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ABSTRACT:

A study involving three feeding trials was conducted in an attenpt
to design a hot season feeding proframme for laying birds in the tropics.

The first trial involved 162 29-week old hens ina 3 x 3 factori al
desi gn nade up of cross-classified conbinations of three dietary protein
(18, 16 and 14%CP) and three energy |evels (2800, 2600 and 2400kcal s ME/
Kg feed). The experiment was conducted to determne the optinal protein:
energy conbi nations to be fed during the hot nmonths. Each of the nine
treatments was replicated three tinmes. The average nmaxi mum i ndoor
tenperature was 37.19 C for the study period. Dets 9 (14% CP and 2400
Kcal ME/ kg feed), 5 (16% CP and 2600 Kcal Me kg Feed) and 7 (14% CP and
2800 Kcal M/ kg feed) gave better egg production with inproved feed

conversion ratios while egg quality was maintai ned.

For experinments 2 and 3, four isonitrogenous and isocaloric dietary
treatnents were involved. Each trial had three replicates per treatnent
and used seventy-two 33-week old hens. |In Experinent 2, ascorbic acid
(AsA) was suppl emented at 0, 200, 400 and 600ny/ kg feed to deternine if,
and the optinal |evel at which AsA noderated heat stress in |aying hens.
Ascorbic acid suppl enentation inproved egg production feed intake and
utilization and cost of feed/Kg egg, A supplenental |evel of 400nmy AsA/

Kg diet gave the nmost efficient response.

In Experiment 3, diet 1 served as control, diet 2 contai ned 200ngy
AsA/Kg diet, diet 3 contained 5%palmoil while diet 4 had both 200ny
AsA Kg feed and 5% pal moil suppl enentation. The objective was to
determne the effect of oil alone and in conbination with ascorbic acid
on heat stressed |aying chickens. The diet containing 5%pal moil
al one inproved egg production, egg weight, feed intake, daily protein

and energy intakes and feed/ kg eggs. It al so reduced incidence
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of cracked eggs and nortality. Supplenentation of 200ny AA/ Kg di et
and 5%palmoil effected a synergistic response which inproved hen-day
egg production, egg weight, shell thickness, feed/Kg eggs, final body
wei ght whil e reduci ng the nunber of cracked eggs.

It is concluded that heat stressed |aying chi ckens shoul d be
fed low energy, low protein diets (14%CP, 2400 Kcal ME/ Kg diet, 16%
CP, 26Q0 Kcal s ME/ Kg) capabl e of ensuring adequate energy intake, diets
cont ai ni ng 400ng ascorbic aci d/ Kg or a conbination of supplemental

ascorbic acid (200ng/ Kg diet) plut 5%pal moil.



INTRODUCTION:

The Nutrient Requirement Tables for liveatock Z2ive values for
rearing birds in the "perfect" enviromment: For the nutritionist,
the perfect environment may be defined as those conditions that
maximige gain in weight or egg production with the minimum wastage of
mutrients (NRC., 1981). animals within that environment would be
performing near thelr predicted genetie potentials., In practice, such
conditions ag the thermo neutral zone are regarded as ideal, and.enable
the birds to express their expected genetic potentials.

Chickens are reared within enviromments complicated by a number of
factors. These include both the physical and psychological aspects of
the birds surrounding. These environmental factors are capable of
adversely effecting the productivity of birds (Ferek and Kendler, 1963;
Njoku, 1986), Temperature, humidity, light (length of day and intensity),
altitude as it affects air pressure and partial pregsures of oxygen and
carbon dioxide, wind velocity (air movement), quality of air and water
and density of bird population {NRC, 1981), are such factors . some
of whieh may be interdependent. For example, the primary effect of
thermal enviromment on air temperature can quickly be altered by wind,
precipitation, humidity or radiation,

