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Abstract

Poultry meat production has increased drasticallgr dhe last 35 years. Most
developing countries are in the tropics and oftamehhigh ambient temperatures. At
high ambient temperatures, chickens exhibit a sigsewth rate due to a reduced feed
intake. In order to limit the reduction in feedake, a feeding strategy should be
applied which decreases the level of heat produciimd/or increases the possibilities
for heat dissipation. Such a feeding strategy @bdsed on feed that gives less heat
because of lower energy costs of digestion or ples/ifewer nutrients that lead to a
high heat production. This thesis studied how bsdbjected to chronic heat stress
change feed intake of especially crude protein @al energy. In addition, a wet
feeding strategy that might alleviate the adveffects of heat stress on performance
was applied. Chickens exposed to choice feedirngpreted similarly at normal and at
high ambient temperatures. They composed from &eta a control diet, an energy
rich diet and a protein rich diet a diet with aleg energy (HE) content and a lower
protein content compared to the standard contedl dit high temperatures, chickens
will reduce feed intake because they want to awoiteduce a high body temperature.
When the chickens were fed a wet-HE diet, feedkntand BW gain were higher in
broiler chickens compared with feeding a dry-HE.dldve most beneficial effects of a
wet diet occurred with a high energy diet. The gmtious Kampung chickens have
been acclimatized to a high ambient temperaturedahdot benefit from a wet diet.

In the present study, temperature had a majorteffiecelative lengths and empty
weights of gastrointestinal tract segments in broghickens on day 42. Relative
lengths of most gastrointestinal tract segmentewaéfected by diet formulation at day
21 and 42, but not relative empty weight. Conteal-birds had shorter relative lengths
than HE-fed birds, suggesting that the higher BW\ @d control-fed birds were not
accompanied by a similar increase in length ofghstrointestinal tract. Wetting the
diet did not increase empty weights of intestinethkat days 21 and 42. In Kampung
chickens, effects of diet formulation on gastrastiteal tract development disappeared
when the birds grew older, suggesting that thig typbird adapts easily to changes in
dietary nutrient content. A positive effect of ttedative weight of the intestine of birds
fed a wet diet was observed in Kampung chickensgdneral, it seems that the
Kampung chickens grow proportionally but broilercass is growing faster than its

gastrointestinal tract in control- and wet-fed bird
Key words. Self-selection, temperature, wet diet, broiladigenous chicken



Foreword

Grown up in a village with large families, | wastrsoupplied with an adequate and
nutritious food. We had animal protein in our ddi&od only on special occasions
during a year. Our daily animal protein was maiingm a river fish and it was really
hard to get an egg and poultry meat even thoughimdigenous chickens were
scavenging around close to our feet every day. Jituation is still common for many
families in small villages in Indonesia.

Indigenous ‘Kampung chickens’ have been raisednfiany centuries by local
farmers, but surprisingly, there are only three Ksoand a few articles available
regarding our indigenous chickens today and thezdtas far from just sufficient how
to raise these chickens to get a sufficient prddoctor daily consumption. On the
other hand, broiler chickens have been investigafior decades mainly under
temperate zone and specific nutritional informatfon hot regions is still far from
complete.

This thesis consists of seven chapters includitrgdiiction and general discussion
covering aspects of responses in intake and peafocento high ambient temperatures.
The five chapters contain papers that are accdpteat submitted to an international
journal. These chapters describe the literaturbeat stress, and strategies to find out
the basic nutrient requirements, namely protein emergy, not only for broilers but
also for indigenous ‘Kampung' chickens that matchthwtheir physiological
requirements under high ambient tropical conditioRarthermore, the strategy to
increase feed intake and alleviate the adversetsfigf high temperature were also
investigated.

This thesis does not cover everything that guaesntan increased poultry
production under hot temperature conditions anthéurresearch is suggested. | would
like to remind that researchers should not forgdigenous chickens because this food
feeds all local people in developing countries.
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CHAPTER 1

General Introduction



2| Chapter 7

Background

Worldwide poultry meat production increased fastween 1970 and 2005
(Windhorst, 2006). However, poultry meat productsystems and market shares vary
considerably between continents. North and Certra¢rica as well as Europe have
lost some share of the world market in the timegoel970 to 2005. Asia and South
America have increased their contribution to glgtralduction considerably. In 2005,
the latter contributed by almost 50% to global pgumeat production, whereas their
contribution was less than 24% in 1970. Chickentmeached the highest share with
88.3% relative to other poultry meat type such askdy, Duck and Goose in the mid
1980s, after that it decreased to about 86% andemaained fairly stable since then. In
2005, five of the ten leading countries were degwielg countries and four were located
in Asia. The United States were still in the togsifion with a share of 22.9%, but
China, Brazil and Indonesia are now ranked numier three and nine (Windhorst,
2006).

Within continents, states or countries differ imtic conditions. In areas with a
high ambient temperature (HT) above the thermoaéatine for chickens (21-22)
throughout the year, broilers experience a difficuh dissipating the body heat
because of a small difference in temperature betwbe animal's body and the
environment (Etches et al., 2008). So, as a rekait try to reduce heat load. This
leads to less feed consumption (NRC, 1981; Whittt®86; Scheele et al., 1987; Otten
et al., 1989; North and Bell, 1990; May and Lo892; Yahav, 2000) and more water
intake (NRC, 1981; North and Bell, 1990) and slowate of body weight gain
(Cahaner and Leenstra, 1992; Yalgin et al., 19%Mpared to birds in moderate
climatic conditions. Other researchers have notaehges in the development of the
gastrointestinal tract (Mitchell and Carlisle, 1993ome behavioral and physiological
adjustments of birds during HT exposure are showrFigure 1. High ambient
temperature can be a major limiting factor in prdity of poultry in hot climate
conditions, especially in developing countries vehéarmers cannot afford costly
artificial control of ambient temperature in broitouses (Deeb and Cahaner, 2002).

High ambient temperatures, as well as other cdngirike health, housing and the
lack of balanced diets have led to the developrokattype of bird which is generally
kept in developing countries. In Indonesia, theégadous bird ‘the Kampung chicken’
does not have a high production. So with an inangasuman population, it cannot
provide sufficient animal protein for human constiop on a daily basis (Diwyanto
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and Iskandar, 1999). On the other hand, this tyfpleird has been developed by the
rural population under tropical climatic conditioimsindonesia for a long time, and is

adapted to conditions there. This Kampung chickagspan important role in the cash
flow for rural people. These chickens produce asw®rable amount of poultry meat

(32% of total poultry meat production in 1997 inldmesia) and eggs (17% of total egg
production in 1997 in Indonesia). In addition, thdce of meat and eggs from

Kampung chickens is relatively stab{®iwyanto and Iskandar, 1999; Riethmuller,
1999).

A constraint to an optimal productivity of Kampurafickens is our lack of
knowledge concerning their actual potential andtwitdrient requirements they would
need for reaching that potential. In general, mdists for chickens are nowadays
formulated with feeding table values that were Hage trials that were carried out
under temperate conditions. Considering that Indienieas a tropical climate (most hot
and humid) (WorldFactBook, 2007), this could mehat tdiets formulated for birds
under temperate conditions may not be optimal fidigenous and broiler chickens
under HT. Therefore, some researchers have adjd&tay compositions for different
intensities of heat stress as experienced at diffegeographical locations and for
different management strategies (Balnave, 2004).

Nowadays, not much is published on nutrient requénets for protein and about
nothing for Kampung chickens kept under HT. There some adjustments to hot
conditions made by NRC (1994). Body weight (BW)ngabf (exotic) broilers, such as
the Ross 308 bird, and Kampung chickens differ ickemably. Broilers multiply their
hatching weight (40 g) 73 times at 6 weeks of &8 kg) (Havenstein et al., 2003),
whereas Kampung chickens multiply their hatchinggive(27 g) 29 times at 10 weeks
of age (0.77 kg) (Kompiang et al.,, 2001). Such eddhces in BW gain and
thermotolerance under HT may influence the theroamhfort temperature profile of
both types of birds. In addition, there is no imfation available about the optimal
temperature range for Kampung chickens to havepéimal production which should
represent their potentials. When ambient tempezaisirabove a certain threshold,
evaporation by panting may be the only means bychwvhiirds can release heat.
Therefore, evaporative heat loss becomes the majoe in the heat balance in birds.
The major part of evaporative heat loss is fromréspiratory-evaporative mechanism
through increased respiration, known as pantingaeh (Marder and Arad, 1989).
Heat loss through panting can account for 60% efttital heat loss (Etches et al.,
2008) and even up to 80% at very high teatpees (32C) (Ahmand and Sarwar,
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2006). Also in confined housing, with no pantirfgg birds can give off their heat load
by evaporation in addition to sensible heat lossap6rative heat loss is associated
with loss of water and therefore dehydration caouocSufficient water intake will
facilitate heat loss and contribute to thermotoleeaat HT (Yahav et al., 2005).

Ideally, we would like to know the appropriate dietmulation for birds under HT
that guarantees a good performance and does nqgtropmnse thermal comfort. In
order to reach this situation for birds in a hotimmment various strategies can be
applied. One of them may be to allow the chickensgdtermine their own intake of
protein and energy. Each nutrient will undergo gfesnafter digestion and because of
its use in synthesizing body protein and lipid thchanges are associated with energy
losses (Black, 1995). The bird is then able touimfice the heat load associated with
metabolism by enabling them to choose from a feedsewith different nutrient
contents. This approach is one of the aspectsestiidithe present thesis.

Another approach to increase feed intake and tlyeB&¥% of chickens under HT is
to provide feed in a form that may cost less endémngie animal body to process. For
that purpose, wet diets were provided (water addédo a dry diet). Because this diet
is soaked it may facilitate digestive enzymes tgesf and may cause a more stable
digestion with less heat peaks. This may also ahdhg heat production pattern and
thus may reduce heat load and at the same timenatilbe harmful for the bird. The
ultimate goal is to design a feeding strategy #ilgtviates the adverse effects of heat
stress. The study focuses on a comparison betweenmbdern broiler and the
Indonesian indigenous chicken (Kampung chickendil&rs have been selected under
conditions of abundance of energy and nutrients lema developed into very fast-
growing animals. Kampung chickens have been dewdlamder subsistence farming
and it is thought that Kampung chickens may grostdiaif provided a better diet.
Apart from production performance, also the dewelept in size and length of the
gastrointestinal tract (GIT) will be investigated.

Scope of the study

This thesis will focus on how chickens (both br@land Kampung chickens) cope
with HT when they can choose between energy aniprach diets. In addition, we
will investigate whether the physical form of a tdiy comparing wet with dry
feeding) may also influence the response at HT.itsTréo measure will be:
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performance, gut development and heat tolerands.dimed to find out the optimal
energy-to-protein ratio for every phase of growfiogboth types of chickens at HT.

Voluntary feed intake will decrease as ambient ermafure increases. A reduced
energy intake at a HT leads simultaneously to aiged intake of other essential
nutrients. This is a direct cause for the reductbmgrowth. A lower feed intake is a
response of chickens to HT in order to reduce kesd. At HT, the animal has a
reduced capacity to dissipate the heat load deffireed the digestion of the feed and
from further metabolism of the nutrients. So ity to reduce this heat load.

An increased heat production with processing ofeefd¢ed has been referred to as
heat increment. The heat increment produced a#ied fconsumption and during
digestion depends on the chemical composition efdibt. In literature it is stated that
dietary protein has a higher heat increment whempewed with fats and carbohydrates
in birds under thermo neutral conditions (Black93:9Musharaf and Latshaw, 1999).
Considering that protein has a high heat incremgrgduction of the dietary crude
protein level has been recommended for broilereuheéat stress. However, reports
have shown that low-protein diets have negativecesfon broiler performance when
environmental temperature is high. During heatsstra low feed intake is also seen
with low protein diets. Such practice can resulamino acid deficiencies, resulting in
poor feed efficiency and in a reduced BW gain (Rugs al.,, 1992; Alleman and
Leclercq, 1997; Furlan et al., 2004). Thereforeftwnother hand, high energy density
was suggested to be necessary under HT becauseldnigity diets mostly have high
digestibility and thus less energy loss associati#iul processing. So the animals have
less heat increment which does not need to be gifeiby panting (Balnave and
Brake, 2005).

Dietary manipulations by adding water to the feed known to improve feed
intake, weight gain and/or feed conversion ratidarrtemperate conditions (Yasar and
Forbes, 1999; Khoa, 2007). Water can also alteresaspects of the digestive tract of
the birds like weight and length. It can increasssage rate and birds may consume
more water under high temperature to reduce theease in body temperature.
Increasing total water intake under HT may bertbfit bird because it facilitates heat
loss. This may induce a lower rise in body tempegeatvhich in turn could result in
maintaining a high level of feed intake and, asm@sequence, a high growth. A general
consequence of high intake is the increase inditee gastro intestinal tract.

The main objectives of this study are to evaluhighickens will adjust their diet
under heat stress and to evaluate the impact afelieeding, diet conformation (dry
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and wet) and composition on feed intake behavierfopmance and GIT development,
in broilers and Kampung chickens, when these bads subjected to heat stress
conditions. Also, the performance in various paftthe growing periods for Kampung
chickens will be studied.

The aim of this thesis was to find out a prefemedtkient density in the diet and
from that a desired feeding strategy to minimize plossible adverse effects of HT on
performance and gut development of both types ickehs may be developed.

Thesisoutline

Chapter 2 is a literature review about feedingtstias that may reduce heat stress
in growing meat chickens. The temperature effegtstlie animal and pathways for
heat dissipation from the chicken are describede@e effects of heat stress on bird
physiology, feed, growth and water intake are idetlt Ambient temperature is one of
the most important factors influencing energy regmient. Protein and amino acid are
explored because protein and amino acid catabosmssociated with high heat
production when compared with catabolism of fatd aarbohydrates in birds under
thermoneutral conditions. At the end of the reviewanagement strategies to combat
heat stress are presented. Some feeding stratagiaiscussed in more detail. Based
on the conclusions of the review, experiments a@pgsed to get more detailed
information on the responses of male broilers adijenous chickens when given the
opportunity to make a choice diet with regard totpin and energy content from
various feeds under the constraint of HT.

In Chapter 3, the chronic exposure of fast growirade broilers to a normal or high
ambient temperature is studied by applying a sd#fetion strategy. This is done to
derive the preference for energy and protein dgndihe HT cycling or relative
humidity are chosen to cover the same values astiopical climate. Performance,
energy and protein intake are examined as weked intake behavior.

In Chapter 4, we conducted an experiment to detgrrtie protein and energy
intake in Indonesian’s indigenous chicken under thopical climatic conditions in
Muaro Jambi District, Jambi Province, Sumatera, ofresia when given the
opportunity of choice feeding from an energy-riciddrom a protein-rich feed. The
results are compared with a control diet. At thenmant, no standard nutrient
requirements for this type of chickens are avadlalBelf-selection may allow the
chicken to choose a diet which optimizes the head lassociated with metabolism of
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nutrients ingested. Performance, energy and prot&Rke and feed intake behavior are
examined. From this experiment, conclusions camlragvn to adjust dietary energy
and protein density in diet.

Based on the results of Chapter 3, we designed@arienent to crosscheck the best
self-selected feed formulation under HT for brailand we additionally applied a wet
or dry feeding strategy with the previously chogsed composition at HT. We expect
that wet feeding can undergo digestion with lesskwior the GIT compared to dry
feeding. If less energy is needed for GIT to wdrkn also less heat is produced and
need to be dissipated. It was hypothesized thafeweet can be expected to alter some
aspects of the digestive tract and the chicken inergase its feed intake and BW gain
under HT. The aims are to increase feed intake BMWdgain under heat stress by
offering the possibilities to a lower rise in hgabduction. Feed intake behavior,
performance and gut development are evaluated.r&héts are described in Chapter
5.

In Chapter 6, a wet feeding strategy is used tbthes capacity of both Kampung
chickens and broilers kept at tropical conditiaméngest a diet resulting from the self-
selection studies as described in Chapters 3 amtl4£ompared with a dry diet. There
is no information available about wet feeding degaiwith indigenous chickens and a
few studies in broilers under tropical temperatitrean be expected that wet feeding
may increase BW and birds will reach a higher BWtha same period of time. In
addition, increasing water intake may benefit thed by acting as a source of
evaporation.

In the General Discussion (Chapter 7), the resefisrted in the Chapters 3 to 6 are
reviewed and evaluated. The discussion will be dbase how ambient temperature
affects self-selection and how wet feeding strat®gan reduce heat stress.



CHAPTER 2

Heat Stressand Feeding Strategiesin Meat-Type
Chickens

S. Syafwan™?, R.P. Kwakkel? and M.W.A. Ver stegen®

lFaculty of Animal Husbandry, University of Jamkanibi, Indonesia, 36361.

Animal Nutrition Group, Department of Animal Sciesc Wageningen
University, PO Box 338, NL 6700 AH Wageningen, Ttetherlands.

Published in: World’s Poultry Science Journal (2087:653-674



10| Ghaprer 2

Abstract

Heat stress can induce hyperthermia in poultry.efluction in heat load can be
achieved by increasing the possibilities for hessigation, decreasing the level of heat
production or by changing the heat production patwwithin a day. Strategies to
reduce the negative effects of heat stress carabedbon a specific feeding strategy
such as restricted feeding. Feed offered long dmdedore a hot period can avoid the
harmful effects of a high temperature. Anothertsttg may be choice feeding from
different feed ingredients, rich in protein or ineegy. With such self-selection, the
chicken can adjust its intake of individual compatseand this allows the bird to
optimize the heat load associated with the metsivolof the ingested nutrients.
Additional promising strategies involve offering choice between feeds with a
different feed particle size or structure. A largarticle size contributes to the
development of the gastro-intestinal tract (GIEpexially the gizzard and the caeca. A
large gizzard will maximize the grinding processl gaotentially ease digestion down
the GIT, thereby reducing heat production assotiatith digestive processing. Also
wet feeding may be profitable under heat stresslidons as well. A wet diet may
facilitate an increased water intake and largetigarsizes can limit water excretion
with droppings resulting in more water available é&waporation during panting and
cooling of the bird. In conclusion, these feeditigategies may help to reduce heat
production peaks, facilitate evaporative activitygdéor decreases the heat load,
resulting in beneficial effects on performance aedlth of the bird kept in the tropical
areas worldwide.

Key words: high temperature; self-selection; wet feed; bropearticle size,
gastrointestinal tract

Introduction

In Western European countries, meat-type birdsrengtly kept in confined systems in
temperate zones. These broiler chickens have keated for a high growth rate for
decades (Havenstein et al., 2003). They show hagd fintakes and thus high
metabolic rates. In addition, they are able to latgutheir heat balance relatively well
and do not spend much energy on activity. In mahgroparts of the world, however,
particularly in warm tropical and subtropical reggoas well as in the southern part of
Europe, poultry are kept in (semi)-intensive-outdeystems. In these systems, high
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ambient temperatures (HT) can have detrimentattsffen production efficiency. A
HT is known to depress growth rate and reduce miedd of commercial broilers
(Cahaner and Leenstra, 1992; Yalcin et al., 19%part from inducing a high
mortality rate, a decreased feed intake and a dsedebody weight gain, HT also
seems to negatively affect intestinal developmbtitichell and Carlisle, 1992; Garriga
et al., 2006). At HT, broilers showed disturbance the acid-base balance and
increasing respiratory rate can lead to a respiratixalosis (Borges et al., 2007).

In nature, when chickens are exposed to HT, they us®a water to splash their
combs and wattles in order to increase evaporatveling from these surfaces
(Dawson and Whittow, 2000). They also use sandsb@ildissipate the heat from the
body, move to a shaded area or seek a micro-emagnhthat avoids extremely highly
environmental temperatures. They can also exphessriormal behavior like foraging,
thereby ingesting those ingredients that avoid €ige heat loads while being ingested
and metabolized. On the other hand, heat-stre$sekienis tend to distance themselves
from each other, pant, and often stand with thé@ige drooped and lifted slightly from
the body to maximize heat loss under those comdit{&tches et al., 2008).

The bird in this condition increases the flux ofahdrom the tissues to the
environment by behavioral changes. Under hot teatpe¥ conditions, the animal will
apply physiological, anatomical and behavioral nagitms aimed at facilitating heat
loss to, or minimizing heat gain from the enviromigEtches et al., 2008). Therefore,
poultry farmers in regions with high temperaturesismfind ways to apply
management and feeding strategies to facilitatebilds to cope with heat stress.
Unfortunately, there are only few scientific stuglithat report on birds under heat
stress in extensively managed systems, such epicdl countries.

A number of approaches to reduce the impact of sieass have been reported in
literature. A solution for the prevention of hedtess deserves a multifactorial
approach and may include disciplines such as genéBowe and Fairfull, 2008),
housing (Yahav et al., 2004), thermal conditionfii@ghav and McMurtry, 2001), and
feeding and nutrition (Balnave and Mutisari Abdakl|l 1990; Moritz et al., 2001; Uni
et al., 2001; De Basilio et al., 2003; Zarate et2003a, b; Balnave and Brake, 2005;
Ahmad and Sarwar, 2006; Daghir, 2008a). Recently, ¢t al. (2006) reviewed
potential strategies to combat heat stress, inofudne use of Naked neck genes,
thermal conditioning and the provision of certairncmonutrients (vitamins and
minerals).
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The present review will focus on the within day ty@duction patterns, as a result
of a change in feeding management (diurnal feegiaigerns, self-selection, coarse
particle and wet feeding) in meat-type chickenalkeviate heat stress.

Effect of HT on heat production and heat loss

Development in the genetic selection of meat-tyjpgsbhas led to rapid growth and a
high metabolic rate, which is accompanied by a Higlat production level due to
increased feed intake Birds are homeothermic asimald able to maintain body
temperature ) within a narrow range (Yahav et al., 2005). Whte ambient
temperature is high (Yahav, 2009), the bird has &mslity to dissipate the heat.

Body T of domestic chickens is within a narrow rarnbat is reflected by an upper
and lower limit of a circadian rhythm in deep bo@y(Etches et al., 2008). When
exposed to a hot environment or by performing \égsr physical activity or both,
body T can rise. This occurs when the additionat leannot be dissipated within a
short time. The increased body T will not last &éotong period of time because the
animal thrives to its normal body T. Conversely,ewhbirds are exposed to a cold
environment, heat is lost from the body and, untessheat is compensated by extra
metabolism, body T will decline until the bird imable to survive and dies. These
effects have been synthesized into the concepteofitermoneutral zone (TNZ), with
lower and upper critical temperatures. For moraitseibout the TNZ concept, see
Mount (1979).

There is a large variation in the ideal temperatargge for different classes and
age-groups of poultry. This is due to variationtype of birds and variation in some
aspects of the environment. As for the optimum temjure range, what is ideal for
heat exchange may not be optimal for productiorh scfor growth, for egg mass or
for feed efficiency. The overall optimum range isinty dependent on the relative
market value of the product produced, in proportmifieed costs. As the ratio of price
of feed to gain increases, the best temperatutieeisone which provides the lowest
ratio (Daghir, 2008b).

HEAT PRODUCTION AS A RESULT OF FEED INTAKE

Thermo neutral heat production (HP) at a givenkimtand ambient temperature
determines the range of the comfort zone for amahiln growing birds, maintenance
metabolism is a large part of HP. HP from mainteeawill be higher if an animal
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exerts physical activity in order to gather foodl amater (Gous and Morris, 2005).
Foraging related activities need more energy (As&tar et al., 2001) and thus increase
total heat production. The form of feed which ifecdd can also influence the energy
expenditure related to feed consumption activitye Time spent for eating a meal in
pelleted form was reduced to one third comparechéal in a mash form. Eating a
pellet diet instead of a mash diet saves about 6&6gg (Gous and Morris, 2005),
which could be beneficial at HT.

HP is the resultant of the heat produced due toggnese associated with digestion
processes like transport of digesta in the gastesiinal tract, release of enzyme,
absorption and utilization of nutrients. Togethleese processes are part of the heat
increment caused by feed consumption. It has b&emwrs that heat stress could
decrease the digestibility of dry matter, proteand carbohydrates, whereas fat
digestibility was relatively unaffected (Puvadot@rand Thaxton, 2000b).

Broiler HP is particularly high because of a verghhgrowth rate, mediated by a
high feed consumption. The inefficiency of convensof feed above maintenance into
protein and lipid is about 20 to 25%. All feed eyyeneeded for maintenance is heat.
Wiernusz (1998) estimated that about 60% of totdt hhtake is lost as heat
(maintenance plus 25 to 30% of the ME above maarte®). If feed intake diminishes
at HT this means that HP from feed above maintenaecreases and thus also total
HP. In addition, HP normally increases with an @a&se in total protein accretion
(MacLeod, 1997).

HP in broiler is also dependent on the genetic (Bgys et al., 1999). Broiler lines
selected for fast growth accompanied with a low H@HE a lower HP as compared to
lines selected either for slow growth with a lowHFGr slow growth with a high FCR.
A bird with a very fast rate of growth has a probleith its respiratory and/or cardio-
vascular system that is unable to cope with theegsed metabolic demands. This is
shown by a highepCO, and lowerpO, in their venous blood as compared to other
genetic slow growing lines, indicating a lower tofy and CQ carrying capacity of
these birds. This will lead to a low HP.

HP over a 24 h period is not constant and depend$® activity pattern of the
animal over the day. Extra HP due to feed intak@mukhpreferably not be generated
during the hottest period of the day. Broiler cleie& kept in intensive, temperature
controlled, dark houses experience no particularpeoiod. However, with a natural
day light scheme (such as in extensive tropicalltposystems), this may not be
achievable because the poultry houses often haatuaal light and dark scheme. So it
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is dark during the coolest period of the day aretifstake will not occur. Therefore,

feed intake mainly occurs during the hot day timd the birds can suffer with a high
HP.
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Figure 1. Pattern of circadian variation in HP rates of gmogvbroilers given free access to feed, (
75% of ad lib intakeq), 50% of ad lib intaken(), 25% of ad lib intake) and no feed at all 0%].

The black horizontal bar represents the dark peativertical bars are SEM of 5 birds (Koh and
MacLeod, 1999a).
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Figure 2. Pattern of circadian variation in HP rates ofvgrm broilers maintained at 1@ (A), 17°C
(), 22 (m), 27°C (o) and 32C (e). The black horizontal bar represent the darkgueend vertical
bars are SEM of 5 birds (Koh and MacLeod, 1999a).
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A circadian variation in HP of growing broilers, imi@ined at different feed intake
levels and ambient temperatures with a 23L:1D iighpattern, is shown in Figures 1
and 2. Figure 1 shows that HP tends to decreafe¢hefl-h dark period (00:30 h). HP
rates in the four fed groups were similar at 1th3@nd then decreased linearly until
00:30 h. HP decreased significantly with decreadeed intake. This shows that
regulated feeding may change the pattern of ciecedariation in HP rate. In Figure 2,
a clear negative relationship between ambient tesmtype and HP rate is demonstrated.
The primary consequence of heat stress is that asimill reduce feed intake
progressively while ambient temperature increadéey(and Lott, 1992). This lower
feed intake (energy intake) will reduce HP of thicken.

HEAT LOSS BY SENSIBLE AND EVAPORATIVE HEAT DISSIPADN

At relatively low temperatures, heat is dissipatetugh sensible heat loss (SHL)
and is emitted by radiation, conduction and conwactYahav et al., 2005). SHL can
be dissipated when ambient and/or wall and floorperatures are below the fowl's
surface temperature (Hilman et al., 1985; Etched.eP008). Radiative heat transfer
can occur between the bird and its environmenadiiant surface temperature of the
bird is different from that of the surrounding .a# or in open air. Convection occurs
by given off heat to the surrounding air by comlattles, face, legs, toes, neck, body
and wings (Yahav et al., 2005). SHL from the comtd wattles represents 34% of the
total SHL at 38C (Hilman et al., 1985). In addition, heat loss dnvection plus
radiation (Qt) can increase considerably with iasieg air velocity. Air velocity also
exposes the skin more and thus may increase raldisse¢s also. The SHL by Qt,
expressed as a percentage of energy expended iimtenance, reach a level of about
45% in broilers subjected to 3.0 m/s air velocitltav et al., 2004). Therefore, SHL
can play a major role in heat loss to the envirammeé&xposure to high ambient
temperatures enhances blood flow in the chickent fbee to the opening of
arteriovenous anastomoses (Hilman et al., 1985)s Warming of the foot can
facilitate conductive heat loss.

An increase in body T above the regulated range feay to a cascade of
thermoregulatory events that may be lethal if bddgannot be maintained within
certain limits (Yahav et al., 2005). If ambient fggrature rises, heat dissipation is
shifted from non-evaporation towards more evapomat{of moisture) at higher
temperatures (Etches et al., 2008). In the birét e mainly dissipated through an
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increased respiration (call&@anting’) (Marder and Arad, 1989) but also via cutaneous
evaporative mechanisms (Ophir et al., 2002).

At the high end of the TNZ, heat loss through panpttan account for 60% of the
total heat loss (Etches et al., 2008) and evenoup0®6 at very high temperatures
(32°C) (Ahmad and Sarwar, 2006). Evaporative heat isssssociated with loss of
water and therefore dehydration can occur. Sufficigeater intake will facilitate this
type of heat loss and contribute to thermo-tolezaat higher ambient temperatures
(Yahav et al., 2005).

Effect of HT on feed intake, water intake, body weight, physiology and
GIT development

A high ambient temperature is a relative term eisfigcsince each animal has its own
upper threshold of what is experienced as the cdn#one. When the ambient
temperature exceeds the animal’s thermoneutral, zbeeanimal is in heat stress. The
ambient temperature at which this happens alsondispegpon the RH and air velocity
(Veldkamp et al., 2002). A high ambient temperataffects feed and water intake,
respiration rate, body T, heterophil/lymphocyte L(Hfatio and GIT development.
These aspects will be discussed in the next pgrhgra

FEED INTAKE

Poultry production efficiency is affected by amhbie@amperatures and humidity
(Wiernusz, 1998). Feed intake by broiler-type chitk is reduced at HT (NRC, 1994;
Cheng et al., 1997). An increase in the ambientsimgutemperature from 21.1 to
32.2C caused a drop in feed intake of about 9.5% pefdziy from the first week to
the sixth week of age. When ambient temperature frosn 32.2 to 37.&, it caused a
further drop in feed intake of about 9.9% per lolay, as compared to 22C1 (North
and Bell, 1990).

WATER INTAKE

High ambient temperatures will increase water iatdkhickens drink 4 times more
at 38C (North and Bell, 1990), as compared td@1The newest data showed that
water consumption increases about 7% for eat® dbove 2iC (NRC, 1994).
Stimulation of water intake may benefit the bird Eacilitating the evaporation
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mechanism (Belay and Teeter, 1993). This will hedpling of the bird (Ahmad et al.,
2005). Thus water is involved in many aspects afifpp metabolism including body T
control, digestion processes, and absorption af #a®l transport of nutrients. Water
consumption during heat stress depends also oantweint of feed consumed. Birds
that received feed 1 h before heat exposure haharlincrease in water consumption
during the heat exposure period compared to bhds did not receive feed prior to
heat exposure (Lott, 1991).

Furthermore, water consumption in low-high and Hmln temperature cycles was
affected by drinker types (bell versus nipple; Eath) and the height of the nipple
above the bird (Table 2). Data were summarize@4oh periods that began and ended
at a low temperature. At each age, daily water waypdion was significantly lower for
birds with nipple drinkers than for birds with bdtinkers. In particular, this difference
was most pronounced during the quarters of the tHay temperature was highest
(29.4-35-29.4C) (Table 1). Daily water consumption was largest irds with bell
drinkers, intermediate for birds with low nipplesddowest for birds with high nipples
(Table 2). Average water consumption over 3 d (686 d of age) in birdwith a bell
drinker increased with increasing temperature,domsumption from a nipple drinker
decreased, surprisingly with increasing tempergiMiey et al., 1997).

In the study of May and Lott (1992), they reportddt an increased water
consumption at 24-35-2@ cyclic temperature was accompanied by a decrefased
consumption. It is clear that a depressed feeduwopton result in a lower body
weight gain.

BODY WEIGHT

Broilers that were subjected to high temperaturd)(lgained less than those
subjected to normal temperature (NT). Body weidghbroilers at 6 weeks of age was
decreased by about 14.3% and 21.2% at°G2ahd 37.8C, respectively (North and
Bell, 1990) and even up to 34% at 3Z2as compared to 2£@ (Cheng et al., 1997).
There have been few studies on the combined efté¢esnperature and RH in relation
to BW. It is generally accepted that high humidiggravates the detrimental effects of
a high temperature. A bell-shaped response functid®W gain to RH was observed
in 5 to 8-week-old broiler chickens in response&ddous RH levels with a maximum
BW at 60 to 65% RH, both at 30 and’@gYahav, 2000).



Table 1. Effect of drinker type and high cyclic temperatorewater consumption by broilers (May et al., 1997)

Quarterly water consumption during cyclic tempemaintervat

| 8T
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107dvy

4

Drinker  Daily
Age (d) type consumption 23.9t029.4C 29.4t035C 35t029.4C 29.4t023.8C

Bell 27.2 23.6 32.4 27.8 25.0
21 _

Nipple 24.8 23.3 25.7 24.7 25.5

Bell 26.0 25.8 31.F 28.3 18.9
28

Nipple 21.2 20.° 21.3 23.8 20.T
- Bell 22.5 22.F 28.4 24.5 15.F

Nipple 17.% 17.8 14.3 20.9 15.7

Bell 23.0 21.8° 30.6 26.T 13.4
42 _

Nipple 14.2 17.5° 12.3 12.7 14.3

Bell 19.G 17.2° 24.6 23.T 11.G
49

Nipple 13.5 15.4° 9.4 16.0 13.3

Means within an age and within daily consumptiomaarterly consumption with no common subscrigietst(a-b) differ significantlyR < 0.05).
'Consumption is given as percentage of body weightlny. Quarterly consumption is presented asdhsumption per quarter times four.



Table 2. Effect of nipple height and high cyclic temperatarewater consumption by broilers (May et al., 1997

Daily Quarterly water consumption during cyclic temperaiatervat
Drinker type  consumption ~ 23.9 to 29.4C 29.4 to 35C 35 to 29.4C 29.4 to 23.&C

Bell 16.9 17.6 20.8' 18.1 11.8
Nipple-higtt ~ 11.Z7 13.7 8.0f 10.G 13.7
Nipple-low®  14.7 17.2 12.7 15.F 13.8

Means within daily consumption or quarterly constiompwith no common subscript letters (a-c) difgnificantly @ < 0.05).
'Consumption is given as percentage of body weightigy. Quarterly consumption is presented asahsumption per quarter times four.
High nipples were at a height that forced the brsito extend their necks to reach the nipple.

SLow nipples were at approximately the height ofttaek of the broilers.
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BODY TEMPERATURE AND RESPIRATION RATE

Male turkeys (Waibel and MacLeod, 1995) and brsilgfahav, 2000; De Basilio
et al., 2003) raised under high ambient temperatst®w an increased body T and
respiration rate. Broilers maintained af@above TNZ had the highest core body T
(CBT) compared to the other temperature treatmg@iisl vs. an average of 383
respectivelyP < 0.001). CBT was also influenced by gender andeqrotein level in
the diet. Protein level did not affect CBT of maleg CBT was significantly elevated
(0.07°C) in females on the higher protein leveli{hof et al., 2010). The higher CBT
can be derived from three reasons. Firstly is tveet surface per BW. Male has a
lower surface per BW because male is normally bigfgen female. So, the heavy birds
may suffer more at HT if they have the same HPEWI Secondly is the efficiency in
protein deposition. Males deposit protein morecédfit than females. This means that
males use less CP for lipid deposition than femdtesefore male produce less heat.
Thirdly is the ratio feed intake into BW (FCR). BRCR is higher, CBT is higher
because more HP is produced.

Respiration rate is also dependent on the ageeobitld, ambient temperature and
RH. At 20 weeks of age, respiration rate of turkegs increased from 195 breaths per
minute at 28C to 230 breaths per minute a’@2 The increase in respiration rate was
more pronounced when RH is high (Brown-Brandl et2897). This finding is also in
line with reports by Yahav (2000) who found that ttate of panting estimated from
blood pH andCO, was higher in chickens exposed to 30°C than t€28°

HETEROPHIL/LYMPHOCYTE RATIO

The H/L ratio is affected by a number of stressuch as high ambient temperature
and can be used as an indicator of heat stressg@md Siegel, 1983; Puvadolpirod
and Thaxton, 2000a). A high H/L ratio is negativetyrelated with BW and positively
correlated with mortality rate (Puvadolpirod andaXton, 2000a; Al-Murrani et al.,
2006).

GASTROINTESTINAL TRACT DEVELOPMENT

Gastrointestinal tract (GIT) development can btuericed by heat stress also. GIT
development, as indicated by total wet and dry wisigpf the whole small intestine
were reduced by about 22 and 23%, respectivelpjrots kept at 35°C compared to
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those kept at ZZ. Moreover, the size of the absorptive was alsniced as indicated
by villus height gm) of about 19%K<0.001) in birds maintained at 35°C (7))
compared to those kept at®22(938um) per unit length of jejunum for 14 d (Mitchell
and Carlisle, 1992). In terms of intestinal devetept, birds exposed to HT and RH
(30°C and 70%) showed a 27.2% reduction in fresh weighjejunum and a 3.8%
reduction in jejunum length compared to birds expo® a low temperature and RH
(20°C and 50%) (Garriga et al., 2006). The decreagejimum weight was mainly
attributed to the effect of the reduced intake witgh ambient temperature because
restrictedly pair-fed birds showed similar valusgtee control birds. This indicates that
high temperature reduces intestinal weight alscomnection to the lower feed intake.
Furthermore, the decrease in intestinal weight\alhas height may be influenced by
the reduction in Tproduction (Mitchell and Carlisle, 1992; Garrigaak, 2006) under
heat stress, because thyroid hormones stimulatgrieth of the intestines (Levin,
1994; McNabb, 2007). Therefore, functional hypothigism mediates the reduction in
jejunal mass and villus height in heat stressedsl{iGarriga et al., 2006).

Effect of HT on energy and protein requirements

It appears that birds under HT conditions haveedepence for those nutrients that
will result in less HP at a given physiologicaltstaof the birds. Accordingly, they will
adjust their production level also.

ENERGY REQUIREMENTS

The advantages of using high-energy ratio for breilby adding fat in feeding
program at high ambient temperature areas are deglimented (Daghir, 2008b).
Added fat (5%) at 3T improved feed intake in laying hens by about 1%#ereas
added fat at 10-£8 improved feed intake by only 4.5% (Daghir, 200&0)mpared to
either protein or carbohydrates, fat gives lesg peaduction because dietary fat used
for deposition has a lower heat increment thanemaar carbohydrates (Musharaf and
Latshaw, 1999). However, a significant additionaight response to additional energy
(like extra fat) occurred only at an adequate amaca@ (lysine) level in the diet
(McNaughton and Reece, 1984). On the other hagestbility of energy, protein and
fat in diets with a high energy to protein ratioswvaduced during a 2 weeks exposure
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to 32C in 6 week old male broilers. So, high quality aild protein sources with a
high digestibility should be used (Bonnet et &997).

Male broilers housed at ambient temperatures rgnfgim 21.2C to 35C and fed
grower diets containing either 12.7 or 13.4 MJ MpWith five different levels of CP
and amino acids showed that high energy diets s@albsemperatures had significantly
improved feed conversions and a better proteitization (Cheng et al., 1997). This
means that high level energy densities may be meduunder hot temperature
conditions to reduce the heat load (Balnave ande3ra005). So also less heat will
need to be given off by panting.

The energy requirement for maintenance (MEm) dediht temperatures can be
derived from linear regression of energy retentonME intake at each temperature.
The MEm was estimated from the regression equatioenergy retention on ME
intake. The MEm requirements were 157.8, 112.1,18W?2 kcal of ME/kg of \W'%d
for chickens reared at 13, 23, and 32°C, respdygtivieemperature had a quadratic
effect on MEm with a minimum MEm near 26°C: MEm 2’/(307.87 + 15.63 T +
0.31 T2) (Sakomura et al., 2005). The quadratiectidf temperature on MEm implies
that the MEm requirement is increased at HT. Thigr&tion suggests that metabolism
of the birds change when they are reared abovelowttheir TNZ to dissipate heat or
increase heat production.

Adaptive changes in feed intake and energy expamdibver the long-term
contribute to homeostatic control of body energyredt and maintaining a constant
BW. In addition to meeting immediate energy demaielsd intake can be adjusted to
ensure that energy and nutrients are stored inipation of periods of high demand or
periods of feed shortage (Richards and ProszkoWlegtarz, 2007). Therefore, it is a
challenge to estimate the energy requirement at HT.

The estimate of average efficiency of total enengg of different nutrients for
different body functions is given in Table 3. Eaultrient has its own ATP potential.
So when starch and lipids are used for maintenahoet the same amount of ME can
be used as ATP and this means also the same awioleat is produced per calorific
value of the nutrient when used for maintenancdatty acids, for example, are for
energy supply for activity than about 66% of théofic value of fatty acids can be
converted into ATP and the rest (34%) is lost astevheat. If the body produces fat, it
does not need to make many changes with fatty aridst will deposit about 90% of
the calorific value of these fatty acids into fatdeonly 10% finally results in “waste”
heat. When protein is used for ATP, therefore, mueat is produced per calorific
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value (42%). It is clear that lipid is depositedtwa high efficiency. So in that case
only a small part of the calorific value of lipid produced as heat. Therefore, a high
energy diet with relatively high fat content mogtiyes less heat load per energy unit
after digestion. Animals will deposit a part of ttetary fat directly as body fat. So in
that case not many changes are needed to conttgrinfa body lipids. Dietary protein
has to be hydrolyzed first to amino acids (AAs) qegtides. From these AAs body
protein can be made if AA pattern is balanced. fSfé dietary amino acid pattern
resembles the protein needed for accretion wellymany changes are needed and this
will cost energy. Synthesis of body fat from fattgids does not require much
additional changes and energy compared synthesidngy fat from e.g.
carbohydrates. In addition, the body does not stomech carbohydrate. So
carbohydrate molecules have to change before teye used for fat synthesis or for
ATP. So with carbohydrates several metabolic chamgeur when it is used for lipid
synthesis.

PROTEIN AND AMINO ACIDS REQUIREMENTS

Dietary protein has received considerable atteniiorrelation to heat stress,
because its catabolism is associated with highat peduction when compared to
catabolism of fats and carbohydrates in birds uiidh& conditions (see also Table 3).

Table 3. Biochemical efficiency of absorbed nutrients £FP and for lipid synthesis
(Black, 1995).

Nutrients Calorific value (kJ/g)  ATP production (%) Lipid synthesis (%)

Fatty acids 39.8 66 90
Starch 17.7 68 74
Protein 23.8 58 53

Raising the protein level of a diet above NRC ()98&tommendations did not
improve performance at 33 (Cheng et al.,, 1997). Low protein diets, on tiieeo
hand, had negative effects on broiler performanicenrnambient temperature was high.
This is clear because lower feed intake resulteducing intake of amino acids and
further results in a poor feed efficiency and p8W gain (Alleman and Leclercq,
1997). Broiler chickens exposed to acute heat st{86.4 and 40°C) had reduced
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plasma amino acid concentrations. The most sigmifichange was at 4D compared

to lower temperatures (Tabiri et al., 2000). Thasgthors speculated that changes in
plasma Trp/LNAA (large neutral amino acid, sum ebléucine, leucine, valine,
tyrosine and phenylalanine) ratio and in Tyr mayrélated to a reduced feed intake
and also to an altered thyroid function. Both phmeepa are usually measured in heat
stressed birds.

