given access to feed
7



at 07:00h-08:00 as beforat 11:40h, 12:00h, 12:20h, and 12:40 h the birdsevggven access
to feed respectivel\Birds were fed for 40 minutes and all the interemtty fed birds were

killed exactly 3 hours after commencement of thedfeg. According to the previous
experiment, intermittent fed birds consume 88%haf teed during the first 40 min in 1-h

feeding bout, assumed to be enough to meet théreewents of this trial (Svihus et al., 2010).

The ad libitum fed birds received access to feedmthe light was switched on at 04:00 until
dissection. Birds in cage 1-12 and 37-48 were ¢ill8.20h and 12.40h respectively. Two
birds from each cage were killed in the afore nwevdd order and a plastic strip wrapped
around the bird’s neck immediately to hinder crgmtent regurgitation, birds were then
weighed. For the sampling, contents of the cropyvenmtriculus + gizzard, duodenum +

jejunum, ileum were collected. All samples werez&o in liquid nitrogen. The gizzard pH

and empty gizzard weight were taken for all thelfimwhile the crop pH was measured only
for intermittently fed birds. Crop and gizzard ptene taken immediately by inserting the
sensor of pH meter (Hamilton, Tiptrode electroden&duz, GR, Switzerland) vertically into

the targeted organ or directly tested in the samgptiontainer when there was insufficient

contents.

Trial 2 — Performance data

At 7 days of age, 12 randomly selected birds wezggled and placed per pen in 12 group
pens with rubber mats. All birds were fed interentty, with three replicates for each diet,
with and without OH and with and without phytas@eTour diets were given in rows from

pen 1-12 and successively.

The intermittent feeding regime lasted from 7 todby/s of age (adaptation period), while
birds received access to feed from 08.00 — 09.2@01- 13.00, 16.30 — 17.30 and 21.00 until
the light went off at 23.00. From 14 days of agél@ermination of the experiment at 32 days
of age, feed for the intermittently fed group wesailable for ad libitum consumption from

08.00 — 09.00, 13.00 — 14.00, 17.30 — 18.30 an@022. 23.00. The temperature was
8



gradually reduced to 29C when chickens reached 7 days of age, and furduerced to 26

°C at 21 days of age

At 33 days of age, in preparation of dissectiom,lilrds were given access to feed from 13.00
to 16.00, and started starving for 16 hours. Thatd were switched off from 22.00h to
07.00h on d34. At 34 days of age, the birds wewergiaccess to phytase feed with and
without OH with marker (titaniumjor 60 min at 08.00. Thereafter, 7-8 birds werdekil
every 60 minutes from 08.00 to 18.00h, 3-4 birdsspeucture diet.

The birds were killed by cervical dislocation anglastic strip was wrapped around the neck
immediately to hinder crop content regurgitatioafdoe the birds were weighed. The whole
weight of gizzard, small intestine with pancreasswaken. The contents of crop, gizzard,
duodenum + jejunum and ileum were collected. Athgkes were frozen in liquid nitrogen.
The crop content from 10.00 to 15.00 were testegibvalue, which followed the same pH

meter and method as in experiment one.

The birds were cared for according to the laws gilations ruling experiments with live
animals in Norway (the Animal Protection Act of [@etber 20, 1974, and the Animal
Protection Ordinance concerning experiments witimats of January 15, 1996). Content
from proventriculus + gizzard is simplified as tpezard. Dry matter, duodenum + jejunum

are represented below as DM and duo+jej.
2.3. Sample analysis

2.3.1 Digestive tract and excreta

Samples from both d 21 and d 34 were dried for DNk contents of the four sections of the
anterior digestive tract (crop, gizzard, duo+jegum) at different hours were lyophilized in a
freeze dryer (Beta 1-6, LMC-2, Christ, Osterodern@any) at -56°C and 25 mbars for 92
hours to obtain data in regards to a dry mattetesdnwithout encountering any possible

biochemical changes in the samples.