Chicken is a homeotherm and maintaing a relatively constant core
temperature (usually arcund 40.6 C) by balancing the heat generated
from metaboliem with that gained from or given up to the environment,
However chiockens camnot withstand concurrent higzh temperature and high
hunidity (El-Boushy and Raterink, 1985). As body temperature rises in
responge to high amblent temperature, chickens make necessary adjustments
to cope with the cpndition by redueing feed intake (Dale and Fuller,
1980}, slowing down metabolic rate (Fmmans, 197l), while heat dissipation
increases (Balnave, 1974). These in turn alter the partition of dietary

enengy. The resulting effect is a change in the energy requirement of the

Q .av, i
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bird. High envirommental temperature provides part of the maintenance
energy requirement of the bird (Fuller, 1975), causing a decline in

the actual total energy needed by the bird to perform optimally., The
reduced feed intake consequent on this decreased energy requirement is
accompanied by a drop in the intake of other critical nutrients such

as amino acids, vitamins and minerals. Owing therefore to the inadequate
level of available critical nutrients within the laying chicken for
metabolic processes, there is a decline in the ability of the bird to
sustain the production of eggs and the anabolic ectivity of tissue
building (Bmmans, 1974). The decline in egg production and growth rate
is a common experience of the poultry industry during the hot seasons
particularly where no modifications are made in housing and/or management
to protect or shelter the birde from inclement ambient conditions,

In Nigeria, the Savannah belt experiences sharp increases in
temperature during the months of March to May. The ambient maximum
temperature usually ranges from 3 to 38 C (Owonmubi, 1986). This
temperature range is above the usual thermo neutral zone for the
chicken which is in the range of 17.5 to 27 C, and constitutes heat
stress which can affect preduction,

Recognising the adverse metabolic conditions experienced by heat
stressed laying birds and the substantial drop in egg and meat production
(Babaténde and Fetuga, 1976; Chalwa et al., 1976; Oluyemi and Adebanja,
19793 Njoku, 1986), the present gtudy was undertaken to design a not
season feeding programme for the laying chickens. The study involves:

{(a) a determination of the optimal energy - protein combination

in hot season,

(b) assessing the effect of dietary vitamin C on heat stressed

and (c) assessing the effectof addition of oil and vitamin C on

laying chickens in hot ambient environment.



CHAPTER 2:

REVIEW OF LITERATURE.
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REVIEW OF LITERATURE:
2. STRESS:
The word 'gtreaa' as pertaining to the living creature is
described as "that state within a living creature which results from
the interaction of the organism with poxious stimuli or circumstances"
(Woolf, 1960), More recently, Gross (1985) described it as "the
reallocation of resources in response to perceived environmental changes".
Historlcally, Bernard in the later part of the 19th century was
the first to develope the notion of stress. le proposed the coneepts
of regulation needed to maintain a constant internal environment,
Canon (1929) unravelled the dynamic response of an animal to a potanti;lly

dangerous situation and postulated the fight or flight syndrome,

23131 THE ADRENAL MEDULLA AND CIRCULATORY REGULATION:

Some of the very initial reactions of an animal to a potentially
hostile situation is a dramatic change in its circulatory dynamics,

The heart beats more forecibly, the circulation through the skeletal
musculature is increased and the circulation to the skin and viscera
is decreased (Draper and Lake, 1967).

The adaptive significance of such changes for fight or flight
postulated by Canon (1929) shows that the adrenal medulla, which is
under the direct control of the central nervous system (CNS), plays
a key role in this rapidly responding system (Malmejac, 1964).

Research suggests that any condition that causes an accelerated
release of hormones from the pituitary adrenal system is pontentially
damaging to the animal (Brown, 1967). Selye (1937, 1952) proposed
that the General Adaptation Syndrome (GAS) is the sum of all indefinite
responses to a systemic stressor, The major physiological and
functional changes in GiS are: (a) enlargement of the adrenals, coupled

with an increased output of cortical steroids;
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(v) involution of the thymus and other lymphatic organs, with
associated blood element changes and (c) the occurrence of gastro-
intestinal ulcers in mammals.