Under heat stress conditions, broilers ageing 249tdays should be fed diets that
contain between 90 to 100% of the NRC (1994) recentrd levels of amino acids
and protein in diets containing 13.4 MJ ME/kg (Cheat al., 1999). According to
Chenget al. (1999), nutritionists should not compensate faleareased intake in hot
temperatures by increasing the concentration dieprand amino acids. So the final
effect on performance then depends on the ‘amaintieal protein’. The ideal amino
acids pattern is not similar among species as showiable 4. Relative to lysine, the
chicken requires more methionine+cystine, threominé less leucine than the turkey
and the pig. The ideal amino acid balance for breilmay vary somewhat with
ambient temperature. This is logic as the amind aeirt of the diet that is used for
maintenance or growth changes due to metabolisss(Moughan, 1999; Moughan and
Fuller, 2003). They concluded that if intake isueeld the overall pattern needed will
resemble more the maintenance pattern.

Table 4. Estimated ideal protein ratio for a starting henkey, broiler chicken and pig,
expressed as a percentage of the lysine requirgifiemian and Boling, 1998).

Amino Acid Turkeys Broiler Chickens  Pigs
Lysine 100 100 100
Methionine+Cystine 59 72 60
Threonine 55 67 65
Valine 76 77 68
Arginine 105 105 NA
Histidine 36 31 32
Isoleucine 69 67 60
Leucine 124 100 111
Phenylalanine+Tyrosine 105 105 95
Tryptophan 16 16 18

INA = not available

At 31°C, broilers on low sodium chloride diets had anriowed FCR at similar
feed intake and numerical larger BW on a 1.36 Ayg:tatio diet compared to a 1.10
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Arg:Lys ratio (Brake et al., 1998). These authdmsveed a beneficial effect of an
increased Arg:Lys ratio at HT. However, others régmb that an increased level of
lysine in broilers (Mendes et al., 1997) or Arg:Lrggio in turkeys (Veldkamp et al.,
2000) was unable to improve weight gain and breasat yield, or attenuate the
adverse effects of heat stress.

Raising the protein level at HT without raising tleeel of essential amino acids
such as lysine, will not help very much in overcogithe reduction in BW gain and in
feed conversion (Ait-Tahar and Picard, 1987). Havewan increased dietary lysine
concentration appears necessary to compensatasit gartly for the reduced feed
intake (Corzo et al., 2003). The improvements wierend in intake and growth by
feeding broilers with 2-hydroxy—4-(methylthio) botac acid (HMB), but not with
DL-Methionine (Chen et al., 2003). Amino acid swgpentation had a minimum
effect on heat production (Zarate et al., 2003a)udhan (1999) stated that the ideal
amino acid pattern for maintenance is not the sasnhe ideal amino acid pattern for
growth.

Feeding strategiesto combat heat stress

Heat stress can only be reduced by feeding stetefjihe animal produces less heat
and/or losses more heat. A lower HP can be reabyeglg. a reduced heat increment,
catabolism of fewer nutrients above requiremenis wore efficient nutrient digestion.
More heat loss can be realized through more watapaation from the body. The
possible ways to combat heat stress by feedintegies are applying diurnal feeding
patterns, self-selection strategies, feeding codists and wet feeding.

DIURNAL FEEDING PATTERNS

As the production cycle shortens due to improvement genetic selection and
nutrition, the implementation of restricted feed T may not produce a better
performance on one hand, but could reduce the seheffect of HT on the other.

Early growth restriction induced by feed restrinticannot completely compensate
the adverse effect of high ambient temperature exfopnance, nor can high ambient
temperatures recover the beneficial effect of aty@gowth restriction in improving
feed efficiency and reducing fattening (Plavnik afathav, 1998). Others reported that
feed withdrawal two hours before the hot periodhaf day improved feed conversion
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and lowered mortality without affecting BW (Yalcat al., 2001). This suggests that
feed allowance could also be restricted under nbcoraditions. Furthermore, chickens
fed restrictedly for 2 h prior to a hot period bétday gained 2.8% more and showed a
lower H/L ratio than heat stressed bird fed aduii (Yalgin et al., 2003). This means
that feed restriction during the heat stress pesatreduce the harmful effects of HT.

Feed withdrawal during the warmest part of the @a9:00 to 16:00 h) was
compared with the distribution of ground corn dgrd9:00 to 16:00 h and commercial
feed consumed ad libitum. The broilers were expdeetiopical climatic conditions
from 28 to 42 d (averaged Ta = 25°C; RH = 72%)ni6:00 to 09:00 h, continuous
light was provided in the poultry house and allckkns received a commercial diet.
Results showed that both feed withdrawal and cdstrildution during the day period
reduced growth and deteriorated feed conversiomeder, the body T in birds on the
control diet was higher than of those fed both fedthdrawal and corn distribution
(Lozano et al., 2006). Separate feeding of a hrgkep fraction (16:00 to 09:00 h) and
an energy-rich fraction (09:00 to 16:00 h) at daliycyclic temperature: 26 (16:00
to 09:00 h) and 3 (09:00 to 16:00 h) compared with a control dredvs that growth
and feed efficiency were slightly reduced (-4%)deparate feeding. However, during
the thermal challenge period at the age of 34 86ta’C and 40 to 58% RH for 7 h,
body T was reduced by separate feeding (De Basilial., 2001). Certainly the gap
between two feeds is important with regard to riftuence on performance at HT. It
can certainly help to reduce heat stress as shgwmetdower body T.

Feed withdrawal between 10:00 to 16:00 h duringddwe from weeks 5 to 6 or in
week 6 was compared with control feeding with thee feed on broilers reared under
natural summer conditions. BW and daily weight gamre higher in the feed
withdrawal groups during week six. Feed withdraveriring weeks five to six
produced the lowest body weight and daily weightigblowever, Tb was also lower
in the feed withdrawal treatment (Ozkan et al., Y0Because total feed intake and
feed conversion ratio by 6 h feed withdrawal durihday before market age did not
affect slaughter weight, it can be suggested ted fvithdrawal during the hot period
of the day can be used to alleviate heat stress.

Broiler breeder fowl responded to a restricted fegdke by a reduction in HP
resulting in a reduced BW gain. The reduced meiabate per unit of weight is
associated with a thermoregulatory advantage &t &igbient temperature (MaclLeod
et al., 1993). Reducing weight gain by restrictedding results in a longer growing
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period and delay in marketing age. Therefore duargat stress period the producer
has to balance the benefits of a faster growthamatlea greater risk of mortality.

Feed intake at different levels of feed restrictionder various environmental
temperatures is shown in Figure 3 (Koh and MacLd4®@99b). The HP in relation to
feed intake and ambient temperature is shown iorEig (Koh and MacLeod, 1999a).
HP data were calculated for each combination ofptrature and feed intake. When
HP (kJ/kg W-"¥14 h) was calculated at each combinations, HFifsigntly decreased
with a decreasing feed intake and increasing arhbeemperature.

SELF-SELECTION

A direct measure of a separate regulation of piaded energy intake can be made
with a self-selection method of feeding. There isdence that both wild and
domesticated fowl are able to adjust their nutrietatke by selecting from various feed
ingredients that matches their physiological resmients (Hughes, 1984; Yo et al.,
1998). Self-selection may allow the bird to meedirttdaily cyclic requirements for
nutrients more effectively compared to offeringaanplete diet. For example, during
hot cyclic periods, the birds may prefer to charegeergy intake from the hot
(afternoon) to the cooler periods (morning).

They may do this in order to reduce heat produationing the hot period. In this
way they can fulfill their energy demand throughthg entire 24h-period of the day.
The information concerning the ability of chickens separately regulate their
consumption of protein and energy under heat sieessll limited. This is also the
case for village chickens kept under tropical ctieneondition. Factors that influence
dietary choice by chickens include genotype, chiagioal age, physiological state,
ambient temperature, health status, stress andr mxperiences (Forbes and
Shariatmadari, 1994).

Some researchers have reported an improved (Gabakl 2003), similar (Rose et
al., 1995) or decreased (Amerah and Ravindran,)2fi@8vth performance of chickens
under NT conditions after subjecting them to chdieeding (with wheat). Also an
additional pea meal did not give differences infgenance with control feed. So the
response depends on feed ingredients (McNeill. e2@04).
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Figure 3. Feed intake at different ambient temperaturegaifving broilers provided feed ad lil)(
75% of ad lib (1), 50% of ad lib &), 25% of ad lib &) and no feed 0%»{ (Koh and MacLeod,
1999b)
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From choice feeding studies, a broiler at HT (ewgldiurnally between 25 and
35°C) prefers to consume less protein and more enesgyared to a complete diet
(Sinurat and Balnave, 1986). Also Japanese queiéped to eat more energy and less
protein if they were offered a choice as compared single complete diet between
20°C and 38C (MaclLeod and Dabutha, 1997). This response alsbat HT is
probably caused by birds trying to avoid the insesharisk of heat increment from
protein conversion associated with HT. Indeed, high diets (5%) reduced the
detrimental effect of heat stress in broilers mhiae29 to 38C (Ghazalah et al., 2008).
These results agree with Veldkatpal. (2002), who concluded that turkeys modulate
their feed intake when exposed to HT in relationdtoric diet density.

In a hot environment, self-selection would meart #ramals can select a diet and
optimize the heat load associated with metabolisrmay enable the bird to more
precisely balance nutrient intake to its nutri@guirements. This has been particularly
evident in laying hens with increased egg massubuginen a high energy, complete
diet was fed with an additional protein concentratea hot ambient temperature
(Balnave and Mutisari Abdoellah, 1990).

The effect of choice feeding on performance seenietdetermined also by the age
of birds when the choice is offered for the fiigté. BW of choice-fed chickens under
tropical condition from 1 to 42 d of age and frono842 d of age was lower at 35 and
42 d. When chickens changed from a complete diehtice feeding from 22 to 42 d
and from 36 to 42 d, their BW at 42 d did not difiom those that had received the
control diet (Yo et al., 1998). The lower BW of atefed birds was presumably due
to a dramatic decline in the level of protein cortcate consumed during 1 to 42 d
period (control-fed birds: 16.3 g/kg, choice-feddst 13.8 g/kg).

The length of exposure to heat stress can alsatattfie response of birds to a
choice diet with dietary protein. Gonzalez-Esquemnd Leeson (2005) fed broilers two
levels of dietary CP (10% and 30%) in a choice ifegdexperiment and compared
them with a single diet with 26% CP with the samg M a) NT (23C at 21 d), b) acute
heat stress (AHS; sudden temperature increase.40C28t 21 d) and c) chronic heat
stress (CHS; gradually temperature increase t2%#47 d). Result from 28 to 42 d of
age showed that feed intake was 25% and 27% loméeB&V gain was 19% and 23%
lower at AHS and CHS respectively as compared to\Within temperature, the choice-
fed birds consumed 25.4, 24.9 and 26.6% at NT, ARBSCHS, respectively. However,
BW gain of choice-fed birds was 14%, 2% and 7% latlvan single diet fed birds at NT,
AHS and CHS, respectively. The small differenceB\WW gain between choice and
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control-fed birds under heat stress reflects atlaptanechanisms to balance energy to
CP intake ratios, as a means to avoid excessivedazh The effect of choice feeding
may also depend on ingredient quality, since samgeedients may contribute less to a
balanced intake of nutrients, due to differencegalatability or differences in particle
sizes (Cruz et al., 2005).

Yo et al. (1997) concluded that physical form @ddeoffered is an important factor
to be considered in a choice feeding system. Thdyfhole, cracked or ground corn
associated with a protein concentrate (pellet oshhao broilers at tropical climate
conditions with temperatures varying between 23.8+and 29.2+1%&. Results
showed that birds fed on whole corn had a lowen aatake (73.3 g/d) than those fed
cracked (87.1 g/d) or ground corn (84.1 g/d). Rrisg the protein concentrate as a
pellet resulted in a higher intake (40.1 g/d) arldigher proportion of concentrate in
the selected diet (33.0%) than presenting it as emhm(33.4 g/d and 29.6%),
respectively. So, total feed intake was highestcatked corn and a pellet protein
concentrate. When corn was fed as whole grainntake of the protein concentrate in
the self-selected diet was higher (35.1%) tharoihovas fed as cracked (29.3%) or
ground (29.1%). Although none of the diets affedB!. Feed conversion ratio was
lower for the diets with the large particle sizes.

In a choice feeding situation, physical appearacea have an effect on
development of GIT. The birds that chose whole wheare accompanied by an
increased development of the upper part of the @abriel et al., 2003). Literature
data show that the inclusion of whole wheat orube of a coarse mash (larger particle
sizes) is associated with heavier gizzards. Théslted in an increase in total transit
time in the GIT due to a longer retention time e tgizzard (Banfield et al., 2002;
Plavnik et al., 2002; Hetland et al., 2004; Ameeall., 2007). There is no relationship
between the volume of ingesta in the gizzard aedntlass of the empty gizzard nor
between maximal gizzard length and width with digtaeatment (Amerah et al.,
2007). A large muscular gizzard will maximize theinding capacities of the
gastrointestinal tract (Kwakkel et al., 1997) whioly increase the digestive capacity
and in this way contribute to a better performamiceroilers. The coarse diet increases
the chemical (pepsin in the proventriculus) andsidaf (gizzard muscle) functionality
of the upper part of the digestive tract and, cqueatly, feed intake and BW gain will
increase (Khoa, 2007).

The advantage of choice feeding is that birds ble ® adjust their nutrient intake
over the day by selecting from various feed inggetfi to match their physiological
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requirements. This may be of particular interestoieds kept under tropical condition.
However, the results of a choice feeding stratemydcbe potentially affected by feed
properties such as particle size, the initial agenfwhich moment the choice was
offered, the quality of protein and energy souraed the level of CP. The economic
advantages of choice feeding could be a reductiofe@d costs because mixing
ingredients is no longer necessary and formulatiohseeds become less crucial.
Summarizing, a self-selection feeding strategylisvant for a poultry farmer, perhaps
even a large poultry producer, at high temperatoees in both developing and
developed countries.

COARSE PARTICLE

It is unknown whether a change from a fine to argels ground diet for broilers
under HT may assist digestive function and theeefeduce heat generated by such
processes. However, water excretion in droppingsnagatively related to the
proportion of coarse particles as shown by the thegaorrelation with the residue
from the regression relating water excretion todfaatake by coarse particles. This
relationship is due to a direct effect of an inseghretention time of coarse particles in
the GIT (Carré et al., 2002). Therefore, coarsdsdiray allow more water to be
reabsorbed from the GIT compared to fine dietsmtfre water is available in the
metabolism, heat loss trouglraporation of moisture during panting may belitatéd.

On the other hand, more heat loss evaporative cooling emphasized the importance
of increasing water consumption in heat stressedebs. Therefore, coarsely ground
diet may in this way help to dissipate the head loader HT conditions.

WET FEEDING

Changes in feed management such as adding waiiee feed are well known for
their positive effects on performance of birds. sTistrategy has been patrticularly
evident in broilers at NT because it improved feeidke, weight gain and/or feed
conversion ratio and weight of the GIT comparedbims on dry feed (Yasar and
Forbes, 2000; Moritz et al., 2001; Shariatmadad &orbes, 2005; Khoa, 2007). In
addition, a higher rate of passage through thev@ti wet feeding has been suggested
because the weight of digesta in the whole digedtiact of birds fed wet diets was
less while feed intake was higher (Yasar and FQIi2@30).



2| Ghaprer 2

The improvements in digestive efficiency with weediing are thought to come
from a heavier empty weight, a higher full gut ldngnd more wall thickness in some
parts of the digestive tract (Yasar and Forbes,0R0Wiscosity of digesta was
significantly reduced by wet feeding and this maglicate a faster passage rate of
digesta. Moreover, a thicker gut wall layer with twieeding may also improve
digestive function (Yasar and Forbes, 2000). Addirager to the feed reduces digesta
viscosity to a similar extent and stimulates prgedition and absorption possibly due to
a faster penetration of digestive enzymes into fesaticles than with the ingestion of
dry food. As a result, nutrient digestibility maycrease.

In addition to the dilution of dry feed by watdngtinclusion of exogenous enzymes
to the wet feed may have an extra potential effectabsorption. It may increase
substrate accessibility by enzymes thereby alsarasihg the absorption of nutrients.
Acidified feed with Calprona AL® (Khoa, 2007) orrfgal origin (Yasar and Forbes,
2000) had some additional effect to watering theg ohi terms of feed intake, BW gain
and FCR. However, using yeaSaccaharomyces cerevisjae a wet diet resulted in a
heavier BW and similar FCR than those fed on adiey with yeast or feed without
yeast in dry and wet form (Afsharmanesh et al.,020The different results of these
studies are probably due to the differences in e@zyactivity. Yeast has been
traditionally used as a growth promoter in poultyd other animal diets and to
stimulate micro-organisms capable of modifying tfestrointestinal environment to
improve health status and performance. The impreverf performance is thought to
be mediated by alterations of the intestinal flerg the increase of the growth of non-
pathogenic facultative anaerobic and gram poshixeteria. These can forming lactic
acid and hydrogen peroxide and may suppress thetlgrof intestinal pathogens. It
may well that the enhancement of digestion andutilization of nutrients works in
this way (Afsharmanesh et al., 2010).

Three studies of wet feeding and the effect omigayierformance at HT have been
reviewed by Lin et al. (2006). These authors regabthat the increased performance
by wet feeding can be the result of an elevatednaiter (DM) intake at HT. In this
way, egg production and egg weight can be alledi@ieHT conditions (Lin et al.,
2006). In broilers, only a few studies are avadaibl literature. Water addition to diets
fed to broilers housed at HT contributed to anease in feed intake, live weight, feed
efficiency, weights of heart, crop, and abdomiral (Awojobi and Meshioye, 2001;
Kutlu, 2001; Awojobi et al., 2009). Empty gizzareights were higher in broilers fed
a wet diet (2 parts of water and 1 part of feedhauit drinking water (Awojobi et al.,
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2009). This study gave results contrary to the diigjizzard weights in broilers fed dry
diet in the first reported study by Awajobi and Meye (2001). The most optimal
water-to-feed ratio was a 1:1 ratio for feed cosiar efficiency and carcass weight in
finishing broiler (Awojobi et al., 2009). Wet feedj is desirable not only during hot
weather conditions, but also during the rainy seasa tropical climate (Awojobi and
Meshioye, 2001). We speculate that a high feedkéntaf birds housed at HT
conditions as facilitated by wet feeding is enalydthe cooling of fresh water or
wetted feed. In addition, extra water in the badwassociation with a high DM intake
can help to reduce the increase in Th. Extra wattdre metabolism will facilitate heat
loss by means of evaporation. With wet feedingféeel is already soaked to stimulate
pre-digestion and absorption, ready for gastric imtestinal digestion (Khoa, 2007).
The contribution to the digestive process beforeféed arrives in the crop could be
more important than digestion occurring in the dteself.

Conclusions

Heat stress induces hyperthermia and reducing loaat can be achieved by
increasing heat dissipation and/or decreasinggreauction. In a hot environment, the
bird reduces its feed intake and increases itsnimtizke. Reduction in feed intake can
result in a shortage of some nutrients such asiprroamino acids and also energy.
Overall, heat stress will affect the performancéhefchicken.

The use of high fat diet for optimal broiler perfance is suggested in warm
regions because high fat diets generate less t@ahient per unit of energy than high
carbohydrate diets. However, this only functionalgo an adequate level of essential
amino acids (lysine) is provided. However, incredlgsine or Arg:Lys ratio at HT was
not able to improve growth rate and to reduce these effects of heat stress.

Predicting the optimal energy and protein contaera idiet for meat-type chickens
(both native and exotic birds) under hot environtakremperature has not been
studied in great detail yet. Therefore there ishallenge of accurately defining the
optimal nutrient contents in a diet of various bitchder hot ambient temperature. This
may be done by self-selection strategies of tha: bir

Another promising strategy to increase performaofcbirds under potential heat
stress conditions is water addition to the feedoimbination with adjusting the particle
size to promote GIT development. A well-developetard and longer small intestine
will enhance the grinding capacity, potentially mope digestion down the GIT and
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provide a large area for absorption. Larger partisizes will allow more water
available in the metabolism and dissipate the heat through panting activity. Wet
feeding increases voluntary feed intake, increasa®&lopment of some parts of the
GIT, and reduces digesta viscosity. Therefore, ttegewith wet feeding, a large
particle size will keep the litter quality more adeate and may cool the chickens and
improve the bird’s welfare. Further research shomtdlude the native chicken kept by
many farmers in rural areas under hot tropical &naipires and RH cycling.
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Abstract

Self-selection assumes thataahigh ambient temperature, birds are able takaldiet
from different sources in order to minimize the thiead associated with the ingested
nutrients metabolisniThe objective was to test the hypothesis that yatimgkens are
able to compose an adequate ration by adjustin@rdieutrient intake from three
different diets that vary in energy and in proteamtents from a cafeteria system at high
temperature (HT; 31-32) and at normal temperature (NT; 31°Q)L Night temperature
was set at Z& at HT and at 1€ at NT and 12 h dark:12 h light. Control birds evéad

a standard control diet (CP: 215 g/kg; ME: 2,89%lkg) for broiler chickens. The
choice-fed birds could choose between the conird| d high protein diet (CP: 299
g/kg; ME: 2,780 kcal/lkg) and a high energy diet {(@B0.7 g/kg; ME: 3,241 kcal/kg).
The diets had similar pellet size and colour. Bhidsl access to each diet in a separate
feeding trough from 1 to 42 d of age. Results stibthat broilers spent 3.3% more time
eating at NT than at HT and showed 42% more pat@gvior at HT than at NT. HT
decreased feed intake, protein intake, energy éntdaid BW gain. Choice-fed birds had
similar feed intake and BW gain, 14% lower protegitake and 6.4% higher energy
intake than control-fed birds. Body T and hetertilyinnphocyte ratio were higher at
HT than at NT. Water intake was 8% higher in cddied birds than in choice-fed
birds but similar at both temperatures regimensait be concluded that broilers can
compose a diet by selecting less protein but highergy density from different diets
compared with the control. Choice-fed birds hadilainieed efficiency as control-fed
birds at HT, indicating similar body compositiorr fmoth groups. Extra energy intake
of choice-fed birds at HT was used for pantingvétgti

Key words:. self-selection, protein, energy, heat stress, érroil
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Introduction

There is evidence that both wild and domesticatedl tan reach their desired
nutrient intake by selecting from a range of fegffist They can compose a diet that
matches their physiological requirements (Hugh8841Yo et al., 1998). When given
the opportunity to select from a set of differerdtary ingredients they may do so to
optimise performance (Gous and Swatson, 2000). ginomenon can be used as a
basis to design strategies for nutrient self-sglecand it also can give insight in the
nutrient requirements throughout aging and at diffe ambient temperaturel’)
conditions. Moreover, nutrient composition in a @iete single diet may not exactly
match the composition which would have been chbsethe bird itself. In addition, the
selected mixture of diet components may differ @mal (NT) and high temperature
(HT). We assume that with self-selectianHT, birds will select an optimum diet (from
different feed sources) to adjust (minimize) heatl associated with the metabolism of
the ingested nutrients.

Most diets for chickens are nowadays formulatedhmnbasis of trials that were
carried out under constant temperate thermal dondit These diets may not deliver
the amounts of various nutrients which broilers lddike to eat at HT conditions. At
HT, when feed intake is generally low, birds maya$e a different composition
compared to NT. The choice feeding may enable tttemake such a choice and in
this way add to the possibilities for managing h@aduction (Etches et al., 2008). At
HT, the bird will attempt to adjust its heat protdoe by reducing feed intake (North
and Bell, 1990) or change its intake of especitiyse nutrients that are most needed
and at the same time reducing the intake of thaggents that yield a lot of heat
during processing (and in this way reducing thetHead). The evidence from
literature that birds are able to select a propgrahdietary ingredients to reduce heat
load at HT is scarce and conflicting. Thus it isdiypossible to predict the outcome in
term of feed intake and BW gain while offering highergy and high protein in a
choice feed setting (Forbes and Shariatmadari, )1¥#6ed on the theory of certain
nutrients inducing a high heat load, several expents have been conducted with
different levels of protein and energy at HT. Agus of amino acids or imbalanced
amino acid supply in a diet gives a high heat imzet (Musharaf and Latshaw, 1999).
Thus, a reduction of the dietary CP level has ieeammended for broilers under heat
stress conditions (Furlan et al., 2004). Most stsidhowever, have shown that low-
protein diets have a negative effect on broilerfggerance also when ambient
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temperature is high. Reduced feed intake of awditt a low protein level at HT will
induce amino acid deficiency (Buyse et al., 199@eman and Leclercq, 1997; Furlan
et al., 2004)

In an ideal situation, protein is used for net géimcluding turnover), thus
preferably for protein deposition. Badjusting dietary proteifevels and giving ideal
protein one can avoid protein breakdown and ex#at Iproduction (Furlan et al.,
2004). Also extra fat in a diet as compared tocktameans less heat increment at the
same intake level of metabolizable energy. Thigegmwith findings that broilers that
are fed energy dense diets with a good amino amigposition across all T (21-35)
had a significantly improved feed efficiency andtpin utilization (Cheng et al.,
1997). In laying hens, adding fat at the expenseanbohydrates to a diet at g1
improved 17.2% feed consumption and only improvéd#feed consumption at 10 to
18°C as compared without adding fat (Daghir, 2008bheWthis dietary fat is used for
fat deposition, this result in a less heat per ahiénergy intake compared with starch
or protein, for example. So less heat is dissipfted a diet high in fat compared with
the same metabolizable energy from starch and iprgBalnave and Brake, 2005).
Therefore, under high ambient T, both high dersifiey dietary fat) and an ideal
protein composition in terms of amino acid contarég recommended (Bonnet et al.,
1997). It is of interest to know how birds exposedT will select from high-energy
and high-protein diets and compose an adequateiritsdee. This selection may result
in an optimal growth compared with single contrieitsl

The objectives of the present investigations weyeq test the hypothesis that young
chickens are able to compose an adequate ratiadjbgting dietary nutrient intake from
three different diets that vary in energy and protentents from a cafeteria system; (2)
to investigate if they compose ration with simiantent of protein and energy under HT
and NT conditions, and (3) to study if the selettd a certain ration differs with age of
the birds.

Materials and Methods

Animal Ethics

All of the procedures involving animals in this eximent were approved by the
Animal Experimental Committee of Wageningen Uniitgrshe Netherlands.
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Birds, Housing and Care

A total of 144 one-day-old male broiler chicken®¢R 308) were purchased from a
commercial hatchery (Morren Breeders B.V., Lunteféme Netherlands). After arrival,
each bird was weighed and wing-tagged for ideatiin. After that, each bird was
randomly allotted to one of 24 floor pens with @dbieach. Unique colouring of each
bird within a pen was done to allow observatiothefindividual feed intake and panting
behavior.

Twelve identical pens were made in each of twotidehT-controlled rooms. Each
pen had three drinking nipples with a cup undemeahnected to a water tank of 10
litres capacity. To enable the birds an easy amdlezrcess to feed, three feed troughs
were placed in each pen. Wood shavings were uskiteasind were regularly added to
each pen to maintain good litter conditions. Penedisions were 1.75 m x 1.15 m and
0.80 m (W x L x H). All birds were exposed to al28ght (L) and 1-h darkd) cycle for
the first three days. Thereafter, a schedule di 1Zbetween 07:00 and 19:00 h) and 12-
h D (19:00 to 07:00 h) per day was used. This ligtlleme resembles the natural
situation in countries near the equator. Lightnetsy was maintained at 20 lux during
the light periods throughout the experiment.

The T inside the room was initially kept at 33&2with relative humidity RH) of 70
to 80% from day O to 7. This was done to allowhinds to develop thermotolerance and
to prevent mortality (May and Lott, 2000). The TddRH cycles were set up for day and
night rhythm. After 7 d of age, the T in each roaas set according to the experimental
design.

Experimental Design and Treatments

This study was conducted as a split plot in a cetep randomized design with
repeated measures. The main plot was T (NT and ait) sub plots were dietary
treatments (control, single diet-fed birds verdusice-fed birds). Each dietary treatment
was assigned randomly to six replicated pens ih damom with six birds each. Thus,
the pen was the experimental unit.

One room was maintained at HT and the other roommaintained at NT. The HT
regimen was maintained at 32€2during the day (from 07:00 to 19:00 h) and at2®&+
during the night (from 19:00 to until 07:00 h) wigH 70 to 80% from 8 to 42 d of age.
The NT regimen was set at’20during the day and at 4B during the night with RH of
40 to 50% from 21 to 42 d of age. From d 8 to 2@ands, a step-down decreaseto a T
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of 20°C was applied by 0°8 per day (d 8 to13) and@ per day (d 14 to 20). Relative
humidity was maintained about constant with no ntbesn 5% variation at the level of
the birds. Ventilation rates were similar in batlems and only artificial light with 20 lux
was provided.

The control animals were fed a diet that contaitiedrecommended nutrient levels
with regard to CP, essential amino acids and métalbte energy (ME) level (NRC,
1994) for broiler chickens for the entire growingripd (CP: 215 g/kg; ME: 2,895
kcal/kg). The choice-fed birds could choose fromtfie control diet (2) a high-protein
diet (CP: 299 g/kg; ME: 2,780 kcal/kg), and (3)ighrenergy diet (CP: 150.7 g/kg; ME:
3,241 kcal/kg). Ratios between all amino acidstingdato lysine were similar on total
and digestible bases among the diets. The chaicesienals had free access to each
diet in a separate feed trough. This gave the lthrel®pportunity to eat from the control,
high-protein and high-energy diets and, thus, camghbeir own diet. In order to avoid
any confounding in place and choice of feed fromdileg troughs, the site of each
feeding trough in a pen was changed every day dicgpto a predetermined random
schedule.

Each diet was supplied as pellets with a similae 2 mm) and colour. Protein
sources were soybean meal and heat-treated soyleaesyy sources were maize,
wheat, and vegetable oil. All ingredients were gbby using a hammer mill. Dietary
compositions of the diets are presented in TabM/ithin each of the two ambient T
rooms (NT and HT), both dietary treatments werereff. Both rooms were identical as
this was shown in a previous experiment (Khoa, 2007

Traits Measured

Feed intake and panting behavior was recordedregtdbbservation during a 5 to 7
min walk through each room. Each bird in each & 12 pens in each room was
observed instantaneously for a moment during thigo@d (a scan). So, after 5 to 7 min,
the behavior of each bird in the room was scantedsingle moment. This procedure
was repeated with 15-min pauses several times bat®8:00 to 1:00 h and between
14:00 to 17:00 h. In total, one-day scan samphstedd 3 h in the morning and 3 h in the
afternoon and represented a 12-h daylight periodn Sampling was done two days per
week. Observations were conducted from wk 1 to @rbgxperienced assessor standing
in front of the pen. Based on these observationstaiitaneous scan sampling), we
calculated the percentage of time the chikena certain pen spent on eating and
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Table 1. The ingredients (g/kg) and calculated nutrient position of the broiler

dietary treatments.

Dietary Treatments

Ingredients . i . i i
Control diet High-Protein diet High-Energy diet
Maize 368.8 204.6 441.0
Wheat 200.0 150.0 250.0
Soybean meal, Crude fiber<50 260.0 365.0 20.0
Soybean, heat treated 100.0 150.0 200.0
Maize gluten meal 0.0 60.0 0.0
Fat/Qil plan origin (highly 35.0 35.0 50.0
digestible vegetable oil, hg VC)
Limestone 14.0 14.0 15.0
Monocalcium phosphate 9.0 7.0 10.0
Premix 5.0 5.0 5.0
Salt (NaCl) 2.3 2.1 1.9
NaHCG; 2.0 2.2 2.7
DL-Methionine 2.1 2.8 1.3
L-lysine HCI 1.3 1.9 2.4
L-Threonine 0.4 0.3 0.6
Natuphos 50005 0.1 0.1 0.1
Total 1,000.0 1,000.0 1,000.0
Calculated composition (g/kg)
ME (kcal/kg) 2,895.0 2,780.0 3,241.0
CP 215.0 (216) 299.9 (308.0) 150.7 (154.0)
Moisture 119.5 116.6 116.6
Crude fat 76.0 (78.3) 84.2 (84.1) 108.7 (113.1)
Crude fibre 28.2 (26.9) 30.7 (28.3) 27.8 (24.4)
Total lysine 12.2 16.9 8.6
Digestible lysine 10.5 14.7 7.4
Total methionine 5.3 7.4 3.6
Digestible methionine 4.9 6.9 3.3
Total methionine + cysteine 8.8 12.1 6.2
Digestible methionine + 7.7 10.7 5.4
cysteine
Total threonine 8.2 11.3 5.8
Digestible threonine 6.9 9.5 4.8
Total tryptophan 2.5 3.4 1.6
Digestible tryptophan 2.2 3.0 1.4
Calcium 8.8 8.8 8.9
Phosphorus 5.5 5.6 5.1
Available phosphorus 3.0 2.7 3.0

Continued...
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"Composition of 1 kg premix:vitamin A (retinyl ace} 12,000 IU; vitamin B(cholecalciferol), 2,400 IU;
vitamin E (dle-tocopherol), 30 mg; vitamin &menadion), 1.5 mg; vitaminBthiamin), 2.0 mg; vitamin B
(riboflavin), 7.5 mg; vitamin B(pyridoxine-HCI), 3.5 mg, vitamin B (cyanocobalamin), 20 pg; niacin, 35 mg;
vitamin Bs (d-pantothenic acid), 10 mg; choline chloride, 46@; folic acid, 1.0 mg, vitamin B-complex, 0.2 mg;
iron, 80 mg; copper, 12 mg; manganese, 85 mg; fi@ang; cobalt, 0.4 mg; iodine, 0.8; selenium, &g and
antioxidant 125 mg.

2yalues in parenthesis were analyzed values.

SBASF, Ludwigshafen, Germany

panting behaviors relative to other behaviors.rgatvas defined as a chicken with the
head in or above the feeder, and panting was dkfaisebreathing rapidly with short
gasps with open beak and split wing feather aligrim&ll other behaviors were
described by Bokkers and Koene (2003). Becauseigu®e\experience showed that
making more than one scan per observation of danmeeased behavioral activity of the
birds as a reaction to the presence of the obséBadtkers and Koene, 2003), only one
scan per observation was made. All scan data pepgreweek were pooled.

Feed intakes per pen in each room were recorddgl dgiweighing the feed
troughs and averaged per bird per week. Waterenteds measured by subtracting the
given amount of water with left over (mL) each tiradding water to the tank and
averaged per bird per week. Protein and energiéntgere calculated from the intake
of each of the three diets and their concentratiBirds were weighed weekly and BW
gain was calculated accordingly. Weight of birdatthied or had to be culled was
determined and their BW gain was included in thieutation of the feed conversion
ratio FCR) per pen.

Blood samples, collected from the wing veins indbifrom each pen, were taken four
times at 7, 21, 35 and 42 d of age. Two birds weneomly taken out of each pen and
blood was collected within 2 min after the chicksweaught. Birds were marked and the
same birds were sampled again at the next samydiogd samples of approximately
one mL per bird were collected into syringe-needigemblies that had been flushed with
a solution of EDTA. One blood smears for each broitas prepared and fixed with
methanol. Then, the smears were stained immediatigty Wright's stain 100% and
rinsed with distilled water and ran air dry. HefgrityLymphocyte H/L) ratio was
counted from 100 cells per slide and classifiedgisil immersion microscopy at 100X
(Dumonceaux and Harrison, 1994).

Just before blood sampling, body T was measureal digital thermometer on same
birds which were used for H/L ratio determinati@ata of the two birds per pen were
averaged.
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Statistical Analysis

In this experiment, birds were randomly allocategéns representing different diet
treatments. All performance data were taken orséimee experimental units, repeated in
time: 6 weekly observations were available for eautividual experimental unit.
Repeated measurements on the same animal canregjdyded as independent units of
observation and mixed models can be used to acdourthe covariance structure
among repeated observations (Littell et al., 1998).the analysis, the repeated
statement PROC MIXED in SAS (version 9.1; SAS lInst., Cary, NC) was used
adding the factor time (“wk” as the time factor)dapen was considered as an
additional random effect. The following statisticabdel was used:

Yi =+ Ti + K+ T X § +Wii+ Tix Wit K X Wit Ti X F X Wi €

where Yjy = measurement of response of ttiebird kept onith temperature having
thejth feed atkth time, 1 is overall mean effect,; Ts theith fixed temperature effect
(i=1is NT and i=2 is HT), jAs thejth fixed feed effectjEcontrol or choice feed),i k

F; is interaction between T and feed, ¥ the kth random week of measurement
(k=1..6). T x W is the random interaction effect between tempesatund week of
measurement, jFx W, is the random interaction between feed and week of
measurement, ;X F x W, is the random interaction between temperaturej teel
week of measurement angés random error associated wjth diet assigned to the
ith temperature at week measureniemg ~ NID (0,06%).

Differences were considered significant at a prdivabevel of P < 0.05. If
significances of main effects or their interactionsre detected, then means were
compared using least squares means comparison.sMeasignificant effects were
separated using the PDIFF option with the SAXTONcmoan SAS at thd® < 0.05
level (Saxton, 1998). The Kenward-Roger method waed for computing the
denominator degrees of freedom for the tests of mifécts.

The best covariance structure was based on thectedr Akaike Information Criteria
(AICC). The first-order ante-dependence covariastngcture [ANTE (1)] fitted the data
best for feed intake, energy intake, BW gain, watttke and protein to gain ratio. The
heterogenous autoregressive covariance structuRH(®)] fitted the data best for
protein intake and energy-to-gain ratio. The Sing@eariance structure fitted the data
best for FCR and water-to-feed ratio.
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Body T and heterophil/lymphocyte ratio were anatybg PROC MIXED in SAS
with the following linear model:

Yig= W+ Ti+ B+ TixF+ e

where Yj, = measurement of response of Kile bird kept onith temperature having
thejth feed,u is overall mean effect,; Ts theith fixed temperature effeci=1 is NT
and i=2 is HT), Fis thejth fixed feed effectjE control or choice feed),; X F is
interaction between T and Feand g is the residual error.

Behavior data were analysed with replicated obsiens per pen per week. Feed
intake and panting behavior were analysed wittKiiuskal-Wallis test and post hoc with
the Wilcoxon two sample test by nonlinear procedfir8AS.

Results

Temperature and Relative Humidity. The T and RH are given as the average
minimum and maximum £ SD for the respective inter¥ae T in the HT room during
the first week was between 30.7+0.5°C and 31.9€D.4hd the RH was between
58+6% and 74+6%,.whereas the T in the NT room wetsvéen 30.0+0.9°C and
31.9+0.6°C and the RH was between 64+8% and 80#1.T in the HT room from
wk 2 to 6 was between 25.2+2.0°C and 31.5+0.5°CthadRH was between 61.0+7%
and 79+£10%. The T at the NT room from wk 4 to 6 easween 18.5+0.6°C and
21.0+0.4°C and the RH was between 40+5% and 49+5%.

Eating and Panting Behavior. Results on the percentage time spent on eating and
panting behavior per week are given in Figure lingdime declined from wk 1 to 6 of
age for both T conditions and for both dietary tments. The time budget for eating
was higher P < 0.01; Figure 1 upper-left panel) for birds keptNa than for those
kept at HT in the first, fifth and sixth week ofead3irds on the choice-feeding regimen
used a similar eating time as animals on the cbfeealing regimenH > 0.05 Figure
1 upper-right panel). Panting behavior was mord&fafter wk 1 onwardsH < 0.05;
Figure 1 down-left panel) and it was similar fortlbalietary treatmentsP(> 0.05;
Figure 1 down-right panel).

Bird Performance. Mortality in this study was very low (1.4%). All germance
data in the tables are data corrected for morthiftyeek. Probability values for every
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parameter are presented in Table 2. Differencgeiformance of the broilers in each
week at different T and dietary treatments areguresl in Table 3.

25 * -~
£20 220
c 10 Tl T
£5 | 0 TUREES £
w o w O
1 2 3 4 5 6 1 2 3 4 5 6
Age (weeks) Age (weeks)

—&— Normal temperature==<==- High temperature —@— Control feed =-=©-=- Choice feed

< 80 « =+ [[Es80
2 60 . }/Y ]l geo
> 40 . T > 40
= 20 d S 20
[ -~ [
g o §\L ———— S o
1 2 3 4 5 6 1 2 3 4 5 6
Age (weeks) Age (weeks)
—— Normal temperature = =-©--- High temperature —@— Control feed ==©-=-- Choice feed

Figure 1. Eating time (expressed as a percentage withiereagon time) (upper panel) and time
spend on panting (lower panel) at different tempees (left panels) and at different diets (right
panels). Vertical bars represent SD. The astetjsknéans a significant difference of at leBst0.05

at a certain age.The T and relative humidity (RiHjhie high-T (HT) room during the first week were
31.3+0.5°C and 63.716.8%, respectively, whereasTttaad RH at the normal-T (NT) room were
31.0+0.7°C and 63.7+6.8%, respectively. For NT, Thenged from 18.5+0.7°C to 21.0+0.5°C and
the RH ranged from 40.5+5.2% to 49.0+5.3% from wtk #); for HT, the T ranged from 25.2+2.0°C

to 31.540.5°C and the RH ranged from 61.0+7.8% t@#8).2% from wk 2 to 6. Control diet= 215

g of CP/kg and 2,895 kcal of ME/kg; Choice diet=1{i§ control diet, (2) a high-protein diet (299 g

of CP/kg and 2,780 kcal of ME/kg), and (3) a higlergy diet (150.7 g of CP/kg and 3,241 kcal of
ME/kg).

Feed Intake, Protein Intake and Energy Intakemperature had a major effect on
feed, protein and energy intake after the changenbient temperature at d 7 (Tables 2
and 3). Birds that were choice-fed consumed mest feom the energy-rich diet (59%
at NT and 52% at HT). The amount chosen as seduridecwas the control diet (25%
at NT and 27% at HT) and the third choice was tigh-protein diet (16% at NT and
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20% at HT) (Figure 2). The increase in intake @f igh energy diet at HT occurred at
10 d of age and at NT occurred at 14 d of &eerall, feed, protein and energy intakes
were higher at NTR < 0.001) compared with HT (Table 2). An interactlmetween T
and week showed that the difference in feed, protgid energy intake between
temperatures regimens (HT and NT) increased owse.tiThe difference was largest
after 3 wk of age (Figure 3). Total feed intakeni@ight was similar between control-
and choice-fed birds (Table 2). Protein intake higber P < 0.001) and energy intake
was lower P < 0.030) for control-fed birds compared with cheied birds (Table 2
and Figure 3). Protein intake during the last wesls higher than all other week of
trial for all dietary treatment groups (Figure Fhere was also a T x dietary treatment
x week interaction effect on protein intake (Tab)eThe protein intake was similar for
choice-fed birds at NT and control-fed birds at HTwk 3 to 6 (Table 4). Energy
intake in choice-fed birds was higher than in colrfied birds at NT in wk 5 and 6.
However, the intake with choice feeding was similampared to energy intake of the

control diet at HT at all ages (Table 3).
Body Weight Gain and Feed Conversion Rafiemperature did significantly affect

BW gain but BW gain was not affected by dietaryatneent (Tables 2 and 3). An
interaction between T and week showed that broderSIT continued to increase in
BW until wk 6, whereas broilers at HT continuediriorease in BW until wk 4 after
which the BW gain of birds until the end of the eximent increased much less (Figure
3). Overall, FCR was not affected by either T aataly treatment, but increased over
time (week; Table 2). However, FCR was lower fadbiat HT in wk 2 and higher for
birds at HT in wk 6 as compared with birds at Nal§le 3).