2.3.2 Chemical analysis:

Starch percentage and titanium dioxide (markermfrduo+jej and ileum based on
freeze-dried matter were measured in samples f@000o 16:00 for d 34. Samples at 08:00,
17:00 and 18:00 were not included because too samadlunt existed. Some other figures
were rejected because of low weight of the birds o little content of samples combined
together, which was an indication of unhealthy aittn. Starch and titanium analysis were
executed at the Animal and aquaculture sciencearttepnt at the Norwegian university of
life sciences, via AACCI Method 76-13.01.Total $tarAssay Procedure (Megazyme
Amyloglucosidase/alpha-Amylase Method) and Shortalet (1996) method, respectively.

Titanium dioxide equivalent to approximately 5 g per kg feed.

2.3.3 Statistical analysis:

Data from experiment 1 were subjected to a threg-ABIOVA (feeding regime xdiet
structure x enzyme addition) and data in experiri2ewere subjected to a two-way ANOVA
(feeding regime x time), followed by pair-wise camgons using the
Ryan-Einot-Gabriel-Welsh procedure when relevarth W < 0.05 as the significance level
(SAS Institute, 2006). The square root of mean uaror in the analysis of variance

(residual standard deviation, RSD) was used asasune of random variation.

2.3.4 Definition

The data called g feed tract are based on titaminatyses of small intestinal content, which
Is an estimation of the amount of feed represeitdtie digestive tract. The "g feed tract”
represents the sum of these estimates for the smteditine, plus DM data from crop and

gizzard (figure 7).

3. Results

Trial 1
For the broilers of 21 days of age, no interacétiact was found between feeding regime and

phytase for all performance data. As shown in tdblieed intake and weight gain were lower

10



for both intermittent feeding (P<0.001) than adtlim birds, and lower with OH (P<0.001
and P=0. 022, respectively) than without. Due ®ftct that reduced feed intake (P=0. 038)
and weight gain (P=0. 014) was observed only irrmittently fed birds, a significant
interaction between feeding regime and structure neeorded for this parameter. The feed-

/ gain was not influenced by intermittent feeding.

As shown in table 5, crop DM content at 21 dayagd was lower (R0. 001) for ad libitum
fed than intermittent fed birds. The crop DM petege was lower for intermittent fed birds
(P=0. 008) than ad libitum fed ones and birds egga® OH (P=0. 037)The significant
interaction effect (P=0. 016) between feeding regand OH structure was based on the fact
that the lower crop DM percentage of the birds gigediet with OH was only seen for ad
libitum fed birds. Higher ileum DM percentage (P€30) was seen for the birds given feed
without OH than with. The significant interactioffeet (P=0. 026) between feeding regime
and structure was because the higher ileum DM page of the birds given feed without
OH was only seen for ad libitum fed birds. The ®mdy (P= 0. 051) for an interaction effect
between feeding regime and enzyme for empty gizeaewhts was due to the trend for
increased empty gizzard weights in only ad libitiea birds exposed to phytageizzard pH

tended to decrease (P=0. 086) by intermittent feedompared to ad libitum.

Toe ash, thigh ash and their percentages in then2ké also analysed, which, however, are

not the main focus of this thesis and will not bencnented here.
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Table 4.Results from birds in 4-bird cages from 7 to 2¢sdaf agé