The corticotrophin releasing factor (CRF) is the releasing
mechanism of the GAS. Every stressor stimulates the anterior pituitary
through the hypothalamus to release higher amounts of adreno-corticotro-
phic hormone (ACTH) (Brown, 1967). ACTH causes an increase, first
in the output of glucocorticoids and subsequently in the weight of the
adrenals,

The most important symptoms of GAS in poultry are reviewed by
Brown (1967). These include enlargement of the anterior pituitary,
probably due to the increased production and output of ACTH (Garren
and Barbar, 1955; Garren and Shaffner, 1956) adrenal enlargement caused
by interrenal hypertrophy and hyperplasia (Brown, 1959; Siegel, 1959 a,
1959 b, 1960; Flickenger, 1961); cholesterol depletion of the adrenals
together with an increased output of corticosterone (Siegel, 1960;
Flickenger, 1961; Brown, 1961); lymphatic involution, atrophy of the
thymus (Garren and Shaffner, 1954), the bursa of Fabricius (Garren and
Shaffner 1956; Kalnat, 1956; Siegel, 1961) and the spleen (Garren and
Shaffner, 1956). The regression of the bursa of Fabricius is a useful
indicator of stress in young birds. As the bird matures, the bursa
disappears under the influence of gonadal sterocids (Panda, 1960),

Other symptoms are, a decrease of lymphocytes and an increase of
heterophils (Newcomer, 1958; Schlinder 1962); increase of blood citrie
acid (Hill, 1961 a, bj;); retardation of growth (Garren and Shaffner,
19563 Conner, 1959) or loss of weight (Garren and Barber, 1955); and
increased glucogenolysis,, evidenced by an elevated excretion of sodium,

potassium, total nitrogen and uric acid (Brown, et al., 1958 a, 1958 b),
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These symptoms do not slways occur simultaneously (Siegel, 1960 and
Schlinder, 1962).

Such stress that will activate the GAS may be environmental or
pathologicales Wood=Gush (1967) divided streesors into (a) factors
in the physical envircnment for example nutritional deficiencies,
abnormal temperatures etc., (b) factors derived from particular genotype-
environment interactions and (¢) factors operating through the social
milleu of the animal., These may include high ambient temperatures,
overcrowding in pens or cages, diseases, continuous dissipation of

noxious gtimuli and fear.

2:1:2 PHYSIOLOGICAL REACTIONS OF BIRDS TO HIGH AMBIENT TEMPERATURE STRESS:

Chickens are homeotherms, They will adjust their activities to
maintain a constant body temperature. From all the metabolic processes
going on simultaneously within the bird's body, heat is generated, This
heat maintains the deep body temperature at about hO.6€f(North, 19723
Card and Neshem, 1972).

At an ambient temperature of between 14,0 to 21 C and a relative
hunidity of 75% some of the heat leaving the bird's body is lost to
the environment by the mechanisms ofcondvetion, ccnvection and radiation,
Metabolic heat is transported by the blood from the viscera to the
peripheral organs from where heat is lost to the environment, The
quality of the bird's performance is best within this zone of
thermoneutrality or zone of comfort (El-Boushy and Raterink, 1985),
Thorton (1961) found that body temperature was lowest when ambient
temperature was in the zone of themoneutrality.

As the ambient temperature and/or the relative humidity rises
beyond the bird's zone of comfort, from 24 to 30 C the mechanisms of
conduction, convection and radiation become inadequate in relieving

the excess body heat. The bird will adjust its voluntary intake of
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£eed to reduce its metabolic load (North, 1972; Hutchinson, 195L4)

and will drink more water to cool the intermal organs and prevent
dehydration from loss of moisture (North, 1972). When the air
temperature rises to 27 C, the bird, as it has no sweat glands, starts
panting to relieve the excessive body heat {Randall and Hiestard, 1939).
The mechanism of panting is not a reflex action Randall (1943)
demonstrated that initiation of panting is caused by an increage in

the temperature of the bleood flowing over the brain. By panting, more,
outalde air is brought into contazet with moist mucoeal membranes of

the respiratory tract (North, 1972; Hutchinson, 1954). Lee et al.,
(1945) noted that the increase in respiration at 35 C was associated
with an increcase in the rate of evaporative water loss: The incoming
aly absorbg moisture along with its heat content as the outside air

has lower hunmidity, With further inecreases In air temperature, the
bird releases control measures t0 enhance homecstasis and most physical
activities are reduced (North, 1972; Hutchinson, 1954). At an ambient
temperature of 35 C the bird is threatened by subsequent death resulting
from heat prostration.