Ratios of Protein and Energy-to-Gaihemperature did not significantly influence
the protein-to-gain ratio, but it affected the digt energy-to-gain ratio (Table 2).
Energy-to-gain ratio was higher at NT than at HBIE 3). Protein- and energy-to-
gain ratios were affected by dietary treatment ([@&). The ratio of dietary protein to
gain was higherR < 0.001) and the ratio of dietary energy-to-gairs@wver P <
0.001) for control-fed birds compared to choice-fadds (Table 3). An interaction
between T and week (Table 2) showed that the difiee in protein-to-gain ratio
between HT and NT was most pronounced at wk 2 atfelg@ire 3). The interaction
between dietary treatment and week showed thaliffezence in protein- and energy-
to-gain ratio between control- and choice-fed bisgse most clear from wk 3 onwards
(Figure 4).



Table 2. Probability values of main effects and interactietween ambient temperatures (T), dietary treati#§ and
week (W) for different traifs

Main Feed Protein Energy BW Water Protein-to- Energy-to- Water-to-
effect$ intake intake intake gain intake gain ratio gain ratio FCR feed ratio
(kcal ME (g CP (kcal of ME /

(g/bird per (g CP/ bird /kg per (g/bird (g/bird per  intake/100 kg per 100 g

wk) per wk) bird/wk) per wk) wk) g BW gain) BW gain) (9/9) (9/9)
T <0.001 <0.001 <0.001 <0.001 0.904 0.838 0.032 0.062  <0.001
F 0.826  <0.001 0.030 0.159 0.004 <0.001 <0.001 0.179 0.001
w <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.080
TxF 0.306 0.336 0.133 0.650 0.798 0.458 0.089 79.1 0.864
TxW <0.001 <0.001 <0.001 <0.001 0.039 0.006 0.415 0.171 0.001
FxW 0.960 <0.001 0.276 0.356 0.096 0.016 0.031 0.461 0.853
TXFxW 0.333 0.023 0.179 0.498 0.272 0.393 0.397 0.565 0.187

The T and relative humidity (RH) in the high-T (Hfgom during the first week were 31.320.5°C and7£8.8%, respectively, whereas the T and RH at the
normal-T (NT) room were 31.0+0.7°C and 63.7+6.8&spectively. For NT, the T ranged from 18.5+0.76@21.0+0.5°C and the RH ranged from 40.5+5.2% to
49.0+5.3% from wk 4 to 6); for HT, the T rangednr@5.24+2.0°C to 31.5+0.5°C and the RH ranged frdn®67.8% to 79.2+10.2% from wk 2 to 6.

Control diet= 215 g of CP/kg and 2,895 kcal of Mf/lChoice diet= (1) the control diet, (2) a higlegein diet (299 g of CP/kg and 2,780 kcal of ME/kand (3) a
high-energy diet (150.7 g of CP/kg and 3,241 kE¢allB/kg).

2T x F=interaction between T and F;.

T x W=interaction between T and W.

F x W=interaction between feed and W.

T x F x W=interaction between T, F and W.

Wl & 421dry 9
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Table 3. Least squares means of performance parametersilartohicken from 0 to 6
wk of age as affected by temperature and dietegtriment

Parameters e
1 2 3 4 5 6
Feed intakeg/bird per week)
NT Control diet 119.9  311% 497.9 780.8 988.8 1186.3
Choice diet 119.9 3175 493.0 7889  1024.9 1215.4
NT Control diet 119.9  274°3 465.5 691.6 806.2 935.4
Choice diet 1143 2599 454.6 657.8 779.F 912.%
SEM 4.0 6.4 14.8 22.0 30.5 30.1
Protein intakdg of CP/bird per week)
NT Control diet 25.8 670 107.6¢ 167.9 212.6 255.F
Choice diet 25.6 66%7 93.3¢ 142.7 178.% 207.%
NT Control diet 25.8 59'0 100.2° 148.6 173.3° 201.7
Choice diet 24.9 512 85.3 128.4 157.6 1717
SEM 0.8 15 3.4 4.1 6.2 5.6
Energy(kcal of ME/ kg per bird per week)
NT Control diet 347.0 901°8 1441.3°  2260.3 2862.9 34348
Choice diet 3585 9542 1521.4 24632 32222 3836.9
NT Control diet 3473  794% 1347.68 2000.3 2334.6 2708.f
Choice diet 340.1 79483  1405.f° 20202 2374.6 2815.6
SEM 11.9 19.4 43.6 67.8 96.4 97.0
BW gain(g/bird per week)
NT Control diet 1106  227% 364.2 536.1 598.8 667.3
Choice diet 104.8 2458 354.6 515.% 585.7 642.4
NT Control diet 1105  218%3 358.1 481.% 480.7 507.F
Choice diet 1115 2128 328.3 455.2 464.6 478.0
SEM 3.4 6.9 13.6 15.2 24.7 28.1
Water(g/bird per week)
NT Control diet 220.7  538% 919.4 1394% 18139 21759
Choice diet 228.6 5556 852.8 13058  1661.1 185218
NT Control diet 2452 5367 961.1 14808  1827.8 19444
Choice diet 216.7 4750 858.3 1319% 17194 1891
SEM 10.1 21.7 37.1 51.7 68.9 71.8
FCR(g/g)
NT Control diet 1.08 1.37 1.37 1.46 1.67 1.78
Choice diet 1.15 1.3 1.40 1.53 1.76 1.89
NT Control diet 1.09 1.6 1.30 1.43 1.68 1.91
Choice diet 1.03 1.23 1.39 1.45 1.68 1.91
SEM 0.05 0.05 0.05 0.05 0.05 0.05

Continued...
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Table 3. (Continued). Least squares means of performarmcangeters in broiler
chicken from 0 to 6 wk of age as affected by terapee and dietary treatmént

Parameters Week (W)
1 2 3 4 5 6
Protein to gain rati@ of CP intake/100 g BW gain)
NT Control diet 23.3 29% 29.4 313 36.0° 38.3
Choice diet 24.4 27%3 26.3 27.8 30.68 32.3
HT Control diet 23.4 274 27.9 30.8 36.0° 41.7
Choice diet 22.4 24%2 26.3 28.2 33.8 36.0°
SEM 0.8 0.8 0.3 0.3 1.0 1.7
Energy-to-gain ratigkcal ME intake/kg per 100 g BW gain)
NT Control diet 313.4 397.0 39%.9 421.6 484.6 515.8
Choice diet 341.6 389.7 4320  478.4 553.2 597.8
HT Control diet 314.9 365.2 376.4 415.3 485.4 553.8°
Choice diet 305.0 374.7 4294 4447 510.8° 589.8
SEM 11.7 10.8 8.9 5.5 16.6 23.8
Water-to-feed ratio
(9/9)
NT Control diet 1.84 1.74 1.8% 1.7¢9 1.82 1.83
Choice diet 1.92 1.75 173 1.69 1.62 1.5%
HT Control diet 2.06 1.95 2.67 2.14 2.28 2.08
Choice diet 1.90 1.84 1.80 2.0F° 2.23 2.08
SEM 0.08 0.08 0.08 0.08 0.08 0.08

#¢Means within a week between treatments withowtraraon superscript differ significantl{?€0.05); no

superscript letter means nonsignificant differences

The temperature (T) and relative humidity (RH)tie high-T (HT) room during the first week were 30%5°C
and 63.7+6.8%, respectively, whereas the T and RHeanormal-T (NT) room were 31.0+0.7°C and 63.83%6,
respectively. For NT, the T ranged from 18.5+0.748C21.0+0.5°C and the RH ranged from 40.5+5.2% to
49.0+5.3% from wk 4 to 6); for HT, the T rangedrfrd25.2+2.0°C to 31.5+0.5°C and the RH ranged from
61.0+7.8% to 79.2+10.2% from wk 2 to 6. Controltdi@15 g of CP/kg and 2,895 kcal of ME/kg; Choicetd
(1) the control diet, (2) a high-protein diet (29%f CP/kg and 2,780 kcal of ME/kg), and (3) a hegtergy diet

(150.7 g of CP/kg and 3,241 kcal of ME/kg).
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Figure 2. Consumption of a control diet, high-protein dietéhigh-energy diet as a proportion of

total feed intake at normal temperature (NT; lefh@l) and high temperature (HT; right panel). The T
and relative humidity (RH) in the high-T (HT) roonuréhg the first week were 31.3+0.5°C and

63.7+6.8%, respectively, whereas the T and RH amntirenal-T (NT) room were 31.0+0.7°C and

63.7+6.8%, respectively. For NT, the T ranged frd85+0.7°C to 21.0+0.5°C and the RH ranged
from 40.54£5.2% to 49.0+5.3% from wk 4 to 6); for Hfie T ranged from 25.2+2.0°C to 31.5+0.5°C
and the RH ranged from 61.0+£7.8% to 79.2+10.2% feda® to 6. Control diet= 215 g of CP/kg and

2,895 kcal of ME/kg; Choice diet= (1) the controéli(2) a high-protein diet (299 g of CP/kg and
2,780 kcal of ME/Kkg), and (3) a high-energy di&&qT g of CP/kg and 3,241 kcal of ME/kQ).

Table 4. Effect of 3-way interaction between temperaturetaty treatment, and week on
protein intake of broiler from 0 to 6 Wk

Protein intakeyg of CP/bird Week (W)
per week) 1 2 3 4 5 6
NT Control diet 25.8 67.0 107.0 167.9 2126 255.1
Choice diet 25.6 66.7 93.3" 1421 178% 2078
HT Control diet 258 59.0 100.0° 14858 173.% 2011
Choice diet 249 512 853 1284 1570 171.*

&M Means without common superscript letters diffgnificantly (P < 0.05).

"The temperature (T) and relative humidity (RH)lie high-T (HT) room during the first week were 303%5°C
and 63.7+6.8%, respectively, whereas the T and RHeanormal-T (NT) room were 31.0+0.7°C and 63.83%6,
respectively. For NT, the T ranged from 18.5+0.748C21.0+0.5°C and the RH ranged from 40.5+5.2% to
49.04£5.3% from wk 4 to 6); for HT, the T rangedrfr®25.2+2.0°C to 31.5+0.5°C and the RH ranged from
61.0+7.8% to 79.2+10.2% from wk 2 to 6. Controltdi@15 g of CP/kg and 2,895 kcal of ME/kg; Choidetd

(1) the control diet, (2) a high-protein diet (29®f CP/kg and 2,780 kcal of ME/kg), and (3) a hegtergy diet
(150.7 g of CP/kg and 3,241 kcal of ME/kg).

Water Intake and Water-to-Feed Ratibemperature did not significantly affect
water intake, but it affected the water-to-feedoréTable 2). The water-to-feed intake
ratio was higher at HT than at NT (Table 3). Watéake £<0.004) and the water-to-
feed ratio were higheP(< 0.001) for control-fed birds as compared with cleefied
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Figure 3. Least square means for traits that show a sagmfi temperature (T) and week

interaction.Means within and between lines withoammmon letters (a-j) differ significantlyP(<

0.05). The temperature (T) and relative humidity YRHthe high-T (HT) room during the first week
were 31.3+0.5°C and 63.7+6.8%, respectively, whetkasT and RH at the normal-T (NT) room
were 31.0£0.7°C and 63.7+6.8%, respectively. For ti&, T ranged from 18.5+0.7°C to 21.0+0.5°C
and the RH ranged from 40.5+5.2% to 49.045.3% frokn4nto 6); for HT, the T ranged from
25.2+2.0°C to 31.5+0.5°C and the RH ranged from 61&%n0 79.2+10.2% from wk 2 to 6. BWG=

BW gain.
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Figure 4. Least square means for traits that show a sagmifidietary treatmentand week interaction.
Means within and between lines without common tettéa-j) differ significantly P < 0.05). Control
diet= 215 g of CP/kg and 2,895 kcal of ME/kg; Chailtet= (1) the control diet, (2) a high-protein
diet (299 g of CP/kg and 2,780 kcal of ME/kg), a8}l a high-energy diet (150.7 g of CP/kg and
3,241 kcal of ME/kg).

birds (Table 2 and 3). The interaction between @ aeek for water intake could be
fully explained by the significant week effect. Té#ference between HT and NT in
water-to-feed ratio increased over time, most tfesfter 3 wk of age (Figure 3).

Body Temperature and Heterophil/Lympocyte Ratio. Results of T and dietary
treatment on body T and H/L ratio are given in Eabl Temperature had a major
effect on body T and H/L ratio at d 21, 35 andB@dy T and H/L ratio were higher at
HT than at NT at these ages. No effect of dieteggitinent on body T and H/L ratio
could be detected.
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Table 5. Effect of ambient temperatures (T) and dietagatiment (F) on body temperature
and HIL ratid

Variables NT ' HT . Source of variatich
Control  Choice Control Choice
diet diet diet diet  SEM T F TxP
P

Body temperature’C)
Day 7 41.03 41.02 40.95 40.93 0.106 0.559 0.890 9.8
Day 21 40.82 40.98 41.13 41.19 0.078 0.003 0.182 0.531
Day 35 41.14 41.22 42.16 41.98 0.125 <0.001 0.573 0.176
Day 42 41.30 41.29 4212  41.88 0.980 <0.001 0.231 0.264
H/L ratio
Day 7 0.10 0.10 0.07 0.12 0.018 0.850 0.215  0.206
Day 21 0.10 0.14 0.19 0.21 0.020 0.007 0.138 0.491
Day 35 0.14 0.13 0.37 0.43 0.081 0.009 0.752 0.648
Day 42 0.23 0.17 0.37 0.49 0.083 0.011 0.687 0.303

'Mean values are expressed as an average of 6ateppiens of 2 birds each. The temperature (T) aladive
humidity (RH) in the high-T (HT) room during therdt week were 31.3+0.5°C and 63.7+6.8%, respegtivel
whereas the T and RH at the normal-T (NT) room v8r®+0.7°C and 63.7+6.8%, respectively. For NE, Th
ranged from 18.50.7°C to 21.0+0.5°C and the RHyeainfrom 40.5+5.2% to 49.0+5.3% from wk 4 to 6Y; T,
the T ranged from 25.2+2.0°C to 31.5+0.5°C andRhkranged from 61.0+£7.8% to 79.2+10.2% from wk B1o
ZSignificant effectsP<0.05) are printed in bold.

T x F=interaction between T and F.

Discussion

Eating and Panting Behavior. Birds at NT needed about 3.3% more time to
consume their feed than the birds at HT did, alghotihe feed intake was 17.5% higher
at NT. It seems that birds at NT did eat a largealnsize per unit of time than the birds
at HT. The latter birds showed much more pantirftpli®r (42%) than the birds at NT
(Figure 1). Therefore panting behavior may haveuced meal size by frequently
interrupting eating behavior.

Feed Intake, Protein Intake and Energy Intake. The observed higher feed intake
of broilers at NT than that of broilers at HT (2fwk 1 to 23% in wk 6) in this study
is in agreement with observations reported by stirebroilers (Cheng et al., 1997; Yo
et al., 1998; Temim et al., 1999) and in turkeysl@amp et al., 2000; Veldkamp et
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al., 2003). These studies showed that at high arhibiethe decrease in feed intake due
to heat stress ranged from 25 to 30%. Despite #asitotal feed intake between both
dietary treatments (control and choice-fed), chdéézk birds within both T regimens
had a higher intake of the high-energy diet atdkpense of the intake of the high-
protein diet (Figure 2). Siegel et al. (1997) sarii} reported that broilers preferred a
higher proportion of a low protein-high energy diean low energy-high protein diet
when given the choice. This suggests that formdldtet for maximizing growth may
not reflect dietary preferences of birds. Our daiafirmed this observation. Overall,
broilers exposed to HT consumed 14.4% less prodeid 18.3% less energy as
compared with broilers exposed to NT, which is gne@ment with results of Cheng et
al. (1997) and Sakomura et al. (2005). Within Nfigice-fed broilers consumed 14.6%
less protein and 9.9% more energy compared to @entChoice-fed broilers exposed
to HT consumed 12.6% less protein and 2.3% moreggrnempared to control-fed
broilers.

Changes of these preferences for certain dietsllastrated in Figure 2. This is
particularly evident up to 21 d of age where int@keéhe high-energy diet increases
with age. Surprisingly, the increased consumptiénthe high-energy diet at HT
reaches a plateau at 3 wk of age. At NT, howeterjritake of this diet still increased
until 6 wk of age. It is suggested that at oldeesagoirds at HT may have a lower
demand for energy needed for protein synthesisishanly partially counterbalanced
by a higher demand for energy needed for actiidgomotion and panting)f the
energy part of the diet is used for energy functibean convert 66% of the calorific
value into adenosine triphosphateTE) and the rest (34%) results as waste heat.
When protein is used for ATP, it can convert abief6 of calorific value into ATP;
therefore, more heat is produced per unit of ciidovialue (42%) (Black, 1995). The
use of high-energy rations for broilers in warmioeg by including more fat may thus
be beneficial for the animal, since fat gives llesat load per unit of kilojoules than do
carbohydrate and protein (Musharaf and Latshawd1 b, when the birds get access
to more energy in the choice-feed system, theydeeba higher heat load by ingesting
more of the energy diet for energy purposesthe control-fed birds, the energy
demand was probably met by converting protein @rtergy, which increased the heat
load. Adaptive changes in feed intake and energerditure over the long-term
contribute to homeostatic control of body energyest and maintenance of a constant
BW (Richards and Proszkowiec-Weglarz, 2007). Thweesfthe birds change their
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metabolism when they are reared above or below theimoneutral temperatures to
dissipate heat or increase heat production (Sakeoetual., 2005).

Body Weight Gain and Feed Conversion Rate. Broilers that were subjected to HT
gained less BW than those subjected to NT. Thiatneg effect of HT on BW gain
increased with increasing age. This result wasiooefl by Alleman and Leclercq
(1997), Cheng et al. (1997) and May et al. (19@B)erall, BW gain after 6 wk of age
was about 15% lower at HT than at NT.

Within each T regimen, BW gain was slightly lowardhoice-fed than in control-
fed birds. This was probably because protein intake significantly lower for the
choice-fed birds as compared with the control-fedsh For energy intake, differences
were not significantly different, although choiasf bird had, on average, a
numerically higher energy intake than the contedl-birds. As expected in young
birds, BW gain is most determined by protein intakédereas energy intake only
sustains BW gain. In a similar choice-feeding ekpent, Yo et al. (1998) found a
similar relationship between BW gain and proteiake.

FCR did not differ significantly between T regimemsd between dietary
treatments, except for the T in wk 2 and 6. Ithewn by the data that the high energy
intake (and thus, low protein intake) of the chdie@ birds at NT had a negative effect
on FCR. For a better performance, these birds dhimaite consumed more protein than
they did. So, protein intake of choice-fed bird\Ndt was limiting, which seemed not
to be the case at HT, probably due to less defigieotein levels at the lower feed
intake level.

Ratios of Protein and Energy-to-Gain. The protein-to-gain ratio was lower and the
energy-to-gain ratio was higher in choice-fed bittasn in control-fed birds at both T.
These ratios were confirmed in choice-feeding stoglyro et al. (1998) and Siegel et
al. (1997). The larger energy intake of choiceffeds at both T and, as a consequence
the lower protein intake, had only a slightly négaeffect on BW gain. This suggests
that energy was limiting in the control-fed birdsdait justifies a somewhat higher
energy-to-protein ratio in the diets at both T. Adequate protein and energy
concentration in the diet by week at NT and HTllissirated in Figure 5. The protein
and energy concentration varies between 171 t@21R/kg and 2,990 to 3,157 kcal of
ME/kg at NT and between 188 to 218 g CP/kg and2t6%B,086 kcal of ME/kg at HT
as the birds become older.
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Figure 5. Crude protein and energy concentration of feed entakder choice conditions at normal
temperature (NT) and high temperature (HT). CP odnt€P concentration in control diet, HT-CP
choice= CP concentration eaten at HT, NT-CP choice®ORcentration eaten at NT. ME
control=ME concentration in control diet, HT-ME d¢be= ME concentration eaten at HT, NT-ME
choice=ME concentration eaten at NT. The tempeeafliy and relative humidity (RH) in the high-T
(HT) room during the first week were 31.3+0.5°C &817+6.8%, respectively, whereas the T and
RH at the normal-T (NT) room were 31.0+0.7°C and #8.8%, respectively. For NT, the T ranged
from 18.5+0.7°C to 21.0+£0.5°C and the RH ranged frd@b#5.2% to 49.0+5.3% from wk 4 to 6);
for HT, the T ranged from 25.2+2.0°C to 31.5+0.5°Cd ahe RH ranged from 61.0+7.8% to
79.2+10.2% from wk 2 to 6.

Water Intake and Water-to-Feed Ratio. Ambient T is known to influence water
intake. Chickens consume water about 2-fold &C3and 2.5-fold at 3 (NRC,
1981) and 3.6-fold at 838 (North and Bell, 1990) compared with°21 It has been
reported that birds seek to manage heat stresadogaising water consumption and
then increase urinary production (Borges et alQ420However, we did not find a
significant difference in water intake between fTsHould be pointed out here that the
use of nipples by panting birds at HT may inhibiimewhat the natural way of
drinking from a bell drinker. Previous research dastrated that water consumption
from nipples as compared with bell drinkers at icyEIT by panting broilers was 21%
lower (May et al., 1997). This suggests that thekdns may not be able to coordinate
the water intake while panting. The inability obbers to drink sufficient amounts of
water at HT may lead to an unbalanced total bodgm@ontent due to a high degree of
water loss from the body and this could resultaomperformance of at HT (Yahav et
al., 2004).

Water consumption in this study was 8% higher intci-fed birds as compared to
choice-fed birds. A higher water intake was noated to a higher feed intake (only
0.5% higher feed intake for control-fed birds congglawith choice-fed birds), but it
was positively correlated to a 14% higher proteitake of control-fed birds as
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compared to choice-fed birds. Increasing the pmolevel in the diet increases water
intake and also the water-to-feed ratio (Marks Begti, 1984). Thus, a high protein
consumption by broilers need to be catabolized exwteted via the kidneys in the
form of uric acid, which implies extra water (Frasch and Brufau, 2004).

The higher water-to-feed ratio at HT indicates tihat bird uses the extra water to
enable evaporation during panting (Figure 1). lasieg water intake may benefit the
birds by facilitating evaporation (Belay and Teget#993) and this may prevent the
increase in body T (Furlan et al., 2004; Ahmad let 2005). Heat loss through
evaporation can account for 60% of the total hess (Etches et al., 2008) and even
more than 80% at high T (Ahmad and Sarwar, 200&gpBrative heat loss is
associated with loss of water and therefore deligaracan occur. Sufficient water
intake will facilitate this type of heat loss andntribute to thermotolerance at high
ambient T (Yahav et al., 2005).

Body Temperature and Heterophil/Lymphocyte Ratio. The somewhat higher body
T at HT agrees with other studies (Yahav, 2000) Higher body T at HT was
associated with a higher H/L ratio. This H/L raBoften used as an indicator for long-
term stress. The results of H/L ratio agrees witieostudies in which the H/L ratio is
negatively correlated with BW (Puvadolpirod and Xioa, 2000a). We expected that
body T in the choice-fed group would be lower tharthe control group because
choice-fed birds were able to consume a betternbath energy-to-protein diet.
However, the choice-fed birds did not have a desm@dody T or a lower H/L ratio at
HT possibly due to similar BW in both groups (Pusipitod and Thaxton, 2000a).

Conclusion

It can be concluded that broilers spent more timéng at NT than at HT and
showed more panting behavior at HT. Broilers campuose a diet by selecting less of
a protein-rich diet and more of an energy-rich thetn eating the control diet. At NT,
choice-fed birds had a similar feed intake and BAMgbut a lower protein and higher
energy intake than control-fed birds. At HT, cheied birds had a similar feed intake,
BW gain, energy intake and a lower protein intdientcontrol-fed birds. The intake of
protein and energy differed between the two T regisnand differed between ages.
High T decreased feed intake, protein intake, gnergke and BW gain. Choice-fed
birds had a similar feed efficiency as control-facd at HT, indicating similar body
composition for both groups. Extra energy intakelodice-fed birds at HT was used
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for panting activity. Body T and H/L ratio were higr at HT than at NT. Water intake
was similar between both temperatures, but higheontrol-fed birds than in choice-
fed birds.
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Abstract

Birds are able to make adaptation in feed intakd emergy intake and change their
metabolism to maintain the growth rate at variomgrenments. The objectives of this
study were to investigate the intake of protein ambrgy with self-selection by
indigenous chicken (Kampung chickens) under trépatianatic conditions in Jambi
Province of Indonesia in an intensive cafeteridesys The temperature ranged from
25.6+1.0C to 31.2+1.4C and RH ranged from 63+8% to 89+5%. The contraials
were fed with a standard control diet for broil&ickens. The choice-fed birds could
choose from 1: control diet, 2: a high-protein diatl 3: a high-energy diet. Birds had
free access to each diet in separate feeding tsolméts were offered as mash from 1 to
21 d of age with control diet (CP: 233 g /kg; MERZO kcal/kg), a high-protein diet (CP:
290.6 g/kg; ME: 2,895 kcal/kg), a high-energy deP: 138 g/kg; ME: 3,258 kcal /kg)
and as crumbles from 22 to 84 d of age with cordiet (CP 216 g/kg; ME: 3,104
kcal/kg), a high protein diet (CP: 303.6 g/kg; MED72 kcal/kg), a high energy diet (CP:
142.4 g/kg; ME: 3,293 kcal/kg). Results showed tihat choice-fed birds spent 28%
more time eating than the control-fed birds. Fegdkie and ME intake were similar
between the two dietary treatments. Protein intalie 22% higher in control-fed birds
than in choice-fed birds. BW gain was 20% highecamtrol-birds and FCR was 18%
lower in control-birds. Water intake was 24% higirercontrol-fed birds. Body T was
similar between dietary treatments. It can be cated that Kampung chickens can
compose a diet by selecting less of a protein-dieth and more of an energy-rich diet
than eating the control diet. The choice-fed bidd a lower BW gain than the control-
fed birds.

Key words: self-selection, protein, energy, tropical climatampung chickens
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I ntroduction

Ambient temperature can be considered to be thé impsrtant factor which affects
heat exchange between birds and environment (Yahal, 2005). As a consequence
factors which effect heat production like feed ket@an be affected in a hot environment
(Whittow, 1986; May and Lott, 1992; Daghir, 2008bhis response is one of the ways
for birds to reduce part of the heat load whiclgiodtes from digestion of feed and
processing of nutrients in the body. However, saébed intake reduction can result in a
shortage for essential nutrients (amino acids aedyy) and thus BW gain may be less.

Another way to reduce the heat load in a hot enuirent is to adjust dietary nutrient
concentration or to allow the birds to select fraset of nutrients in order to reduce heat
production and thus heat load. Also in Indonesiatgin and energy requirement for
slow growing meat-type chickens are based on iatermal feeding tables such as the
NRC (1994). These tables do not account for nutriequirements and intake levels as
occur with indigenous chickens under tropical cbods. So, there are no standards for
adequate nutrient contents under different heasstconditions. In order to derive the
protein and energy requirement for the indigenoreed in Indonesia, the so-called
Ayam (chicken) Kampung (village) in a hot enviromevarious strategies can be
followed. The classical way is to test feeds withious protein and energy contents and
measure response. One can also measure direetkesnof protein and energy by the
birds in a choice feeding setting (Balnave and déuiiAbdoellah, 1990). This method
allows the chickens to determine their own dieteoynposition and enables them to
reduce heat production associated with metabolfditese nutrients.

A choice between one energy rich ingredient ang oné protein rich ingredient may
be only partially effective in composing optimaktsi. Cruz et al. (2005) showed that
broilers could compose a balanced diet that alledithe negative effect of heat stress on
BW gain by offering various choices of ingrediewith different contents of protein and
energy. Therefore, it seems that a combination afenthan one protein and more than
one energy source need to be offered in an idaat®in. On the other hand, choice
feeding in a hot climate does not always avoid @edesed BW gain. Yo et al. (1998)
reported that under tropical climatic conditiongatofeed intake of a choice-fed
composition until 6 weeks of age did not diffemfrdotal feed intake of a single (control)
diet. Broilers on the choice feeding regimen didcten diet with a lower CP content than
the CP content present in the control diet and sdoavlower BW at 6 week of age than
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the birds fed the control diet. So, results of masi studies do not give the same effects
but this may be related to type of chickens and fesd is offered and it also may
depend on the climatic treatment applied (Sharidarieand Forbes, 1993; Forbes and
Shariatmadari, 1994).

The knowledge on the ability of Kampung chickens régulate the separate
consumption of protein and energy sources undpicabclimatic conditions is limited
(Kompiang et al., 2001). From literature it is clélaat birds can compose a diet from
different diets. It is however not known what kiodfl diet Kampung chickens will
compose from choice diets differing in energy amotgin when exposed to tropical
climatic conditions.

The objectives of this study were to investigate ititake of protein and energy by
self-selection in indigenous chickens (Kampung lans) under tropical climatic
conditions in Muaro Jambi District, Jambi Proviredfdndonesia. The hypothesis is that
the birds will be able to select different ingredgeto minimize heat load, therefore
optimising feed intake and performance as comparadsingle control diet.

Materials and Methods

Bird, Housing and Care

120 day-old chicks of Kampung chickens were obthiinem the hatchery of Jambi
University. After hatch, each bird was weighed anmidg-tagged for identification. After
that, all chickens were randomly allotted to 12flpens with 10 birds each. In addition,
unique colouring of each bird was done to ideritiky feed intake and panting behavior
of each bird during the trial. The birds were kigpan open sided house under tropical
temperature conditions. The floor pen was abougeterrabove the ground. Each pen had
one bell shaped drinker with a 3.3 litre capacity.enable the birds an easy and equal
access to feed, three feed troughs were placeacin gen. Birds had access to feed and
water ad libitum. Wood shavings were used as létet it was regularly added to each
pen to maintain a good litter conditions. The penethision was 1.75 m (1) x 1.2 m (w)
and 2 m (h) and made of wire.

For the first two weeks of age, the house was eavby black plastic suspended at
half-height of the wall during the whole day. Theeks thereafter, it was covered during
the night only (from 07:00 to 19:00 h). The tempan@and relative humidity cycle were
recorded daily by using a minimum-maximum thermgsoyneter. During days 0 to 14,
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temperature inside each pen was warmed by a 40uatt The bulbs were hanged on
under a bluish white metal in the form of Chinesadhshaped. Artificial light was at a
schedule of 23-h light (L) and 1-h dark (D) for fiirst three days only. The dark hour
was created by covering the bulb with a thin atdatiosely to the Chines-head shaped.
Thereafter, the temperature (T), relative humidiRH) and light followed the natural
rhythm with about 12L.:12D.

Experimental Design and Treatments

The experiment was conducted as a completely razddndesign with repeated
measures. The factor was a dietary treatment @@psingle diet fed birds versus choice-
fed birds). Each dietary treatment was assigneiiktceplicated pen with ten birds each.
Thus, the pen was the experimental unit.

Due to a limited availability of raw materials ateotime, the diets were made twice.
The first batch was made three days before theastdrthe second batch was made two
weeks later. Dietary treatments were analysed lpximate analysis at Andalas
University, West Sumatera. The first rations wesalenas a mash from 1 to 21 d of age
(control diet = 233 g of CP/kg and 2,999 kcal of kik a high-protein diet = 290.6 g of
CP/kg and 2,895 kcal of ME/Kg, a high-energy di&88 g of CP/kg and 3,258 kcal of
ME/kg) and as crumbles from 22 to 84 d of age fobuliet = 216 g of CP /kg and 3,104
kcal of ME/kg, a high-protein diet = 303.6 g of &and 3,072 kcal of ME/Kg, a high-
energy diet = 142.4 g of CP/kg and 3,293 kcal of/ikdl= All diets had similar colour.
The control birds were fed with a single contraétdand the choice-fed birds could
choose from (a) the control diet, (b) the high @irotdiet and (c) the high energy diet,
each provided in a separate feed troughs. This th@vbirds the opportunity to eat from
the control, a high-protein or a high-energy dret thus compose their own diet. In order
to avoid a habituation, the site of each feed fnoilga pen was changed every day
according to a predetermined random schedule.

The feed was offered at 12:00 h every day andolsdtr was weighed next day at
12:00 h. Before meal time, all feeders were takenobthe pens and weighed, and new
feeders were placed back. Water was recorded befatafter refilled. The sources for
protein were soybean meal and local fish meal. dimergy sources were corn, palm
kernel meal, polished rice and vegetable oil. Dyetaompositions of the experimental
diets are presented in Table 1.



64| GChaprer #

Table 1. The ingredient (g/kg) and analysed nutrient cositmm of Kampung
chickens dietary treatment.

Dietary treatment

Ingredient : High-Protein High-
Control diet ; ;
diet Energy diet
Soybean meal 247.6 446.5 40.0
Polished 330.0 387.8 250.0
Maize 340.8 50.0 520.0
Fish meal 50.0 80.0 30.0
Palm kernel meal (expeller extracted) 10.0 10.0 .aoo
Vegetable oil 0.0 0.0 39.8
Limestone 10.0 13.0 10.0
Salt 4.0 4.0 4.0
Top Mix* 5.0 5.0 5.0
Dicalcium phosphate 0.8 0.8 0.8
DL-Methionine 1.7 2.7 0.2
L-lysine HCI 0.1 0.2 0.2
Total 1000.0 1000.0 1000.0
Analysed nutrient content (g/kg)
ME (kcal/kgy from 0-21 d of age 2999.1 2895.1 3257.8
ME (kcal/kgy from 22-84 d of age 3104.2 3072.0 3292.7
Crude protein from 0-21 d of age 233.0 290.6 138.1
Crude protein from 22-84 d of age 216.2 303.6 442

'Composition of 1 kg Top Mix: vitamin A (retinyl atzte), 12,000 IU; vitamin P(cholecalciferol), 2,000 IU;
vitamin E (dle-tocopherol), 8.0 mg; vitamin K, 2.0 mg; vitamin @hiamin), 2.0 mg; vitamin B(riboflavin), 5.0
mg; vitamin B (pyridoxine-HCI), 0.5 mg, vitamin B (cyanocobalamin), 12 mg; vitamin C, 25 mg; niadid,mg;
vitamin Bs (d-pantothenic acid), 6.0 mg; choline chloride,ni@; methionine, 30 mg; lysine, 30 mg; iron, 20 mg;
copper, 4 mg; manganese, 120 mg; zinc, 100 mgjltc@b2a mg; iodine, 0.2; zinc bacitracin, 21 mg aahtoquin
(antioxidant), 10 mg.

*Metabolisable energy was calculated by determig@gbustion) gross energy of the entire diet mligtipwith

a ME/GE-convection factor (0.70).

3Value was calculated.

Measurements

Feed intake behavior and panting behavior wererdedoby direct observation
during a 5- to 7- min walk in the room. Each bindeiach of the 12 pens was observed
instantaneously for a moment during this perioddan) similar to Bokkers and Koene
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(2003). After 5 to 7 min, the behavior of each hirals scanned at a single moment. This
procedure was repeated with 15 min pauses sevrees between 09:00 to 12:00 h and
between 14:00 to 17:00 h to represent a 12 h daytigriod. Scan sampling was done
one day per wk. Observations were conducted fromlwk 12 by an experienced
assessor standing in front of the pen. Based e thbservations (instantaneous scan
sampling), we calculated the percentage of timecttiekens in a certain pen spent on
eating and panting behaviors relative to other iehsa Eating was defined as a chicken
with the head in or above the feeder, and pantiag @efined as breathing rapidly with
short gasps with open beak and split wing featignment. All other behaviors were
described by Bokkers and Koene (2003). Since puevexperience showed that making
more than one scan in each bird per observatienpeih increased behavioral activity of
the birds as a reaction to the presence of thenabysBokkers and Koene, 2003), only
one scan in each bird per observation was madescaih data per pen per wk were
pooled.

Feed intake per pen was recorded daily. Water énfadr pen was measured by
subtracting the given amount of water with left ogal) each time adding water to the
tank. Protein and energy intakes were calculatid the intake of each of the three diets
and their concentrations. Birds were weighed weekig BW gain was calculated
accordingly. The weight of birds that died or hade culled was determined and their
BW gain was included in the calculation of the feedversion ratioRCR) per pen. All
performance data were finally averaged per biebich pen for each two wk period.

Body T was measured from two birds per pen by dadlidhermometer in the cloaca
each time before the weekly weighing. Data of te bbirds per pen were averaged.

Statistical Analysis

In this experiment, birds were randomly allocategeéns representing different diet
treatments. All performance data were taken onstmae experimental units (pens),
repeated in time: 12 weekly observations were abkglfor each individual experimental
unit. One experimental unit of choice-fed birdsha last week of trial was omitted from
the analysis due to a five times higher FCR in feat as compared with the average of
all other replicated pens. All performance dataenaralysed after pooling daily data into
six 14-d periods. Repeated measurements on the aaimal cannot be regarded as
independent units of observation and mixed model lsa used to account for the
covariance structure among repeated observatidtel{Let al., 1998). In the analysis,
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the repeated statement PROC MIXED in SAS (versidn SAS Inst. Inc., Cary, NC)
was used adding the factor time (“period” as theetfactor) and pen was considered as
an additional random effect. The following statistimodel was used:

Yik =n+F+B+FXxW+ ey

Where Yj is measurement of response ofktiebirds having théh diet atjth period,u

is overall mean effect, ks theith fixed diet effectic complete diet or choice diet), iB
the randomth period measurement=(..6), F x B is the random interaction effect
between diet and period of measurement gnid eandom error associated with diet
at period measuremejth, e~ NID (0,6%).

Differences were considered significant at a prdivadevel of P < 0.05. If
significant of main effects or their interactionser® detected, then means were
compared using least squares means comparison.sMdasignificant effects were
separated using the PDIFF option with the SAXTONcmoan SAS at thd® < 0.05
level (Saxton, 1998). The Kenward-Roger method waed for computing the
denominator degrees of freedom for the tests of mifécts.

The best covariance structure was based on thectedr Akaike Information Criteria
(AICC). The first-order heterogenous autoregressigeariance structure [ARH (1)]
fitted the data best for feed intake, protein ietaénergy intake, BW gain, FCR, water
intake, protein to gain ratio and energy-to-gaitioraThe unstructured covariance
structure [UN] fitted the data best for water-tedeatio.

Body T was analyzed by PROC GLM in SAS with thddieing linear model:

Yi=pu+FR+g

Where Y = measurement of response of jtrebird having thdth diet, is overall
mean effect, Hs theith fixed diet effecticcomplete or choice), ang is the residual
error.

Behavior data were analysed with replicated obsiens per pen per week. Feed
intake and panting behavior traits were analysdtl thie Kruskal-Wallis test and post
hoc with the Wilcoxon two sample test by nonlingarcedure of SAS.
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Results

Temperature and Relative Humidity. The T and RH are given as the average
minimum and maximum = SD for the respective inter¥dne natural variation in T
inside the house was between 25.6%1.@nd 31.2+1%C and the RH was between
63+£8% and 89+5%. During the period of this experiméeptember to December,
2008), the season in Muaro Jambi District, Jamlovirce of Indonesia was rainy
season with normal rainfall (MGA, 2008).

Eating and Panting Behavior. Results on the percentage of time spent on eating
behavior are given in Figure 1. Eating time in wkvas not recorded for practical
reasons. Eating time declined with increasing afethe birds at both dietary
treatments. Birds on the choice feeding regimentspere time on eating than birds in
the control feeding regimen after 32 d of a§e<( 0.05). Time spent on panting is
presented in Figure 2. It was observed that Kampehigkens subjected to choice
dietary treatment spent similar time for pantinghddgor as compared to chickens
subjected to control dietary treatmeRtX 0.05).

50 -
40 -

Eating (%)

P N W
O O o o
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5 14 16 23 32 39 46 53 60 67 74 82
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Figure 1. Eating time (expressed as percentage within vasen time) for control- €) and choice-
feeding ¢). Vertical bars represent SD. The asterisk (*) msea significant difference of at led
0.05 at a certain age.Diet: from 1 to 21 d of agmtrol diet (CP: 233 g /kg; ME: 2,999 kcal/kg);
choice diet = (1) the control diet, (2) a high-iatdiet (CP: 290.6 g/kg; ME: 2,895 kcal/kg), or &3)
high-energy diet (CP: 138 g/kg; ME: 3,258 kcal /kg)a mash. From 22 to 84 d of age; control diet
(CP 216 g/kg; ME: 3,104 kcal/kg); choice diet = g control diet, (2) a high-protein diet (CP:
303.6 g/kg; ME: 3,072 kcal/kg), or (3) a high-enedigt (CP: 142.4 g/kg; ME: 3,293 kcal/kg).

Bird Performance. Mortality in this experiment was 7%, consisting &% in
control-fed birds and 2% in choice-fed birds.
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Figure 2. Time (expressed as percentage) spends for panghgvior for control-«) and choice-
feeding ©).Vertical bars represent SD. Diet: from 1 to 21 d of age; control diet (CP: 233 g /kg; ME:
2,999 kcallkg); choice diet = (1) the control di@) a high-protein diet (CP: 290.6 g/kg; ME: 2,895
kcal/kg), or (3) a high-energy diet (CP: 138 g/ME: 3,258 kcal /kg) as a mash. From 22 to 84 d of
age; control diet (CP 216 g/kg; ME: 3,104 kcal/kghpice diet = (1) the control diet, (2) a high-
protein diet (CP: 303.6 g/kg; ME: 3,072 kcal/kg}, (8) a high-energy diet (CP: 142.4 g/kg; ME:
3,293 kcal/kg).

Table 2. Probability values of main effects and interacti®tween dietary treatmentl
(F) and period for different traits.

Parameters F Period F x Period
Feed intakeg/bird per period) 0.119 <0.001 0.273
Protein intakeg of CP/bird per period) <0.001 <0.001 0.001
Energy intakekcal of ME/kg per bird/ period) 0.456 <0.001 0.453
BW gain(g/bird per period) <0.001 <0.001 0.003
Water intakeg/bird per period) <0.001 <0.001 0.001
FCR(g/9) <0.001 <0.001 0.001
Protein to gain ratigg of CP/100 g of BW gain per 0.410 <0.001 0.067
bird/period) ’ ’ )
Energy-to-gain ratigkcal of ME/kg per 100 g of <0.001 <0.001 <0.001
BW gain per bird/period) ) ) ’
Water-to-feed ratiqg/g) <0.001 <0.001 <0.001

Dietary treatmentfrom 1 to 21 d of agesontrol diet(CP: 233 g /kg; ME: 2,999 kcal/kg); choice dietH the
control diet, (2) a high-protein diet (CP: 290.6g@/ME: 2,895 kcal/kg), or (3) a high-energy di€f¢ 138 g/kg;
ME: 3,258 kcal /kg) as a mash. From 22 to 84 dgef @ontrol diet (CP 216 g/kg; ME: 3,104 kcal/kehpice diet
= (1) the control diet, (2) a high-protein diet (CG33.6 g/kg; ME: 3,072 kcal/kg), or (3) a high-emediet (CP:
142.4 g/kg; ME: 3,293 kcal/kg). Period: six 14-dipds.

%F x Period=interaction between dietary treatmeniteriod.
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Table 3. Least square means of performance parameter finpiag chickens from
period 1 to 6 (12 weeks) as affected by dietargtments.