Feeding Oat hulls  Enzyme Feed intake, g Weight gain,g Feed/gain  Toe ash,Pée ash, Thigh ash, Thigh ash, g
Regime Structure  addition of DM g % of DM
Ad libitum Coarse No 1003* 713" 1.41 10.3 0.026 31.9 0.75
Ad libitum Fine No 1027F¢ 689 1.48 10.0 0.025 31.3 0.75
Ad libitum Coarse Yes 1094 773" 1.42¢ 11.1 0.030 35.5 0.96
Ad libitum Fine Yes 1125 793 1.42" 11.4 0.029 34.7 0.95
Intermittent Coarse No 906 645 1.40G 10.2 0.022 32.4 0.78
Intermittent Fine No 977 677 1.458* 10.0 0.023 32.2 0.75
Intermittent Coarse Yes 9%?2 688 1.43¢ 11.7 0.025 34.1 0.88
Intermittent Fine Yes 1094 775* 1.41* 11.2 0.027 35.7 0.98
VMSE 54.2 39.6 0.025 0.54 0.0037 1.69 0.097
Feeding regime
Ad libitum 1061 742 1.43 10.7 0.027 33.3 0.85
Intermittent 990 695 1.42 10.8 0.024 33.6 0.85
Structure
Fine 1054 732 1.44 10.7 0.026 335 0.86
Coarse 996 705 1.41 10.8 0.026 335 0.84
Enzyme
No 977 680 1.44 10.1 0.024 31.9 0.76
Yes 1074 757 1.42 11.4 0.028 35.0 0.94
Main effects
Feeding regime NS <0.001 <0.001 NS NS 0.0095 NS NS
Structure NS <0.001 0.022 <0.001 NS NS NS NS
Enzyme NS <0.001 <0.001 0.0162 <0.001 0.0012 <0.001 <0.001
Feeding*Structure NS 0.038 0.014 NS NS NS NS NS
Feeding*Enzyme NS NS NS NS NS NS NS NS
Structure*Enzyme NS NS 0.031 <0.001 NS NS NS NS
Feed*Structure*Enzyme NS NS NS NS NS NS NS NS

a\leans within a column not sharing a common supigtsdiffer at P<0.05'Each treatment combination had either 6 or 12 cafsi

12



Table 5.Results from birds in 4-bird cages from 7 to 2¢sdaf agé

Feeding Oat hulls Enzyme Crop Crop Gizzard Gizzard Duo+jej Duo+jej lleum lleum Empty CroppH Gizzarc
Regime Structure addition DM,g DM% DM,g DM % DM,g DM % DM,g DM % gizzard pH
weight, g
Ad libitum  Coarse  No 1.37 28 2.07 29 1.79" 19 1.50 20% 20.0° - 1.9
Ad libitum Fine No 357 40" 1.38" 20 2.36¢" 19 2.2 20 12.6 - 2.8
Ad libitum  Coarse Yes 2.7 36" 2.64 29 1.96" 17 1.66" 18 24.6 - 2.2
Ad libitum Fine Yes 2.6% 48 1.34% 27 2.59 19 2.3¢" 19" 14.5 - 3.3
Intermittent  Coarse  No 3.83 371° 243 28 1.758" 18 1.7 19" 2.2 52 2.1
Intermittent  Fine No 478 371 0.96° 23 2.04* 18 2.09" 19" 12.5 5.3 2.5
Intermittent  Coarse Yes 383 31 2.56 28 1.64 18 1.64* 19" 23.7 5.6 1.9
Intermittent  Fine Yes 4.84 30 0.74 21 2.58 19 2.44 20* 13.5 5.3 2.7
VMSE 1.707 9.2 0.839 5.9 0.493 1.1 0.454 0.9 22.7 0.48 0.69
Feeding regime
Ad libitum 2.58 38 1.86 27 2.15 18 1.93 19 179 - 25
Intermittent 4.34 31 1.67 25 2.00 18 1.99 19 17.8 - 2.3
Structure
Fine 3.97 37 1.10 23 2.37 19 2.27 20 13.3 5.4 8 2
Coarse 2.96 32 2.42 29 1.77 18 1.64 19 225 53 2.0
Enzyme
No 3.41 33 1.71 25 1.97 18 1.91 20 16.8 5.2 2.3
Yes 3.51 36 1.82 26 2.17 18 2.01 19 18.9 5.4 5 2
Main effects
Feeding regime NS <0.001 0.008 NS NS NS NS NS NS NS - 0.086
Structure NS 0.047 0.037 <0.001 0.002 <0.001 0.007 <0.001 0.030 <0.001 NS <0.001
Enzyme NS NS NS NS NS NS NS NS 0.037 <0.001 NS NS
Feeding*Structure NS NS 0.016 NS NS NS NS NS 0.026 NS - NS
Feeding*Enzyme NS NS NS NS NS NS NS NS NS 0.051 - NS
Structure*Enzyme NS NS NS NS NS NS 0.028 NS NS NS NS NS
Feed*Structure*EnzymeNS NS NS NS NS NS NS NS NS NS - NS