The laying hen which is performing an exirs production function
1s worse threatened by a condition of high ambient temperature, The
hen, with its additional viscera mass needs a copious and presumably
continuous bloocd supply during the making of an sgge This raises
the question as to the consequences of what may happen as a result
of a dramatic shunting away of blood from the ovary and oviduct
during the operation of a defence reaction such as is envisaged in

a high temperature stress situation,
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2:1:3. EFFECT OF HEAT STHRESS ON BLOOD CONSTITUENT LEVELS:

The manner in which an animal maintains itself in an environment
which is always changing, but not necessarily hostile, has received
increased awareness and study since the turn of the 20th century. Seyle
(1950) developed the concept of 'Stress' for the series of long term
metabolic changes which occur as a result of noxious stimuli, Extensive
research in this area has revealed the important acute reactions of
the body to stress. Such reactions, particularly in the circulation
and redistribution of blood, involve the adrenal medullary hormones,
adrenaline and nor -adrenaline, both under the control of the
hypothalamus (Malmejac, 1964). Oarlson (1966) has demonstrated that
the liberation of catecholamines not only anticipate adrenal cortical
involvement, but is a necessary prelude to corticosteroid actions, at
least in some situations,

The general reaction of mammals and birds in response to a
condition of "fignt or flight" is initiated and coordinated in the
hypothalamus. The adrenal medulla prepares the body for an anticipated
violent exercise., The basic pattern involves a shift of blood away
from those organs not directly involved in the expected exercise to
the peripheral skeletal muscles, Hales (1973) demonstrated this
shift by exposing his experimental sheep to mild heat stress,

The laying hen is actually performing productive function above
and beyond the maintenance function., Often mild inereases of ambient
temperature have been known to cause a reduction or even a cessation
of egg production in hens (Wilham, 1931; Hinds, 1949; Perék and Kendler,
1963, Oluyemi and Adebanjo, 1979). The laying hen with its very large
additional egg producing visceral mass, constantly needs abundant and

continuous blood supply te sustain the mechanisms involved in the

making of an egg.
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Sykee (1955), damonstrated.that a dose of 1mg or mofe.of.
adrebakube was completely effectlive in delaying oviposition sometimes
until the following day. He also showed that adrenaline had the
effect of lnhibiting muscular activity of the uterus, the shell gland,
He noted that a drop in egg production occurred for an average of fouxr
days, especially at higher doses of adrenaline, The effect was the
inhibition of ovulation.

When Draper and Lake (1967) calculated the total demand of blood
by the hen's reproductive organs during active egg production, they
found it to be 75ml/min. or at least 20% of the resting cardiac
output. They had estimated for a 1,6kg Brown Leghorn with an active
ovyary, to have a blood volume of about 120ml and a cardiac output of
3Oml/min. They suggested that in considering the logistics of the
blood transport to the forming egg, the transporting of 1.5 te 2.0g
of ealeium in 16hours is a most demanding process., 8o any diversion
of blood from the reproductive tract might be expected to have its

most obvious effect on shell formatlion,

Hematocrit valuess

High ambinet temperatures have been reported to have depressing
effect on hematcerit values (Qlson, 1937; Huston 1960; 1965 Kubena
et al., 1972; Deaton et al., 1969a, 1969h; Washburn and Huston, 1968),
These workers have demonstrated that generally low values were
obgerved at high temperatures (30 © and higher) while values were
higher for birds maintained at lower temperatures (7.2 and 8,0 C),
When broilers and layers were reared simultaneously under similar
conditions it was found that for the broiler stock, hematoerit values
were not responsive to temperature wvariations as demonstrated by the
layers (Huggins and Lewis, 1978).. o

Working under constant and cyclic high femperature environments,
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de Andrade et al., (1976, 1977) reported that birds held at 31 C

showed lower hematoyrit readings regardless of whether the temperature
was constant or cyclic., They reported also that diet had little or no
effect on this parameter, The slight improved effect waw from thc

"high nutrient density" (lND) dict which gave slightly higher hemctocrit
readings. This effect they felt was due to what Soliman and Huston
(1974) had reported as significant increase in packed cell volume in
birds receiving 5% additicnal fat and not differences from increasing
protein levels, 2Zimmerman et al., (1973) reported an increase in blood
volume of birds maintained at high temperatures of 27 to 35 C as compared

to those at lower temperatures (16 - 24 C).