Period
Parameter
1 2 3 4 5 6
Feed intake (g/bird per period)
Control diet 163.4 326.2 438.4 547.4 7G8.2 843.8
Choice diet 164.9 325.3 443.9 523.2 684.7 751.6
SEM 55 12.7 17.3 15.9 21.4 34.0;36.1
Protein intake (g of CP/bird per period)
Control diet 38.5 72.8 94.8 118.3 153.F 182.4
Choice diet 338 607 83.4 93.8 112.8 1318
SEM 1.1 2.6 3.8 3.7 47 6.9;7.3
Energy intake (kcal of ME/kg per bird per period)
Control diet 699.9 1426.0 19442 24273 31404 3r42.
Choice diet 688.5 1433.8 2031.0 2398.9 2909.5 3453.0
SEM 23.7 56.0 77.2 70.4 95.6 154.3;163.7
BW gain (g/bird per period)
Control diet 73.9 133.1 1724 200.G 201.6 236.7
Choice diet 761  116.9 1424 164.0 1432 1677
SEM 1.9 8.7 6.5 8.0 12.8 12.7;13.8
Water intake (g/bird per
period)
Control diet 252.7 563%0 931.3 12658 17009 2166.8
Choice diet 2445 4790 7367 9640 12828 15458
SEM 11.7 19.7 28.2 45.2 70.7 1105;115.1
Protein to gain ratio(g of CP/100 g of
BW Gain/bird per period)
Control diet 52.1a 54.7 55.5 59.3 78.0 77.4
Choice diet 44%  53.0 57.7 57.2 78.7 78.7
SEM 1.0 2.6 24 1.3 44 24;26
Energy-to-gain ratio (kcal of ME /kg
per 100 g of BW Gain/bird/ period)
Control diet 663.0 7498 7966 8514 11198 11109
Choice diet 670.7 9209 9854 1031.f 14254 14512
SEM 17.6 50.9 35.5 25.6 65.1 42.6;,46.8

Continued...
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Table 3. (Continued). Least square means of performancanpeger in Kampung
chickens from period 1 to 6 (12 weeks) as affebtedietary treatmentsl.

Parameter kston
1 2 3 4 5 6
FCR (9/9)
Control diet 2.21 2.45 287 274 3.6P 3.58
Choice diet 2.17 2.89 3.08 3.2¢ 4.44 451
SEM 0.16 0.16 0.11 0.09 0.21 0.13;0.14
Water-to-feed ratio (g/g)
Control diet 1.55 1.74 2.14 2.3% 2.4C 2.56
Choice diet 1.48 1.47 1.6€ 1.83 2.0P 1.9%
SEM 0.14 0.05 0.08 0.05 0.09 0.08;0.09

Means within a period between treatments withocbrmmon superscript letters (a-b) differ signifidaratt (P <

0.05). No superscript means non-significant differss.

Dietary treatmentfrom 1 to 21 d of agesontrol diet(CP: 233 g /kg; ME: 2,999 kcal/kg); choice dietB the
control diet, (2) a high-protein diet (CP: 290.8@)/ME: 2,895 kcal/kg), or (3) a high-energy di€f 138 g/kg;
ME: 3,258 kcal /kg) as a mash. From 22 to 84 dgef @ontrol diet (CP 216 g/kg; ME: 3,104 kcal/kehpice diet
= (1) the control diet, (2) a high-protein diet (C33.6 g/kg; ME: 3,072 kcal/kg), or (3) a high-emediet (CP:
142.4 g/kg; ME: 3,293 kcal/kg).

%Period: 14-d periods

All performance data in the tables are data coetedor mortality by period.
Probability values for every parameter are preskrite Table 2. Differences in
performance of the Kampung chickens in each pexiatifferent dietary treatments are
presented in Table 3. The interaction betweenatidtperiod is presented in Figure 3.

Feed Intake, Protein Intake and Energy Intak@tal feed intake was similar
between control- and choice-fed birds, but proialake was higherR < 0.001) in
control animals. (Table 2). Feed intake and enémtpke per period increased over
time but it did not significantly differ between mool- and choice-fed birds at all
period interval except in period 5 for feed intgd@ble 3). Protein intake increased
over time and was significantly higher for the cohfed birds than the choice-fed
birds except in period 3 (Table 3). There was darattion effect between dietary
treatment and period on protein intake (Table d)e Wifference in protein intake
between both treatments significantly increasedrgberiod 3 (Figure 3, panel A).
Birds that were choice-fed consumed about 47% femd the energy-rich diet, 33%
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from the control diet and 20% from the protein-ridiet (Figure 4). The increase in
intake of the energy-rich diet started at 4 d &f.ag

Body Weight Gain and Feed Conversion Ra&i@/ gain and FCR were affected by
dietary treatments (Table 2). BW gain and FCR iasee over time. BW gain was
higher P < 0.05) and FCR was lower for control-fed birds coregawith choice-fed
birds after period 2 (Table 3). An interaction betn dietary treatment and period
showed that Kampung chickens fed the control diatinued to increase in rate of BW
gain until period 6, whereas Kampung chickens fedadhoice diet increased BW gain
until period 4 after which they maintained the sagnewth rate (Figure3, panel B).
FCR increased after period 4 in both dietary treatis (Figure 3, panel C).

Ratios of Protein and Energy-to-GaiDietary treatment did not affect ratios of
protein to gain but it affected the ratios of enengtake to gain ratio (Table 2). The
ratio of energy-to-gain was higheP (< 0.05 for choice-fed birds compared with
control-fed birds after period 1 (Table 3). An natetion between dietary treatment and
period on ratios of energy-to-gain showed thatréti® highly increased after period 4
and stabilized during period 5 to 6 in both dietaeatments (Figure 3, panel D).

Water Intake and Water-to-Feed Rativater intake and water-to-feed ratios were
affected by dietary treatment (Table 2). Water katand water-to-feed ratio were
clearly higher in the control-fed birds than in tttfeice-fed birds in each period after
period 1 (Table 3). There was an interaction effeetween dietary treatment and
period for water intake and for water-to-feed rqfi@ble 2). The differences in water
intake and water-to-feed ratio between control- ahdice-fed birds increased over
time (Figure 3, panel E and F)

Body Temperature. Results of dietary treatment on body T are preseint&able 4.
Body T of control- and choice-fed birds was similareach week except at 3 wk of
age, where body T was highd?P & 0.05) for control-fed birds as compared with
choice-fed birds.

Discussion

Eating and Panting Behavior. Choice-fed birds needed about 28% more time to
consume their feed than control-fed birds althoubkir feed intake was not
significantly less (6%) than control-fed birds. Timae spent on eating for choice-fed
birds is most likely related to the extra time the birds to sample each dietary
treatment before making the choice (we changegasdion of the feed through in the
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Figure 3. Least square means for traits that show feed noghanteraction. Means within and
between bars with common letters (a-j) differ sigantly (P < 0.05). Dietary treatment: from 1 to 21
d of age; control diet (CP: 233 g /kg; ME: 2,99%@lkcg); choice diet = (1) the control diet, (2) ight
protein diet (CP: 290.6 g/kg; ME: 2,895 kcal/kg),(8) a high-energy diet (CP: 138 g/kg; ME: 3,258
kcal /kg) as a mash. From 22 to 84 d of age; coudies (CP 216 g/kg; ME: 3,104 kcal/kg); choice
diet = (1) the control diet, (2) a high-proteintdi€P: 303.6 g/kg; ME: 3,072 kcal/kg), or (3) alirg
energy diet (CP: 142.4 g/kg; ME: 3,293 kcal/kg).
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pen daily). Panting behavior was similar. It sedhet the control-fed birds had a
larger meal size per unit of time than the chogeirds.

Panting behavior of Kampung chickens only showedenpanting at day 39 (6.6%
for control and 4.8% for choice-fed birds) than tbiner days. At this day, the
minimum temperature was 24Qat 7:00 h and the maximum temperature was’G4.4
at 12:00 h. This was a difference of @ 2at that particular day. It should be noted
that feed intake, protein intake and energy intetkbis day were the same.

Table 4. Effect of feeding strategies on body temperastnearious age

Source of variatioh

Week Control diet Choice diet SEM?

Feed
—————— (in Celsius)------

1 40.8 41.0 0.15 0.265
2 40.9 40.9 0.15 0.265
3 41.2 40.9 0.08 0.034
4 41.1 40.9 0.12 0.287
5 41.1 41.0 0.10 0.525
6 41.3 41.2 0.07 0.640
7 41.3 41.4 0.04 0.611
8 41.4 41.4 0.08 0.942
9 41.4 41.3 0.09 0.798
10 41.4 41.6 0.08 0.165
11 415 415 0.08 0.721
12 41.6 41.6 0.08 0.890

*Mean values are expressed as an average of Gategiiens. Dietary treatmefriom 1 to 21 d of agesontrol diet
(CP: 233 g /kg; ME: 2,999 kcal/kg); choice dietl} the control diet, (2) a high-protein diet (CR0% g/kg; ME:
2,895 kcal/kg), or (3) a high-energy diet (CP: b#8y; ME: 3,258 kcal /kg) as a mash. From 22 tad8sf age;
control diet (CP 216 g/kg; ME: 3,104 kcal/kg); ateidiet = (1) the control diet, (2) a high-protdiet (CP: 303.6
g/kg; ME: 3,072 kcal/kg), or (3) a high-energy dieP: 142.4 g/kg; ME: 3,293 kcal/kgy df.

SSignificant effects<0.05) are printed in bold.

Feed I ntake, Protein Intake and Energy I ntake. In the present study the choice-fed
birds consumed the same amount of feed as theotdedr birds. This is not an
agreement with the results of a study by Kompiangl.e(2001). They found that feed
intake of Kampung chickens that were choice-fed significantly lower (6.6%) than
those of control-fed birds.

Despite a similar total feed intake as control-fleidds, the choice-fed birds
preferred a higher intake of the high-energy atdkpense of the intake of the high-
protein diet (Figure 4). Our results confirmed ptevious observation (Chapter 3) that
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broilers kept at HT chose a higher proportion @ tigh-energy diet than of the high-
protein diet. This suggests that a formulated &betmaximizing growth may not
reflect dietary preferences of birds (Siegel et H097; Delezie et al., 2009). Overall,
the birds subjected to the choice feeding treatroensumed 22% less protein and 3%
less energy. The lower intake of protein and simiigake of energy are in agreement
with the results of a choice feeding study in Kamgpchickens (Kompiang et al.,
2001) and also of a broiler study at high tempeest{Yo et al., 1998).
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Figure 4. Consumption of control diet, high protein diet dnigh energy diet as a proportion of total
feed intake. Dietary treatment: from 1 to 21 d gé;acontrol diet (CP: 233 g /kg; ME: 2,999 kcal/kg);
choice diet = (1) the control diet, (2) a high-giatdiet (CP: 290.6 g/kg; ME: 2,895 kcal/kg), or &3)
high-energy diet (CP: 138 g/kg; ME: 3,258 kcal /kg)a mash. From 22 to 84 d of age; control diet
(CP 216 g/kg; ME: 3,104 kcal/kg); choice diet = ¢ control diet, (2) a high-protein diet (CP:
303.6 g/kg; ME: 3,072 kcal/kg), or (3) a high-enedigt (CP: 142.4 g/kg; ME: 3,293 kcal/kg).

Distinct preferences for the protein and energysdie this experiment demonstrate
the ability of Kampung chickens to discriminate amaliets that differ in protein and
energy content independently (Figure 4) becausedtmr of the diets was similar. It
seems that after 28 d of age, choice-fed Kampuigkehs reduced the intake from the
high energy diet and shifted to the control diehisTshifted preference was also
observed in broilers at high temperature (ChapteA8aptive changes in feed intake
and energy expenditure over the long-term conteiltata homeostatic control of body
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energy stores and maintenance of a constant BWhéRls and Proszkowiec-Weglarz,
2007).

BW gain and FCR. BW gain of Kampung chickens was clearly highesemwthey
were fed a control diet. This result is in linelwé previous study which found that the
growth rate of Kampung chickens fed a high-proimd high-energy diet (20% CP
and 3,100 kcal ME/kg) was higher than when fedvepootein and low-energy diet
(14% CP and 2,833 kcal ME/kg) (Argono and Iskang@f)5). Therefore, BW gain of
choice-fed birds until 84 d of age, in our studgswnost determined by protein intake
because choice-fed birds consumed less protein,(R226.01) than control-fed birds.

Overall, BW gain after 84 d of age was about 20%geloin the choice-fed birds as
compared with the control-fed birds. The higher B#ih of Kampung chickens given
the control diet in our study showed that this lokkrates in a high cyclic ambient T
and they perform well with the high protein did¢tshould be emphasised that rearing
the birds in a cycling hot environment (as in cdudg) may be less stressful than when
rearing them in an environment with a constant Higlluring the day. Birds can
recover during the part of the day in which the gemature is lowest. Cheng at al.
(1999) also found that BW gain was higher in brsilkept at a high cyclic T (26.6
°C;16 h to 35C; 8h) compared with broilers continuously kepaatonstant (32°F)
high T.

FCR increased with increasing age of the chickensli dietary treatments.
However, the increase was more pronounced on cffieicbirds from wk 10 onwards.
Low protein intake of the choice-fed birds had gai&e effect on FCRTherefore,
protein intake of the choice-fed birds was insigifit for high rate of gain due to a low
feed intake level.

Ratios of Protein- and Energy-to-Gain. The ratio of protein-to-gain was similar
between choice-fed birds and control-fed birds, leeszing the fact that protein intake
has probably determined BW gain as suggested afdie.finding was in contrast
with a similar study in Kampung chickens done byrifidang et al. (2001). They found
a lower ratio of protein-to-gain in choice-fed Wrdompared with control-fed birds.
The higher ratio of energy-to-gain in choice-feddbiin our study was related to
similar energy intake but BW gain was 20% lowemtltantrol-fed birds. When the
ME/CP ratios in the diet are considered, it shdagdmentioned that the protein and
energy concentration in the choice diet eaten leyhtinds varies from 212 to 145 g
CP/kg and from 3,071 to 3,217 kcal of ME/kg as ingeeased (Figure 5).
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These ratios also suggests that Kampung chickesisrped the same amount of protein
per 100 g BW gain but require more energy per 18Wggain (Table 3). Control-fed birds
had a higher growth rate. Protein- and energy-to-gatios after wk 10 were significantly
increased both in control- and in choice-fed birdikis means that after this period,
Kampung chickens requires more dietary protein emetgy for each unit increase in body
weight than before wk 10.
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Figure 5. Energy to protein ratio of control feed and cledieed intake of Kampung chickens under
tropical climate conditions. Dietary treatment:rfrd to 21 d of age; control diet (CP: 233 g /kg;:ME

2,999 kcallkg); choice diet = (1) the control dig) a high-protein diet (CP: 290.6 g/kg; ME: 2,895
kcal/kg), or (3) a high-energy diet (CP: 138 g/ME: 3,258 kcal /kg) as a mash. From 22 to 84 d of
age; control diet (CP 216 g/kg; ME: 3,104 kcal/kghpice diet = (1) the control diet, (2) a high-

protein diet (CP: 303.6 g/kg; ME: 3,072 kcal/kgy, (8) a high-energy diet (CP: 142.4 g/kg; ME:

3,293 kcal/kg).

Water Intake and Water-to-Feed Ratio. Water consumption was 24% higher in
control-fed birds than in choice-fed birds. As asequence, overall water-to-feed ratio
in the control-fed group was 18% higher than in ¢heice-fed group (Table 3). The
progressive increase in water intake in control§&ds was related to the 22% higher
protein intake of control-fed birds. Alleman andclarcq (1997) reported that
increasing the level of crude protein in the dietréases both water intake and water-
to-feed ratio.

Body Temperature. Body T was similar between dietary treatments pkeéd 21.
The higher body T of control-fed birds at this agas thought to be related to the
higher intake of feed and especially protein (5gd®in control-fed birds and 4.51 g/d
in choice-fed birdsP < 0.03). It seems that control-fed birds maintairtegirtbody T
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by drinking more water as a consequence of highaein intake. Higher water intake

in control-fed birds will be very effective if itds been used to increase heat dissipation
by means of evaporation, particularly when the ambil is high. In this way heat
increment caused by higher intake of crude pragepossible to release although these
effects were not measured.

Conclusion

It can be concluded that Kampung chickens spententione eating in choice
feeding than control feeding system. Birds compasdiet by selecting less of a
protein-rich diet and more of an energy-rich dietrt the control diet, but energy intake
was similar with the energy in the control dietsétemed that Kampung chickens did
not eat to maximise growth rate when they haveothgortunity to select a ration. A
low rate of growth is probably more beneficial furvival under tropical conditions
than a high rate of gain. Water intake was highethe control-fed birds than in the
choice-fed birds.
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Abstract

Wetting a high energy-to-protein ratio (HE) dietshaot been evaluated on
performance and gastrointestinal (GIT) developnieifdroilers at normal temperature
(NT) and high temperatures (HT). The objectiveshif experiment were to study the
effects of wet feeding and a high energy-to-protaiios on feed intake behavior, feed
intake, GIT development and performance in brailsickens at NT (310 to 2€C) and
HT (310 to 32C) conditions. Night temperature was set t6CL&r NT and 25C for
HT with an 12L:12D schedule. The control diet wadandard diet for broiler chickens
with 215 g CP/kg and 2,895 kcal ME/kg. The HE dienhtained 195 g CP/kg and
3,067 kcal ME/kg. Birds had ad libitum access t® diet in dry or wet (added water
1:1) form. Results showed that broilers spent 2r86te time eating at NT than at HT
in the last three weeks of age and showed 34.6% pemmting at HT than at NT. High
temperature decreased feed intake and BW gain.r@domind wet-fed birds had a
higher feed intake, BW gain and water intake thdf ldnd dry-fed birds. At HT,
similar BW gain between wet-HE-fed birds and drytol- or wet-control-fed birds
was observed especially in wk 4 to 6. At d 21, terafure did not affect the GIT
development. Relative length of all GIT segmentd empty weights of gizzard were
higher in HE-fed birds than in control-fed birds. 42, the length and empty weight
of most intestinal segments at NT were longer azalvier than at HT. Relative length
of the duodenum, jejunum and ileum were shortenegight of the empty gizzard was
lighter in control-fed than those in HE-fed bird8ody temperature and
heterophil/lymphocyte ratio were higher at HT thetnNT at d 20 and 41. It can be
concluded that a wet diet has potential positifect$ to improve performance at both
temperature regimens, although it cannot reducedesiture effects on heat stress and
improve GIT development.

Key words. temperature, wet diet, performance, gastroinmtaktract, broiler
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I ntroduction

Several feeding strategies have been proposedpmua performance and health
in modern broilers kept under temperate conditidhswever, methods applied at
temperate conditions may not be effective wherathienals are kept under heat stress.
It is expected that chickens will consume less die may choose a diet with the
lowest heat production at temperature (T) abov&C3(igh temperature, HT). A
reduction in feed intake may result in a too lotake of some essential nutrients. As a
result, BW gain will be low compared with the birkispt at normal temperature (NT)
of 21-22C.

Dietary management by adding water to feed at Ndh@wvn to alter some aspects
during the grower period of broilers, e.g., highishare feeds gave a higher feed
efficiency compared with low moisture feeds (Mordizal., 2001). During the starter
period, such beneficial effects of wet feed ars ldsar. An increase in water content
of feed by adding water to a pellet diet increafgsdl intake and BW gain (Yalda and
Forbes, 1995, 1996). In studies with mash dietsjifey a wet mash diet increased feed
intake and BW gain of broilers as well (Yasar amdbes, 1999; Preston et al., 2000;
Khoa, 2007). Broilers with access to water thateagiven a choice between a dry and
a wet diet mostly chose a dry diet; in the absentedrinking water, they
predominantly chose the wet diet (Shariatmadarifortbes, 2005). The birds fed a dry
diet had a reduced rate of gain due to a lowemakmter feed intake than with a wet
diet (Shariatmadari and Forbes, 2005). At HT, a math diet increased feed intake
and live weight gain compared with a dry mash ¢{#etvojobi and Meshioye, 2001,
Kutlu, 2001).

At NT, water addition to a diet has positive effecin the development of the
gastrointestinal tract (GIT). Irrespective of thetdconformation (wet or dry) fed
during the grower phase, relative empty weightlbfaegut segments at the end of
grower phase were highest for birds that had beemith a wet diet as compared to a
dry diet in the starter phase (Khoa, 2007). Thetgrmpsh weights of the upper part of
intestine segments were also heavier in birds fet diet, but the lengths of these
organs were similar compared to in birds fed dmt dirasar and Forbes, 1999). In
another study, similar empty fresh weights of thesgments in wet diet compared to
dry diet were found (Yasar and Forbes, 2000). Urtdgpical conditions, gizzard
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weight was highest in birds fed a dry mash (Awojatd Meshioye, 2001). The effects
of wet diet on GIT development both at NT and HVeéhaot been studied extensively.

Most studies with a wet diet have been done at N@ ased a standard diet
formulation for broilers. Also, studies on a wetigediet with a high energy to protein
ratio (HE) at HT were not found in literature. dtnot known whether the effects of wet
and dry form at NT and HT remain the same betwea#erent diet formulations. We
hypothesized that birds will eat more of a wet dieHT; a high energy to protein ratio
may reduce heat production and therefore partgvelte the negative effects of a high
ambient temperature (T) at the same intake.

The objectives of this experiment were to test ifvet pellet diet with a high
energy-to-protein ratio will alleviate panting begla and improve feed intake,
performance, and GIT development in broiler chickkept at HT as compared to NT.

Materials and M ethods

Animal Ethics

All the procedures involving animals in this expegnt were approved by the Animal
Experimental Committee of Wageningen Universitg, ifetherlands.

Bird, Housing and Care

A total of 216 one day old male broiler chicken®¢R 308) were purchased from a
commercial hatchery (Morren Breeders B.V., Luntefgme Netherlands). After arrival,
each bird was weighed and wing-tagged for ideatiim. After that, each bird was
randomly allotted to one of 24 floor pens with @dkieach. Unique colouring of each
bird within a pen was made to monitor the feeckiatand panting behaviors.

Twelve identical pens were made in each of twotidehT controlled rooms. One
room was designed for NT and the other for HT. Baeh had three drinking nipples,
with a cup underneath, connected to a water tankOolitres capacity. The height of
nipple was adjusted twice a week at approximatehyhieight of the back of the broiler as
the birds grew. Each pen was equipped with one tieedh. Wood shavings were used
as litter and were added to each pen as necessargintain good litter conditions. Pen
dimensions were 1.75 m x 1.15 m and 0.80 m (W xHL) xAll birds were exposed to a
23-h light (L) and 1-h dark (D) cycle for the fitsiree days. Thereafter, a schedule of 12-
h L (between 07:00 and 19:00 h) and 12-h D (190@7t00 h) per day was applied. This
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lighting scheme resembles the natural situatiorcaontries near the equator. Light
intensity was maintained at 20 lux during the ligatiods throughout the experiment.

Two perches were placed in each pen. The woodeofdaperch measured 5 cm x 5
cm x 50 cm (wide x height x length) and had rounaegles. The slat was fixed on two 5
cm high structures. Each perch is about 10 cm athevéioor.

The T in the room was initially kept at 32€2with relative humidity (RH) of 70 to
80% from day O to 7. This setting allowed the bitdsdevelop thermotolerance and
prevent mortality (May and Lott, 2000). The T anld Bycles were set up for a day and
night rhythm. After 7 d of age, the T in each roaas set according to the experimental
design.

Experimental Design and Treatments

This study was performed in a 2x2x2 factorial ageanent in completely randomized
design. The factors were two levels of temperafh/e and HT), two diet formulations
(control and high energy to protein ratio diet; {H&nd two diet conformations (dry and
wet). Each dietary combination was assigned teethgplicate pens in each T room with
six birds each. Thus, pen was the experimental unit

One room was maintained at HT and the other roommaintained at NT. The HT
regimen was set at 32%2 during the day (from 07:00 to 19:00 h) and at26+during
the night (from 19:00 until 07:00 h) with RH 7086% from 8 to 42 d of age. The NT
regimen was set at 2D during the day and at 4B during the night with RH of 40 to
50% from 21 to 42 d of age. From days 8 to 20 odsjaa step down decrease to a T of
20°C was applied by 0°8 per day (d 8 t013) and@ per day (d 14 to 20) for NT.
Relative humidity was maintained about constant wit more than 5% variation at the
level of the chickens. Ventilation rates were samih both rooms.

The control diet contained the recommended nutdewéls with regard to CP,
essential amino acids, and ME level (NRC, 1994)tiailer chickens for the entire
growing period (CP: 215.0 g/kg; ME: 2,895 kcal/kgihe HE diet contained 194.7 g of
CP/kg and 3,067 kcal of ME/kg. The ingredients wgreund in a hammer mill and
pelleted (2 mm). Dietary formulations of the expeital diets are presented in Table 1.
Within each of the two ambient T rooms (NT and Hifje four dietary treatment
combinations were offered. The birds in each roaih &d libitum access to their dry or
wet diet, the latter which was made by adding car¢ @f water to one part of dry diet.
The preparation and mixing of the diet was donsidatthe experimental shed to prevent
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Table 1. The ingredient (g/kg) and calculated nutrient position of the broiler diets.

Ingredients

Diet formulation

Control diet HE diet

Maize 368.8 398.4
Soybean meal, crude fiber < 50 260.0 209.0
Soybean, heat treated 100.0 100.0
Wheat 200.0 200.0
Fat/Oil plan origin hg V& 35.0 55.0
Limestone 14.0 14.0
Salt (NaCl) 2.3 2.3
Premix (maizé) 5.0 5.0
Monocalcium phosphate 9.0 9.0
NaHCG; 2.0 2.0
DL-Methionine 2.1 2.1
L-Lysine HCI 1.3 2.0
L-Threonine 0.4 0.6
Natuphos 5000& 0.1 0.1
Total 1,000.0 1,000.0
Calculated composition (/kg)

ME (kcal/kg) 2,895.0 3,067.0

Available phosphorus (g)

CP (9)

Moisture (g)
Crude fat (g)
Crude fibre (g)
Total lysine
Digestible lysine

Total methionine

Digestible methionine

Total methionine+cystine
Digestible methionine+cystine

Total threonine

Digestible threonine

Total tryptophan

Digestible tryptophan

Calcium (g)
Phosphorus (g)

215.0 (230.3)
119.5
76.0 (75.0)
28.2 (25.0)
12.2
10.5
5.3
4.9
8.8
7.7
8.2
6.9
25
2.2
8.8
5.5
3.0

194.6 (207.9)
117.0
96.0 (94.6)
27.0 (24.1)
11.3
9.8
5.0
4.6
8.2
7.2
7.6
6.3
2.2
1.9
8.7
5.4
3.0

"Highly digestible vegetable oil (soya oifComposition of 1 kg premix:vitamin A (retinyl acts} 12,000 IU;
vitamin D; (cholecalciferol), 2,400 IU; vitamin E (@-tocopherol), 30 mg; vitamin £(menadion), 1.5 mg;
vitamin B, (thiamin), 2.0 mg; vitamin B(riboflavin), 7.5 mg; vitamin B(pyridoxine-HCI), 3.5 mg, vitamin B
(cyanocobalamin), 20 pg; niacin, 35 mg; vitamin(&8-pantothenic acid), 10 mg; choline chloride, 46§; folic
acid, 1.0 mg, vitamin B-complex, 0.2 mg; iron, 8@;mopper, 12 mg; manganese, 85 mg; zinc, 60 ntmalt®.4
mg; iodine, 0.8; selenium, 0.1 mg and antioxida@6 Ing. *BASF, Ludwigshafen, GermanyValues in

parenthesis were analyzed values.
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any disturbance to the chickens. The wet diet wadenand offered at 07:00 and 12:00 h
every day. During each feeding time, all feedersevti@ken out of the pens and weighed,
and new, pre-weighed feeders were placed back.

Measurements

Feed intake behavior and panting behavior wererdedoby direct observation
during a 5 to 7 min walk through each room. Eact bi each of the 12 pens in each
room was observed instantaneously for a momengltinis period (a scan). After 5to 7
min, the behavior of each bird in the room was sednat a single moment. This
procedure was repeated with 25 min pauses sevrees between 09:00 to 12:00 h and
between 14:00 to 17:00 h. In total, one day scarpbag lasted 3 h in the morning and 3
h in the afternoon. This was done to ensure a septative sample for a 12 h daylight
period. Scan sampling was done two days per wke®asgons were conducted from wk
1 to 6 by an experienced assessor standing in fobrthe pen. Based on these
observations (instantaneous scan sampling), welatéd the percentage of time budget
the chickens in a certain pen spent on eating amiing behaviors relative to other
behaviors. Eating was defined as a chicken hawbead in or above the feeder, and
panting was defined as a chicken breathing rapidly short gasps with open beak and
split wing feather alignment. All other behaviorsre/ recorded as described by Bokkers
and Koene (2003). Previous experience showed tla&tngn more than one scan per
observation of a pen increased behavioral actiwitythe birds as a reaction to the
presence of the observer (Bokkers and Koene, 2068)efore, one scan per observation
was made. All scan data per pen per week were ghoole

For measuring feed intake of each meal, the offqueshtity of feed was corrected for
the weight of the feed residues in the feeder. fetatte of the wet diet was calculated
on the basis of the quantity of dry feed offeredhis birds. The real ‘dry’ intake of the
wet diet was corrected for water loss due to eajmor which was estimated by placing
an extra feed trough with a wet diet outside the gech time the feed was refreshed and
weight loss was measured. Weighing the dry feeddeas every three to four days. We
did not correct for loses of feed from the feeder.

Fresh water intake was recorded in each pen byasiing the remaining water from
offered water and correcting for evaporation. Tatater intake of wet diet fed birds was
calculated from fresh water intake plus the watertent of the wet diet consumed. BW
gain was determined per bird/week. Weights of bihdg died or had to be culled were
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recorded, and its BW gain was included in the datmn of the feed conversion ratio
(FCR). Feed intake, BW gain and water intake waleutated per bird/week.

Blood samples, collected from the wing veins ofibifrom each pen, were taken at 7,
20, and 41 days of age. Three birds were randceikignt out of the pen and blood was
collected within 2 min after the chicken was caudgitds were marked and the same
birds were sampled again at the next sampling Blaypd samples of approximately one
ml per bird were collected into syringe-needle adsies that had been flushed with a
solution of EDTA. One blood smear for each browess prepared and fixed with
methanol before immediately being stained with \Wrgy stain 100% rinsed with
distilled water and ran air dry. Heterophil/Lympltec(H/L) ratio was counted from 100
cells per slide and classified using oil immersiicroscopy at 100X (Dumonceaux and
Harrison, 1994). Body T was measured using a digiermometer just before blood
sampling of those birds which were used also far ddtio determination. H/L and body
T data of the three birds per pen were averaged.

GIT developments were measured in euthanized birds21 and 42. In total two
birds per pen per treatment at d 21 and three pedpen at d 42 of each treatment group
were dissected. Each bird was euthanized immegliageinjection of T61 and dissected
to separate the GIT from the body. A flexible tayss used to determine the lengths of
each intestinal segment on a flat surface. Thetteafjthe duodenum (from the pyloric
junction to the distal most point of insertion bktduodenal mesentery), the jejunum
(from the distal most point of insertion of the deaal mesentery to the junction with
Meckel's diverticulum), the ileum (from junction thi Meckel's diverticulum to ileo-
caecal junction) and the sum of the lengths froend$tium to the tip of caeca and colon
were determined. The full and empty weight (x0.10§Xhe crop, proventriculus and
gizzard were determined. Data of length and emptjght of GIT segments were
expressed per 100 g BW with data of the two bietgyen averaged.

Statistical Analysis

Birds were randomly allocated to pens represemtiffgrent dietary treatments in
each room. All performance data were repeatedigrtain the same experimental units
during 6 wk. Therefore, a mixed model can be useddcount for the covariance
structure among repeated observatifintell et al., 1998; Wang and Goonewardene,
2004). In the analysis, the repeated statementRPROC MIXED in SAS (version 9.1;
SAS Inst. Inc., Cary, NC) was used adding the faitee (“W” as the time factor) and
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pen was considered as an additional random effdtdr testing all the performance
data with a higher hierarchy in the model, onlydfegake was significant with three way
interactions. Therefore, it was decided to exclimiee way interactions from the model.
The following statistical model was used:

Yium =K+ T+ F+ G+ TixF+ TiXx G+F X G+ Wi+ Tix Wi + F X W, + Gx W,

+ Gjkim

where Yjum is dependent variablg,is overall mean effect,; Ts theith fixed T effect (
i=1 is NT and=2 is HT), F is thejth fixed diet formulation effectj£1 is control diet
andj=2 is HE diet), ¢is thekth fixed diet conformation effeck£1 is dry andk=2 is
wet), W is thelth random week effect when the measurement was tgke..6), T x

F; is the fixed interaction effect between T and damulation T; x C is the fixed
interaction effect between T and diet conformatiBnx G is the fixed interaction
effect between diet formulation and diet conforimati T X W, is the random
interaction effect between T and weekx®V, is the random interaction effect between
diet formulation and week, (& W, is the random interaction effect between diet
conformation and week andjg is a random error associated with tjie diet
formulation andkth diet conformation assigned to fitle T at wK, €jum ~ NID (0,029).

Differences were considered significant at a prdivadevel of P < 0.05. If
significant main effects or their interactions wdetected, means were compared using
least squares means comparison. Mean separd&ion @.05) was produced with
PDMIX800 in SAS, which is a macro for converting aneseparation output to letter
groupings (Saxton, 1998). The Kenward-Roger metivad used for computing the
denominator degrees of freedom for the tests ohmfects.

The best covariance structure was based on theotedr Akaike Information
Criteria (AICC). The first-order ante-dependencevac@ance structure [ANTE (1)]
fitted the data best for feed intake. The heterogenautoregressive covariance
structure [ARH(1)] fitted the data best for watetake and BW gain. The unstructured
covariance structure (UN) fitted the data bestviater-to-feed ratio and compound
symmetry covariance structure fitted the data fuefeed conversion ratio (FCR).

Body T, heterophil/lymphocyte ratio and GIT devetant data were analyzed by
PROC MIXED in SAS. After testing all the performandata with a higher hierarchy
in the model, only body T at d 20 showed to beifitant as a three way interaction.
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Therefore, we decided to exclude three way intemast from the model.The
following linear model was used:

Y=+ Ti+ F+ G+ TixFH+Tix G+ FxC+ e

where Y is measurement of response of kiebird kept orith T having thegth diet
formulation withkth diet conformationp is overall mean effect,; s theith fixed T
effect (=1 is NT andi=2 is HT), F is thejth fixed diet formulation effectj£1 is
control diet ang=2 is HE diet), is the fixed diet conformation effedt(1 is dry and
k=2 is wet), Tx Fis the fixed interaction effect between T and didemulation T; x
Cy is the fixed interaction effect between T and d@tformation, Fx G is the fixed
interaction effect between diet formulation and dienformation and;gis the residual
error. gq ~ NID (0,6%).

Behavior data were analyzed with replicated obsems per pen per week. Feed
intake behavior and panting behavior were analymaadg the Kruskal-Wallis test and
post hoc with the Wilcoxon two sample test by nioedr procedure of SAS.

Results

Temperature and Relative Humidity. The T and RH are given as the average
minimum and maximum £ SD for the respective inter¥ae T in the HT room during
the first week was between 30.6+1.4°C and 33.2€1.4hd the RH was between
59.0+11.8% and 81.3+10.8%, whereas the T in thaddm was between 31.3+1.1°C
and 32.7+0.6°C and the RH was between 58.1+7.9%/4r##5.5%. The T in the HT
room from wk 2 to 6 was between 26.5+2.5°C and 815°C and the RH was
between 58.2+10.9% and 84.9+10.8%. The T in therddm from wk 4 to 6 was
between 19.6+0.9°C and 21.5+0.6°C and the RH wasvdem 61.3+9.8% and
71.6+8.8%.

Eating and Panting Behavior. Results on the percentage time spent on eatidg an
panting behaviors per wk are given in Figures 1 andespectively. Eating time
declined from wk 1 to 6 in both temperatures, bdistary formulations and both
conformations. Time spent on eating was higherindshkept at HT than at NT in the
second wk of age, but higher at NT than at HT @ ghxth wk of age (Figure 1, panel
A). Time spent on eating was similar between cdrdiet and HE diet at all ages
(Figure 1, panel B). Birds fed a wet diet spentertime on eating than birds fed a dry
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diet in the second wk of age (Figure 1, panel @ptiag time was higher at HT than at
NT after wk 1 onwards (Figure 2, panel A) and wasilar in both diets and
conformations at all ages (Figure 2, panels B and C
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Figure 1. Eating time (expressed as a percentage within wasen time) at different temperatures
(panel A), on different diet formulations (panel &)d on different diet conformations (panel C).
Vertical bars represent SD. The asterisk (*) measggnificant difference of at leaBt< 0.05 at a

certain age. The T and relative humidity (RH) in ttigh-T (HT) room during the first week were
31.9£1.4°C and 70.2+11.3%, whereas the T and RHemt¢inmal-T (NT) room were 32.0+0.8°C and
66.2+6.7%. For the NT, the T ranged from 19.6+0.96C21.5+0.6°C and the RH ranged from
61.3+9.8% to 71.6+8.8% from wk 4 to 6. For the Hie T ranged from 26.5+2.5°C to 31.7+2.5°C
and the RH ranged from 58.2+10.9% to 84.9+10.8% frvdtd to 6. Control diet = 215 g of CP/kg

and 2,895 kcal of ME/kg; HE diet = 194.6 g of CP &)d67 kcal of ME/kg. Dry diet; Wet diet
(adding 1 part of water to 1 part of dry diet).

Bird Performance. Mortality in this study was very low (1%). All perimance data
in the tables are data corrected for mortality blg. WProbability values for all
parameters are presented in Table 2. Differencperiormance of the broilers in each
wk at different temperatures, diets, and conforometi are presented in Table 3.
Significant two-way interactions are summarizedrigures 3, 4 and 5.

Feed Intake Temperature and diet formulation had a majorceéfte feed intake,
but diet conformation did not influence feed intgk@ble 2). On average, feed intake
at NT (670.1 g/bird) was 13.3% higher than at HBLB g/bird). Feed intake of
control-fed birds (671.6 g/bird) was 13.8% higheart of HE-fed birds (589.9 g/bird).
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Figure 2. Panting behavior (expressed as a percentage nwiihservation time) at different
temperatures (panel A), on different diet formwas (panel B) and on different diet conformations
(panel C). Vertical bars represent SD. The astdliskneans a significant difference of at le&st
0.05 at a certain age. The T and relative humigRiy) in the high-T (HT) room during the first week
were 31.9+1.4°C and 70.2+11.3%, whereas the T andiRkhe normal-T (NT) room were
32.0+0.8°C and 66.2+6.7%. For the NT, the T rangechf19.6+0.9°C to 21.5+0.6°C and the RH
ranged from 61.3+9.8% to 71.6+8.8% from wk 4 td=6r the HT, the T ranged from 26.5+2.5°C to
31.7+2.5°C and the RH ranged from 58.2+10.9% to 84®% from wk 4 to 6. Control diet =215 g
of CP/kg and 2,895 kcal of ME/kg; HE diet = 194.6f¢CP and 3,067 kcal of ME/kg. Dry diet; Wet
diet (adding 1 part of water to 1 part of dry diet)

Feed intake of wet-control-fed birds was for mostes similar to that of dry-
control-fed birds at NT and HT (Table 3). At NTetkintake of wet-HE-fed birds was
for most weeks similar to that of dry-HE-fed birdg. HT, feed intake of wet-HE-fed
birds was numerically higher in wk 1 to 4 and es@nificantly higher in wk 5 and 6
than of dry-fed birds (Table 3).

An interaction between T and week (Table 2) shothatifeed intake was lower at
HT than at NT in wk 5 and 6 (Figure 3). An intefaotbetween diet formulation and
week showed that feed intake was higher in wk 3 tior the control-fed birds as
compared with that for the HE-fed birds (Figure An interaction between diet
conformation and week showed that feed intake vgtseh in wk 2 to 3 for the wet-fed
birds as compared with that for the dry-fed bir€iggre 5).
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Table 2. Probability values of main effects and interactletween temperature (T),
diet formulation (F), diet conformation (C) and \ke&®V) for different traits.

Feed intake = BW gain Water intake Water-to-

Main (g/bird per  (gr/bird per (gr/bird per  feed ratio  FCR (g/g)
effect
wk) wk) wk) (9/9)

T <0.001 <0.001 0.197 0.036 <0.001
F <0.001 <0.001 <0.001 0.005 0.019
C 0.095 0.005 <0.001 0.005 0.043
W <0.001 <0.001 <0.001 <0.001 <0.001
TXF 0.903 0.174 0.502 0.239 0.003
TxC 0.376 0.022 0.055 0.001 0.001
FxC 0.864 0.959 0689 0022 <0.001
TXW <0.001 <0.001 <0.001 0.002 <0.001
FxW <0.001 <0.001 <0.001 0.951 0.158
CxXW 0.036 0.001 0.014 0.163 0.693

The T and relative humidity (RH) in the high-T (HFpom during the first week were 31.9+1.4°C and
70.2+11.3%, whereas the T and RH in the normal-T) (fdom were 32.0+0.8°C and 66.2+6.7%. For the €,

T ranged from 19.6+0.9°C to 21.5+0.6°C and the Rrged from 61.3+9.8% to 71.6+8.8% from wk 4 to ér F
the HT, the T ranged from 26.5+2.5°C to 31.7+2.54@ the RH ranged from 58.2+10.9% to 84.9+10.8%nfro
wk 4 to 6. Control diet= 215 g of CP/kg and 2,8%&alkof ME/kg; HE diet= 194.6 g of CP and 3,067 kofl
ME/kg. Dry diet; Wet diet (adding 1 part of waterl part of dry diet).

T x F = interaction between T and F; T x C = inttin between T and C; F x C = interaction betwgend C;

T x W = interaction between T and W; F x W = intdian between F and W; C x W = interaction betw€esand

W.

Body Weight GainTemperature, diet formulation and diet confornatadfected
BW gain (Table 2). On average, BW gain at NT (4&5ldrd) was 23.7% higher than
at HT (384.1 g/bird). BW gain of control-fed bir@19.1 g/bird) was 9.5% higher than
that of HE-fed birds (410.2 g/bird). BW gain of wed birds (442.1 g/bird) was 6.0%
higher than that of dry-fed birds (417.2 g/bird).

BW gain of wet-control-fed birds was significantligher than that of dry-control-
fed birds until wk 3 and similar from wk 4 onwards$,NT (Table 3). At HT, BW gain
of wet-control-fed birds was for most weeks similarthat of dry-control-fed birds.
BW gain of wet-HE-fed birds was significantly hightean that of dry-HE-fed birds in
wk 2 to 5, at NT. At HT, BW gain of wet-HE-fed bgdvas, although statistically
similar, numerically higher than that of dry-HE-fbulds for all week (Table 3).