“Means within a column not sharing a common supisdiffer at P<0.05Each treatment combination had either 6 or 12 cafgs.
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Trial 2

For the broilers of 34 days of age, from the passdaa table, except a significant
amount of content in the gizzard of birds that badn given diets with OH since d 7,
little content was found after 16 hours starvatimth in the anterior digestive tract

and small intestine.

The birds were in group in pens, so no individead intake was recorded and feed
consumption of each bird was assumed to be the sathimm groups. Average feed
consumption for the two groups was similar, whiatrevas high as up to around 55 g.
The birds fed diet with OH showed a higher weighgiazard but a lower weight of

the small intestine than the birds fed diet withoat hulls.

==¢==DM in crop

(coarse)

0
-
C
[J]
€ == DM in crop
o )
o (fine)
>
a

a a

L L] |

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 Sampled times

Figure 1. Crop DM content from different sampled tmes.
Points with different letters are significantly different (p<0.05).

From figure 1, no significant difference was foulbekween crop DM content from
birds fed diet without OH and with oat hulls. Aftene hour’s feeding, high amounts
of DM (up to 40 g) were found in the crop from baloups of birds. Then the

content gradually decreased until 14:00, when amogeed was found.

Furthermore, as shown in figure 2, dry matter coie the gizzard of the birds fed
diet with OH remained relatively constant during ttD hours of observations, while

less amount was found in birds given a diet without, and with the gizzard being
14



empty at periods.

a
4 2 a
m a /" "\
3.5 - 2 ==¢=DM in
3 / \ abc ab ab gizzard(coarse)
o0
€ 2.5 Jabcd abcd
] abcd abcd
% A
8
a bcd gizzard(fine)
d d d y_|
@ @ d d
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 Sampled times
Figure 2. Gizzard DM content from different samplal times.

Points with different letters are significantly different (p<0.05).

For the birds given a diet with OH (figure 3), tb®& content in the duo+jej was

rather stable after feeding until 13:00, and theadgally decreased. In contrast, for

the birds fed diet without oat hulls, the conteatied a lot. Significantly higher

amount of DM was found in duo+jej for the birds f@eét without OH at 09:00 and

13:00 compared with the data from birds given digh oat hulls.

7
a
6
. =¢==DM( g) in
& 5 duo+jej(coarse)
€
[}
£ 4
o
(&)
> 3
a
2 =@=DM( g) in
duo+jej(fine)
g
O T fgh T T T T T T T gI Ih
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 Sampled times
Figure 3. Duo+jej DM content at different times.

Points with different letters are significantly different (p<0.05).

DM content in the ileum (Fig 4) at different timesre similar for two groups of birds,

but the diet flow seems more even for the birds@&tl containing feed. The content

15




increased quickly between 08:00 and 09:00, and tpedually decreased from

around 14:00 for both groups of birds.

5 3
==g==DM in
ileum(coarse)
S
g
=== DM in
= 2 bedef, \ i i
8 1s // 8 w\e)lgi ileum(fine)
g 1 I/ defg efg
0.5 f
g
0 T g T T T T T T T T T 1 | .
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 “ampled times

Figure 4. lleum DM content at different times.
Points with different letters are significantly different (p<0.05).

Starch content from duo+jej (Fig 5) and ileum (Bigwere significantly higher for

birds fed diet with OH than without at 9:00, andnlstayed similar for two groups of

birds. Because there was almost no DM content énsthall intestine at 08:00 and

after 16:00, starch content was not tested forethiases.