Plasma calcium:

High environmental temperature depresses plasma calcium levels
(Bragg et al., 1971); de andrade gt al., 1976, 1977). Bragg et al.
(1971) had reported a decreased secretion of hsCa. into egeg shells
at high environmental temperature, Miller and Sunde (1975) reported
a decrease in shell thickness of eggs produced at a high temperature
(32 C). This was confirmed by both Zimmerman et al., (1972) and
de Andrade et al., (1976). Mueller (1959) reported that although
birds kept under high environmental temperatures consumed less fecd
and calcium, they retained similar levels of calcium as those kept
under normal temperatures, This is contrary to the findings by Charles
et al., (1971) who reported an increase in calcium content of egg shell
as ambient temperature rose.

The decrease in blood volume (Zimmerman et al., 1972) and
hematocrit values at high temperatures (de Andrade et al. 1976), were
explained to be related to’the reduction in plasma calcium, This

explained partially the reduction in plasma calcium at 32 C by hemodilitirw
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de Andrade and workers (1976) also reported that the use of high
mutrient density diets significantly increased plasma calcium levels,
Mueller (1959) reported a similar observation. de andrade et al. (1977)
stated that althcugh the reduction in blood ealcium may be a contributing
factor in reduced shell quality at elevated temperature, it seemed
unlikely that it is the major cause, They felt a more reasonable
explanation might be that under high temperature stress, blood is shunted
to the periphery with a concomitant reduction In blood flow to the internal
organs especially the uterus (shell gland). Thus, a reduction in blood
flow to the uterus, coupled with a decrease in the calcium content of

the blood flowing through it would be additive in their effect on shell

formation,

C. ine Levels in the Serum:

Bell and Freeman (1971), and Grandhi and Brown (1975) reported
that thyroxine production decreased in laying fowl at high temperatures,
Other workers showed in their various gtudies that warm temperatures
deoreased thyroid acitivity, while cold temperatures increased it
(Gale, 1973, Johnson, 1976 and de andrade et al., 1977).

Farrington and Mellen (1971), demonstrated that removal of the
hypophysis in chickens caused the packed cell volume (PCV) to be
significantly reduced, as a result of the absence of thyroid stimulating
hormone (TSH) dr thyroxine. When TSH was injected into the
hypophysectomized birds, normal hematocrit readings were observed, de
Andrade _g;l_;. al, (1977) pOstulated”-th'al't ‘s <lecrease in thyroxine levels
in response to high temperatures may decrease the production of follicle
stimulating hormone (PSH) as the stimuli from the releasing factor of
the FSH on the pitiutary or the hypothalamus is not adequate to trigger
off effective stimuli for follicular development. As a possible result,
egg weight is reduced as a reflection of a lighter ovum (Miller and
Sunde, 1975).
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It was therefore suggested that the reduced thyroxine levels
at high envircnmental temperature may contribute to lower egg

production and shell quality. (de Andrade et al., 1977 )e

2:2 EFFECT (F HIGH AMBIENT TEMIBRATURE ON FEED INTAKE AND CHICKEN
FHFORMANCE: o

It is generally accepted that envirommental conditions affect
the level of voluntary feed intake and the utilization of netabolizable
energy (ME) (fmmans, 197h4; Valencia et 3l., 1980; Emery et al., 1984).
However, most of the reported studies on changes in feed intake with
fluctuation in elimatic conditiors such as temperature, relative
humidity and air movement, were usually done under controlled
environments of laboratories (Miller and Sunde, 1975; Vohra gt al.,
1979; Emery et al., 198l; Tanor et al., 1984). The results from these
studies demonstrate rather dramatic adjustmente in feed intake at both
high and low temperatures. However, under the natural conditions of
the farm, birds may behave Jdifferently as the farms have considerably
more variable elimatie conditions from those simulated in the
laboratories,

Laying hens have heen shown to adapt to a wide range of environ-
mental temperature conditions, Davis et al.,, (1772} showed that
laying hens reared at 18 C neseded about 2 - 3 weeks to settle at a
new level of 160 Keal Mi/kg 0.75/day when moved to an enviromment of
35 C. When moved from 18 to 7 C, the ME.intake was cbgerved to drop
for about one week due to behavioral adjustments before the feed
intake attained a new level of 102 per cent of the amount consumed
before the transfer, Davis et al., (1973), working under commercial
production enviromment, where within house temperatures ranged

between 20 - 37 C, reported that feed intake of laying leghorns dropped
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by 1,0 to 1.5¢ per day per 1 C in temperature range of 25 to 34 C,
but by L4.2g per day per 1 C in the range of 32 to 36 C.