Table 3. Least square means of performance parametersilertchicken from O to 6 week of age as affedigdemperature (T),
diet formulation (F) and diet conformation (C)

1214749\ 26

Parameters T F C Wk
1 2 3 4 5 6
Feed intake (g/bird per wk) “
NT Control  Dry 1128 279.8 466.8° 758.4* 1117.8 1464.3
Wet 120.8 290.5 517.F 815.6 1194.5 1497.4
NT HE Dry 114.2 247.0° 415.3 693.3° 977.8 1352.6
Wet 117.% 228.4 430.1% 660.5 937.F 1274.F
HT Control  Dry 118.% 239.7 488.9" 750.2" 987.% 1117.7
Wet 110.6 286.0 524.F 769.9" 987.4 1101.6°
HT HE Dry 110.¢ 235.8" 421.6° 654.4 831.1 948.5
Wet 110.% 266.4" 460.8° 692.0° 950.2 1028.1
SEM 3.3 10.6 15.0 20.2 34.2 26.5
BW gain (g/bird per wk)
NT Control  Dry 104.% 211.9% 335.0% 568.7" 773.% 908.5
Wet 118.9 241.7 389.6" 567.3" 812.6 874.F
NT HE Dry 106.5¢ 205.9° 300.5 499.8° 651.1 828.7
Wet 113.9 229.4" 370.8° 553.F> 744.9 894.6
HT Control  Dry 1119 229.0" 395.6" 503.8° 635.0 584.6
Wet 109.5¢ 2427 380.2" 521.8¢ 642.0 516.7
HT HE Dry 102.8 199.¢ 329.9¢ 415.4 516.9 492.9
Wet 104.6 219.9° 348.8« 465.9° 603.2 545.4
SEM 2.7 6.6 16.0 20.5 21.8 39.5

Continued



Table 3. (Continued). Least square means of performancanpers in broiler chicken from 0 to 6 week of ageaffected by

temperature (T), diet formulatiq¥) and diet conformation (€)

Parameters T F Cc WK
1 2 4 6
Water intake (g/bird per wk)
NT  Control Dry 270.% 533.3« 981.5° 1647.6 2257.F 3100.6
Wet 372.1 603.6" 1138.3 1757.4" 2589.9 3386.06
NT HE Dry 281.5 451.9 800.6 1366.7 1833.3 2604.8
Wet 334.9 496.5° 949.6° 1513.7° 22423 2858.0
HT  Control Dry 281.% 638.9 1100.6* 1795.2 2400.6" 2971.4
Wet 291.% 5843 1134.6 1888.9 2533.4" 2846.4°
HT HE Dry 225.9 477.8 851.9° 1433.3 1795.3 2276.2
Wet 251.1 532.0 944 .4° 1543.1¢ 2241.06 25227
SEM 25.5 30.0 425 70.7 98.0 79.0
Water-to-feed ratio (g/g)
NT  Control Dry 2.4 1.9 2.1 2.2 2.0 2.1
Wet 3.1 2.1° 2.2 2.2 2.2 2.3%
NT HE Dry 2.8 1.¢ 1.9 2.0° 1.9 1.9
Wet 2.9 2.2 2.7 2.3 2.4* 2.7
HT  Control Dry 2.4 2.7 2.3 2.F 2.8 2.7
Wet 2.6 2.0 2. 2.5 2.6 2.6"
HT HE Dry 2.0 2.0 2.0° 2.2 2.2 2.4°
Wet 2.3 2.0 2.3 2.2 2.4 2.58¢
SEM 0.2 0.1 0.1 0.1 0.1 0.1
Continued
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Table 3. (Continued). Least square means of performancanpers in broiler chicken from 0 to 6 week of ageaffected by
temperature (T), diet formulatidi¥) and diet conformation (&)

Parameters T F C Week (W)
3 4
FCR (9/9)
NT Control  Dry 1.08 1.32 1.39 1.33° 1.4%8 1.6°
Wet 1.01 1.20 1.33" 1.44° 1.47 1.77
NT HE Dry 1.07 1.20 1.38" 1.39" 1.5F 1.64
Wet 1.03 1.00 1.16 1.19 1.26 1.43
HT Control  Dry 1.06 1.0% 1.24° 1.49* 1.55* 1.92
Wet 1.01 1.1% 1.40* 1.48" 1.55¢ 2.16
HT HE Dry 1.09 1.18 1.28"0 1.59* 1.6F 1.99
Wet 1.06 1.21 1.3 1.49* 1.57 1.89
SEM 0.10 0.10 0.10 0.10 0.10 0.10

Means within a week between treatments withoutranson superscript letters (a-e) differ significar(fy< 0.05); no superscript means nonsignificant céffiees.

The T and relative humidity (RH) in the high-T (H®om during the first week were 31.9+1.4°C an®®#01.3%, whereas the T and RH in the normal-T (NT)
room were 32.0+0.8°C and 66.2+6.7%. For the NT,Ttmanged from 19.6+0.9°C to 21.5+0.6°C and therRirjed from 61.3+9.8% to 71.6+8.8% from wk 4 to 6.
For the HT, the T ranged from 26.5+2.5°C to 31.3%€.and the RH ranged from 58.2+10.9% to 84.9+10i&¥ wk 4 to 6. Control diet= 215 g of CP/kg and
2,895 kcal of ME/kg; HE diet= 194.6 g of CP and63,&cal of ME/kg. Dry diet; Wet diet (adding 1 paftwater to 1 part of dry diet).

s 42147y 0|v6
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Figure 3. Least square means for traits that show a signifitaand week interaction. Means within
and between lines without common letters (a-g)ediffignificantly P < 0.05).The T and relative
humidity (RH) in the high-T (HT) room during the dtrweek were 31.9+£1.4°C and 70.2+11.3%,
whereas the T and RH in the normal-T (NT) room wa2e+0.8°C and 66.2+6.7%. For the NT, the
T ranged from 19.6+0.9°C to 21.5+0.6°C and the RH edrfgom 61.3+9.8% to 71.6+8.8% from wk
4 to 6. For the HT, the T ranged from 26.5+2.5°@B107+2.5°C and the RH ranged from 58.2+10.9%
to 84.9+10.8% from wk 4 to 6.
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An interaction between T and diet conformation shdwhat at NT, the difference
in BW gain between wet- and dry-fed birds was 30ird/(490.2 vs. 460.2 g/bird,
respectively), whereas at HT, this difference waly @0 g/bird (394.0 vs. 374.1 g/bird,
respectively). An interaction between T and weebwstd that BW gain was lower at
HT than at NT in wk 4 to 6 (Figure 3). An interaxctibetween diet formulation and
week and between diet conformation and week shah&dBW gain was higher for
the control- and the wet-fed birds as compared gt for the HE- and the dry-fed
birds in wk 1 to 5, respectively (Figures 4 and 5).

2 1500 f € 1000
'E =z
5 2 800
3 1000 2
= S 600
X c
[ S 400
£ 500 8
= % 200
§ 0 I L 1 1 L L J 0 L I 1 L 1 L J
1 2 3 4 5 6 1 2 3 4 5 6
Age (weeks) Age (weeks)
—e— Control diet =-©---HE diet —e— Control diet =-©---HE diet
2 4000
§ f
S 3000
S
o 2000
=
S
£ 1000
9
o 0 ‘
=
Age (weeks)
—e— Control diet =--©---HE diet

Figure 4. Least square means for traits that show a significket and week interaction. Means
within and between lines without common letterk)aliffer significantly £ < 0.05). Control diet=
215 g of CP/kg and 2,895 kcal of ME/kg); HE die8416 g of CP and 3,067 kcal of ME/kg).

Water Intake and Water-to-Feed Ratibemperature did not significantly affect
water intake, but it affected water-to-feed rabet formulation and diet conformation
did significantly affect water intake and waterféed ratio (Table 2). Water-to-feed
ratio at HT (2.31 g/g) was higher than at NT (2¢¢20). Water intake of control-fed
birds (1545.9 g/bird) was 20.4% higher than thatH&-fed birds (1284.5 g/bird).
Water intake of wet-fed birds (1481.4 g/birds) v8a8% higher than that of dry-fed
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birds (1349.0 g/bird). Water-to feed ratio of comed birds (2.33 g/g) was 6.9%
higher than that of HE-fed birds (2.18 g/g), respety. Water-to-feed ratio of wet-fed
birds (2.33 g/g) was 6.8% higher than that of drg-birds (2.18 g/g).

At NT, water intake of wet-control-fed birds wasnmerically higher in wk 1 to 4
and even significantly higher than that of dry-cohfed birds in wk 5 to 6 (Table 3).
At HT, water intake of wet-control-fed birds wasy fmost weeks, similar to that of
dry-control-fed birds. Water intake of wet-HE-fenlds was numerically higher in wk
1 to 4 and even significantly higher than that gFHE-fed birds in wk 5 to 6 at both T
(Table 3).
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Figure 5. Least square means for traits that show a sagmifi diet conformation and week
interaction. Means within and between lines withoammon letters (a-k) differ significantlyr (<
0.05). Dry diet; Wet diet (adding 1 part of waterltpart of dry diet).

Water-to-feed ratio of wet-control-fed birds wast, fnost weeks, similar to that of
dry-control-fed birds at NT and HT. At NT, waterieed ratio of wet-HE-fed birds
was numerically higher in wk 1 and 2 and even $icgmtly higher than that of dry-
HE-fed birds in wk 3 to 6. At HT, water-to-feedicabf wet-HE-fed birds was for most
weeks similar to that of dry-HE-fed birds (Table 3)
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An interaction between T and diet conformation sbdwhat at NT, the difference
in water-to-feed ratio between wet- and dry-fedibiwas 0.24 g/g (2.34 vs. 2.07 g/g,
respectively), whereas at HT, this difference wa820g/g (2.32 vs. 2.30 g/g,
respectively).

An interaction between diet formulation and diehfoomation showed that the
difference in water-to-feed ratio between wet-colrtand dry-control-fed birds was
0.06 g/g (2.36 vs. 2.30 g/g, respectively), whedifisrence between wet-HE and dry-
HE-fed birds was 0.24 g/g (2.30 vs. 2.06 g/g, respely).

An interaction between T and week showed that wiateke was only much lower
at HT than at NT in wk 1 and 6, whereas water-gdfeatio was much lower at NT
than at HT in wk 1 and wk 4 to 6 (Figure 3). Aneiratction between diet formulation
and week showed that water intake of control-fedsas higher than that of HE-fed
birds in wk 2 to 6 (Figure 4). An interaction betmediet conformation and week
showed that water intake was higher in wk 1 and3wk 6 for the wet-fed-birds as
compared with that the dry-fed birds. Water-to-fegtib was higher in wk 1 and wk 5
to 6 for the wet-fed birds as compared with thatdhy-fed birds (Figure 5).

Feed Conversion RatioTemperature, diet formulation and diet conforomati
influenced FCR (Table 2). On average, FCR at NBXD/g) was 7.7% lower than at
HT (1.43 g/g). FCR of control-fed birds (1.39 g¥egs 3.0% higher than that of HE-fed
birds (1.35 g/g). FCR of wet-fed bird (1.36 g/g)sa&a2% lower than that of dry-fed
birds (1.39 g/qg).

FCR of wet-control-fed birds was similar to thatdsf/-control-fed birds at NT. At
HT, FCR of wet-control-fed birds was significantigher than that of dry-control-fed
birds only in wk 2 and 3. FCR of wet-HE-fed birdasMower than that of dry-HE-fed
birds in wk 2 to 5, at NT. At HT, FCR of wet-HE-féairds was similar to that of dry-
HE-fed birds in all week (Table 3).

An interaction between T and diet formulation shdwleat at NT, the difference in
FCR between control- and HE-fed birds was 0.09(4/86 vs. 1.27 g/g, respectively),
whereas at HT, this difference was 0.02 g/g (1.42 M44 g/g, respectively). An
interaction between T and diet conformation showxed at NT, the difference in FCR
between wet- and dry-fed birds was 0.09 g/g (171\36 g/g, respectively), whereas
at HT, this difference was 0.02 g/g (1.44 vs. 104@, respectively). An interaction
between diet formulation and diet conformation sédwhat the difference in FCR
between wet-control- and dry-control-fed birds wa®4 g/g (1.41 vs. 1.37 g/g,
respectively), whereas difference between wet-Hig dry-HE-fed birds was 0.11 g/g
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(1.30 vs. 1.41 g/g, respectively). An interactiaiviieen T and week showed that FCR
at HT was higher than at NT after wk 3 (Figure 3).

Gastrointestinal Tract Development. Temperature did not significantly affect the
GIT development at d 21 except for empty weighileasim. Diet formulation affected
relative lengths of all GIT segments and empty Wea@f gizzard. The relative lengths
of duodenum, jejunum, ileum, caeca and colon otrobfed birds were 14.2, 13.8,
11.8, 15.0 and 22.0% shorter than those of HE-TetsbThe relative empty weight of
the gizzard of control-fed birds was 12% lower thimat of HE-fed birds. Diet
conformation only affected relative length of duoden and jejunum. Dry-fed birds
had a 9.3 and 8.0% higher duodenum and jejunum wedrfed birds, respectively
(Table 4).

At day 42, temperature affected relative lengthgepfnum, ileum and colon and
relative empty weights of proventriculus, duodengeunum, ileum and colon. The
relative lengths of jejunum, ileum and colon ofdsithoused at NT were 12.5, 8.7 and
14.2% shorter than those of birds housed at HT.érhpty weights of proventriculus,
duodenum, jejunum, ileum and colon at NT were 2420, 18.0, 23.6 and 18.6%
heavier than at HT (Table 5).

Diet formulation affected relative lengths most&iT segments and empty weight
of gizzard. The relative lengths of duodenum, jajunand ileum of control-fed birds
were 6.8, 8.0 and 6.7% shorter than those of HEsfeds. The relative empty weight
of the gizzard of control-fed birds was 15.6% lowren that of HE-fed birds. Relative
length of ileum of wet-fed birds was 6.5% shortert that of dry-fed birds (Table 5).

There was an interaction between T and diet fortimdain empty weight of
proventriculus at day 21 and of caeca at day 421a4t21, an interaction showed that
at NT, the difference in empty weight of proventiics between control- and HE-fed-
birds was 0.03g/100 g BW (0.54 vs. 0.51 g/100 g B¥gpectively), whereas at HT,
this difference was 0.11 g/100 g BW (0.41 vs. GgBO0 g BW, respectively) (Table
4). At day 42, an interaction showed that at Ng thifference in empty weight of
caeca between control- and HE-fed-birds was 0.@&g¢LBW (0.33 vs. 0.39 g/100 g
BW, respectively), whereas at HT, this differencsv@.01 g/100 g BW (0.34 vs. 0.33
0/100 g BW, respectively) (Table 5).



Table 4. Effects of temperature (T), diet formulation @)d diet conformation (C) on GIT development of enbioiler
chickens at d 21

Source of variationR-value}

107 dy //9 | 00-[

Gastrointestinal Normal Temperature High Temperature SEM

EEg Rt Control Control HE- HE- Control Control HE- HE-

-dry -wet dry  wet -dry -wet dry  wet T F C TxF TXC FxC? “

Length (cm/100 g BW)
Duodenum 3.28 3.03 3.76 3.40 3.24 291 3.81 3.5510 0.0.925 <0.001 0.020 0.265 0.946 0.938
Jejunum 8.27 7.60 9.32 8.45 8.02 7.82 9.95 9.06 0 0.8.323 <0.001 0.047 0.324 0.739 0.466
lleum 7.98 7.12 8.21 7.96 7.60 7.27 9.19 8.61 0.3m157 <0.001 0.650 0.086 0.888 0.763
Caecum 1.64 159 202 1.68 1.58 1.53 1.89 1.87 0.00/56 <0.001 0.860 0.445 0.208 0.338
Colon 0.79 0.64 0.94 0.85 0.61 0.71 0.89 0.85 0.m444 <0.001 0.332 0.649 0.086 0.660
Empty weight (g/100 g BW)
Crop 0.68 0.63 0.67 061 0.61 0.58 0.71 0.74  0.03679D 0.167 0.347  0.660 0.462 0.597
Proventriculus 0.57 0.50 0.51 0.51 0.41 0.41 0.52.580 0.03 0.069 0.1700.543 0.033 0.585 0.553
Gizzard 2.75 244 275 273 2.20 2.09 267 2.64 00.0.053 0.017 0.307 0.174 0.793 0.415
Duodenum 0.51 0.61 0.61 0.61 0.56 0.45 0.68 0.6710 0.0.915 0.051 0911  0.223 0.319 0.973
Jejunum 0.99 1.34 0.99 1.13 1.05 1.00 1.09 1.15 0 0.D.509 0.869 0.095 0.147 0.108 0.733
lleum 1.10 1.10 1.04 0.93 0.96 0.83 099 0.90 0.1m028 0.488 0.136 0.123 0.613 0.781
Caecum 0.40 0.46 0.51 0.46 0.43 0.41 0.45 0.42 0.02199 0.130 0.489 0.489 0.625 0.284
Colon 0.13 0.13 0.15 0.15 0.14 0.11 0.14 0.17 0.02538 0.185 0.867 0.788 0.859 0.424

'Mean values are expressed as an average of 3ategliens. The T and relative humidity (RH) in tighHT (HT) room during the first week were 31.9+C4and
70.2+11.3%, whereas the T and RH in the normal-T) (dom were 32.0+0.8°C and 66.2+6.7%. For the td&,T ranged from 19.6+0.9°C to 21.5+0.6°C and the
RH ranged from 61.3+9.8% to 71.6+8.8% from wk 46toFor the HT, the T ranged from 26.5+2.5°C to 32.3°C and the RH ranged from 58.2+10.9% to
84.9+10.8% from wk 4 to 6. Control diet= 215 g d?/kg and 2,895 kcal of ME/kg; HE diet= 194.6 g & @nd 3,067 kcal of ME/kg. Dry diet vs. Wet dieddeng

1 part of water to 1 part of dry diet).

2T x F = interaction between T and F; T x C = inttien between T and C; F x C = interaction betwEemd C.

3Significant effects® < 0.05) are printed in bold.



Table 5. Effects of temperature (T), diet formulation @)d diet conformation (C) on GIT development of enbioiler
chickens at d 42

Source of variationR-valuey

Gastrointestinal Normal Temperature High Temperature SEM
segment Control Control HE- HE- Control Control HE- HE-

-dry -wet dry wet -dry -wet dry  wet T F C TxF TXC FxC?
Length (cm/100 g BW)
Duodenum 1.36 1.24 1.44 1.32 1.37 1.36 1.49 1.4704 0. 0.080 0.048 0.128 0.765 0.268 0.938
Jejunum 3.06 3.15 353 3.23 3.44 3.67 4.02 3.70 0 0.1<0.001 0.011 0.480 0.855 0.767 0.033
lleum 3.27 3.10 3.70 3.23 3.50 3.58 3.93 3.56  0.16:0.001 0.006 0.008 0.641 0.271  0.030
Caecum 1.04 0.67 0.79 0.72 0.72 0.73 0.77 0.74 0.100.431 0.660 0.167 0.404 0.192 0.434
Colon 0.33 0.31 0.35 0.34 0.40 0.36 0.42 0.37 0.100.004 0.461 0.102 0.596 0.445 0.928
Empty weight (g/100 g BW)
Crop 0.51 0.56 0.49 0.53 0.52 0.52 0.57 0.50 0.03 .86@ 0.896 0.966 0.487 0.208 0.471
Proventriculus 0.36 0.34 0.37 0.36 0.33 0.32 0.34.320 0.01 0.041 0.492 0.124 0.841 0.865 0.953
Gizzard 1.36 1.39 1.88 1.61 1.31 1.40 1.56 1.42 80.0 0.101 0.006 0.379 0.177 0.572 0.115
Duodenum 0.65 0.61 0.68 0.59 0.53 0.51 0.58 0.4204 0. 0.004 0.922 0.055 0.738 0.768 0.210
Jejunum 1.01 1.07 1.18 1.14 0.89 0.94 0.99 0.91 5 0.0 0.003 0.141 0.912 0.411 0.775 0.254
lleum 0.98 0.89 0.98 0.97 0.78 0.76 0.77 0.78 0.0z0.001 0.315 0.242 0.409 0.323 0.259
Caecum 0.34 0.32 0.39 0.39 0.34 0.35 0.34 032 0.010.179 0.061 0.538 0.017 0.716 0.734
Colon 0.13 0.12 0.13 0.13 0.12 0.10 0.11 0.10 0.010.001 0.956 0.179 0.511 0.314 0.577

*Mean values are expressed as an average of 3ategliens. The T and relative humidity (RH) in tighHT (HT) room during the first week were 31.9+C4and
70.2+11.3%, whereas the T and RH in the normal-T) (Wom were 32.0+0.8°C and 66.2+6.7%. For the td&,T ranged from 19.6+0.9°C to 21.5+0.6°C and the
RH ranged from 61.3+9.8% to 71.6+8.8% from wk 46toFor the HT, the T ranged from 26.5+2.5°C to 32.3°C and the RH ranged from 58.2+10.9% to
84.9+10.8% from wk 4 to 6. Control diet= 215 g d?/kg and 2,895 kcal of ME/kg; HE diet= 194.6 g &f @&nd 3,067 kcal of ME/kg. Dry diet vs. Wet dielding

1 part of water to 1 part of dry diet).

T x F = interaction between T and F; T x C = intéian between T and C; F x C = interaction betwEemd C.

3Significant effects® < 0.05) are printed in bold.
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There was an interaction between diet formulatiot diet conformation in lengths
of jejunum and ileum at day 42. An interaction sbkdwhat the difference in relative
length of jejunum and ileum between dry-controld avet-control-fed birds were 0.16
(3.25 vs. 3.41, respectively) and 0.05 (3.39 v843.respectively), whereas the
difference between dry-HE- and wet-HE-fed birds eved.31 (3.78 vs. 3.47,
respectively) and 0.39 (3.81 vs. 3.40, respectjvely

Body Temperature and Heterophil/Lympocyte Ratio. Temperature had a major
effect on body T and heterophil/lymphocyte (H/Ljisaat d 20 and 41. Body T and
H/L ratio were higher at HT than at NT at thesesaddeither diet formulation nor diet
conformation influenced on body T and H/L ratioefé was an interaction between T
and diet conformation in H/L ratio at d 20. An irgtetion showed that at NT, the
difference in H/L ratio between wet- and dry- fdaddb was 0.03 (0.16 vs. 0.19,
respectively), whereas at HT, this difference wa3(00.27 vs. 0.19, respectively)
(Table 6).

Discussion

Eating and Panting Behavior. During the first three wk of age, the birds houaed
HT on average needed about 3.4% more time to cangbeir feed than the birds
housed under
NT. It seems that the birds housed at HT had acextimeal size per unit of time than
the birds at NT had because their feed intake waitas but they showed more panting
activities during these weeks. Panting behavior i@yefore induce a reduction in
meal size by frequently interrupting eating behaimoheat-stressed birds (Chapter 3).
During the last three wk of age, the time spengating by the birds at HT was about
2.9% less than birds at NT, which could be atteduto their lower average feed
intake. The birds kept at HT showed 34.6% more timepanting behavior than the
birds kept at NT (Figure 2). This is in close agneat with the study of McLean et al.
(2002) who found a lower feed intake and a highaertipg activity at high stocking
density (40 kg m-2) than at low stocking densit§ &y m-2) because high stocking
density was not confine when the birds grew older.

Feed Intake and BW gain. Broilers exposed to HT consumed about 11.8% less
feed than those housed at NT during the 6 wk expgarial period. The negative effect
of HT on feed intake increased when the birds becalaer. The difference was -1.6%
from wk 2 to 3 and 12.7% from wk 4 to 6. Th@responds with a 1.2% decrease in
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Table 6. Effect of ambient temperature (T), diet treatm@)tand diet conformation
(C) on body temperature and heterophyl/lymphodsté X ratio™.

Treatment Body temperature’C) Heterophil/lymphocyte ratio
Day Day
T F C 7 20 41 7 20 41
NT  Control Dry 41.19 41.22 40.89 0.09 0.19 0.20
Wet 41.38 41.18 41.12 0.09 0.18 0.18
HE Dry 41.20 41.11 41.16 0.11 0.19 0.30
Wet 41.28 41.29 41.29 0.10 0.14 0.28
HT  Control Dry 41.26 41.74 42.56 0.09 0.22 0.37
Wet  41.46 42.01 42.70 0.10 0.30 0.38
HE Dry 41.31 42.00 42.68 0.10 0.17 0.32
Wet  41.28 41.67 42.53 0.08 0.25 0.39
SEM 0.08 0.08 0.10 0.01 0.03 0.04
Source of variation valuey
T 0.294  <0.001 <0.001 0.662 0.023 <0.001
F 0.384 0.774 0.198 0.490 0.140 0.126
C 0.084 0.829 0.224 0.557 0.268  0.743
TxF 0.889 0.774 0.118 0.289 0.544  0.048
TxC 0.677 0.520 0.224 0.889 0.026 0.282
FxC 0.163 0.232 0.198 0.338 0.703 0.639

The T and relative humidity (RH) in the high-T (HTdom during the first week were 31.9+1.4°C and
70.2+11.3%, whereas the T and RH in the normal-T) (fdom were 32.0+0.8°C and 66.2+6.7%. For the €,

T ranged from 19.6+0.9°C to 21.5+0.6°C and the Rrged from 61.3+9.8% to 71.6+8.8% from wk 4 to ér F
the HT, the T ranged from 26.5+2.5°C to 31.7+2.%54@ the RH ranged from 58.2+10.9% to 84.9+10.8%nfro
wk 4 to 6. Control diet= 215 g of CP/kg and 2,8%&alkof ME/kg; HE diet= 194.6 g of CP and 3,067 kofl
ME/kg. C=Diet conformation: Dry diet; Wet diet (add 1 part of water to 1 part of dry diet).

2T x F = interaction between T and F; T x C = inttien between T and C; F x C = interaction betwEemd C;
3Significant effects® < 0.05) are printed in bold.

feed intake for each degree C increase within @nge from 21.5 to 31°C. This
negative response is similar to an observatiomiealier study in this thesis (Chapter
3) with male broilers exposed to ambient T rangirgm 21.0 to 31.%C (a 1.7%
decrease in feed intake per degree C). The reduitifeed intake at HT was due to
the cumulative effect of heat stress and associetietts of a lowering BW gain.
Overall, BW gain after 6 wk of age was about 19%dpat HT than at NT. Therefore,
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the effect of T was larger on BW gain than on fegake, indicating a potential change
in body composition of the birds at HT comparechwtite birds at NT.

Intake of the control-fed birds was, on average2%®higher than the intake of HE-
fed birds. The higher feed intake of control-feddbiis logic because broiler needs
more energy supply with increasing age at NT (Loaed Leeson, 2005) and at HT
(Sakomura et al., 2005). This energy demand candiedy consuming more feed. The
lowest intake with a HE diet is partly due to thigher energy content of this diet
compared with a control diet. A higher energy conicion in the diet decreased the
feed intake (NRC, 1984), but the difference did rolly disappear. Another
explanation is possibly due to deficient levelsG## and amino acids in a HE diet.
Aftab et al. (2006) reported that the concentratiad balance of dietary amino acids
could affect feed intake in broilers. Deficiencmsexcesses of certain essential amino
acid cause to decline in feed intake by influendheyarea in the brain controlling feed
intake (NRC, 1984). Metabolic pathways and metabslproduced by these pathways
integrate to the regulation of feed intake and gynenetabolism (Richards, 2003). The
balance in the activity of anabolic and catabolicuts within the hypothalamic
melanocortin system determines the energy stai8% (Richards and Proszkowiec-
Weglarz, 2007). BW gain of the control-fed birdsswagher probably due to higher
intake of protein and, as a consequence, a highext fntake to meet the energy
demands.

Several reports in literature concluded that treee benefits of using wet diets in
the birds’ life with regard to the enhancementedd intake and BW gain (Yalda and
Forbes, 1995, 1996; Yasar and Forbes, 1999; Prestaln, 2000; Khoa, 2007). These
studies, however, show some variation in resules @udifferences in experimental
conditions. Generally, feed intake of wet-fed biwdas not significantly higher than
that of dry-fed birds. The difference was 7.0% fra 2 to 3 and 2.1% from wk 4 to
6, respectively. It seems that the advantage dlifigea wet diet on feed intake is larger
for young birds than for older birds. High feedak® in wet-fed birds has been
reported in studies at NT (Yalda and Forbes, 199896; Yasar and Forbes, 1999;
Preston et al., 2000; Khoa, 2007) and HT (Awojaid Meshioye, 2001; Kutlu, 2001;
Awojobi et al.,, 2009). In the present experimeritis teffect was not apparent.
However, birds fed a wet-HE diet showed a signifiahigher feed intake in wk 5
and 6 at HT. This result confirms partly the pesiteffect of feeding a wet diet at HT
in broilers (Awojobi and Meshioye, 2001; Kutlu, 200Awojobi et al., 2009). The
reason for the higher intake of wet-HE-fed bird$iatis probably that the heat load of
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the birds could be lowered as a consequence of sdter intake and therefore ability
to cope at HT.

BW gain of birds kept at NT was 2.6% lower thart thfgbirds kept at HT from wk
2 to 3, but was 25.7% higher than that of birdst ke T from wk 4 to 6, respectively.
This means than the effect of HT on BW gain becolaeger when the birds get older.
These results were in line with the previous st(@iyapter 3), and with Cheng et al.
(1997) and May et al. (1998).

Overall, BW gain of HE-fed birds was 8.8% lowerritthat of control-fed birds at
both T regimens. The lower BW gain of HE-fed birdas probably the cumulative
lower feed intake of this diet. Furlan et al. (2P@dviewed that low protein diets have
negative effects on broiler performance when théiant T is high due to low feed
intake and amino acid deficiency.

BW gains of wet-fed birds from wk 2 to 3 and frork wto 6 were 8.9% and 4.7%
higher than those of dry-fed birds, respectivelize Teffect of wet diet on BW gain
seems better when the birds are young. Overall, g3V of wet-fed birds in this study
was 6% higher than that of dry-fed birds. Otherdigs reported much higher
differences in BW gain between wet- and dry-fedi®i(50% in Preston et al., 2000;
85% in Khoa, 2007). The smaller difference betwdeyr and wet-fed birds in the
present study as compared with other reports magpdseciated with the lighting
schedule of this experiment. Feed offered in thislys was based oad libitum meal
feeding at 12L:12D during the entire trial whereésvas at 16L:8D in the other
studies. As such there less time available for livds to consume their diet as
compared with the two other studies. Extra feedkiatand BW gain can be expected
with a wet diet although the birds had a limiteddifor eating and tended to reduce the
time on eating the wet diet after 4 wk axe.

BW gains of wet-HE-fed birds were 12.0% and 11.i&hér compared with that of
dry-HE-fed birds at NT and HT, respectively. Wher&WN gains of wet-control-fed
birds were 3.3% higher and 1.7% lower compared thi#tt of dry-control-fed birds at
NT and HT, respectively. At HT, similar BW gain tbeten wet-HE-fed birds and dry-
control- or wet-control-fed birds was noted esplécian wk 4 to 6 (Table 3).
Therefore, it is beneficial to exploit a wet feeglist HT especially with a HE diet.

The higher BW gain of wet-fed birds in this studyees with the earlier studies of
broilers fed a wet mash by Yalda and Forbes (12986), Yasar and Forbes (1999),
Awojobi and Meshioye (2001), Kutlu (2001), and Kh@®07) and a wet pellet by
Moritz et al. (2001). This effect may be explainbg an improvement in feed
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digestibility (Forbes, 2003; Dei and Bumbie, 201Therefore, this study seems to
support the hypothesis that an increased passégeavith wet diet through the GIT
may have occurred.

Feed Conversion Ratio. FCR at NT was on average 7.7% lower than at HTthH@en
HE-fed birds, it was on average 2.9% lower tham ¢tlmacontrol-fed birds. FCR of the
wet-fed birds was on average 2.2% lower than thdtyefed birds. Lower FCR at NT
and wet-fed birds confirm results of other studiedroilers at different ambient T
(Cheng et al., 1997) and in wet diet study undepital T (Awojobi et al., 2009).
These studies showed that broilers exposed to NeF a@dd wet-fed birds converted the
diet into BW gain more efficiently than broilerspmsed to HT and control- and dry-
fed birds. Irrespective T, the efficiency of HE-fieidds can be increased by wetting the
diet because it produced the lowest FCR and the ™ gain as compared with dry-
and wet-control-fed birds.

Water Intake and Water-to-Feed Ratio. Water intake rises as ambient T rises
(North and Bell, 1990; NRC, 1994) as the birds sémkmanage heat stress by
increasing water consumption and then increasingaryr production (Borges et al.,
2004). However, total water consumption in thisdgtuvas similar for both T
regimens. It may be that taking water from nip@eBiT was a problem during panting
(Chapter 3), although we followed the suggestionMaly et al. (1997) to set the
optimal height of the nipples at the height of blaek of a bird.

Total water consumption in this study was highecamtrol-fed birds than in HE-
fed birds. As a consequence, water-to-feed rati@ontrol-fed birds were higher than
in HE-fed birds. Water intake was increased ovweetand water intake of control-fed
birds was always higher than that of HE-fed birflsrahe second week onwards. The
high water intake in control-fed birds was probal#lated to the higher feed intake
and protein intake. It is clear from literature ttiaere is a high positive correlation
between feed and water consumption (Lott et aD320ncreasing the protein level in
the diet increases water intake and the waterdd-fatio(Marks and Pesti, 1984).

The higher water intake in wet-fed birds was detifeom drinking water plus
water contained in the wet diet consumed. ThesbBrigs are in accordance with those
of Yasar and Forbes (1999). Increasing water inteikebenefit the birds because it is
a source of evaporation (Belay and Teeter, 1993}% hay limit the increase in body
T at the same feed intake (Furlan et al., 2004; &t al., 2005). The results, from
this study, confirm that the volume of water consdnby the birds is influenced by
various factors of feed and environment (Manninglet2007). The higher water-to-
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feed ratio at HT may indicate that the birds wilblpably use the water to evaporate
during panting (Figure 2).

Gastrointestinal Tract Development. In the present study, temperature had a major
effect on relative lengths and empty weight of Gl@gments on day 42 only. By
recalculating on the result reported by Garigale{2906) also showed that relative
length of jejunum in birds housed to NT {2) was 9% shorter than that in birds
housed at HT (3T).

Relative lengths of most GIT segments were affebtediet formulation at day 21
and 42, but not relative empty weight. Control-fedls had shortened relative lengths
than HE-fed birds, suggesting that the higher B\ gacontrol-fed birds (vs. HE-fed)
were not accompanied by a similar increase in fengt

At d 42, proventriculus, duodenum, jejunum, ileundaolon empty weights for
birds kept at HT were lower than at NT. Gizzard gmpeight of control-fed birds was
15.6% lighter compared with that of HE-fed birdseflhg the diet did not increase
empty weight of intestines both at d 21 and d 4BesE results agree with the
observation in wet-fed broilers during the wet seasnder tropical climate that weight
of gizzard, intestine and the proventriculus wengilar in size compared with dry-fed
birds (Awojobi et al., 2009). These discrepancieswsthat differences in T and diet
formulation in this study were the most crucial tfes determining intestinal
development rather than diet conformation.

Body Temperature and Heterophil/Lymphocyte Ratio. A high T resulted in a
significant increase in body T. The associatiowieen high ambient T and increased
body T agrees with other studies (Yahav, 2000; @sil® et al., 2003). The effect of
heat stress was more pronounced in broilers witlgla growth potential than in slow-
growing broilers (Ahmad and Sarwar, 2006). Compgathe results of feed intake and
BW gain showed that feed intake and BW gain wegaicantly lower, while body T
was significantly higher at HT. When broilers axp@sed to a heat stress environment,
there is a strong negative correlation between bddwnd traits of economic
importance (Tao et al., 2006).

A high T also resulted in a significant increaseHit. ratio at d 20 and d 41. H/L
ratio is often used as a stress indicator, andati® was positively correlated with
ambient T and body T and negatively correlated vidilv gain (Puvadolpirod and
Thaxton, 2000a; Borges et al., 2004; Al-Murranakt 2006). The results suggest that
wetting the diet was not able to reduce the heatstof the birds due to detrimental
effects of HT when they got older.
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Conclusion

It can be concluded that a wet diet has potentiaitive effects to improve feed
intake and BW gain at both NT and HT. Water additto a HE diet has a more
pronounced effect to improve growth at NT and Hihaugh it cannot fully reduce the
adverse effect of T on heat stress and an impréved®&velopment.
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Abstract

The effects of feeding a wet diet and a high dyetarergy to protein ratio (HE) on
performance of slow-growing indigenous chickensp@iment 1) and fast-growing
broilers (Experiment 2) under tropical climatic ddions were evaluated in this study.
One-day old unsexed indigenous (n=144) and males BO68 broilers (n=205) were
randomly allocated to 12 and 16 pens, respectivBlyo dietary energy to protein
ratios (normal versus HE mash diet) were testaddhor dry form. The wet diet was
made by adding one part of water to one part ofdiey. Temperature and relative
humidity (RH) were not pre-set and just followednetic conditions in Jambi
Province, Indonesia. In Experiments 1, the tempegaand RH varied between 24.9-
32.9C and 54-89% while in Experiment 2 it ranged froth8235.4C and 58-94%,
respectively. The light followed the natural daghli (12L:12D) except for the first 3
days when a 23L:1D scheme was employed. Resultgeshthat fast-growing broilers
spent 1% more time on eating and 22% more timeaoting than Kampung chickens. In
Experiment 1, feed intake (in g/d) was numericldlyer in wet-control- and wet-HE-
fed birds (0.6% and 5.3%, respectively) as comparidid the same diets in dry form.
BW gain per d was numerically higher in wet-con{i@3%) and lower in wet-HE fed
birds (0.8%) compared to the respective contrd®R Rvas not significantly improved
in wet-control- and in wet-HE-fed birds. In Expeént 2, feed intake (in g/d) was 19.9
and 24.0% higher in wet-control- and wet-HE-fedibicompared to the respective dry
diet. BW gain (in g/d) was 20.2 and 18.2% highewit-control- and in wet-HE-fed
birds compared to the respective controls. FCR neasignificantly improved in wet-
control- and wet-HE- fed birds. The gastrointestinact of Kampung chickens grew
proportionally with body weight but this was nogtbase for broilers.

Key words: tropical climate, wet diet, performance, gastiestinal tract, chicken
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I ntroduction

Poultry shows a reduced feed intake under heatsstenditions. This may lead to a
lower intake of energy and some essential nutriesatsl is the main reason for a
reduction in growth under hot environmental coodi. Attempts have been made to
ensure sufficient feed intake under heat stresdittoms (Lin et al., 2006; Borges et al.,
2007). It is assumed that this can be achievedanvigieding strategy where birds produce
a smaller amount of heat per unit of feed consumedther way is to facilitate the
emission of the heat produced from the body obtle Dietary manipulation by adding
water to the feed is well known to have a posiéffects on birds at normal temperature
(Yalda and Forbes, 1995, 1996; Yasar and Forb&9; Preston et al., 2000; Moritz et
al., 2001; Scott, 2002; Khoa, 2007). The advantdgeet feeding can not only be found
for layers but also broilers under tropical cormdit. Wet diets have been proven to
increase feed intake, live weight, feed efficienegights of heart, weight of the crop,
and abdominal fat deposition (Awojobi and Meshid®3@01). These effects are noted in
experiments by either giving the birds access itkairg water or without drinking water
but providing a wet feeding (Awojobi et al., 2009).

Under normal temperature (NT), feed intake and miatake of birds fed a wet diet
are increased (Yasar and Forbes, 1999, 2000). Midreased feed dry matter intake
with a wet diet is probably due to the moisturefeéd particles in the crop that
provides a quicker passage rate from the crop ihéo proventriculus (Yasar and
Forbes, 2000). Moreover, it could be due to thewgdlmwn in increasing body
temperature at the same feed dry matter intake veharet diet is fed. During the
hottest period of the day, feed dry matter intaleg/ ioe sufficiently high, especially for
an animal with a high metabolic rate, when the btaiyperature can be maintained
within a normal range.

A well-developed and healthy gastrointestinal tré8&tT) is important for proper
growth of chickens. The development and physiolofyhe avian digestive tract is
known to be influenced by dietary particle size d&eld form (Nir and Ptichi, 2001,
Engberg et al., 2002). Many studies have shownctheiseness of a broiler diet is related
to a heavy gizzard (Hetland and Svihus, 2001; N Rtichi, 2001; Engberg et al., 2002;
Erener et al., 2003; Hetland et al., 2004; Kho&,7/20The gizzard is the food mechanical
processing organ in avian species.
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It has been shown that water excretion in excreta reduced when the proportion
of coarse particles in the diet increased (Cargd.e2002) and that there is a decreased
transit time of chyme through the GIT (Carré et 2002). This prolonged time in the
GIT may allow more water to be reabsorbed compuaitddfine particle diets and less
water in excretaln addition, birds can use more of the consume@mfat evaporative
purposes and as such the decreased transit timeetiage peak heat production after
feeding.

Most of the studies investigating wet-feeding oLy have been conducted at
controlled ambient temperatures using mostly faswing broilers. Indigenous
chickens (e.g. Kampung chickens, Indonesia) difierelative feed intake and growth
rate compared to fast-growing broilers. Little srsd however has been conducted
comparing the influence of wet feeding of indigemcand broiler chickens under
tropical climate conditions. In a previous expenté was shown that birds under hot
climatic conditions preferred a diet containingez@ased CP intake (Syafwan et al., in
press). Whether the effects of wet and dry diet$He different breeds remain the same
when dietary compositions change is unknown. Thesegut study investigated the
impact of a control diet and a high energy to protatio diet both in wet and dry form
(with similar particle sizes) on the performancesloiw-growing indigenous Indonesian
chickens and fast-growing broilers under tropicahditions in Muaro Jambi District,
Jambi Province of Indonesia.

Materials and M ethods

Bird, Housing and Care

All procedures and protocols were approved by ttieca committee of Jambi
University. In Experiment 1 (April to July, 20144 one-day old indigenous unsexed
chickens were purchased from a local hatcherynmbdaity, Indonesia. In Experiment 2
(July to August, 2010), 205 one-day old male brsil@oss 308) were purchased from
PT Vista Agung Kencana, South Sumatera Provinamnesia. Each bird was weighed
and wing-tagged for identification. All chickensHxp. 1 and 2 were randomly allocated
to 12 and 16 pens with 12 and 12-13 birds per igspectively. Each bird was coloured
using a permanent marker on the head for identifiynd the behavior observations.
Birds were housed in a floor system in an opendsideuse under tropical climatic
conditions. There was one bell shaped drinker &itB.3 L capacity and one feeding
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trough in each pen. The birds in each pen wereigedvtheir diet ad libitum as dry or
wet. Wood shavings (Exp. 1) and rice husks (Expwgje used as litter with new
bedding material regularly added to each pen. Tdres pvere made of wire with pen
dimensions of 1.75x1.2x 2.0 m (Ixw x h) in Edpand 1.75 x 1.2 x 1.0 m in Exp. 2.

Two wooden slat perches measuring 5 cm x 5 cm and@w x h x 1) with rounded
angles were provided in each pen. The slat wasl foretwo 5 cm high structures and
placed about 10 cm above the floor.

Temperature (T) and relative humidity (RH) wereorded every day using a
minimum-maximum thermo-hygrometer in Exp. 1 and ieeless weather centre (La
Crosse Technology, type WS2-550) in Exp. 2. Dutimg first week of age, the house
was covered with black plastic hanging at half-heaf the wall during the entire day to
ensure an appropriate T at chicken level. The wieedeafter, it was only covered during
the night (from 07:00 to 19:00 h). Temperaturedastach pen from 1 to 7 d of age was
increased by a 75 Watt bulb which was positionedeura bluish white metal with
Chinese shaped-head. After d 7, T followed theideitemperature. Artificial light was
provided as to have 23-h light (L) and 1-h dark (&y day for the first three days
whereafter the lighting schedule followed the raltutay light (12L:12D). The dark
hours were created by covering the bulb with avtich was hung closely to the Chinese
shaped-head.

Experimental Design and Treatments

Experiment 1 lasted 12 weeks and Exp. 2 lasted 6ksveEach of the two
experiments was conducted as a 2x2 factorial agrangt in a completely randomized
design. The factors were two dietary formulatioosnfrol diet and a high energy to
protein ratio diet; HE) and two conformations (dmyd wet). Each dietary treatment
combination was assigned to three (Exp. 1) and(&xp. 2) replicated pens.

The control diet contained the NRC (1994) recomradnalitrient levels for CP and
metabolizable energy (ME) contents of broiler chitk for the entire growing period in
both experiments. The control diet contained 29500 CP/kg and 2,942 kcal of ME/Kg.
In Exp. 1, the HE diet contained 181.0 g of CP/kd 8,179 kcal of ME/kg. In Exp. 2,
the HE diet contained 195.0 g of CP/kg and 3,068 &t ME/kg. The protein sources
were soybean meal and fish meal. The energy sowesrice bran, maize, palm kernel
meal and vegetable oil. Dietary compositions ofékperimental diets are presented in
Table 1. Each diet was supplied as mash. The wetgis made by adding one part of
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water to one part of dry feed. The preparation midng of the diets was done outside
the experimental shed to prevent any disturbancthdochickens. The wet diet was
offered and weighed at 07:00 and at 12:00 h evasy Before each meal time, all
feeders were taken out of the pens, weighed, andilhed feeders were placed back.