2.5

=§=—g starch
duo+jej(coarse)

=fli=g starch
duo+jej(fine)

Starch content (g)

09.00 10.00 11.00 12.00 13.00 14.00 15.00

16.00 Sampled times

Figure 5.  Amount of starch in duo+jej at differenttimes.
Points with different letters are significantly different (p<0.05).
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a
1.2 == g starch
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ile(fine
0.4 0)(\ e (fine)
b W \
0.2 b b b b

0 T T T T T b
09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

Starch content (g)

Different sampled times

Figure 6. Amount of starch in ileum at different times.
Points with different letters are significantly different (p<0.05).

As shown in Fig 7, estimated DM content data on le/ldiigestive tract indicates that

significant amount of feed had not passed the smaitine before at 12.00.

60

50

m g feed tract
(coarse)

40

30

m g feed tract
(fine)

20 efgh

fgh

Estimated content (g)

gh
10 -

09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00

Estimated amount of feed in different hours

Figure 7. Estimated amount of feed from whole digédise tract.
Points with different letters are significantly different (p<0.05).
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4. Discussion

Trial 1
There was no interaction between phytase and fgedigime, which denotes that
retention time in the crop is not a limiting facfor phytase efficacy. The results are

in accordance with a recent study (Svihus et il 32.

Significantly higher crop DM content in intermitteieeding birds even after over two
hour starvation is in accordance with previousifigdBarash et al., 1993, Svihus et
al., 2013), which indicating that birds are easilgapted to intermittent feeding
through store the food temporarily in the crop.the well functioning gizzard, the
gizzard will squeeze the grounded chyme into duoderthrough regular muscle

contract (Svihus, 2011).

Intermittent feeding reduced the weight gain dutiimg period, which has shown the
same before (Svihus et al., 2010), but did not owerthe feed/gain results as seen
before. The possible reason is due to less featerdnd short adaptation period. The
fact that intermittent feeding did not show a nagaeffect on feed/gain in spite of
lower weight gain may indicate a better utilizatiobecause the ratio of the
maintenance requirement is relatively increasech widduced weight gain. The
intermittent feeding tented to decrease gizzard fpbin 2.5 to 2.3, which is not as
strong as previous findings (Svihus et al., 201&;r&nie et al., 2012), where gizzard
pH is reduced by intermittent feeding. This maybkeeaus®f the rise of DM content
in anterior digestive tract induced by intermittefgeding could increase the
fermentation of diet, thus lead to more acidic dtggoouring into the proventriculus
and gizzard (Sacranie et al., 201Zhis pH reduction may be unfavourable for
phytase activity, as many phytases show optimavigctat pH between 4 and 6
(Simon and Igbasan, 2002).

Structural components such as OH generally imprdeed/gain as shown previously

18



(Hetland et al., 2003), but reduced weight gain mvieembined with intermittent
feeding during this period has been observed (Svétwal., 2013). This is likely due
to the short time of adaptation, and the feed mHakiting effect of the structural

components as indicated by the significant intévactffect.

Trial 2

The anterior digestive tract and small intestingensuccessfully emptied after 16

hours starvation. Structural components resultssimgnificant increase of gizzard size,
which is in accordance with previous findings (ldaet and Svihus, 2001, Sacranie et

al., 2012).

Significantly higher amount of DM in the duo+jej ahe first hour after
commencement of feeding and the significantly higdmaount of starch in both the
duo+jej and the ileum indicate that the birds whénte gizzard has not been
stimulated by structural components seems to oaérloheir small intestine

immediately after re-feeding.