Various studies indicate that hot climatic environments which
result in reduced feed intake do affect egg production and gquality
(Miller and Sunie, 1975; Wolfenson, 1979; Hurwitz et al,, 1980).

The drop in egg production is explained to be due to inadequate
consumption of energy (Slaghter and Waldroup, 198L; Summers, 1986),

In their study, Slaghter and Waldroup (1984) resported a pronouncel
reduction in rate of egg production anl average egg weight, when hens
were allowed only 70 and 80 per cent of the ca'culated energy: amino
acid ratios of the diets, BEgg mass which is alout the most critical
measure of amino acid adequacy of a diet was not significantly affected
when the hens were restricted in their energy - amino acid intake.
Thewe workers concluded that use of temperatur: - adjusted energy:
amino acid ratios would be a valid and feasiblc means of formulatins.
diets to meet the changing nutritional needs o the laying hen.
Summers, (1986) reported in a review that serirs of trials confira
that enerygy is a very eritic.l nutrient in ensiring maximum production
from the hen, while not overlocking the emersy: protein ratio.

Reid et al., (1978) calculated that for each 10g increase in
feed intake, egg weight was improved by an average of 1.93g. Similarly,
they found that egg production varied linearly with metabolizable
energy intakes, The relationship between metabtolizable energy
consumption and percent egy production indicated that egg production
is decreased by 2.5 percent for each 10Keal/day reduction ME ~ona.. ti~=

Many investigators have worked on the efrect of heat stress on
feed intake on the laying hen (Table 1). ¥rayne (1967) calculated that
the laying hens will reduce feed intake by 1.S5percaz’ for every 1 C

increase in ambient temperzture through 5 - 30 C. Emmans (1974)
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Table 1: Effect of Temperature cn Feed Intake of laying Hens, degardless of Value for Metabolizable Energy in Diet.

) RO o ~ . : 2
Feed Intuke at 18-25'" Serves as Control Value A1l Assume Chronic Exposure Y = 24,5 - 1,58 T, Where T =

Ambient Temperature and Y = Percent of Control:

- Feed Intake as ;i of Centrel
Ambient Vo et al., de Andrade de Ahmag Miller 3Stockland Van Jenes Jones  Kohne i
Temperature 1978a et al., Andrade et al., and and Kampen and et al., and

C Amqwm et al., 1974a Sunde 3Blaylock ﬂwﬁrm wwﬂumawmﬂmmmm Jones

1977a 19752 197ka 1974a 1976b Mean

L-5 +9 .4 +B.7% +26,8% +3.37% (4) 15.4% e
13 + 5.3% (1) 5.3%
18 - 25 100% 1008/ 10054 100% 100 100;: 100x 1004 100% -
27 -6.T% (1) =6.T7%
29.4 122% =17 (2) =19.5#%
30 8% ~-18.6% (2) =1343%
31 =26 (2) -26%
uM lmm.x_. ﬁnv Iwm,x
35 ~32 —56%  ~18.61 -L3%  ~32% (6) ~3L.6x"

o

Chickens, adult female

Turkeys, adult female.

Linear regression used to calculate feed intake at 21 C, and then percent calculated.
Includes values of Davis et al., 1972

Includes valuee of Bray and Gesell, 1961.

(NRC, 1981).

o

® /A 0
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calculated a reduction in daily metabolizable energy requirement of
Lo3Kcal per 1 C rise in temperature for white and brown egg layers.
This represents 1.5g of feed for a diet formulated to provide the hen
with 2900kcal ME/kg feed. Bray and Gessell (1961) reported that hens
kept in an environment of 5.5 C consumed about 23 percent more feed
and laid 18 percent more eggs than did their counterparts housed in

a 2h.hc environment.