Table 1. The ingredients (g/kg) and calculated nutrient cositipn of the Kampung
chickens dietary treatments.

: : HE diet HE diet
Ingredients Control diet : :
Experiment 1  Experiment 2

Rice bran 350.0 300.0 284.0
Maize 246.7 290.0 290.0
Soybean meal 240.0 160.0 165.0
Palm kernel meal 80.0 112.0 143.0
Fish meal 50.0 50.0 65.0
Vegetable oil 0.0 55.0 20.0
Limestone 14.0 14.0 14.0
Salt 2.3 2.3 2.3
Top Mix! 5.0 5.0 5.0
Dicalcium phosphate 8.0 8.0 8.0
DL-Methionine 2.7 2.7 2.7
L-lysine HCI 1.3 1.0 1.0
Total 1000.0 1000.0 1000.0
Calculated nutrient content (/kg)

Metabolisable energy (kcal) 2942.0 3178.7 3063.2

Crude protein (@) 21.5 18.1 19.5

'Composition of 1 kg Top Mix: vitamin A (retinyl aize), 12,000 IU; vitamin PX(cholecalciferol), 2,000 IU;
vitamin E (dle-tocopherol), 8.0 mg; vitamin K, 2.0 mg; vitamin @hiamin), 2.0 mg; vitamin B(riboflavin), 5.0
mg; vitamin B (pyridoxine-HCI), 0.5 mg, vitamin 8 (cyanocobalamin), 12 mg; vitamin C, 25 mg; niadid,mg;
vitamin Bs (d-pantothenic acid), 6.0 mg; choline chloride,M@; methionine, 30 mg; lysine, 30 mg; iron, 20 mg;
copper, 4 mg; manganese, 120 mg; zinc, 100 mgjtcdb2 mg; iodine, 0.2; zinc bacitracin, 21 mg aahtoquin
(antioxidant), 10 mg.

A coarse diet structure was chosen because hightegsed fine diets may not be
optimal for the functionality of the gastrointestirtract. Particle size distribution was
measured by sieve analysis (Goelema, 1999), ancksléis are shown in Figure 1. The
proportion of particles that could not pass a 1 sieve was about 30% in both
experiments.
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Measurements

Eating and panting behavior were measured as Hedayi Syafwan et al. (in press).

In brief, an experienced observer walked during@Bmin period through the room and
applied scan sampling. Each bird in each pen wasrebd instantaneously for a single
moment during this scan (instantaneous scan sagplithis procedure was repeated
with 25 min pauses several times between 09:0Q:t@01h and between 14:00 to 17:00 h
to ensure a representative scanning for a 12 hgtiyeriod. Scan sampling was done
two days per wk with in total 12 scan samplingsedper observation day. Based on
these observations, the percentage of time thdenfcin a certain pen spent on eating
and panting behaviors relative to other behaviaewletermined. Eating was defined as
a chicken having its head in or above the feedet,panting was defined as a chicken
breathing rapidly with short gasps with open bead split wing feather alignment. All
scan data per pen per wk were pooled.

Particle size distribution Experiment 1 Particle size distribution experiment 2
35% - 35% -
30% - 30% -
25% - 2506 -
20% - 20% -
15% - 15% -
10% - 10% -
5% - 5% -
0% - 0% -
>0.170 >0.250 >0.750 >1 >1.4 >0.170 >0.250 >0.750 >1 >1.4
Sieve size (mm) Sieve size (mm)
@Control diet@HE diet BControl diet OHE diet

Figure 1. Particle size distribution of dietary treatmentexperiments 1 and 2.

For measuring feed intake, the offered quantitfeetl was corrected for the weight
of the feed residues in the feeder. Feed intakkeofvet diet was calculated on the basis
of the quantity of dry feed offered to the birdeTreal ‘dry’ intake of the wet diet was
corrected for water loss due to evaporation whiel @stimated by placing an extra feed
trough with a wet diet outside the pen each tingeféled was refreshed and weight loss
was measured. Weighing the dry feed was done dhiesg to four days. We did not
correct for loses of feed from the feeder.

Fresh water intake was recorded in each pen byasting the remaining water from
offered water. Total water intake of wet-fed bivass calculated from fresh water intake
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plus the water content of the wet diet consumed. B¥¢ determined per pen and
expressed as BW gain per bird/iwk. Weights of birdd died or had to be culled were
determined, and their BW gain included in the datbon of the feed conversion ratio
(FCR). Feed intake, BW gain, water intake, watefletel ratio and FCR were calculated
per bird for a 14-d period in Exp. 1 and per bodd 7-d period in Exp. 2. Body T was
measured from three birds in each pen using aatlipermometer just before weighing
the birds and body T data per pen were averaged.

GIT development was measured by dissecting twe Imiest pen per treatment at d 28,
56 and 84 in Exp. 1 and at d 22 and 42 in Exp.a2hbbird was weighted, euthanized by
cervical dislocation and dissected to separaté&thiefrom the body. A flexible tape was
used to determine the lengths of each intestirgtheat on a flat surface. The length of
the duodenum (from the pyloric junction to the alisinost point of insertion of the
duodenal mesentery), the jejunum (from the distadtmpoint of insertion of the duodenal
mesentery to the junction with Meckel's divertiom)y the ileum (from junction with
Meckel's diverticulum to ileo-caecal junction) atide sum of the lengths from the
ostium to the tip of caeca and colon were deterghifibe full and empty weight (+0.1 g)
of the crop, proventriculus and gizzard were deiteeth Data of length and empty
weight of GIT segments were expressed per 100 gntvdata of the two birds per pen
averaged.

Statistical Analysis

Pen was considered as the experimental unit. Adnixedel was used to account for
the covariance structure among repeated obsersaflotiell et al., 1998; Wang and
Goonewardene, 2004). In the analysis, the repestgdment PROC MIXED in SAS
(version 9.1; SAS Inst. Inc., Cary, NC) was usediraglthe factor time (“p” as the time
factor) and pen was considered as an additiondbrareffect. The following statistical
model was used for both experiments:

Yim =+ F+G+FEXG+R+FXRA+GXR+FXG xR+ qu

where Yjq is the dependent variabie s the overall mean effect; i theith fixed diet
formulation effect ic1 for control diet on=2 for HE diet), ¢ is thejth fixed diet
conformation effectjél for dry orj=2 for wet), R is the kth random period of
measurementkgl1..6), F x G is the fixed interaction effect between diet folation
and diet conformation,; i B is the random interaction effect between diet fdation
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and period, €x R is the random interaction effect between diet oconhtion and
period, F x G x R is the random interaction effect between diet fdation, diet
conformation and period andyeis a random error associated with tik diet
formulation andth diet conformation at peridd gjq ~ NID (0,026).

Differences were considered significant at a prdivadevel of P < 0.05. If
significant main effects or their interactions wdetected, means were compared using
least squares means comparison. Mean separd&ion @.05) was produced with
PDMIX800 in SAS, which is a macro for converting aneseparation output to letter
groupings (Saxton, 1998). The Kenward-Roger metlvad used for computing the
denominator degrees of freedom for the tests of ifécts.

The best covariance structure was based on thectedr Akaike Information Criteria
(AICC). In Exp. 1, the heterogenous autoregresspxariance structure [ARH(1)] fitted
the data best for feed intake, BW gain, water imtalkd FCR. The autoregressive
[AR(1)] covariance structure fitted the data bestwater-to-feed ratio. In Exp. 2, the
first-order ante-dependence covariance structuMTPA (1)] fitted the data best for all
performance data.

GIT development and body T were analyzed by PROKEM in SAS with the
following linear model:

Yijk= W + Fi + Cj + Fi x Cj + eijk

Where Yj. is dependent variablgy is overall mean effect,; ks theith fixed diet
formulation effect i1 for control diet ori=2 for HE diet), ¢ is jth fixed diet
conformation effectjEl for dry orj=2 for wet), Fx G is the fixed interaction effect
between diet formulation and diet conformation, afds the residual error e~ NID
(0, 6%).

Behavior data were analysed with replicated obsensper pen. Eating and panting
behaviors were analysed with the Kruskal-Walliz texd post hoc with the Wilcoxon
two sample test by non-linear procedure of SAS.

Results

Temperature and Relative Humidity. The average T and RH inside the house
during Exp. 1 (12 weeks duration) ranged from 24.932.9C and 54 to 89%,
respectively. The average T and RH during Exp. ®€6ks duration) ranged from 22.8
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to 35.4C and 58 to 94%, respectively. During both expenitsdApril to July, 2010
for Exp. 1 and July to August, 2010 for Exp. 2} #eason in Muaro Jambi Regency,
Jambi Province of Indonesia was a dry season wital rainfall (MCGA, 2010).
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Figure 2. Eating time (expressed as a percentage withiereagon time in Experiment 1; panel A
and B, and in Experiment 2; panel C and D on differéiet formulations and different diet
conformations. Vertical bars represent SD. Valuik @an asterisk (*) are significant differende €

0.05). Control diet in Experiments 1 and 2 = 21%.6f CP/kg and 2,942 kcal of ME/kg. HE diet in
experiments 1 = 181.0 g of CP/kg and 3,178.7 kcMBfkg and HE diet in Experiment 2 = 195.0 g

of CP/kg and 3,063.2 kcal of ME/kg. Conformation =y Eiet; Wet diet (adding 1 part of water to 1
part of dry diet).

Eating and Panting Behavior. Results on the percentage time spent on eating and
panting behavior are given in Figures 2 and 3.ngatiime decreased from wk 1 to 12
for the Kampung chickens. A decrease was also wbddor the broiler chickens but
the decrease was more pronounced from wk 1 to &xm 1, the control-fed birds
spent more time on eating than the HE-fed birdweeks 5, 6 and 9 (Figure 2 panel
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A). Dry-fed birds spent more time on eating thar-fee birds in weeks 6, 10, 11 and
12 (Figure 2 panel B). In Exp. 2, time spent oningatvas similar between diet
formulations (Figure 2, panel C). Dry-fed birds isppore time on eating than wet-fed
birds in weeks 5 and 6 (Figure 2, panel D).

In Kampung chickens (Exp. 1), panting behavior was significantly affected by
diet formulation and diet conformation (Figure anpl A and B). In broilers (Exp. 2),
time spent on panting increased with age in botet dormulations and diet
conformations. Control-fed birds spent more time pamting than HE-fed birds in
weeks 1, 3 and 5 (Figure 3, panel C). Wet-fed bépisnt more time on panting than
dry-fed birds in weeks 5 and 6 (Figure 3, panel D).
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Figure 3. Panting behavior (expressed as a percentagenvaitiservation time in Experiment 1; panel
A and B, and in Experiment 2; panel C and D on différdiet formulations and different diet
conformations. Vertical bars represent SD. Valuitk an asterisk (*) are significantly differenc® (

< 0.05) Control diet in Experiments 1 and 2 = 215.0 gG#/kg and 2,942 kcal of ME/kg. HE diet in

Experiments 1 = 181.0 g of CP/kg and 3,178.7 kEdllB/kg) and HE diet in Experiment 2 = 195.0 g d?P/&g
and 3,063.2 kcal of ME/Kg).
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Bird Performance. Mortality was 7.6% in Exp. 1 and 8.3% in Exp. 2oBability
values for all performance parameters are presemedable 2. Differences in
performance of the birds in each period at differdiet formulations and diet
conformations are presented in Table 3a (Exp. d)Table 3b (Exp. 2). The effect of
period was significant for all parameters and iscdssed only in relation to the
interaction with other factors.

Table 2. Probability values of main effects and interactleetween diet formulation (F),
diet conformation (C) and period (P) for differéraits (Exp. 1 and 2)

Source of varianée

Parameters F © FxC P FxP CxP F>§3§x
Experiment 1
Feed intake (g/bird/period) <0.001 0.396 0.516 <0.001 <0.001 0.299 0.914
BW gain (g/bird/period) 0.108 0.611 0518 <0.001 0.361 0.150 0.794
Water intakgg/bird/period) 0.007 0.335 0.115 <0.001 0.001 0.004 0.273
Water-to-feed ratio (g/g) 0.248 <0.001 0.048 <0.001 0.005 <0.001 0.916
FCR (g/g) 0.221 0.094 0.658 <0.001 0.008 0.014 0.338

Experiment 2
Feed intake (g/bird/period) <0.001 <0.001 0.948 <0.001 0.002 <0.001 0.195
BW gain (g/bird/period) <0.001 <0.001 0.372 <0.001 <0.001 <0.001 0.141

Water intakgg/bird/period) ~ <0.001 <0.001 0.819  <0.001 0.001 <0.001 0.523
Water-to-feed ratio (g/g) 0.009 0.480 0.784 <0.001 0.094 0.024 0.159
FCR (g/9) <0.001 0.979 0.126  <0.001 0.225 0.045 0.597

*Control diet in experiments 1 and 2 = 215.0 g ofkgRand 2,942 kcal of ME/kg. HE diet in Experimédnt
181.0 g of CP/kg and 3,178.7 kcal of ME/kg and Hi& th Experiment 2 = 195.0 g of CP/kg and 3,08&4l of
ME/kg. Conformation = Dry diet vs. Wet diet (addidgpart of water to 1 part of dry diet). Periodk 4-d
periods in Experiment 1 and six 7-d periods in Expent 2.

“Significant effects® < 0.05) are printed in bold.

5F x C = interaction between F and C, C x P = intitva between C and P; F x C x P = interaction ketwF, C
and P.

Feed Intake.Diet formulation had a major effect on feed intake both
experiments, but diet conformation only affecteddféntake in Exp. 2 (Table 2). On
average, feed intake was 16.2% higher in contrblkiieds (449.9 g/bird) than in HE-
fed birds (387.3 g/bird) in Exp. 1, whereas it W#&5% higher in control-fed birds
(540.5 g/bird) than in HE-fed birds (464.0 g/biid)Exp. 2. In Exp. 1, feed intake of
wet-control- and wet-HE-fed birds were similar bat of dry-control-fed and dry-HE-
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Table 3a. Least square means of performance parameterarping chickens from 1
t016 periods as affected by diet formulation (Rl diet conformation (C) (Experiment
1).

Parameters F C Period
1 2 3 4 5 6
Feed intake (g/bird/period)
Control  Dry 118.3 254.7 387.5 499.2° 6364 812.1
Wet  96.8 2327 3948 529.7 615.7 821.5
HE Dry 116.0 212.f° 3004 4617 5759 7235
Wwet  92.F 192.5 301.9 456.8 534.3 677.7
SEM 3.9 7.3 15.5 21.0 36.6; 41.0;
44.8 50.2
Body weight gain (g/bird/period)
Control Dry 50.0 83.8* 1376 163.2 158.4 208.3
Wet 5058 94.0 137.6 184.8 152.1 2275
HE Dry 428 67.0 121.6"  159.9 170.9 198.1
Wet  42.6 71.2 108.3 155.2 1335 243.7
SEM 0.9 5.4 8.7 12.6 21.6; 13.7;
26.5 16.8

Water intake (g/bird/period)
Control Dry 253.8° 4523  798.6" 1153.% 15375 1923.3
Wet 3258 6217 8577 1306.83 1818.3 2069.1

HE Dry 226.3 365.9 776.6°  1106.2* 1404.5 1742.4
Wet 281.68° 4274 684.5  1002.6 1425.0 1623.8
SEM 15.1 14.2 38.6 72.8 150.0; 167.6;

183.7 205.3
Water to feed ratio (g/g)

Control  Dry 2.1%8 1.78 2.06’ 2.31 2.45 2.37
Wet 3.38 2.68 217 2.46 2.92 2.52

HE Dry 1.96’ 1.73 2.5¢ 2.39 2.48 2.39
Wet 3.08 2.23 2.28" 2.20 2.6% 2.38

SEM 0.12 0.12 0.12 0.12 0.12; 0.12;
0.15 0.15

Feed conversion ratio (g/g)

Control  Dry 2.37 3.08 2.83 3.14 4.01 3.90
Wet 1.95 2.48 2.87 2.87 4.34 3.60

HE Dry 2.77 3.19 2.49 2.88 3.42 3.68
Wet 2.17 2.74" 2.82 2.94 4.16 2.%9

SEM 0.10 0.14 0.16 0.15 0.44; 0.13;
0.55 0.16

Means within a period (column) between treatmentisout a common superscript letters (a-c) diffgm#icantly
(P < 0.05); no superscript letter means non significkfferences.
Control diet in Experiment 1 = 215.0 g of CP/kg @842 kcal of ME/kg. HE diet in Experiment 1 = 183 of

CP/kg and 3,178.7 kcal of ME/kg. Conformation = Migt; Wet diet (adding 1 part of water to 1 pdrtiry diet).
Period: six 14-d periods.
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Table 3b. Least square means of performance parametemsilerixhicken from 1 to
6 1periods as affected by diet formulation (F) amet donformation (C) (Experiment
2)

Parameters F C oot
1 2 3 4 5 6
Feed intake (g/bird per period)
Control  Dry 96.3* 2138 402.2 561.7 778.9 896.6
Wet  105.8 202.68° 4499 723.2 983.7 1070.9
HE Dry 91.3 176.5 286.6 446.5 627.5 856.F
Wet 94.8 183.4° 3779 570.7 862.6" 994 4*
SEM 3.3 6.3 22.8 285 39.2 28.6

BW gain (g/bird per period)
Control Dry 76.3 118.F 210.F 252.3 331.6 337.3

Wet 81.3 100.8°  258.F 355.9 453.3 413.3
HE Dry 67.3 85.8 137.2 188.F 250.5 349.0

Wet 65.7 89.0° 152.7F 249.0 365.6 392.7
SEM 2.1 5.7 175 13.1 25.8 28.7

Water intake (g/bird per period)
Control Dry 2548 5460 9888 153272 2203.8 2878.4
Wet 2864 4876  1,066.4 1994.73 2762.9 3459.4

HE Dry 2068  405.8 7942 12578 1526.7 2338.3
Wet 2644  379.4 754.8 1457.8 2193.4 2988.4
SEM 14.3 22.4 47.0 180.6 131.8 115.6

Water to feed ratio (g/g)

Control  Dry 2.67 2.58 2.48" 2.72 2.83 3.2F
Wet 2.71 2.4% 2.36" 2.75 2.81 3.24

HE Dry 2.30 2.29 2.87* 2.82 2.48 2.74
Wet 2.80 2.07 2.03 2.55 2.58 3.00"

SEM 0.20 0.06 0.16 0.09 0.11 0.12

Feed conversion ratio (g/g)

Control Dry 1.26 1.8° 1.92 2.23 2.38 2.72
Wet 1.36 2.0° 1.80 2.04* 2.18" 2.59

HE Dry 1.3%° 2.06" 2.09" 2.38" 2.57 2.47
Wet 1.44 217 2.47 2.29" 2.37 2.60

SEM 0.03 0.10 0.13 0.08 0.08 0.18

Means within a period (column) between treatmeritlsout a common superscript letters (a-c) diffgngicantly
(P < 0.05); no superscript letter means non significifferences.

*Control diet in Experiment 2 = 215.0 g of CP/kg &n@42 kcal of ME/kg. HE diet in Experiment 2 = 19§ of
CP/kg and 3,063.2 kcal of ME/kg. Conformation = Migt; Wet diet (adding 1 part of water to 1 pdrtiy diet).
Period: six 7-d periods.
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Figure 5. Least square means for water intake to feed, ratier intake and FCR (Exp.1), and feed
intake, BW gain, water intake, water-to-feed ratimd &CR (Exp. 2) for diet conformation and
periods interaction. Means within and between liwghout common superscript letters (a-h) differ
significantly P < 0.05). Dry diet; Wet diet (adding 1 part of waterl part of dry diet). Period: six

14-d periods in Experiment 1 and six 7-d periodExperiment 2.




Wet diet for poultry in tropical countries | 125

fed birds for most periods, respectively (Table.3a)Exp. 2, feed intakes of wet-
control- and wet-HE-fed birds were significantlygher than those of the respective
dry-fed birds in periods 3 to 6 (Table 3b).

An interaction between diet formulation and pergtbwed that feed intake was
higher in periods 2 to 4 and 6 (Exp. 1) and inqusil to 5 (Exp. 2) for the control-fed
birds as compared to the HE-fed birds, respectiifeyure 4).

In Exp. 2, an interaction between diet conformationd period showed that feed
intake was higher in periods 3 to 6 for the wetdi@dls compared to the dry-fed birds
(Figure 5).

Body Weight GainNeither dietary formulation nor conformation afied BW gain
in Exp. 1, but both factors affected BW gain in ERTable 2). On average, BW gain
of control-fed birds (249.1 g/bird) was 24.9% higklean that of HE-fed birds (199.4
g/bird), whereas BW gain of wet-fed birds (248 .higl) was 23.9% higher than that of
dry-fed birds (200.3 g/bird) in Exp. 2.

Body weight gains of wet-control- and wet-HE-feddsiwere numerically higher in
periods 1 to 3 and even significantly higher thizat ©f the respective dry-fed birds in
periods 4 to 5 in Exp. 2 (Table 3b).

In Exp. 2, an interaction between diet formulatiord period showed that BW gain
was higher in periods 1 to 5 for the control-feddbias compared with the HE-fed
birds (Figure 4). An interaction between diet confation and period showed that BW
gain was higher in periods 4 to 5 for the wet-fédidas compared with the dry-fed
birds (Figure 5).

Water Intake.Water intake was clearly affected by diet formiolatin both
experiments, but it was affected by diet conforomain Exp. 2 only (Table 2). In Exp.
1, water intake of control-fed birds (1093.0 g/biwehs, on average, 18.4% higher than
that of HE-fed birds (923.4 g/bird). In Exp. 2, emintake of control-fed birds (1538.5
g/bird) was 26.7% higher than that of HE-fed biftia14.1 g/bird), and water intake of
wet-fed birds (1508.2 g/bird) was 21.2% higher thiaat of dry-fed birds (1244.4
g/bird).

In Exp. 1, water intakes of wet-control- and wet-f¢é birds were, for most
periods, similar to that of dry-control- and dry-Hi&fl birds, respectively (Table 3a). In
Exp. 2, water intakes of wet-control- and wet-HB-fd@rds were higher than that of
dry-control- and dry-HE-fed birds in periods 4 taafd periods 5 to 6, respectively
(Table 3b).
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An interaction between diet formulation and perad water intake showed that
water intake was higher in control-fed birds thanHE-fed birds in periods 2 to 4
(Exp. 1) and periods 1 to 6 (Exp. 2), respecti&igure 4). There was an interaction
between diet conformation and period for waterkatéTable 2). In Exp. 1, water
intake was increased over time for both wet-fed dndfed birds. In Exp. 2, water
intake was higher in wet-fed birds than that in-thg birds in periods 1, and 4 to 6
(Figure 5).

Water-to-Feed Ratio.Water-to-feed ratio was significantly affected loyet
conformation in Exp. 1, and affected by diet foratidn in Exp. 2. In Exp. 1, the
water-to-feed ratio was 16.7% higher in wet-fedi(2.58 g/g) than in dry-fed birds
(2.21 g/g). In Exp. 2, the water-to-feed ratio Wa8% higher in control-fed birds (2.73
g/g) than that in HE-fed birds (2.53 g/g). In Egpwater-to-feed ratios of wet-control-
and wet-HE-fed birds were significantly higher ththose of dry-control- and dry-HE-
fed birds in periods 1, 2 and 5 and periods 1 tee@pectively (Table 3a). In Exp. 2,
water-to-feed ratios of wet-control- and wet-HE-tgidds were similar to that of the
respective dry-fed birds for most periods (Tablg 3b

There was an interaction between diet formulatiod diet conformation on the
water-to-feed ratio in Exp. 1 (Table 2). The diffiece in the water-to-feed ratio
between wet-control- and dry-control-fed birds w22.7% (2.70 vs. 2.20 g/qg,
respectively), whereas the difference between wetdhd dry-HE-fed birds was 8.7%
(2.50 vs. 2.30 g/g, respectively).

In Exp. 1, an interaction between diet formulatsomd period on water-to-feed ratio
showed that the ratio was higher in control-feddbithan that in HE-fed birds in
periods 1 and 2 and lower in period 3 (Figure 4efé was an interaction between diet
conformation and period for water-to-feed raticisth experiments (Table 2). Water-
to-feed ratio of wet-fed birds was higher than fadry-fed birds in periods 1, 2 and 5
(Exp. 1) and period 1 (Exp. 2), but lower in pesd2l and 3 (Exp. 2), respectively
(Figure 5).

Feed Conversion Ratio. FCR was only affected byfdmenulation in Exp. 2 (Table
2). On average, FCR of control-fed birds (2.02 gigps 7.3% lower than that of HE-
fed birds (2.18 g/g). In Exp. 2, FCR of wet-contrahd wet-HE-fed birds were similar
to that of dry-control- and dry-HE-fed birds, resiieely (Table 3b).

Interactions were observed between diet formulatiowl period (Exp. 1) and
between diet conformation and period (Exp. 1 and2)average, FCR increased over
time in both experiments (Figures 4 and 5).
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Gastrointestinal Tract Development. Gastrointestinal tract data in Exp. 1 at d 28,
56 and 84 are presented in Tables 4 and 5, regplgctData in Exp. 2 atd 28 and d 42
are presented in Table 6, respectively. Relatimgtles of ileum (day 28) and colon
(days 28 and 56) were affected by diet formulatioExp. 1: control-fed birds had a
13% shorter ileum (day 28) and a 22 and 18% shodien (days 28 and 56) than HE-
fed birds, respectively. Relative lengths of jejomand ileum (day 42) were affected
by diet formulation in Exp. 2: control-fed birdscha 14 and 15% shorter jejunum and
ileum than HE-fed birds, respectively.

In Exp. 1 at d 56, empty weight of proventriculogdry-fed birds was 15% heavier
than that in wet-fed birds. Empty weights of duag®njejunum and ileum in control-
fed birds were respectively 18, 19 and 17% lowantthose in HE-fed birds. Empty
weights of jejunum and ileum in the wet-fed birderev respectively 17 and 24%
higher than those in the dry-fed birds at d 84Ekp. 2 at d 42, empty weight of
proventriculus in control-fed birds was 28% lowérann in HE-fed birds. Empty
weights of gizzard, jejunum and ileum in wet-feddbi were respectively 14, 15 and
15% lower than those in dry-fed birds.

Body Temperature. Body T was measured every week between 11:00 @012
and results are presented in Table 7 for both @xpets. In Exp. 1, body T was higher
in dry-fed birds than in wet-fed birds at week 4lainwas higher in control-fed birds
than in HE-fed birds in weeks 6 and 7. In Exp.&JYT was similar in all groups.

Discussion

Eating and Panting Behavior. Kampung chickens required about 6.3% (24.9 vs.
18.6%) and 7.0% (25.2 vs. 18.2%) more time to cowsthe control and dry diets as
compared with the HE and wet diets, respectivelpil&rs needed about 3.2% (24.4
vs. 21.2%) and 2.6% (24.1 vs. 21.5%) more timeottsame the control and dry diets
as compared with the HE and wet diets, respectivedysuch, the Kampung chickens
seem more sensitive to differences in diet formataind conformation than broilers.
For broilers, the extra eating time spent to corestime dry diet did not lead to a higher
feed intake compared to the wet diet. It appeasttie control- and the wet-fed birds
had a larger meal size per unit of time than the &€l the dry-fed birds.
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Table 4. Effects of diet formulation (F) and diet confornaeti(C) on gastrointestinal
tract development of Kampung chickens at d 28 @(Experiment 1)

Control diet SEM HE diet SEM Source of variation
Gastrointestinal (P-valuey
segment Dry Wet Dry Wet F C FxC
Day 28
Length (cm/100 g body weight)
Duodenum 1168 11.81 0.79 1324 1152 0.79  0.448430. 0.276
Jejunum 22.08 22.16 1.38 2753 2271 1.38 0.061130.1 0.114
lleum 19.80 19.67 1.06 2427 20.91 1.060.027 0.137 0.164
Caeca 5.09 4.97 0.25 5.72 5.34 0.25 0.084 0.361 00.62
Colon 2.08 2.20 0.21 2.90 2.55 0.210.028 0.605 0.303
Empty weight (g/100 g body weight)
Crop 0.83 0.89 0.06 0.93 0.73 0.06 0.681 0.303 0.070
Proventriculus 0.90 1.03 0.09 0.86 0.81 0.09 0.2m693 0.378
Gizzard 4.84 4.40 0.26 5.06 4.36 0.26 0.734 0.057.61®
Duodenum 1.37 1.49 0.10 151 1.48 0.10 0.563 0.672.483
Jejunum 1.75 1.88 0.13 2.27 1.87 0.13 0.090 0.342.0780
lleum 1.36 1.28 0.13 1.39 1.38 0.13 0.660 0.762 89.7
Caeca 0.51 0.73 0.10 0.72 0.74 0.10 0.302 0.258 90.34
Colon 0.18 0.20 0.03 0.21 0.16 0.03 0.897 0.695 @.24
Day 56
Length (cm/100 g body weight)
Duodenum 3.57 3.94 0.84 4.02 491 0.84 0.424 0.470.769
Jejunum 8.72 7.99 0.59 8.94 9.25 0.59 0.245 0.73040%0
lleum 7.69 7.48 0.38 8.35 8.51 0.38 0.058.959 0.601
Caeca 2.34 2.49 0.18 2.51 2.41 0.18 0.797 0.902 00.52
Colon 1.03 0.87 0.06 1.20 1.11 0.060.014 0.089 0.664
Empty weight (g/100 g body weight)
Crop 0.60 0.53 0.04 0.64 0.56 0.04 0.413 0.092 0.953
Proventriculus 0.60 0.49 0.02 0.62 0.57 0.02  0.0&BO06  0.137
Gizzard 3.56 3.57 0.21 4.17 3.49 0.21 0.240 0.152.146)
Duodenum 0.92 0.89 0.08 1.07 1.15 0.080.034 0.735 0.475
Jejunum 1.19 1.33 0.08 1.60 1.52 0.080.004 0.700 0.172
lleum 0.84 0.98 0.08 1.10 1.08 0.080.047 0.500 0.336
Caeca 0.50 0.62 0.05 0.59 0.59 0.05 0.569 0.236 00.27
Colon 0.19 0.16 0.01 0.19 0.19 0.01 0.345 0.183 &.16

'Mean values are expressed as an average of 3ategiiens. Control diet in Experiment 1 = 215.0 §Bfkg and
2,942 kcal of ME/kg. HE diet in Experiment 1 = 183 of CP/kg and 3,178.7 kcal of ME/kg. Conformatio
Dry diet; Wet diet (adding 1 part of water to 1tpafrdry diet).
Zsignificant effectsR® < 0.05) are printed in bold.

5F x C = interaction between F and C.
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Table 5. Effects of diet formulation (F) and diet confornaeti(C) on gastrointestinal
tract development of Kampung chickens at d 84 (Eirpent 1.

Control diet HE diet HE diet Source of variationR-
Gastrointestinal SEM valuey
segment Dry  Wet Dry SEM Wet SEM F C FxC
Length (cm/100 g body weight)
Duodenum 3.07 2.86 0.23 291 0.23 3.12 0.28 0.8549900 0.426
Jejunum 641 556 056 6.21 056 6.64 0.69 0.4597720. 0.298
lleum 6.13 5.50 0.57 585 057 6.05 0.70 0.829 9.720.517
Caeca 1.72 1.45 0.12 163 0.12 174 0.14 0444 050474
Colon 876 0.70 0.07 0.78 0.07 0.73 0.09 0.745 0.518947
Empty weight (9/100 g body weight)
Crop 056 057 0.04 052 004 048 0.05 0.411 0.81954
Proventriculus 0.50 0.57 0.04 044 0.04 048 0.05249 0.615 0.975
Gizzard 3.00 3.12 0.27 349 0.27 3.65 040 0.13469®. 0.996
Duodenum 0.68 084 005 0.78 005 0.84 0.07 0.2430610 0.730
Jejunum 1.11 1.34 0.05 124 0.05 142 0.06 0.092004 0.719
lleum 0.79 1.06 0.06 091 006 104 0.06 0.44R014 0.236
Caeca 043 050 0.05 055 005 058 0.07 0.146 0.40%672
Colon 0.16 0.19 0.02 0.16 0.02 0.16 0.02 0.589 0.36D462

*Mean values are expressed as an average of 3ategtiens. Control diet in Experiment 1 = 215.0 §Bfkg and
2,942 kcal of ME/kg. HE diet in Experiment 1 = 18 of CP/kg and 3,178.7 kcal of ME/kg. Conformatio
Dry diet; Wet diet (adding 1 part of water to 1tpafrdry diet).

ZSignificant effects® < 0.05) are printed in bold.

5F x C = interaction between F and C.

Increasing panting activity may be a reliable iatlic of thermal discomfort and
compromised welfare (McLean et al., 2002). Kampahigkens fed a control diet and
a wet diet showed similar times spent on pantirttali@r as birds fed a HE diet and a
dry diet, respectively. Broilers fed a control dietd a wet diet showed 8.3% (26.6 vs.
18.3%) and 8.2% (26.5 vs. 18.3%) more time on pgrtehavior than the broilers fed
a HE diet and a dry diet, respectively. It is cléam these experiments that broilers
consumed more feed and thus may have had a gd#ffitarlty to cope at high T (HT).
This is clear from the data as broilers showed ntione spent on panting (22.8 vs.
0.5%;P < 0.001) compared to the Kampung chickens.
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Table 6. Effects of diet formulation (F) and diet conforneetti(C) on GIT development
of broilers at d 22 and 42 (Experiment.2)

Control diet HE diet Source of variationR-
Gastrointestinal SEM value®
segment D Wet Dr Wet

i Y F C FxC

Day 22
Length (cm/100 g body weight)
Duodenur 6.0t 6.6€ 7.51 7.9¢ 0.91 0.15¢  0.56¢ 0.94]
Jejunun 14.4¢ 16.1C 19.0¢ 19.4¢ 2.2¢ 0.10¢ 0.66z 0.78¢
lleum 12.6¢ 15.6¢ 17.0¢0 16.8¢ 1.8¢ 0.16¢ 0.461 0.41f
Caeci 2.6¢ 2.71 3.57 3.44  0.4¢ 0.097 0.91¢ 0.85¢
Color 1.0¢ 1.2C 1.2¢ 1.2C 0.14 050¢ 0.89¢ 0.52¢
Empty weight (g/100 g body weight)
Crog 0.6¢ 1.2¢ 0.9¢ 0.8¢ 0.17 0.72¢ 0.20¢ 0.061
Proventriculu 0.7¢ 1.0t 0.8¢ 0.7¢ 0.1t 0.44C 0.67¢ 0.24:
Gizzarc 3.51 4.6¢ 4.61 3.81 0.6¢ 0.89¢ 0.807 0.16¢
Duodenur 1.3¢ 1.7¢ 1.4¢ 1.48 0.2 0.55¢  0.30f 0.35¢
Jejunun 2.71 3.0¢ 2.4 2.6 0.4C 0.35¢ 0.56( 0.84f
lleum 1.7¢ 1.9¢ 1.6¢ 187 0.2z 0.73: 0.43¢ 0.96¢
Caeca 0.55 0.68 0.62 0.82 0.14 0.473 0.260 0.795
Color 0.3¢ 0.31 0.1€ 0.2 0.07 0.05¢ 0.86¢ 0.31¢
Day 42
Length (cm/100 (body weigh)
Duodenur 2.5¢ 2.2 2.84 2.6¢ 0.2C 0.12¢  0.19¢ 0.70z2
Jejunun 6.7¢ 5.6z 7.4] 7.0: 0.4z 0.030 0.08t 0.35¢
lleum 6.3¢ 5.2t 7.14 6.4€ 0.42 0.040 0.05: 0.591
Caeci 1.4z 1.2t 1.5¢€ 1.4¢ 0.1z 0.201 0.22¢ 0.78:
Color 0.6€ 0.62 0.6 0.57 0.0 0.21f  0.23¢  0.49¢
Empty weight (g/100 body weigh)
Crop 0.65 0.64 0.69 0.64 0.04 0.852 0.879 0.848
Proventriculu 0.6t 0.57 0.81 0.8¢ 0.0¢ 0.011 0.99C 0.35]
Gizzarc 2.61 2.2¢4 2.8 2.4 0.11 0.057 0.004 0.79¢
Duodenur 1.0¢ 0.9C 1.1t 0.9¢ 0.0¢ 0.25¢ 0.107 0.87¢
Jejunun 1.7¢ 1.4¢ 1.9¢ 1.6¢ 0.12 0.09¢ 0.030 0.52(
lleum 1.3C 1.1¢ 1.51 1.21 0.7C 0.132 0014 0.27«
Caeci 0.5€ 0.5t 0.5¢ 0.51 0.0t 0.93¢ 0.41C 0.53¢
Color 0.31 0.1f 0.2C 0.1f  0.0¢ 0.51¢ 0.26¢ 0.531

'Mean values are expressed as an average of 4ategiiens. Control diet in Experiment 2 = 215.0 §Bfkg and
2,942 kcal of ME/kg. HE diet in Experiment 2 = 19% of CP/kg and 3,063.2 kcal of ME/kg. Conformatio
Dry diet; Wet diet (adding 1 part of water to 1tpafrdry diet).

Zsignificant effectsR® < 0.05) are printed in bold.

°F x C = interaction between F and C.
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Table 7. Body temperature°C) of Kampung (Experiment 1) and broiler chickens
(Experiment 2),

Control diet HE diet Source of variatioch
Experiment Week SEM
xper! Dry Wet Dry  Wet F c FxC

Experiment 1

1 41.12 4098 40.76 40.83 0.12 0.064 0.787 0.426
2 4112 4117 41.08 40.86 0.20 0.390 0.661 0.515
3 41.12 40.99 40.77 40.83 0.12 0.064 0.787 0.426
4 4182 4147 4166 4131 0.09 0.1260.006 0.954

5 4188 4194 4190 4190 0.08 0.892 0.685 0.685
6 4141 4151 40.76 40.02 0.10 0.001 0.100 0.423

7 4166 4156 41.04 4136 0.17 0.048 0.560 0.270

8 4132 41.00 41.04 4110 0.31 0.781 0.678 0.558
9 4161 4129 4148 4154 0.10 0.564 0.244 0.092
10 41.73 4154 4151 4170 0.12 0.781 1.000 0.141
11 4139 4148 4151 4119 0.14 0.576 0.438 0.188
12 41.08 41.17 4169 4057 0.39 1.000 0.215 0.160

Experiment 2

1 4111 41.07 4094 40.78 0.13 0.106 0.442 0.642
2 4140 4133 41.19 41.07 0.11 0.060 0.391 0.828
3 41.11 41.07 4094 40.78 0.13 0.106 0.442 0.642
4 4123 4169 4138 41.70 0.23 0.721 0.111 0.747
5 4154 4133 4129 4127 0.22 0.487 0.584 0.663
6 4219 4198 4201 4177 0.18 0.287 0.234 0.928

Mean values are expressed as an average of 3ateppens. Control diet in experiments 1 and 2 =@#gSof
CP/kg and 2,942 kcal of ME/kg. HE diet in experitseh = 181.0 g of CP/kg and 3,178.7 kcal of ME/kd &E
diet in experiment 2 = 195.0 g of CP/kg and 3,08@& of ME/kg. Conformation = Dry diet; Wet dietdding 1
part of water to 1 part of dry diet).

“Significant effectsP < 0.05) are printed in bold.

°F x C = interaction between diet formulation anet dionformation.

Feed I ntake and Body Weight gain. The differences in energy density were 236.7
and 121.1 kcal of ME/kg between the HE and the robrdiet for Exp. 1 and 2,
respectively.The feed intake in g by the control-fed birds wd8olhigher than the
feed intake of the HE-fed birds in both experimeftge higher feed intake of the
control-fed birds is logical because birds neededcansume more lower energy-
containing feed to meet their energy requiremenpf@z and Leeson, 2005; Sakomura
et al., 2005). But the lower intake (in terms oérgy and protein) of the HE-fed birds
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is contrary to expectations as a HE diet will yilgdgls heat per unit of ME. It seems that
the birds did not consume more energy with the leigbrgy diet under HT, and this
resulted in less CP and ME intake. However, theggniatake in kcal of ME per g BW
gain was numerically higher in the HE-fed Kampuhgkens and significantly higher
in the HE-fed broilers than in the respective colAfied birds (see Table 8). The lower
CP intake of HE-fed birds did not lead to a sigmwifitly retarded growth rate in
Kampung chickens, but in broilers a depressed droate was observed.

Table 8. Feed intake (FI), crude protein (CP) and ME iatakd ME/BW gain of birds
in the different diets and conformations per day.

Type of Dietary FI CP ME ME/BW
birds treatments (g/bird/d) (g/bird/d) (kcal/bird/d) gain/d
Kampung Control-dry diet 322 6.9 94.5 9.4
chickens Control-wet diet 320 6.9 94.7 8.8
HE-dry diet 28.4 5.1 90.4 9.7
HE-wet diet 26.9 4.8 85.5 9.3
Broiler Control-dry diet 702 15.P 206.6 6.0°
Control-wet diet 842 18.7 247.F 5.8
HE-dry diet 59.2 11.5 181.2 6.6
HE-wet diet 73.2 14.3 224.9 6.8

Means within a column for each bird type withoutrtoon superscript letters (a-c) differ significar(®< 0.05).

*Control diet in experiments 1 and 2 = 215.0 g ofkgRand 2,942 kcal of ME/kg. HE diet in Experimédnt
181.0 g of CP/kg and 3,178.7 kcal of ME/kg and Hig& th Experiment 2 = 195.0 g of CP/kg and 3,08&:2l of
ME/kg). Conformation = Dry diet; Wet diet (addingart of water to 1 part of dry diet).

Increasing energy in the diet has been thoughhpave feed intake, as a result of
a reduced heat increment. This effect is thougbttaore pronounced in birds at heat-
stress conditions because protein has a higheric@torement than carbohydrate and
fat (Black, 1995; Musharaf and Latshaw, 1999). higothesis that the strategy of the
birds would be to avoid an increased heat produadbp consuming more of the HE
diet was not confirmed, although the decreasedrntéke of the HE diet may have
helped to reduce heat production. Therefore, theeldeed intake of the HE diet is
possibly due to an imbalance of amino acids whicimastly the case with the HE diet
(Aftab et al., 2006) because feed intake of thdrobifed birds was higher. Aftab et al.
(2006) reported that the concentration and balahdeetary amino acids can influence
feed intake in broilers. NRC (1984) also reportat tthe contents of essential amino
acids can influence feed intake either throughrtleincentrations in blood and
affecting brain receptors, or by influencing hepatmino acid metabolism. In addition,
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metabolic pathways and metabolites produced byettmsgthways integrate to the
regulation of feed intake and energy metabolisnct{®ids, 2003).

It can be seen from Table 8 that feed intake ofisbiied a wet diet increases
especially in broilers, and the increase was moomqunced with the HE diet. The
higher intake of the wet diet by broilers was ineliwith the previous study at HT
reported in Chapter 5. However, the effect of wegttithe diet on feed intake in
Kampung chickens and broilers was opposite. Thalteeén this study confirm a
higher feed intake of a wet diet at HT in broilédsvojobi and Meshioye, 2001; Kutlu,
2001; Awojobi et al., 2009). The reason for thehiigintake of wet-fed broilers at HT
is probably that the birds try to cope with HT lmnsuming extra water and ME intake.
The Kampung chickens are more acclimatized to ¢edpilimatic conditions and do
not need to make use of the wet diet for thermdeeigun.

Body weight gains of Kampung chickens and broifecswith a control diet were
8.7% (9.8 vs. 9.0 g/d) and 25% (35.6 vs. 28.5 higher than when fed with a HE diet,
respectively. The lower BW gain of HE-fed birdsiisdoubtedly due to the cumulative
lower energy and protein intake with this diet (lEa8). This is in agreement with the
review of Furlan et al. (2004) who concluded thaw Iprotein diets have negative
effects on broiler performance when the ambienpeaiure is high due to a low feed
intake and amino acid deficiency.