Dietary starch is the main energy source for brodeickens, and digestibility of
starch in the anterior digestive tract and smatkdtine is important for feed
utilization. Svihus (2001) found that the increasegizzard size with whole wheat
indicates that gizzard may be the key site for @néon of starch overload in the
small intestine. From the previous study of Svilansl Hetland (2001), poor starch
digestibility for some broilers can happen wherdgo¢lleted Norwegian wheat based
diet are used, which can either relate to stareud Im the digestive tract and/or
gizzard function. Significant increase in starchyediibility was found (Svihus and
Hetland, 2001) when the diet was crushed and feshash form, which, however,
resulted in reduction of feed intake. Starch digday was also increased
significantly by adding OH in the cold pelleted tdier broilers (Hetland et al., 2003),
which did not affect weight gain and increased feedversion efficiency when

corrected for insoluble fibre contents. As mentwne the beginning, all feed
19



particles will be grounded to a particular critiske and then leave the gizzard
(Hetland et al., 2003, Moore, 1999), so pelletestifevith structure component can be
a favourable choice to increase feed utilizationtheut affecting the final

performances of birds.

Non-starch components, such as fat and proteithenstarch granule may hinder
digestion both directly by reducing contact of di)e enzymes and starch, and
indirectly through a reduced swelling of the stagranule (Svihus et al., 2005).
Therefore, breaking down the protein part can désolitate starch digestibility.

Pepsin is generally accepted as the most impoetamtme for decomposing protein.
Péron et al. (2007) found proventricular pepsindrasptimal activity at pH between
2 and 3, which is accordance with gizzard pH resiuim experiment one, when the
same diet but younger birds were tested. Furthexmadding OH in the feed

stimulate the gizzard function, which make pepsiorkwvmore efficiently than the

birds with poor-functioning gizzard, because of iith@eased retention time (Sacranie

et al., 2012).

As digestibility increased enough, there is a kdiamount of starch and nitrogen
resident in the terminal small intestine, whichitgithe available undigested nutrients
to the bacteria habited in the large intestine {Bredand Cowieson, 2012), thus

benefiting the host animal.

Thus present study suggests that the feed ovemigpgoblem of the birds may be
reduced through increasing the retention time @dfén the gizzard by adding
structure components in the diet, which can stiteutae gizzard to provide more

even flow of chyme into the small intestine.

Contrarily, estimated g feed in small intesting (f) indicates that significant amount
of feed had not passed the small intestine befole .80, which tends to play down

the significance of DM data (fig 3).
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Besides, antiperistaltic wave of the digestive tract can be rmpartant factor that

influences diet digestibility, as it can prolongethligestion of nutrients through
increasing retention time. From a previous reseé®eleranie et al., 2012), a sufficient
magnitude of reverse peristaltic contractions exédbin broilers to propel the marker
from the cloaca to the gizzard, which alludes thatdiet flow in the digestive tract of
broilers is not flowing evenly in one way directiofherefore, more details about the

movement of diet in the digestive tract should berjged in future.

Generally, the DM content of the anterior digestwel the small intestine were more
stable with OH containing feed. Except the firsuihafter commencement of feeding,
similar starch content was found from the smalkstine at different times between
the birds given a diet with OH and without, whiclyrindicate that when the content
from anterior digestive tract decrease as timegsdbe utilization of the diet without
OH is increased. This shows the advantage of adstimgtural component in the diet
during intermittent feeding is obvious when thedbirshow their maximum feed

intake capacity.

DM content in the crop of the birds fed diet withl @dicating that birds will need
about 4 to 5 hours to empty the crop. Consequethily+jej and ileum will be

emptied around 6 hours after commencement of fgedimerefore, it may reasonable
to arrange the interval between each feeding foitdys under a combination of
intermittent feeding and OH structure to 6 hoursnaer to provide broilers with

continuous nutrient supply.

5. Conclusion

5.1Broiler chickens adapt to intermittent feeding ddyi but no interaction between
feeding regime and phytase efficacy was found.
5.2Feed over-loading problem can happen to the lomg starved broilers, which

may be decreased through increasing the reteritiza df feed in the gizzard by
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adding structure components in the diet duringriniéent feeding. Hourly feed
consumption and quantitative excreta collectionreeded in later research to get

a more detailed understanding of the diet flow.rate
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Appendix
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