Squibb (1959) concluded that high ambient temperatures may be
tolerated by the chicken if the daily wminimum house temperature was
gquite low, Studies carried out under cyclic temperature environments
show that laying hens seem to compensate for the adverse effects of
the hot periods by taking advantage of the cooler phase of the cycle
to increase both feed intake and production (Squibb, 1959; Miller and
Sunde, 1975). de Andrade et al., (1977) observed that at noon when
the temperatare in the cyclic environment was at the highest (35.60)
in their trial, eating activity was almost nil,

Studies have shown that when nutrient intake is altered by the
environment, the adverse affects on the bird's performance could be
minimized by appropriate dietary modifications (Payne, 1966). In
their study, March and Biely (1972) reared chicks at 20 and 31° using
diets with differing graded levels of lysine from deficient levels
through to diets with excess of lysine, The reported result gave
two response lines which slopes were almost parallel for feed intake
effect on bodyweight gain at the two temperature environments. The
result indicated that the chicks reared in the hot environment ate at
20 percent less feed thon those in the 20 C, environment, When the
data were plotted on the basis of effect of lysine intake on weight
gain, one response line could describe the effect of the two temperature

environments. The conclusion was drawn that the environmental effect
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on growth was not due to a change in nutrient requirement for growth
but due to the effect of the high ambient temperature in depressing
feed intake. The birds in the hot environment consumed less lysine
daily and gained less weight,

In order to ensure that when heat stress caused a decline in
feed intake of the chicken, that adequate energy and other essen®i:l
nutrients were ingested to maintain production at a comparatively Ligh
level, the "high nutrient density" diets have been advocated (de Ar rade
et al., 19773 1977; Dale and Fuller, 1980 and Tanor et 2l., 1984).
Valencia et al., (1980) reported that voluntary feed intake appearecd to
increase slightly with the feeding of added fat (1.0 to 5.0/) in ecch
of the temperature groups (18.3 and 35 C). Dale and Fuller (1980)
made similar observations with improved growth rate for their
experimental chicks. The use of high nutrient density diets was
ruported by Tanor et al., (1984) to help maintain normal egg production,
egg weight, and egg shell deformation.

Other studies have advocated the inclusion of vitamin C as
possible anti-stress agent in the diet of the laying chicken (Roche
1987). Ascorbie acid has been reported to improve feed intake
(Thorton and Moreng, 1959), growth rate (Kafri »nd Cherry, 1984
Hjoku, 1986), eggz number (Perek and Kendler, 1963) and egg quality

(El-Boushy and Van Albado, 1970).

EFFECT OF DIZTARY ASCORBIC ACID (VITAMIN C) ON Tife PERFORMANCE
OF HEAT STRESSED CHICKENS:

Several studies have been reported on harmful effects of high
environmental temperature on the performance of the domestic fowl
especially in regard to the growth rate (Joiner and Huston, 1957;
Dale and Fuller, 1980, Kafri and Cherry 1984, 1985; Njoku, 1986),

egg production (William, 1931; Warren and Schnepel, 1940; Hinds, 19.9;
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Hutchinson, 1954; Perek and Kendler, 1963), emg quality (Bernion and
Warren, 1933; Warren, 1939; Warren and Schnepel, 1940; Wilsom, 19.9;
Varren gt al., 1950; Ragab and assem, 1953; Hutchinson, 19533 Mueller,
1959, 19613 Miller and Sunde, 19753 de Andrade gt al., 1976, 1977;
Deaton et al., 1981) and feed intake (Mueller, 1961; Payne, 1966; and
Dale and Fuller; 1980)a . o

Ascorbic acid has been accepted as a non-essential dietary
ingredient for poultry since the 1920's (Hart et al., 1925), It
has been demonstirated that fowls possess the enzymes necessary to
complete the synthesis of vitamin ¢ from glucese (Hoy and Guha, 1958 a
and Marks, 1975). The enzyme l-galonolactone—oxidereductase which
catalyzes the last stage of the mynthesis is found only in the kidneys
oif palliformes and most other families of birdss Thus chfckens are
suppoged to have no need for an exogenous supply of vitamin C,