Body weight gains of Kampung chickens and broifes a wet-control diet were
6.3% (10.1 vs. 9.5 g/d) and 20.2% (39.6 vs. 31d® lgigher than the two types of birds
fed a dry-control diet, respectively. Body weigldirgs of Kampung chickens and
broilers fed a wet-HE diet were 0.8% lower (8.994. g/d) and 18.2% higher (31.3 vs.
25.6 g/d) than these birds fed a dry-HE diet, retpely. Moreover, a similarity in BW
gain between wet-HE- and dry-control-fed birds weed, especially in broilers
(Table 3b). This indicates that CP and energy etdie to wetting the HE diet in
broilers was similar to the dry-control diet (TalB® Therefore, it is beneficial to
exploit a wet feeding strategy for broilers raisedler tropical climatic conditions. The
higher BW gain of wet-fed birds in this study agreeith the finding from earlier
studies in broilers fed a wet mash diet at NT (‘éadahd Forbes, 1995, 1996; Yasar and
Forbes, 1999; Khoa, 2007) and HT (Awojobi and Meghj 2001; Kutlu, 2001,
Awojobi et al., 2009). This effect may be explaingg extra ME intake and some
improvement in digestibility (Forbes, 2003; Dei aBdimbie, 2011). This study
supports the hypothesis that an increased passagevith wet diet through the Gl
tract may have occurred in chickens (Yasar anddr2000).
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Water | ntake and Water-to-Feed Ratio. Total water consumption in this study was
higher in control-fed birds than in HE-fed birdss A consequence, water-to-feed ratio
in control-fed birds was higher than in the HE-tadds, especially in broilers (high
intake of feed and water). It is clear from liten&t that there is a high correlation
between feed intake and water consumption (Lo#l.e2003). An increasing protein
concentration in the diet increases water intakkbaso the water-to-feed ratio (Marks
and Pesti, 1984). The higher water intake in wdtdeds was obtained from drinking
and additional water contained in the wet diet comsd. These findings are in
accordance with those of Yasar and Forbes (1988)easing water intake will benefit
the birds at HT because it can be used for evaper&eat loss (Belay and Teeter,
1993) especially in broilers. The higher water¢ed ratio in control-fed broilers may
indicate that the broilers will probably use thetevafor several purposes including
digestion and heat evaporation (Figure 3). The kngter-to-feed ratio of control-fed
broilers can only come from water intake.

Gastrointestinal Tract Development. In Kampung chickens, effects of diet
formulation on GIT development disappeared whenhings grew older, suggesting
that this type of bird adapts easily to changedligtary nutrient content. Only a
positive effect of the relative weight of the irtas of birds fed a wet diet could be
observed. In general, it seems that the Kampungkehs grow proportionally. In
broilers, effects of diet formulation and diet comhation on GIT development were
absent at day 21 and could only be observed at4@ayThis in partly unexpected
because Khoa (2007) found that wetting a diet hatbee pronounced effects during
the starter phase on GIT development.

If data on BW and GIT development are compareskéms that the broiler carcass
is growing faster than its GIT in control- and Vied- birds, which may have
detrimental effects on the digestive propertiestlits supply organ when feeding such
diets. The heavier gizzard was also found in ddy{eoilers under tropical climate
(Awojobi and Meshioye, 2001).

Body Temperature. In general, body T was similar between diet forrtiates and
diet conformations for both Kampung and broilerckens. These results were similar
to the previous study reported in Chapter 5 tharethwere no effects of diet
formulation and diet conformation on body T witmarmal T and high T.
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Conclusion

Both Kampung and broiler chickens spent more tioresaming the control and dry
diet compared to a high energy to protein ratio wetl diet. Broilers spent more time
in panting behavior than Kampung chickens whenedhisinder tropical climatic
conditions. Providing a high energy to protein aatliet to Kampung and broiler
chickens housed under tropical conditions resualta lower growth rate compared to
feeding a control diet. This effect is more pronmech for broiler compared to
Kampung chickens. Providing a wet, high energy rtotgin ratio diet will result in
similar body weight gain as a dry, control diet.eThositive effect of a wet diet in
gastrointestinal tract development was greateater life of broilers. At a later age, an
increase in body weight gain was not followed byirerease in gastrointestinal tract
development.
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General Discussion
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I ntroduction

Poultry meat production has increased drasticallying the past 35 years
especially in developing countries, even exceegimgluction in developed countries
since 2000. In 2005, five of the 10 leading cowstrivith regard to poultry meat
production were developing countries and four wecated in Asia (Windhorst, 2006)
and included most of the hot regions of the wanleliding Indonesia. The hot regions
of the world have probably the largest potential fiother growth since the level of
poultry meat consumption is still low. Figure 1 wlsothat the poultry meat
consumption per capita in hot temperature countisesn average lower than in
countries from the temperate regions.
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Figure 1. Poultry meat consumption per capita (kg) in had &mperate region in 2005 (Windhorst,
2006).

Increasing poultry meat consumption in Indonesihictv is still below Indonesia’s
neighbouring countries in Asia (3.7 kg/capita/yéiteylinah, 2007), is an important aim
for improving the nutrition of the population. Powul production in Indonesia is
characterized by traditional and small-scale fagrigstems and is predominantly done
by small farmers with a relatively low income. Tindk of the national supply of poultry
meat and eggs in Indonesia is derived from thelsmndlsubsistence-type of farms rather
than from large commercial operations (Daghir, 200Bidonesia has a large population
and there is probably great potential for expansibpoultry production. In order to
increase poultry production, the development oflsraad medium-scale commercial
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operations is needed. Success of these operatigpeds on the adoption of modern
practices of poultry production in order to be emoically viable.

Broilers have a large growth potential, a high iinelia rate and as such increasingly
used for poultry meat production (Havenstein et28103). These birds perform very well
at normal temperatures (NT; 21°22. However, broilers have a poorer performance
under hot climatic conditions. Due to economicenirs do not apply control devices of
ambient temperature in the broiler house (DeebCaitner, 2002).

There is little or no information available regaglithe temperature range for optimal
production of the predominant type of bird usedridonesia, the Kampung chicken.
Under hot climatic conditions, the animal's physgital, anatomical and behavioral
mechanisms will facilitate heat loss, or minimizihgat gain from the environment to
maintain normal body temperature (Etches et ab820n addition, animals will reduce
heat production by lower their feed intake. Thanay consequence of heat stress,
therefore, is that animals will reduce feed intpkagressively when ambient temperature
increases (May and Lott, 1992). This lower feedkat (energy intake) reduces heat
production of the chicken (Koh and MacLeod, 199Baj,body weight (BW) gain is also
decreased (Cheng et al., 1997).

Lowering the heat load in birds during periods @hhambient temperatures will
allow an animal to maintain their performance onimise the reduction in growth rate.
The concentration of some dietary nutrients (ergtem) will give a relatively high heat
increment and the intake of these nutrients shbelddjusted to optimal levels as to
minimise excess heat production. The nutrient requénts for birds at high ambient
temperatures (HT) are predominantly based on tteniational feeding tables such as
those of the NRC (1994). These tables are mainliyetk from experiments that have
been conducted under moderate climatic conditiatisam abundant feed availability. In
addition, these tables are mainly based on corhesoy based diets and fast-growing
chickens. NRC (1994) stated that some nutrientirexspent estimates should be adjusted
to fit to the wide variety of ages, sexes, straihdroiler chickens and temperatures.
Nutrient adjustments are proposed for broilersigh temperatures in the USA, but the
hot climate conditions in the USA may not be thensaas the climate conditions in
Indonesia. As such, the NRC (1994) tables do nobwat for differences in nutrient
requirements and intake levels for different sgahchickens at HT.

Allowing birds to select from a set of nutrientsyriae an option to optimise the
nutrient intake that generates the lowest amouheaf (at a given production level) for
the birds. This strategy can provide insight irfte nutrient requirements which are
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appropriate to meet the physiological demand afkelhiis at HT. Kampung chickens are
scavenger chickens which have been raised for roamtyries (and still are being used)
by local farmers under the HT conditions in Indémesvhere they are kept in (semi)
intensive-outdoor-system. Although raised under-cutimal conditions, Kampung
chickens still have a capability to produce meat eggs under these farming conditions.
Kampung chickens, therefore, may have a betterbddpdo select a diet compared to
modern broilers, although it is unknown how Kampehgkens select a diet if allowed
to choose.

The studies reported in this thesis focus on hoiskehs (Kampung and broilers)
deal with high ambient temperatures and how thegaed to self-selection of a diet. In
addition, studies reported here were aimed at m@térg the response of chickens to a
wet diet, with the emphasis on performance parasete

Eating and Panting Behavior

In poultry meat-production, fast- and slow-growidgickens can be discriminated.
Fast-growing chickens are used in conventional,reerial broiler production systems,
kept in large flocks and grown to a slaughter weigh2 kg in about 42 days. Slow-
growing chickens are used in free-range systems tagated less intensive in
management. Behavior of fast-growing chickens Haaen studied extensively at NT
(Bokkers and Koene, 2003), but hardly at HT. Theab®r of chickens may differ
between NT and HT and could explain the bird's grntince.

In this thesis, behavior was observed as the tinagédt the bird spent on eating and
panting behavior relative to other behaviors. Isvi@ind here that there were substantial
changes in time budget of chickens raised at NTHihdAt NT, the birds spent more
time on eating and less time on panting behavionpgared with birds raised at HT
(Chapters 3 and 5). If breeds are compared, bsodpent a similar amount of time on
eating as the Kampung chickens (Chapter 6). Howekrertime that broilers spent on
panting was significantly higher at HT than at NThépters 3 and 5). In addition,
broilers spent more time on panting than Kampurickelns (Chapter 6). The larger time
spent on eating at NT was attributed to a highed fiatake. It was also observed that
feed intake of broilers was higher than that of lgang chickens and thus they may have
had a problem to cope at the HT of the tropicahatic conditions. These results are in
close agreement with lower feed intake and higlaattipg activity observed at high
stocking density compared to low stocking densithrioilers, particularly in 6 weeks of
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age (McLean et al., 2002). Panting activity is riya@m route to dissipate heat at HT
(Syafwan et al., 2011) and panting can be usedassa reliable indicator of thermal
discomfort (McLean et al., 2002).

Ambient Temperature During the Growing Period

Five different studies were conducted with two ssdt HT and NT (Chapters 3 and
5). The three studies reported in Chapter 4 (wiimldung chickens) and in Chapter 6
(with both Kampung and broiler chickens) were donder tropical climatic conditions.

It was clear that feed intake and BW gain of brsilwere much lower when there
was a chronic high temperature for a longer peoibtime. Figures 2 and 3 show that
broilers had a higher feed intake per kg metatimity weight after 2 weeks of age when
they were raised at wide ranges of temperaturendiply due to day-night differences.
The T and relative humidity (RH) were maintainethtieely constant in the studies
reported in Chapters 3 and 5. In Chapters 4 apeiofmed in Indonesia), the T and the
RH were completely dependent on the climatic camtit because birds were raised in
an open-sided house. Temperature and RH of théebitwbuses in Chapter 3 were
maintained at 18.5-21°0 with 40-49% RH and at 25.2-31G with 61-79% RH. In
Chapter 5, the room with NT was maintained at 2ZA&C with 61-72% RH and the
room with HT was maintained at 26.5-3C7with 58-85% RH. These ambient T were
chosen in order to mimic practical conditions inrégpe and the tropical climatic
conditions in Indonesia. In Chapter 6, the T urtdggical climatic condition during this
experiment ranged between 21.8 and %5.while RH ranged between 58 and 94%.
Based on data in the literature the thermal effentfeed intake and metabolism can be
expected to be more severe under a high constaha under diurnal, cycling T
conditions. Cheng at al. (1999) found that BW ge@s higher, and feed conversion ratio
(FCR) was lower in birds raised under diurnallyligg T (26.6C during 16 h and 3&
during 8h) than birds continuously kept at a camtitehigh (32.2C) ambient T. In the
literature, no negative effects of a moderate srgwhrm cyclic temperature fluctuation
on BW gain of broilers were found (Segura et @06). However, here it was shown
that high regular warm cyclic temperature fluctoiasi give a large depression in
performance (Figure 3 and Chapter 6). The very Righrange (58-94%) combined with
the extremely large HT ranges employed in the staggrted in Chapter 6 as compared
with Chapter 3 and 5 may have caused more diffeufor the birds to lose heat. The
result is a lower BW of the birds than BW in thedsés reported in Chapters 3 and 5 in
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which the range of HT was smaller. Yahav (2000priul that broiler chickens exposed
to 30°C and 28°C during 4 to 8 weeks of age, BW gaid feed intake responded in a
bell-shaped fashion to RH. The response of botlalas to RH was maximal at
RH=60% to 65%.
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Figure 2. Feed intake of male broilers fed a control dienf 1 to 6 weeks of age at normal and high
temperature over time.
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Figure 3. Body weight (BW) of male broilers fed a contragtdfrom O to 6 weeks of age at normal and
high temperature.

It can be derive also from Figures 2 and 3 thad fatake was higher and BW gain
was much lower in the broilers studied in Chapteregulting in a decreased feed
efficiency. Therefore, the performance of thesdsirhich were kept at HT and the RH
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range of Chapter 6 was lowered. High producingsbifd not appear to cope well with
these environmental conditions.

Feed intake was decreased by 1.7% and 1.2% fordegyrhe Celsius increase within
the temperature ranges from 21.0 to 31.&nd 21.5 to 31°C, respectively. Apparently,
temperatures above %1 have a large effect on feed intake in broilerser®@ et al.
(1997) reported that feed intake was decreased atithut 2.7% per degree Celsius
increase from 21.0 to 32@. Temim et al. (1999) reported a decreased fewdteinof
2.9% for a control diet and 2.3% for a high-protdiet per degree Celsius increase from
22 to 32C (See Figure 4). From this figure it is clear tstidies in the literature which
were conducted over a wider range of HT compareldatudies reported here resulted
in a larger depression in feed intake.

Chapters 3 and 5, the decrease in feed intaketedsul a decreased BW gain in
broilers of 1.4 and 1.9%, respectively for eachreedCelsius increase in temperature.
The negative effect of HT on feed intake and BWhgacreased with increasing age or
with increasing weight. The decrease in feed infatedegree Celsius increase was less
than the decrease in BW gain. Therefore, broilepg kt HT had a lower feed efficiency.
This can be explained by the fact that broilerslBtwith a lowered feed intake will use
the same amount of energy intake for maintenanue,tleus all the reduction in feed
intake means that less energy remains for proce$gestein and lipid accretion.
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Figure 4. Percentage decrease in feed intake of broilets imcreasing ambient temperature as
observed in different studies.
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Protein and Energy Selection

Birds select feed with the purpose of ingestingufficient amount of energy and
nutrients. This selection becomes clear if thejureements change over time when these
changes are reflected in adjustment of the praportf different feeds or feed
ingredients chosen. The changes over time will ooaturally during the growing period
in addition to an imposed change in conditions aschmbient temperature (Forbes and
Shariatmadari, 1994).

As the bird grows, its rate of protein depositisrrélatively constant during a few
weeks, whereas its energy requirement increases)asdhe concentration of protein
required in the feed declines with age (NRC, 1984elf-selection for certain nutrients
reflects the requirement of birds, then it can Xgeeted that the ratio of intake of those
nutrients to total feed intake would decrease areimse with age. In this way, protein and
energy content in the selected diet can deviatempared with a control diet. Indeed the
studies reported here these responses are obs®&atal.in Chapters 3 and 4 were
examined to see whether these changes occurregydymowth and compared with data
reported by Forbes and Shariatmadari (1993) indssoraised at temperature of 20 to
24°C. These authors offered a high-protein (HP) andy view-protein (VLP)
approximately isoenergic diet in Experiment 1, diets with different levels of protein
in Experiment 2 (Table 1).

It can be seen from Table 1 that when HP and LB @iee given, the animal will
choose a balanced diet, and there is indeed disagnidecrease in the CP content of the
diet chosen at a higher age indicating that chaogasr. This is in line with the decrease
in protein-to-energy ratio requirements as birasagolder. In the work of Delezie et al.
(2009), it was shown that broilers consumed a highaportion of low-protein diet (55-
60%) in the second half of the growing period coraegaio the first half of growing
period. Moreover, when broilers are offered twotgliwith different CP content, they
consume a ratio between both diets that matchdstdekeir actual requirement (see
Experiment 2 of Shariatmadari and Forbes, 1993)elbirds grow older, the CP content
of the chosen diet will decrease due to a highed fatake, but never below the lowest
CP level of the offered diets. The results from ¢heice feeding study with broilers in
Chapter 3 and with Kampung chickens in Chapterdéed showed that when diets
which differ in CP and ME contents were offerede threference for the HE diets
increased as the birds grew. Therefore, thereear atvidence that the broilers and
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Kampung chickens are able to meet their requirerftanboth energy and protein by
appropriate selection from two or more feeds atanigient temperature condition.

Table 1. Crude protein (CP) content of diets chosen bgsbiry selecting from different
diets at different ages.

CP content of feeds offered CP content of diet chosen (g/kg)
Study (9/ka) (days of age )

Control High CP Low CP | 28 42 63 70 84

Shariatmadari and Forbes (1993)
Experiment 1 (Broiler)

Free choice (22 to 2@) 280 65 229 192

Experiment 2 (Broiler)

Free choice (22 to 2@) 115 65 110 98
Free choice (22 to 2@) 225 65 194 184
Free choice (22 to 2@) 225 115 219 219
Free choice (22 to 2@) 280 225 234 234
Free choice (22 to 2@) 320 280 284 280

Chapter 3 (Broiler)
Free choice (18.5 to AT) 215 300 151 180.1 170.7
Free choice (25.2 to 32@) 215 300 151 195.2 188.2

Chapter 4 (Kampung chicken)

Free choice (21.8 to 35@) 216 304 142 185.7 183.0 180.3 1751425

Growth Potential

Broilers have been selected for several decadese(idtein et al., 2003) while
Kampung chickens have not been deliberately seldotegrowth potential (Argono and
Iskandar, 2005). Therefore, there are considedifiktrences in the potential for growth
between these two chicken strains. Feed intakevalses accordingly. It can also be
expected that the slow-growing birds will chooswaer ratio of protein to total feed
than fast-growing birds. This is logic because Ittteer eat more feed for synthesis of
body protein gain. As the protein requirementsgfmwth are much higher than the need
for maintenance, protein requirement in the diditingrease with protein gain.

Broilers kept at NT selected their diet to cona®% from the high-energy diet, 25%
from the control diet and 16% from the high-protdiet. This resulted in an overall CP
and ME content in the selected diet of 190 g/kg 2084 kcal/kg, respectively. Broilers
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kept at HT selected choice diet to contain 52% fthenhigh-energy diet, 27% from the
control diet and 20% from the high-protein dietisTtesulted in an overall CP and ME
content in the selected diet of 198 g/kg and 3Kiad/kg, respectively. Some differences
in the chosen diet can occur when temperatureligineor low. The Kampung chickens
composed their diet by selecting 47% from the kighrgy diet, 33% from the control
diet and 20% from the high-protein diet. This metuasg the overall CP and ME content
in the selected diet was 185 g/kg and 3,186 kogl rkspectively. So, indeed the
Kampung chickens did select a diet with numericadhyer CP compared to broilers.
Shariatmadari and Forbes (1993) compared layebhshrdtler cockerels and also found a
significantly lower ratio of CP to total feed intakn the slow-growing layers. The result
reported here also confirmed the observation bydret al. (1984) who found that
broilers selected for high BW gain consumed morgegim than those selected for low
BW gain when given a choice of high-protein and-fmatein diets compared with the
intake when given a complete control diet. It cancbncluded that the selection from
complete, high-protein and high-energy diets to cinathe protein and energy
requirements are different between genetic stiickickens.

Ambient Temperature

Feed intake of birds fed a single complete dieleisressed as a result of an increase
in ambient temperature above the thermoneutralerd@peng et al., 1997; Koh and
MacLeod, 1999a). When the birds are allowed to shooetween diets differing in
composition, the intake would change towards tkeka of those nutrients that are most
needed and at the same time reduce the intakes# tiutrients that yield excessive heat
during digestion and metabolism (and in this waduging the heat load). The evidence
from the literature that birds are able to selegr@per mix of dietary ingredients to
compose a diet that reduces heat load at HT iseseaud conflicting.

Choice-fed birds were found to consume signifigatdlver amounts of CP at NT
(15%) and HT (13%) than control-fed birds that haml choice. They consumed,
however, significantly more energy at NT (9.9%) dmadl a numerically higher energy
intake at HT compared with birds fed a completerobualiet. These findings suggest that
the birds somehow prefer to consume the nutriaitdglovides a low heat increment at
all temperatures. The higher energy intake at Nsb aluggests that the energy level
provided in the complete control diets, is lowedrttwhat is preferred by the birds. A
high energy intake at Hin the present study may support the hypothestshigh level
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energy densities under high temperature conditoagpreferred to reduce the heat load
(Balnave and Brake, 2005). The CP concentraticdheénselected diet at HT was higher
than at NT, but this seemed insufficient to prexenéduction in performance caused by
HT. In choice feeding studies at HT with diurnally cyckt@mperature between %5
and 38C, broilers preferred to consume less protein aodenenergy compared to a
complete diet (Sinurat and Balnave, 1986). Alspadase quail preferred to consume
more energy and less protein if they were offereticdce between diets compared to a
single complete diet between’20and 38C (MacLeod and Dabutha, 1997). The results
here confirm these observations. The lower intdkgratein at HT can be explained by
the fact that the birds try to avoid a high heatement from protein at HT indicating
that birds are able to adjust the intake of ceratnients.

Wet Feeding

In many parts of the world, particularly in warrogrcal regions, subtropical regions,
the southern part of Europe and during summer itmeemperate climates, HT can have
detrimental effects on broilers production. Thigspecially the case when the birds are
approaching market weight. In contrast to studiesrioilers, the effects of HT on
performance of tropical Kampung chickens have Istedied much less. The effects of
HT on broiler production are mediated by a highelesf heat production and thus
animals will reduce feed intake. The high heat pobion of broilers is a result of genetic
selection for rapid growth which is accompaniedallyigh metabolic rate (Havenstein et
al., 2003). Reduced feed intake under heat stwditons may lead to a low intake of
essential nutrients. Increasing feed intake howektrincrease heat production (Koh
and MaclLeod, 1999a). To ensure a high feed intake nelative less heat production
under heat stress, a wet feeding strategy may\mntadjeous. It may be assumed that a
wet diet provides a lower peak in heat productisnvell as a lower heat increment due
to a more effective digestion. Forbes (2003) suggehat wet feeding could be useful to
reduce some of the adverse effect of HT on feadkénand growth of broiler chickens.

So far, to the best of our knowledge, there has Ibeestudy done using a wet diet
with different protein and energy content and whiskes different breeds of chickens at
HT conditions as reported in Chapters 5 and 6.rArsary of the data on feed intake and
BW gain of broilers and Kampung chickens fed witffiedent diet formulations and diet
conformations are presented in Table 2.
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It can be seen in Table 2 that broilers fed a obdtet (Chapter 5 and 6) clearly had a
higher feed intake at NT than when fed a HE di¢tdA, broilers fed a wet-HE diet had
a higher feed intake than those fed a dry-HE thetfeed intake from the HE diet in wet
form was 9.6 and 24% higher than in dry form, whserthe feed intake of the control diet
in wet form was only 2.0 and 20% higher than whed i a dry from at HT,
respectively.

The most interesting result of the feed intake détaroilers is the similarity in feed
intake between wet-HE diet and dry-control digt@itin both experiments. This means
that the detrimental effect of HT on feed intaken d@e partly compensated by wet
feeding a HE diet. However, in Kampung chickens, wet diet did not improve feed
intake. Probably the need for reducing heat loadush less in Kampung chickens due
to their lower feed intake (Table 2). The resutisspnted here with broilers confirm the
results of a higher feed intake with a wet dieatby Awojobi and Meshioye (2001),
Kutlu (2001) and Awojobi et al. (2009). An adequéged intake of birds under heat
stress conditions is facilitated by providing a ¥estd. This suggests that wet feeding can
provide some cooling and/or will produce less hwdess high heat peaks which may
prevent an increase in body temperature. Extrarviatéhe metabolism will facilitate
heat loss by means of evaporation through panttigits. In Chapters 5 and 6, panting
behavior was significantly higher in broilers fedvat diet than broilers fed a dry diet
under heat stress conditions. Panting behavioraitels was significantly higher than in
Kampung chickens.

Overall, BW gain in broilers fed a HE diet was lovilean for broilers fed a control
diet at both temperature regimens. However, BW ghimet-HE fed birds was similar to
the BW gain of dry-control-fed birds at both NT aAd. This phenomenon was also
observed when broilers were kept at tropical clicnednditions. The similarity in BW
gain between control-fed at NT and wet-HE-fed batBIT indicates that the differences
in protein and energy intake by using this strateggomes small (Table 3). It also shows
that birds fed a wet-HE diet had similar CP and iktEkes as birds fed a normal CP and
ME in dry form. This is particularly the case inobers raised at tropical climatic
conditions.

Under controlled room conditions, CP intake of bifdd a wet-HE diet was slightly
lower than birds fed a dry-control diet, but théyowed similar BW gains. This is
probably compensated by the similarity in enerdgkie. When raised under the normal
climatic conditions at Jambi Province in Indonegiawth rate in Kampung chickens did



Table 2. Feed intake and BW gain of broilers and Kampurgkens fed with different diets and conformations.

Feed intake (g/bird/d)

Body weight gain (g/bird/d)

Diet Diet
Temperature  formu- confor- Kampung Kampung
lation mation  Broiler Broiler  chicken Broiler Broiler chicken
Chapter 5 Chapter 6 Chapter 5 Chapter 6
NT Control Dry 100.0 69.1%
Wet 105.6 71.5°
HE Dry 90.5° 61.7°
Wet 86.8° 69.2°
HT Control Dry 88.2¢ 70.2° 32.3° 58.5™ 31.6° 9.5°
Wet 90.0° 84.2° 32.0° 57.4% 39.6° 10.1°
HE Dry 76.% 59.2° 28.4° 49.0° 25.7° 9.1°
Wet 83.5 73.4° 26.9° 54.5° 313 9.0°

Table 3. CP and ME intake of broilers and Kampung chickedswith different diet formulations and diet corrhations.

CP intake (g/bird/d)

ME intake (kcal/kg/bird/d)

Diet Diet
Temperature  formu- confor- Kampung Kampung
lation mation  Broiler Broiler  chicken Broiler Broiler chicken
Chapter 5 Chapter 6 Chapter 5 Chapter 6
NT Control Dry 218 289.5°
Wet 22.7 305.7
HE Dry 17.6 277.8¢
Wet 16.9° 266.4°
HT Control Dry 18.9 15.7 6.9 255.2 206.6 94.9°
Wet 19.3 18.7 6.9 260.5 247.7 94.7
HE Dry 14.8 11.5 5.1° 233.6 181.7 90.4
Wet 16.3 14.3 4.9 256.2 225.0 85.5

Means within a column without a common supersdeitiers (a-c) differ significantlyR < 0.05).

HE = high energy; NT = normal temperature; HT =thtgmperature. For the actual temperature ranggsatmients composition of all experimental dietse

Chapters 5 and 6.
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not differ when fed a wet or dry diet. Therefotdsibeneficial to exploit wet feeding at
HT with broilers especially in conjunction with Hiet.

The higher BW gain of the wet-fed broilers in thigdy agrees with the finding from
earlier studies in broilers fed wet mash of Yalda &orbes (1995, 1996), Yasar and
Forbes (1999), Awojobi and Meshioye (2001), Kua®@1), and Khoa (2007) and a
study with wet pellets by Moritz et al. (2001). Adg water to the feed reduces digesta
viscosity (Yasar and Forbes, 2000), stimulatesdigestion and may also facilitate
absorption. These positive effects of a wet dietparssibly due to a faster penetration of
digestive enzymes into feed particles than withinlgestion of dry food. As a result, rate
of digestion and also digestibility may be enhan@edrbes, 2003; Dei and Bumbie,
2011). The later, however, remains to be proveadtiition, the energy required for the
digestive purposes may be somewhat lower. Thugvételiet could reduce the adverse
effect of high temperature on feed intake and dgnpesgpecially in broilers.

Irrespective of temperatures, broilers that coully eat a wet diet did not increase
feed intake at different diet formulations. Broflethat could only eat a wet HE diet
however had a higher BW gain and lowered FCR (Tdpleompared to a dry diet.
Therefore, there is potential for reducing the @irotontent in the diets when birds are
fed with a wet feeding system. Our results confinen potential that exists for reducing
the protein content of feeds if these are fed ihaystems (Forbes, 2003).

Table 4. Performance of broilers from 1 to 6 weeks fededént diet formulations and
diet conformations.

Diet Conformation Feed intake (kg) BW gain (kg) FCR
Control Dry 3.95 2.68 1.47
Wet 4.1% 2.7F¢ 1.52
High energy  Dry 3.50 2.33 1.5
Wet 3.58 2.60° 1.38

Means within a column without a common supersdiffér significantly P < 0.05). FCR= feed conversion ratio.

Total water intake at HT was similar to that at &5'shown by the results of studies
in Chapters 3 and 5. Water intake was more detechniry the amount of feed intake
and crude protein intake than by temperature. iBhis agreement with data of Marks
and Pesti (1984), who reported that water intal@emsed with increasing dietary
protein level.
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A wet diet did not only increase feed intake busoawater intake at both
temperatures. The higher water intake with wet ifeggedvas contributed to the extra
water intake due to the wet diet. The advantageshisf water intake at HT are
facilitating the release of heat from the body a&mgher the birds to adapt at HT by
panting behavior. This is particularly seen in lenai rather than in Kampung chickens.
So the performance of broilers at HT can be inedgswet feeding.

Gastrointestinal Tract Development

Changes in feed management such as adding watediet are well known for
their positive effects at NT on GIT development pamed to birds fed a dry feed
(Yasar and Forbes, 2000; Moritz et al., 2001; Stexadari and Forbes, 2005; Khoa,
2007). At HT, however, the effects of wet diets@iT development have hardly been
studied. Awajobi and Meshioye (2001) reported #hiazard weights were higher in
broilers fed a dry diet compared to birds fed a diet

In the study reported in Chapter 5, the relativegths and empty weights of each
segment of GIT at day 21 were not affected by teaipee. At day 42, however,
relative lengths of GIT segments were shorter idsbkept at NT than in birds kept at
HT. The shorter lengths of these segments areimgrt@lated to the higher BW of
birds housed at NT. Previous findings also repoitted the jejunum of birds housed at
NT was relatively shorter than the jejunum of bitdsused at HT at 42 d of age
(Garriga et al., 2006). No large positive effectsaavet diet in the empty weights of
GIT segments were found in the present work. lmseéhat a wet diet cannot fully
reduce the adverse effect of high temperature dndelelopment. These results agree
with observation in wet-fed broilers during the wssason under tropical climate
conditions that relative weight of gizzard, intastiand the proventriculus were similar
in size compared with dry-fed birdéwojobi et al., 2009).

A positive effect of feeding a wet diet was seeraiter life of the broilers when
they were kept at the same high ambient temperetareeported in Chapter 6. A better
development of intestinal segments in later life Wwgt feeding at high ambient
temperature may guarantee more area availablebfmrbing nutrients. That will also
be beneficial for high feed intake and BW. Howevetlative length of GIT in broilers
fed a wet diet was shorter than birds fed a dry dieis indicates that the development
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of this organ was not proportionally with the deyhent of BW. The opposite was
true for Kampung chickens.

The empty weight of gizzard was higher in dry fedi® than in wet fed birds, and
the difference was more pronounced in the birdsafédE diet. This is in agreement
with Khoa (2007) who reported that the combined myeight of the proventriculus
together with gizzard in dry-coarse fed birds waghér than for wet-coarse fed birds.
The heavier gizzard was also found in dry fed brsilunder tropical climate (Awojobi
and Meshioye, 2001). An explanation for this obaBon could be that the feed with
the added water resulted in softer ingredient gartiThe softening of ingredient
particles in a wet diet may require less work for gizzard to grind the feed particles
compared to birds fed a dry diet.

Effects of Chronic Heat-Stress on Body Temperature and Heterophil/
Lympochyte Ratio

There are differences between breeds and straipsudfry in response to a high
ambient temperature (Gowe and Fairfull, 2008). Respimdicate that fast-growing
broilers are more susceptible to heat stress tlamgrowing strains (Berrong and
Washburn, 1998; Gowe and Fairfull, 2008). Indigenbteeds of chickens have been
considered to possess some tolerance and adaptdioacity to high ambient
temperatures (Gowe and Fairfull, 2008). Two stird&ators were studied in poultry
in the present work: body T and heterophil/lymphedy/L) ratio.

High temperature resulted in a significantly highedy T and an increased H/L
ratio in the blood compared to broilers raised &t Mahav (2000) reported that body T
of broilers at HT was significantly higher comparéal broilers housed at low
temperature. Puvadolpirod and Thaxton (2000a) falgnd a significantly higher H/L
ratio in broilers that were continuously exposed aidrenocorticotropin (ACTH).
Neither self-selection nor wet feeding strategessitted in lower body T in broiler and
Kampung chickens and lower H/L ratio in broilersHi. It seems that a high water
intake when feeding a wet diet at HT was just sidfit to facilitate heat dissipation by
means of evaporation. This idea is supported byitjeer percentage of time spent on
panting by wet-fed bird compared to dry-fed birds.

Body T and HJ/L ratio can be used to indicate thedpction level of the bird. At
moderate temperature conditions, the heat candiedtatively easily from the body.
Therefore, the birds have relatively little difflouto dissipate their body heat and can
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still increase feed intake and heat production evhikintaining normal body T. At HT,
however, the heat load in birds is derived panbnf the environment in addition to
the heat increment from feed digestion and nutmegtiabolism. Therefore, under these
conditions the birds will reduce their feed intakeavoid a further increase in heat
production. This adaptation results in a lower piibn performance. In addition, at
HT, additional copying strategies are employed sagpanting, stand with their wings
drooped and lifted slightly from the body which wég additional energy which
cannot be used for BW gain. When the birds havieaaae to dissipate the heat at HT
e.g. wet feeding strategy and therefore become deess, they will increase feed
intake and performance.

Practical Implications

Based on the results of this thesis, it can beloded that birds are able to adjust
the protein and energy requirements by selectiatsdhat are different in protein and
energy contents. Broilers kept at HT adapt to k&ats by lowering their feed intake
and body weight. But this adaptation means thatlygtion will also be less. These
adaptations contribute to the survival of the hirds

Nutritional information in feeding commercial brit at temperate regions is
available from several sources, including NRC ()99%reeder companies’
information, technical leaflets, research instidos and feed manufacturers. However,
specific nutritional information for hot regionsfes from complete.

When chickens have an opportunity to select fraseteof diets differing in protein
and energy concentrations, they respond similartjea NT and HT. They will choose
a diet with a high energy content both at NT and Hfe preferred energy level in the
diet however, differs between NT and HT and thisfgrence depends on age. The
increased consumption of the energy-rich diet naytinue to increase until 6 weeks
of age at NT but only until 3 weeks of age at Has&d on the studies reported here, it
can be concluded that the NRC (1994) recommendatiomot completely match with
the nutrient levels that birds would choose whevessd diets differing in nutrient
composition and energy concentration are provided.

To enable an appropriate growth of broilers at N@ HT, it is save to recommend
a feed with a dietary protein and energy level WweldRC (1994) recommendations.
However, energy contents of feed for Kampung chiskare in accordance with NRC
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(1994) recommendations (Table 5). It should be dhtitat, the protein content in the
control diet (formulated on the basis of Dutch picgcin 2007) used in the present
studies was 7% above and energy content 8.8-9.5%wWbeNRC (1994)
recommendations. This may mean that the NRC (188hmmendations for dietary
energy content are close to what the animal wolidse.

Table 5. Indication of protein and energy adjustments fardased performance of
male broilers and Kampung chickens relative to N@E94) recommendations, as
obtained from this thesis.

NRC (1994) Syafwan et al. (2012)
Normal High
Age Temperature Temperature Tropical climate
(wk) CP ME CP ME CP ME CP ME
(%)  (kcallkg) (%) (kcallkg) (%) (kcal/kg) (%) (kcal/kg)
Broilers Broilers Kampung chickens

1 23 3,200 21.4 2,990 21.8 2,976 21.2 3,071

2 23 3,200 21.0 3,005 19.7 3,056 20.1 3,095

3 23 3,200 189 3,086 18.8 3,091 18.3 3,142

4 20 3,200 18.0 3,122 195 3,071 18.6 3,224

5 20 3,200 17.4 3,144 20.2 3,047 19.3 3,194

6 20 3,200 17.1 3,157 18.8 3,086 18.3 3,212

7 17.8 3,212

8 17.9 3,208

9 18.0 3,207

10 17.5 3,212

11 17.5 3,214

12 14.3 3,218

For farmers with insufficient knowledge regardireed formulation, it is save to
feed the birds by a self-selection strategy. Ahighese farmers only need to feed their
chickens by providing several feed ingredientsriuthe day, perhaps in different feed
troughs.

In this thesis, it is clear that performance is eadely affected when ambient
temperatures are above®Cl Increased dietary energy density above the grievgl
in the control diet did not improve performanceHdt However, adding water to feed
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at a 1:1 ratio improved broiler performance and @&velopment in grower phase of
life at either NT or HT. The beneficial effects afet diet on improving feed-to-gain

ratio are more pronounced at low than at high teatpees. The wet diet effects were
also positive with HE diet at either temperatureKempung chickens, feeding a wet
diet did not show any major effects on performaniet feeding can be easily applied
in small-scale broiler farms by using family workefhe wet feeding can also be used
in a large-scale broiler farms or industries altjfftogpecial equipment is required such
as an automatic mixing device and wet feed tranapon equipment.

Conclusions

1. Broiler and Kampung chickens are able to composapanopriate diet by selecting
more from an energy-rich diet than from a protéam-diet.

2. Broiler continued to consume a higher proportionaof energy-rich diet with
increasing age at normal temperature, but reacheldteau at 3 weeks of age at
high temperature.

3. Broilers adapted to chronic heat stress effectivEhey decreased their feed intake
and consumed relatively less protein and more griarg choice feeding situation.
Low feed and protein intake will help them to suevdue to low heat production.

4. The negative effects of high temperature on fe¢akenand BW gain of broilers
increases with age.

5. Adding one part of water to one part of dry diepioved broilers performance at
either temperature, especially with a high eneogyrotein diet.

6. Feeding a wet diet did not reduce body temperandeheterophil/lymphocyte ratio
of chickens at high temperature.

7. Feeding a wet diet did not improve the performaot&ampung chickens under
hot tropical conditions.

8. Metabolizable energy intake per g body weight gaa&s lower in broilers than in
Kampung chickens.

9. Anincrease in body weight gain of broilers was amcompanied by an increase in
gastrointestinal tract development in later age.
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Suggestionsfor further research

1. The thermal comfort zone of Kampung chickens néede determined.

2. Energy and protein including amino acid requirersentt broilers and Kampung
chickens raised at high temperatures should bestigeted.

3. The size of tissue layers in the proventriculus gizdard, as well as the height of
villi, depth of crypts and thickness of tunica muiscis of intestinal tissues in
broilers and Kampung chickens fed wet diets at higimperature should be
investigated; in other words: effects of wet fegdion gastrointestinal tract
development need to be studied.

4. The water content in excreta and litter of poufied wet diets at HT should be
investigated.

5. Nutrient digestibility of wet diet fed to poultry BT should be investigated.

6. Temperature is an important factor determining treeformance of broilers.
Therefore, it is crucial to report the ambient tengpures that have been used in any
experiment published in peer reviewed journalsseduo derive feeding tables.
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SUMMARY

Worldwide poultry meat production has increased fegween 1970 and 2005.
However, poultry meat production systems and masdteres vary considerably
between continents. North and Central America amfie have lost some share of the
world market in the period 1970 to 2005. Asia aondt8 America have increased their
relative contribution to global production consilaly. In 2005, the latter contributed
almost 50% to the global poultry meat productiohereas their contribution was less
than 24% in 1970. In 2005, five of the ten leadiogntries were developing countries
and four were located in Asia. The United Statesevatill the largest producer with a
share of 22.9%, but China, Brazil and Indonesianame ranked number two, three and
nine.

In Western European countries, the meat-type karégsmostly kept in confined
systems in temperate zones. They show high feedkaatand thus high metabolic
rates. They are able to regulate their heat balaglegively well and do not spend
much energy on activity. In many other parts of wld, however, particularly in
warm tropical and subtropical regions as well atheésouthern part of Europe, poultry
are kept in (semi)-intensive-outdoor-systems. Ireséh systems, high ambient
temperatures can have detrimental effects on ptmuefficiency because high
temperature (HT) reduces feed intake.

A reduction in heat production at high ambient teragures (T) can be obtained by
decreasing the level of heat production, by chantfie heat production pattern within
a day or by increasing the possibilities to dissiphe heat load. To reduce the heat
production at high ambient T a specific feedingatstyy can be used e.g. by feed
components which produce less heat. Diurnal feegatterns, self-selection and wet
feeding are the most promising ways to reduce therae effects of heat stress.
Chickens fed restricted for 2 h prior to a hot pérof the day gained 2.8% more BW
and showed a lower heterophil/lymphocyte ratio tlzahlibitum fed heat-stressed
birds. Self-selection allows the birds to reguldtieir protein and energy intake to
adjust the heat production. Wet diets may facdithe dissipation of the heat load.

Despite high ambient temperatures, our lack of kadge concerning nutrient
requirements of birds at HT is a basic constraamtproductivity of broilers and for
indigenous chickens. In general, most diets foclkdms are nowadays formulated with
feeding table values based on trials carried odeutemperate conditions. These table
values may not provide the optimal diet for thedbiat HT. Experiments described in
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this thesis were designed to address how birdsestgdn to chronic heat stress select
nutrients, especially crude protein and energynfthat a feeding strategy can be
designed to alleviate the adverse effects of hests

The main objective of this study was to investigade male broilers and unsexed
Kampung chickens reared at HT select nutrients feoset of diets which differ in
protein and energy contents. It was hypothesizat ahimals are able to compose a
diet which is best suited to their needs. From ¢hesen composition appropriate
protein and energy requirements can be deriveiptionize production and limit the
adverse effects of heat stress on performance.

In Chapter 2, a literature review is provided basedexperiments reported in
literature. There is evidence that both wild andndsticated fowl can choose their
nutrient intake by selecting from various feed ewents and compose a diet that
matches their physiological requirements. In thigzmthey are also able to reduce heat
production during the hot period of the day. Thed bwill try to maintain its body T
and dissipate excess metabolic body heat. The hieds change behavior and
physiologically adjust it at both normal T (NT) ahtyh temperature (HT). At NT,
birds increase feed consumption, mostly from eneidydiets. At HT, birds decrease
feed intake, move away from each other, apply spiitg feather alignment and
increase panting to dissipate heat production.

In the first experiment described in Chapter 3gl&selection study was conducted
to determine the crude protein (CP) and energyireapents of broilers at NT and HT.
At each temperature, control birds were fed a stehdontrol diet (CP: 215 g/kg; ME:
2,895 kcal/kg) formulated for broiler chickens ahgrithe grower period. The choice-
fed birds could choose between the control dietgh-protein diet (CP: 299 g/kg; ME:
2,780 kcal/kg) or a high-energy diet (CP: 150.7ggMIE: 3,241 kcal/kg). The diets
had a similar pellet size and color. The choiced#ds consumed most feed from the
energy-rich diet (59% at NT and 52% at HT). The ami@hosen as second choice was
the control diet (25% at NT and 27% at HT), andtthed choice was the high-protein
diet (16% at NT and 20% at HT) as a proportiorotaltfeed intake.

High temperature decreased feed intake, protestkéntenergy intake and BW gain.
Within temperature, feed intake and BW gain wemilar between control- and
choice-fed birds. Protein intake was higher fortomrfed birds than for choice-fed
birds. Energy intake was lower for the control-ticts than for the choice-fed birds
but at NT only. The ratio of feed-to-gain of brefleat HT was higher than at NT at 6
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weeks of age (1.91 vs. 1.84) due to less BW gdie.ratio of feed-to-gain was similar
between control- and choice-fed birds.

In this experiment, body T and heterophil/lymphecyatio were determined to
study the effects of choice feeding on stress atdis. It was assumed that the stress
level of choice-fed birds would be lower than cohfed birds because they have an
opportunity to adjust their heat production. No feliénces in body T or
heterophil/lymphocyte ratio between the choicetféds compared to the control-fed
birds was found. Apparently, a choice feeding sgrptdoes not help to reduce the
effects of high ambient temperature on body T asterophil/lymphocyte ratio or the
stress level was not sufficiently high.

The preferences of birds to different diets resulii@ lower protein and higher
energy concentrations in the chosen diet than dinéral diet at both temperatures. At
NT, the CP and energy contents in the chosen dimedsed from 214 to 171 g/kg and
increased from 2,990 to 3,157 kcal/kg, respectivetyHT, the CP and energy contents
decreased from 218 to 188 g/kg and increased fro@Y62to 3,086 kcal/kg,
respectively.

In the second experiment reported in Chapter 4séme self-selection study was
conducted with indigenous Kampung chickens undgpid¢al climatic conditions at
Jambi Province, Sumatera, Indonesia in an intensifeteria system. The T ranged
from 25.6+1.6C to 31.2+1.4C and the RH ranged from 63+8% to 89+5%. The cbntro
animals were fed with the standard control dietHoviler chickens. The choice-fed
birds could choose from a) control diet, b) a higbtein diet or ¢) a high-energy diet.
Birds had free access to each diet in separaténfpéaughs. Diets were offered as
mash from 1 to 21 d of age: control diet (CP: 2B8gME: 2,999 kcal/kg), a high-
protein diet (CP: 290.6 g/kg; ME: 2,895 kcal/kg),eohigh-energy diet (CP: 138 g/kg;
ME: 3,258 kcal /kg), and as crumbles from 22 tod8df age: control diet (CP 216
o/kg; ME: 3,104 kcal/kg), a high-protein diet ((3®3.6 g/kg; ME: 3,072 kcal/kg), or a
high-energy diet (CP: 142.4 g/kg; ME: 3,293 kcal/kg

The choice-fed birds consumed about 47% feed frloenemnergy-rich diet, 33%
from the control diet and 20% from the high-protdiat as a proportion of total feed
intake. Feed intake and ME intake were similar leevthe two dietary treatments.
Protein intake was 22% higher in control-fed bitidan in choice-fed birds. BW gain
was 20% higher in control- than in choice-fed hirdeed conversion ratio (FCR) was
18% lower in control- than in choice-fed birds. Bdsn the results of this study, the
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crude protein concentration was lower and the gneogcentration was higher in the
chosen diet than in the control diet. When the ME/@tios in the diet were
considered, the protein and the energy concentratiche choice diet eaten by the
birds varied from 212 to 145 g CP/kg and from 3,878,217 kcal of ME/kg between
1 to 12 wk of age. The ratio of feed-to-gain insehwith increasing age in all dietary
treatments. However, the increase was more proegume choice-fed Kampung
chickens from week 10 onwards. Body T was similatween the two dietary
treatments.

In the third experiment reported in Chapter 5, dists were diluted 1:1 with water
to obtain so-called wet diets. In addition, a hegtergy to protein ratio (HE) diet was
investigated as compared to a control diet. ThisditE was formulated based on the
choices of the birds in the previous choice feedixgeriment (Chapter 3). It was
hypothesized that birds will eat more of a wet dieHT and this may partly alleviate
the negative effects of HT. At NT, the wet-contiedt birds had a somewhat higher
feed intake, and similar BW gain and FCR compacethé¢ dry-control-fed birds. The
wet-HE-fed birds had a lower feed intake, a highéf gain and a lower FCR than the
dry-HE-fed birds. At HT, the wet-control-fed birded a higher feed intake and a
lower BW gain which resulted in a higher FCR. Or tither hand, the wet-HE-fed
birds had a higher feed intake and BW gain thandtlyeHE-fed birds. Water intake
and water-to-feed ratio were higher in control- avet-fed birds than HE- and dry-fed
birds. Potential positive effects to improve theilers performance with wet diet at
both NT and at HT are discussed.

Temperature did not significantly affect gastrogtitgal tract (GIT) development at
d 21 except for empty weight of the ileum. At d #ie relative lengths of all GIT
segments and empty weight of gizzard were mairfigcedd by diet formulation. The
relative lengths of duodenum, jejunum, ileum, caand colon of control-fed birds
were 11 to 22% shorter than those of HE-fed bifde relative empty weight of the
gizzard of control-fed birds was 12% lower thanttltd HE-fed birds. Diet
conformation only affected relative length of theedenum and jejunum.

At day 42, temperature and diet formulation wergomgactors affecting relative
lengths of the GIT. The relative lengths of jejunuleum and colon of birds housed at
NT were shorter than those of birds housed at HTe Tempty weights of
proventriculus, duodenum, jejunum, ileum and caoNT were between 9 and 23.6%
heavier than at HT. Diet formulation affected refatlengths of most GIT segments
and empty weight of the gizzard. The relative lasgdf duodenum, jejunum, ileum
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and colon of control-fed birds were about 5% shotiten those of HE-fed birds.
Temperature and diet formulation in this study wehe most crucial factors
determining intestinal development rather than dietformation.

In the fourth experiment (Chapter 6), it was inigeged whether and how a wet
diet and/or a HE diet would affect performance othbslow-growing indigenous
chickens (Kampung chickens, Experiment 1) and dastving chickens (broiler,
Experiment 2) under tropical climatic conditiongel intake of the control-fed birds
was 14% higher than of the HE-fed birds for bothesiments.

In Experiment 1, feed intake was decreased by 0db 53% in wet-control-fed
birds and wet-HE-fed birds as compared with thepeesve dry-fed-birds. In
Experiment 2, feed intake was increased by 19.62ah8% in wet-control-fed birds
and wet-HE-fed birds as compared with the respediy-fed-birds. Feed intake was
increased by a wet diet especially for broilerg] #re increase was more pronounced
with a wet-HE diet. The results of these studietficm that a high feed intake can be
reached by a wet diet at HT in broilers. Broilepparently cope at HT by consuming
extra water and ME with the wet HE diet. Kampungkéns appeared to have been
acclimatized to tropical climatic conditions and diot make use of a wet diet.

The final Chapter provides a discussion (Chapteof#he results reported in the
Chapter 2 to 6. Prospects for further researctsaggested and practical implications
for feeding strategies of indigenous and broileckéns are presented.

In conclusion, the studies described in this theséarly show that broiler and
Kampung chickens are able to compose an approhietdy selecting more from an
energy-rich diet than from a protein-rich diet, tbb@t NT and HT. Moreover, the
negative effects of a high ambient temperatureeaul fintake and BW gain of broiler
chickens can be partly alleviated by wet diets.sThffect was not observed in
Kampung chickens.
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SAMENVATTING

De productie van pluimveevlees in de wereld is sterk toegenomen tussen 1970
en 2005. Deze toename verschilt zeer sterk tussemrdchillende continenten van de
wereld omdat het productiesysteem en de markt zegschillend is. Sinds 1970
hebben Europa en Noord en Centraal Amerika eemddeaandeel gekregen in de
wereldmarkt van pluimvee. Azie en Zuid Amerika daregen hebben hun aandeel in
de wereldproductie aanzienlijk vergroot in dezequk. In 2005 was de bijdrage van
Zuid Amerika aan de wereldproductie ongeveer 5086.vErgelijking in 1970 was het
aandeel minder dan 24%. In 2005 waren 5 van darideh met de grootste productie
ontwikkelingslanden en vier daarvan liggen in Adbe Verenigde Staten hadden in
2005 nog steeds de grootste productie met eendeamdieel van 22,9%, maar China,
Brazilie en Indonesie waren nummer twee, drie ggene

In West Europa wordt pluimvee dat bestemd is vaownlgesproductie meestal in
speciale huisvestingsystemen gehouden. De vleeskuilhebben een zeer hoge
voeropname en een zeer snelle groei. Als gevolydrieis hun warmteproductie zeer
hoog. Dit betekent echter ook dat ze hun warmtéafgbed moeten kunnen reguleren
vooral bij hoge omgevingstemperaturen. Bovendiemdpren ze niet al te veel energie
aan fysieke activiteit. In veel streken van de \eeren speciaal in de tropen en
subtropen zoals in Zuid Europa wordt pluimvee vgakouden in (semi) intensieve
systemen en soms in de buitenlucht. In deze systémmenen hoge luchttemperaturen
sterk negatieve effecten hebben op productiergsanlta

Een verlaging van de warmteproductie van de dielbgndeze zeer hoge
temperaturen kan bereikt worden door de dieren eninder te laten opnemen of voer
aan te bieden en ook door de dieren meer mogetigdhnée geven tot het kwijtraken
van de geproduceerde warmte. Minder warmteprodwbtier dieren kan bereikt
worden door toepassen van een strategie die gebagikt van voercomponenten die
minder warmte produceren. Ook kan men door voepearalere tijden van de dag en
door zelfselectie (dieren kiezen zelf uit versemtle voerbronnen) de warmtebelasting
uit voer verminderen. Zelfselectie en nat voeregkéh in dit onderzoek het meest
veelbelovend om negatieve effecten van een hogeewngs-temperatuur te
verminderen. Kippen die, 2 uur voorafgaand aan rattaperiode, beperkt gevoerd
werden hadden 2.8% meer groei en ze hadden oolagere heterophil/lymphocyte
(H/L) ratio in hun bloed in vergelijking met dieretie voor en tijdens hittestress ad
libitum gevoerd werden. De H/L ratio wordt wel gazials een maat voor langdurige
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stress. Zelfselectie geeft dieren de mogelijkheid ewit- en energieopname zelf te
reguleren en zo dus ook invioed te hebben op dentegroductie. Nat voeren kan het
warmteproductie-patroon binnen de dag mogelijk amderen en dus ook
warmteafgifte faciliteren.

Ondanks het feit dat in gebieden waar veel kippenden gehouden vaak hoge
omgevingstemperaturen voorkomen is onze kennis @¥aredingsbehoefte bij hoge
omgevingstemperaturen nog verre van compleet. Er teperking in kennis draagt
ook bij aan de lage productiviteit van vieeskuikénmilers) en van lokale kippen in
tropische gebieden. In het algemeen worden de meastsoenen berekend op grond
van tabellen die gebaseerd zijn op studies in dmeaggde klimaatzones. Het is
duidelijk dat de waarden in deze tabellen vaak Inégtoptimale dieet opleveren voor
kippen bij een hoge omgevingstemperatuur. De progmedeze dissertatie waren
opgezet om na te gaan welk rantsoen de dieren zzelflen samenstellen met
betrekking tot eiwit- en energiegehalte, indien mjatief langdurig blootgesteld
zouden worden aan hoge temperaturen. De gedaobtachier is dat de gekozen
samenstelling de hittestress kan verminderen igeligking met controlerantsoenen.

Het hoofddoel van de studies was om na te gaamfaomelijke broilers en niet
gesexte lokale vleeskippen (Kampung kippen in Ird@) die gehouden werden bij
hoge temperaturen (HT) hun rantsoen zouden sarflenstéa keuzes uit een drietal
voeders die verschilden in eiwit- en energiegehdlte hypothese was dat dieren
kunnen selecteren en zelf een optimaal dieet kusaarenstellen om in hun behoefte
aan eiwit en energie te voorzien. Een tweede hgsetliie getoetst werd is dat men de
door de dieren zelf gekozen samenstelling kan gad#nuiken om een meer optimale
voersamenstelling voor warme omgevingsconditieutnen maken. En dat op deze
manier wellicht een meer optimale productie bereitden bij hittestress.

Men heeft aangetoond dat zowel gedomesticeerdeietlgedomesticeerde kippen
ook bij hittestress een goed voer kunnen sameestelbor te selecteren uit een
veelheid van voer ingredienten. En deze gekozemnssoeenstelling voldoet aan hun
fysiologische behoefte. De verwachting is dat eemrvdat op deze manier is
samengesteld een wat lagere warmteproductie ldjeten zal geven tijdens de heetste
periode van de dag.

De kip als homeotherm dier zal de lichaamstemperabinnen nauwe grenzen
moeten handhaven door de extra warmte uit metabelisa waterverdamping kwijt te
raken. Een kip zal naar verwachting in de hitte tgrichte van een normale
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temperatuur bij keuze meer van een voer opnemenvekdt goed verteerbare en
benutbare componenten bevat en dat dan dus mintter warmte per eenheid voer
oplevert.

Met betrekking tot gedrag bij hoge omgevingstemjpeea (HT) bewegen de
dieren verder weg van elkaar. Ze tonen ook mindggesirag, zetten vleugelveren
verder uit elkaar en gaan hijgen. Dit alles om betarmte kwijt te raken en/of er
minder van te produceren. Hoofdstuk 2 bevat eenmzmlg van de literatuur met
bevindingen uit studies op dit terrein.

Twee experimenten werden uitgevoerd waarbij de daskwerden gehouden bij
ofwel een constante lage (normale) ofwel een cahstage temperatuur. De resultaten
zZijn weergegeven in de hoofdstukken 3 and 5. Deewingstemperatuur had zoals
verwacht een zeer grote invioed op de voeropnamelusnook op de groei. De
voeropname daalde respectievelijk met 1.7% en /@8t elke graad Celsius toename
tussen 21 en 31°6 en tussen 21.5 en 317

Dit had als consequentie een afname in groei \va@rerievelijk 1.4% en 1.9% voor
elke graad Celsius toename in beide temperatuwgsarige negatieve effecten van
temperatuur op voeropname en groei werden sterikdreb ouder worden van de
dieren (of een toename in gewicht). De afname ioeigivas sterker dan die in
voeropname. Gevolg was dat de voederconversieTbiyat minder goed was. Broilers
hadden bij HT een lagere voer efficientie. Ditdgisch omdat bij een lage voeropname
een groter deel van het rantsoen bestemd is voderboud en er dus minder
‘overblijft’ voor eiwit- en vetaanzet.

In de eerste proef die beschreven is in hoofdstwia8 een zelfselectie behandeling
opgenomen waarbij de dieren uit drie voersoortendka kiezen en dus zelf hun
rantsoen konden samenstellen met betrekking tot eimit (RE)- en Omzetbare
Energie (ME)-gehalte (‘keuzedieren’) bij zowel naim temperatuur (NT; 18-28)
als bij HT (25-36C). Bij elke temperatuur was er ook een behandeaiiagrbij dieren
een normaal standaard voer voor broilers kregen @RE g/kg; ME: 2895 kcal/kg)
(‘controledieren’). De keuzedieren hadden dus #dersoorten tot hun beschikking
namelijk het controlevoer, een hoog eiwitvoer (RE9 g/kg; ME: 2780 kcal/kg) en
een hoog energievoer (RE: 150,7 g/kg; ME: 3241 /kgal Alle pellets hadden
hetzelfde formaat en kleur. De keuzedieren namégroetste deel van hun keuzevoer
op van het energierijke voer (59% bij NT en 52%Hblj). Op de tweede plaats stond
het controlevoer (25% bij NT en 27% bij HT) en leewitrijke voer maakte 16% uit
van het uiteindelijk rantsoen bij NT en 20% bij HT.
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De hoge temperatuur deed de voeropname, eiwitopnangegieopname en groei
afnemen. Binnen temperatuur waren voeropname e pijacontrole- en keuzedieren
gelijk. Bij NT was de eiwitopname hoger voor de toledieren dan voor de
keuzedieren, terwijl de energieopname voor de otedreren lager was dan bij de
keuzedieren. Op 6 weken leeftijld was de voederasievgvoer/groei) bij HT hoger
dan bij NT (1,91 vs. 1,84) en tussen keuze- enrcolattieren was er geen duidelijk
verschil.

In deze proef werden ook de lichaamstemperatuwdeeHl/L ratio bepaald om te
zien of het feit dat dieren uit voerbronnen kondlé&azen deze stressparameters zou
beinvioeden. De veronderstelling was dat de keeredieen lager stressniveau (op
grond van deze beide parameters) zouden hebbedalaantroledieren. We vonden
echter geen verschil tussen keuze- en controlediere

Er werd gevonden dat keuzes leidden tot een lagegdhalte in het opgenomen
keuzevoer dan in het controlevoer bij beide tenipesa. Bij NT daalde het RE-
gehalte in het keuzevoer van 214 tot 171 g/kg eegshet energiegehalte van 2,990 tot
3,157 kcal/kg. Bij HT was er een daling in het Réhglte van 218 tot 188 g/kg en de
energieconcentratie in het voer steeg van 2,9763)886 kcal/kg.

In de tweede proef in hoofdstuk 4 werd een sodjtgekelfselectie proef als in
hoofdstuk 3 uitgevoerd met lokale Kampung kippedesntropische condities in de
Jambi Provincie op Sumatra in Indonesie onder atansief cafetaria systeem. De
temperatuur varieerde van 2%6bij aanvang van de proef tot 3%C2op het eind en de
relatieve luchtvochtigheid (RV) steeg van 63 td¥@®e controledieren kregen ook nu
weer het standaardvoer voor broilers. De keuzedi&mnden weer kiezen uit een
controlevoer, een eiwitrijk voer en een energieviler en de keuzevoeders werden
weer aangeboden in drie aparte voerbakken. Hetwest verstrekt als meel van 0 tot
21 dagen met als samenstellingen: controlevoer @38:g/kg; ME: 2,999 kcal/kg),
hoog eiwitvoer (RE: 291 g/kg; ME: 2,895 kcal/lkgjy boog energievoer (RE: 138
o/kg; ME: 3,258 kcal /kg). Vanaf 22 tot 84 dagerraveit praktische overwegingen het
voer in kruimelvorm aangeboden. De samenstellivgamen nu: controlevoer (RE: 216
g/kg; ME: 3,104 kcal/kg), hoog eiwitvoer (RE 30&gy ME: 3,072 kcal/kg), en hoog
energievoer (RE: 142 g/kg; ME: 3,293 kcal/kg).

De keuzedieren namen 47% van hun opname uit dgierigxe voerbak, 33% uit
de controle voerbak en 20% uit de hoog eiwit volerBge voeropname en ME opname
waren gelijk bij de keuzedieren en bij de contr@esh. De eiwitopname was echter
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22% hoger bij de controledieren dan bij de keuzedieEn de groei was 20% hoger bij
de controledieren. Gevolg was dat de voedercoreretdi% beter was bij de
controledieren. Gevolg van de keuze was ook datuge eiwitconcentratie in het
keuzedieet veel lager was dan in het controlevemvit de energieconcentratie juist
weer hoger was in het gemaakte keuzerantsoen. \Wammen het energie- en
eiwitgehalte vergelijkt valt op dat het RE-gehatiehet keuzevoer veel lager is, van
212 tot 145 g RE/Kg, terwijl het energiegehaltstjwierhoogd is bij het keuzevoer van
3,071 tot 3,217 kcal ME/kg tijdens de groeiperiogan 1 tot 12 weken.
Lichaamstemperatuur was niet verschillend tussetieten op de voerbehandelingen.

In het 3e experiment (hoofdstuk 5) werd voor hetitcde voer uitgegaan van het
door de dieren zelf gekozen rantsoen bij HT uit ebrdere experimenten. De
rantsoenen werden nu aangeboden in droge vormsdrgvoer. Het is bekend dat
door watertoevoeging aan het kuikenvoer ook bij dlTverbeteringen in productie
kunnen ontstaan. Een brijvoer heeft volgens dealibeir een gunstige invioed op de
ontwikkeling van het maagdarmkanaal. Daarbij zijjmd alle studies uitgevoerd bij
NT en met een normale voersamenstelling. Studid¢sesTe brijvoer en met een hoog
energie- en laag eiwitgehalte (HE) werden in derdituur niet gevonden. De
geformuleerde hypothese testte of er een hoger@nopis met brijvoeding bij HT. Als
dit het geval is kan dat misschien ook (deels) @gatieve effecten van HT
verminderen. Het brijvoer had toegevoegd watererverhouding 1:1. Bij NT hadden
de controledieren op brijvoer een hogere opnamesam gelijkwaardige groei en
voederconversie als de controledieren op droog kadden. De kuikens die HE-voer
in brijvorm gevoerd kregen hadden een lagere opnaerehogere groei en een lagere
voederconversie dan de HE-dieren op droog voerdBihadden de controledieren op
brijvoer een hogere voeropname en een lagere devebij NT. Aan de andere kant
hadden HE-dieren op brijvoer een hogere voeropremmeen hogere groei dan de HE-
dieren op droog voer bij HT en dus ook een lageederconversie. Wateropname en
de water-voerverhouding waren verhoogd bij de abedieren op brijvoer t.o.v. de
HE-dieren op droog voer. Dit betekent dat men mnigtder zowel bij NT als bij HT
een betere productie kan bereiken.

In deze proeven werden ook relatieve (t.0.v. hethaamsgewicht) lengtes en
gewichten van de spijsverteringsorganen gemetereedpeeftijd van 21 dagen had de
omgevingstemperatuur geen invioed op de ontwikgelan het maagdarmkanaal,
behalve die van het ileum. Echter, de voersamdingtédeinvioedde op die leeftijd wel
de relatieve lengtes van darmsegmenten en het lgevein de spiermaag.
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De relatieve lengtes van duodenum, jejunum, ileumceca van de dieren op
controlevoer was tussen de 11 en 22% korter davedliele dieren op HE-voer. En het
relatieve leeg gewicht van de spiermaag was bijtrodieren 12% minder.
Droogvoer of brijvoedering beinvioedde alleen datieve lengte van duodenum en
jejunum.

Op dag 42 beinvloedde zowel de omgevingstemperatals de
rantsoensamenstelling de relatieve lengte van redgdarmkanaal. Met name de
lengten van jejunum, ileum en colon waren langgHien de relatieve gewichten van
kliermaag, duodenum, jejunum, ileum en colon wateidelijk zwaarder bij NT. Een
HE-voer verhoogde de relatieve lengtes van de mekden van het maagdarmkanaal
en het lege gewicht van de kliermaag. De relatiemgtes van duodenum, jejunum,
ileum en colon in dieren op controlevoer waren rdedc% korter dan bij HE-dieren.
Dus zowel voersamenstelling als omgevingstemperakunnen darmontwikkeling
beinvlioedden.

In het 4e experiment (hoofdstuk 6), is de proef imdiivoer uitgevoerd onder
tropische condities in Indonesié met zowel inheeKm®mpung kippen als met broilers.
Er werd onderzocht of en hoe een brijvoer met amylenergie- en laag eiwitgehalte
(HE-voer) de opname en groei van zowel de langzgamaiende Kampung kippen
(experiment 1) als de snelgroeiende broilers (eémpmrt 2) zou kunnen beinvioeden.
Bijna alle studies die in de literatuur zijn verohdijn uitgevoerd bij gecontroleerde
temperaturen en bij snelgroeiende broilers. In elelexe proeven in deze dissertatie
werd gevonden dat dieren bij een HT een voer melager RE-gehalte prefereerden.
Daarom werd in deze proef het eiwitgehalte verlaagdet HE-rantsoen. Omdat
Kampung kippen langzaamgroeiende dieren zijn, weodr deze dieren een
groeiperiode van 12 weken gekozen en voor brodlersperiode van 6 weken.

De voeropname van de controledieren van beide tigpi&ens was 14% hoger dan
van de HE-dieren. Er werd verwacht dat HE-dierem lm@gere opname zouden laten
zien dan controledieren in termen van energie ewit,eigezien de lagere
warmteproductie met minder RE. Dat bleek dus rogezzijn.

Gevolg van deze invloed op de voeropname is eeerdagpname van zowel
energie als eiwit bij deze dieren onder tropisohred@ties. De ME-opname per g groei
bij Kampung kippen was gelijk in beide behandelmderwijl bij broilers de ME-
opname per g groei bij dieren op het HE-voer dijlddloger was dan op het
controlevoer.
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Voeropname bij Kampung kippen was afgenomen mgiemievelijk 0,6% en
5,3% bij controle- en HE-dieren op brijvoer in veligking met dieren op deze voeders
in droge vorm. Bij broilers echter was de voeropeamrhoogd met 16,6% en 19,3%
bij controle- en HE-dieren op brijvoer in vergeiljg met de dieren op deze voeders in
droge vorm. Dus wederom bij broilers meer voeropmanet brijvoer speciaal bij het
HE-dieet. De resultaten van deze studie laten darhet aanbieden van brijvoer bij
HT kan leiden tot een hogere voeropname. Broilermkn de brijvoeding gebruiken
voor extra wateropname en eventueel ook voor étEaopname. Kennelijk zijn de
lokale kippen reeds goed aangepast en gebruikefeze mogelijkheid niet of veel
minder.

Groei van Kampung kippen en broilers op controlgvéer was verhoogd met
respectievelijk 5,9% (10,1 vs. 9,5 g/d) en 20,3%3ss. 31,6 g/d) in vergelijking met
droog controlevoer. Op HE brijvoer was de groei Kiimpung kippen en broilers
respectievelijk 0,8% lager (8,98 vs. 9,05 g/d)18% hoger (31,3 vs. 25,6 g/d) dan
op droog HE voer. Bovendien was er een gelijke igsipe¢1E-dieren op brijvoer en bij
controledieren op droog voer, speciaal bij broil@g broilers zijn de verschillen in
RE-opname (14,3 vs. 15,1 g) en in ME-opname tussgnen droog HE-voer in
vergelijking met controle dieren erg klein in veigggng met dieren op droog
controlevoer. Daarom kan brijvoeding bij broilerader HT condities zoals in de
tropen worden gebruikt om een meer optimale praeluet behalen. De iets snellere
ontwikkeling van het maagdarmkanaal in het begim d@ groeiperiode is in elk geval
gunstig voor een optimale vertering en absorptie matriénten in de dunne darm.
Kippen kunnen dus baat hebben bij brijvoer, spé@paheel jonge leeftijd. Op een
leeftijd van 6 weken is het voordeel van het nakenavan het voer op voeropname en
darmontwikkeling niet meer zo duidelijk aanwezig.

In hoofdstuk 7 worden de resultaten van de velgeitie studies van Hoofdstukken
2 tot 6 bediscussieerd met het oog op de consdqeesn zelfselectie en met het oog
op de toepassing van brijvoeders bij kuikens inmeagebieden. Er worden suggesties
gedaan voor verdere studies en er worden implgEa@mgegeven voor voerstrategieén
in de praktijk die gebaseerd zijn op de bevindingigbroilers en bij lokale kippen.

Er kan geconcludeerd worden uit de studies van dssertatie dat broilers en ook
Kampung kippen in staat zijn om een rantsoen sameaiellen uit een energierijk en
een eiwitrijk voer zowel bij hoge als bij lage omgmystemperatuur. Door het rantsoen
als nat voer aan te bieden kunnen de negatievectdfr van hoge temperatuur
verminderd worden bij broilers echter niet bij Kaimpg kippen.
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Produksi daging ungas dunia meningkat pesat datddaun 1970 dan 2005. Akan
tetapi, sistem produksi daging unggas dan jumlaljup&an sangat bervariasi diantara
benua. Amerika Utara dan Amerika Pusat dan Eropdakgan jumlah penjualan pasar
dunia dalam periode 1970 dan 2005. Asia dan Am&eatan meningkat kontribusinya
terhadap produksi global. Pada tahun 2005, kedgaraderakhir berkontribusi hampir
50% terhadap produksi daging unggas global, semeektatribusi mereka kurang dari
24% di tahun 1970. Pada tahun 2005, lima dari sbpuégara terbesar dalam produksi
unggas adalah negara berkembang dan empat diamtaienetak di Asia. Amerika
Serikat masih pada posisi teratas dengan penju22:@%, tapi Cina, Brazil dan
Indonesia berada pada peringkat nomor dua, tigaetabilan.

Di negara-negara Eropa bagian barat, unggas priodagimg kebanyakan dipelihara
dalam sistim yang terbatas di daerah bermusim. eneenunjukkan konsumsi pakan
yang tinggi dan juga laju metabolik yang tinggi.relea mampu mengatur keseimbangan
panasnya dengan relative baik dan tidak banyak nadyigkan energi untuk aktivitas.
Dibagian dunia lainnya, akan tetapi, khususnya adirah tropik yang panas, daerah
subtropik dan juga daerah Eropa bagian selatargasndipelihara dengan sistim semi-
intensif diluar kandang. Dalam sistim ini, suhwgkongan yang tinggi dapat memberikan
efek yang membahayakan terhadap efisiensi prodkdesina suhu lingkungan yang
tinggi menurunkan konsumsi pakan.

Penurunan produksi panas di suhu lingkungan yanggitidapat dilakukan dengan
penurunan tingkat produksi panas, dengan perubablanproduksi panas harian atau
dengan peningkatan peluang untuk membuang bebas.gantuk menurunkan produksi
panas dalam suhu lingkungan yang tinggi strategibeeian pakan yang khusus dapat
digunakan, misalnya dengan komponen-komponen palanmenghasilkan panas yang
rendah. Pola pemberian pakan harian, memilih Setfatlir pakan basah adalah cara-cara
yang lebih menjanjikan untuk menurunkan pengarlgk jeekaman panas. Ayam-ayam
yang dibatasi makanan selama 2 jam sebelum pen@heas dalam suatu hari
pertambahan berat badan (PBB) naik lebih dari 2,88 menunjukkan ratio
heteropil/limposit (H/L) yang lebih rendah dari padyam-ayam diberikan ad libitum
dengan cekaman panas. Memilih sendiri memungkirgggm-ayam untuk mengatur
konsumsi protein dan energinya untuk menyesuaikatugsi panas. Pakan basah dapat
memfasilitasi pembuangan beban panas.
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Disamping suhu lingkungan yang tinggi, kekurangangetahuan tentang kebutuhan
nutrisi unggas di suhu tinggi adalah pembatas yasgr terhadap produktifitas broiler
dan ayam asli. Secara umum, kebanyakan pakan agark sekarang ini diformulasi
dengan nilai-nilai tabel nutrisi yang didasarkadgaenelitian yang dilakukan dibawah
kondisi lingkungan bermusim. Nilai-nilai tabel imungkin tidak menyediakan pakan
yang optimal bagi ayam di suhu tinggi. Penelitiangditian yang diuraikan dalam tesis
ini dirancang untuk menjawab bagaimana ayam-ay&endkan cekaman panas yang
lama memilih nutrisi, khususnya protein kasar daergy, dan merancang sistim
pemberian pakan untuk mengurangi pengaruh jelekncak panas.

Tujuan utama studi ini adalah untuk menyelidiki diagana ayam jantan broiler dan
Ayam Kampung (tanpa membedakan jenis kelamin) itigel di bawah suhu tinggi
memilih nutrisi-nutrisi dari suatu seri pakan ydorggbeda kandungan protein dan energy.
Dihepotesakan bahwa ayam-ayam mampu untuk menyaisatn pakan yang sangat
cocok untuk kebutuhan mereka. Dari komposisi pakary dipilih kesesuaian kebutuhan
protein dan energy dapat diperoleh untuk mengopikanmaproduksi dan mengurangi
pengaruh jelek cekaman panas terhadap performans.

Dalam Bab 2, tinjauan pustaka telah diberikan lsnd@n penelitian-penelitian yang
dilaporkan dalam pustaka. Terdapat bukti bahwa amgiar dan yang sudah
didomistikasi mampu memilih konsumi nutrisi merekengan memilih dari berbagai
bahan pakan yang memenuhi kebutuhan fisiologi naer@engan cara ini, mereka
mampu menurunkan produksi panas selama periods gataan suatu hari. Unggas akan
berusaha untuk menjaga suhu tubuhnya dan membualgpilan panas tubuh
metabolik. Ayam dapat merobah tingkah laku dan reengikan secara fisiologi di suhu
normal dan suhu tinggi. Di suhu normal, ayam mekatigan konsumsi pakan, sebagian
besar dari pakan kaya energi, untuk menjaga subuhtuDi suhu tinggi, ayam
menurunkan konsumsi pakan, berjauhan satu sama n@mbuka bulu sayap dan
meningkatkan laju pernafasan uthuk membuat kelalphaduksi panas.

Pada penelitian pertama yang diuraikan dalam Ba&iugli pakan bebas memilih
dilakukan untuk menentukan jumlah kebutuahn proteisar (PK) and energi pada
broiler di suhu normal dan suhu tinggi. Pada sedigifu, ayam sebagai kontrol diberi
pakan standar (PK: 215 g/kg; ME:2.895 kcal/kg) kntwoiler periode pertumbuhan.
Ayam yang sebagai pakan bebas memilih dapat memniiara pakan kontrol, pakan
tinggi protein (PK: 299 g/kg; ME: 2.780 kcal/kggratpakan tinggi energy (PK: 150,7
g/kg: ME: 3.241 kcal/kg). Semua pakan sama dalamankpelet dan warnanya. Ayam
yang sebagai pakan bebas memilih mengkonsumsi akem pakan dari pakan tinggi
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energi (59% pada suhu normal dan 52% pada suhgiltidgimlah yang dipilih sebagai
pilihan ke dua adalah pakan kontrol (25% pada swinmal dan 27% pada suhu tinggi),
dan pilihan ke tiga adalah pakan tinggi proteindflada suhu normal dan 20% pada
suhu tinggi) sebagai proporsi terhadap total kosspakan.

Suhu tinggi menurunkan konsumsi pakan, konsumgeiprokonsumsi energi dan
PBB. Dalam setiap suhu, konsumsi pakan dan PBRladama diantara ayam kontrol
dan ayam yang pakan bebas memilih. Konsumsi prgbih tinggi pada ayam kontrol
dari pada ayam yang pakan bebas memilih. Konsunesgelebih rendah pada ayam
kontrol dari pada ayam yang pakan bebas memilila gatiu normal saja. Rasio pakan
terhadap PBB (FCR) di suhu tinggi adalah lebihdirgari pada di suhu normal pada
umur 6 minggu (1,91 berbanding 1,84) karena penuRi2B. FCR adalah sama diantara
ayam kontrol dan bebas milih.

Pada penelitian ini, suhu tubuh dan H/L rasio diuketuk mempelajari efek pakan
memilih terhadap indikator stres. Diasumsikan balivwgkat stres ayam yang pakan
bebas memilih mungkin lebih rendah dari pada ayantrél karena mereka mempunyai
kesempatan untuk menyesuaikan produksi panas. Titiakukan adanya perbedaan
dalam suhu tubuh dan H/L rasio diantara ayam yamgpilim sendiri dan ayam kontrol.
Tampaknya, strategi memilih sendiri tidak banyakmibantu untuk menurunkan efek
suhu lingkungan yang tinggi terhadap suhu tubuh Hédnrasio atau tingkat stresnya
tidak terlalu tinggi.

Kesukaan ayam terhadap pakan yang berbeda memimakdksentrasi protein yang
rendah dan energy yang tinggi dalam pakan yangdikosi dari pada pakan kontrol di
ke dua suhu. Pada suhu normal, protein kasar berfiai 214 sampai 171 g/kg dan
energy berkisar dari 2.990 sampai 3.157 kcal/kgaPaihu tinggi protein kasar berkisar
dari 218 sampai 188 g/kg dan energy berkisar dai&sampai 3.086 kcal/kg antara
umur 1 sampai 6 minggu.

Pada penelitian kedua yang dilaporkan dalam Baludj memilih sendiri yang sama
dilakukan pada Ayam Kampung dibawah kondisi iklimptk di Provinsi Jambi,
Sumatera, Indonesia dalam sistim yang intensifuSrkisar dari 25,6+19G sampai
31,2+1,4C dan kelembaban berkisar dari 63+8% sampai 89#6f4m sebagai kontrol
dapat memilih dari a) pakan kontrol, b) pakan timggtein dan c) pakan tinggi energi.
Ayam memiliki akses secara bebas terhadap semaapalalam tempat yang terpisah.
Pakan diberi dalam bentuk mash dari umur 1 sanipha# dengan pakan kontrol ( PK:
233 g/kg; ME: 2.999 kcal/kg), pakan tinggi protéiK: 290.6 g/kg; ME: 2.895 kcal/kg),
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atau pakan tinggi energi (PK: 138 g/kg; ME: 3.258llkg) dan dalam bentuk krumbel
dari umur 22 sampai 84 hari dengan pakan kontig 226 g/kg; ME: 3.104 kcal/kg),
pakan tinggi protein (PK: 303,6 g/kg; ME: 3.072 k), atau pakan tinggi energi (PK:
142,4/6 g/kg; ME: 3.293 kcal/kg).

Ayam bebas memilih mengkonsumsi sebanyak 47% pikgai energi, 33% pakan
kontrol dan 20% pakan tinggi protein sebagai preip@rhadap total konsumsi pakan.
Konsumsi pakan dan konsumsi energy adalah samaaadta pakan perlakuan.
Konsumsi protein adalah 22% lebih tinggi pada ayhiperi pakan kontrol dari pada
ayam yang bebas memilih. PBB adalah 20% lebih tipgda ayam kontrol dan FCR
adalah 18% lebih rendah pada ayam kontrol dari pgden bebas memilih. Berdasarkan
hasil dari penelitian ini, konsentrasi protein kaledbih rendah dan konsentasi energi
lebih tinggi dalam pakan yang dipilih dari padaaakontrol. Bila rasio ME/PK dalam
pakan diperhatikan, konsentari protein dan eneafinrd pakan yang dikonsumsi oleh
ayam bebas memilih bervariasi dari 212 samapi 1#K#g dan 3.071 sampai 3.217
kcal ME/kg antara umur 1 sampai 12 minggu. FCR ngk@t dengan bertambahnya
umur dalam semua pakan perlakuan. Akan tetapingkaian lebih tampak pada ayam
yang pakan bebas memilih dari umur 10 minggu ks. @&ahu tubuh adalah sama
diantara kedua pakan perlakuan.

Pada penelitian ke tiga yang dilaporkan dalam Bapakan kering dicampurkan
dengan air dengan perbandingan 1:1 untuk mendapp#kaan basah. Sebagai tambahan,
pakan tinggi rasio energi terhadap protein didélidibandingkan pakan kontrol. Pakan
tinggi rasio energi terhdapa protein disusun bemttas pilihan oleh ayam dalam
penelitian pakan bebas memilih sebelumnya (BabiBjpotesakan bahwa ayam-ayam
akan banyak memakan pakan basah di suhu tingdialani dapat mengurangi sebagian
pengaruh jelek suhu tinggi. Di suhu normal, ayamgydiberi pakan kontrol-basah
memiliki konsumsi pakan dan PBB yang lebih tingghd~CR yang sama dari pada
ayam yang diberi pakan kontrol-kering. Ayam yanigedi makan pakan tinggi energi-
basah memiliki konsumsi pakan yang lebih rendah BBB yang lebih tinggi tapi
FCRnya lebih rendah dari pada ayam yang diberirpékagi energi-kering. Di suhu
tinggi, ayam yang diberi makan pakan kontrol-basamiliki konsumsi pakan yang
lebih tinggi dan PBB yang lebih rendah. KarenaH@€Rnya lebih tinggi. Dilain pihak,
ayam yang diberi makan pakan tinggi energi-basatmilike konsumsi pakan dan PBB
yang lebih tinggi dari pada ayam yang diberi pattaggi energi-kering. Konsumsi air
dan rasio air terhadap pakan lebih tinggi pada ayamg diberi pakan kontrol dan pakan
basah dari pada ayam yang diberi pakan tinggi exlag pakan kering. Potensi efek
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positif untuk memperbaiki performans broiler dengakan basah di suhu normal dan
suhu tinggi dibahas.

Suhu tidak nyata mempengaruhi pertumbuhan alatepesman pada umur 21 hari
kecuali berat kosong relatif ileum. Pada umur 24, lpanjang relatif semua bagian alat
pencernaan dan berat kosong relatif tembolok terataipengaruhi oleh komposisi
pakan. Panjang relatif duodenum, jejunum, ileum Balon ayam diberikan pakan
kontrol adalah 11 sampai 22% lebih pendek dari jpgdan diberikan pakan tinggi rasio
energi. Berat kosong relatif tembolok ayam kon&délah 12% lebih ringan dari pada
ayam diberi pakan tinggi energi. Konformasi pakanya mempengaruhi panjang relatif
duodenum dan jejunum.

Pada umur 42 hari, suhu dan komposisi pakan adalabr utama mempengaruhi
panjang relatif alat pencernaan. Panjang relajiinjgn, ileum dan kolon broiler
dipelihara di suhu normal lebih pendek dari padaldar di suhu tinggi. Berat kosong
proventriculus, duodenum, jejunum, ileum dan kotbnsuhu normal berkisar 9 dan
23,6% lebih berat dari pada ayam di suhu tinggimgosisi pakan mempengaruhi
panjang relatif kebanyakan bagian alat pencernaarbdrat kosong tembolok. Panjang
relatif duodenum, jejunum, ileum dan kolon ayamtkaradalah 5% lebih pendek dari
pada ayam diberi pakan tinggi energi. Suhu dan ksmsppakan dalam penelitian ini
merupakan faktor penting menentukan pertumbuhan pdacernaan dari pada
konformasi atau bentuk pakan.

Pada penelitian ke empat (Bab 6), diteliti apakah Hagaimanakah pakan basah
dan/atau pakan tinggi energi mungkin mempengar@mfopnans ayam Kampung
(penelitin 1) dan broiler (penelitian 2) dibawahnéii iklim tropis. Konsumsi pakan
pada ayam kontrol adalah 14% lebih tinggi dari payglam diberik pakan tinggi energi
pada kedua penelitian tersebut.

Pada penelitian pertama, konsumsi pakan (g) memsgbanyak 0,6% pada ayam
yang diberi pakan kontrol-basah dan 5,3% pada alidmeri pakan tinggi energi-basah
dibandingkan dengan masing-masing pakan keringa padelitian ke dua, konsumsi
pakan meningkat sebanyak 19,6% dan 24,3% pada gsam diberi pakan kontrol-
basah dan pakan tinggi energi-basah dibandingkagademasing-masing pakan kering.
Konsumsi pakan meningkat dengan pakan basah teryiada broiler dan peningkatan
lebih jelas dengan pakan tinggi energi-basah. Haddri penelitian ini
mengkonfirmasikan konsumsi pakan yang lebih timiggiat dicapai dengan pakan basah
di suhu tinggi pada broiler. Broiler tampaknya dap&nyesuaikan diri di suhu tinggi
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dengan lebih banyak mengkonsumi air dan energiafepgkan tinggi energi-basah.
Ayam Kampung telah ber-aklimitasasi terhadap kéndim tropik dan tidak
mengambil manfaat efek pakan basah.

Bab terakhir menampilkan pembahasan umum (Bab T Hsil-hasil yang
dilaporkan dalam Bab 2 sampai 6. Prospek untuk liianelanjutan disarankan dan
implikasi praktek bagi strategi pemberian pakanmyéampung dan broiler diberikan.

Sebagai kesimpulan, penelitian-penelitian yang rdizggrkan dalam tesis ini secara
jelas menunjukkan bahwa ayam broiler dan ayam Kagipgapat menyusun pakan yang
sesuai dengan lebih banyak memilih dari pakan kagagi dari pada pakan kaya protein
di kedua suhu normal dan tinggi. Selanjutnya, perggelek suhu lingkungan yang
tinggi terhadap konsumsi pakan dan pertambahantboddan ayam broiler dapat
diturunkan sebagian dengan pakan basah. Pengdh Ipasah tidak terlihat pada ayam
Kampung.
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