Early work showed that chicks maintained on ascorbhic acid-free
diets that were otherwise nutritionally adequate, displayed no adverse
effects on growth, production and livability {Shorten and Roy, 19213
fhenett and Feacock, 1922, 1923; Mitchell et al., 1923; Plimmer and

HRosedale, 1923). Mitchel et al,, {1923) and Sifri et al., (1977) fed

different amounts of calcium and agcorbic acid or citric acid to adult
male chickens, young chickens or young Japanese quail, The atudy showed
that when ascorbic acid was fed at 1., no adverse effect on body weight,
tibia ash or tibia calcium (€a) of adult males were obgserved., In growing
chickens, body weight, plasma Ca and tibia mineral content differed with
the Ca in the diet but were not intlusnced by ascorblc acid even at 0,657.
Kolb (19¢7) in a review report showed that ascorbic acid plays an
important role in certain biochemiecal reactions in the hepatoeytes of
the Yiver. These include:-~
i} Detoxification of various compounds by hydroxylation and

conversion of cytochrome PL50. Thus a normal concentration of ascorbie
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acid in the hepatocytes promotes excretion of toxic compounds via
the bile and urine. On the order hand, an insufficient concentration
of ascorbic acid leads to a reduction in the activity of the enzymes
involved in the detoxification processes.

ii) Hydroxylation of cholesterol to T=-alpha-hydroxy-cholesterol,
a reaction important in the formation of bile acids. Where an
ascorbic acid deficiency exists, the speed at which this hydroxylation
and other hydroxylation reactions occur is reduced,.

iii) Formation of carnitine fron lysine and methionine, by
hydroxylation reactioms. A deficiency of ascorbic acid reduces the
formation of carnitine. Carnitine is important in the transport of
fatty acids into the mitochondria, The lowered carnitine level in
an ascorbic acid deficient situation reduces this trasport capacity
into the mitochondria of the various tissues, This leads to a
reduction in the rate of utilisation of long chain fatty acids, The
effect on the skeletal musculature is to lower the ability to do
heavy physical work,

Low levels of ascorbic acid in the chicken's system have also
been implicated in the poor performance of chickens faced with such
stressful situations as high environmental humidity and temperature,
high productive rate and parasiticiinfestation (Bell et al., 1941;
Ketchik and Sykes, 197L; Behm et al., 1978; Sykes, 1978). Under
such conditions, Njoku (1986) suggests that endogenous ascorbic acid
synthesis is inadequate to meet metabolic needs.

Squibb et al., (1955) found lower serum ascorbic acid levels
in birds infected with coryza or New castle disease., A decrease in
the plasma ascorbic acid of birds infedted with fowl typhoid was
reported by Hill and Garren (1958). Stressed birds, especially the
younz ones had regressed Bursa of Fabricius (Panda, 1960) while beth

the young and old birds exhibited regressed thymus (lymphatic
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involution) (Garren and Shaffer, 195L). In response to stress,

birds increased their production and ocutput of adrenccorticotrophic
hormone (ACTH) levels (Germuth and Ottinger, 1950; Garren and
Shaffner, 1952), Growth is retarded (Conner, 1959, Garren and
Shaffner, 1956) and weight loss is observed (Craig and Vargas, 1985).

Schmeling and Nockles (1977) demonstrated that when mature male
birds were injected with 0,02 units of ACTH/g body weight and fed
150, 300 or 3000ppm ascorbic-acid in the basal diet, there was a
highly significant linear decrease in plasma corticosterone with
increasing ascorbic acid in the diet., The turnover rate was higher
in males than in hens supplemented with ascorbic acid. Birds of
either sex which received supplemental dietary ascornic acid had
significantly heavier body weights than control between 3 and 17weeks
of age for the males than controls., These workers postulated that
since one of the effects of stress is increased corticoid hormone
proéﬁition and release with subsequent catabolism of body tissues,
any interference in sterocidogenesis and or secretion of corticoids
would prevent the catabolic effceects of stress and result in improved
grovwth rates.

Ascorbic acid stimulates the transformation of B-lymphocytes
into plasma cells under the influence of antigens (Kolb, 197). In
their study, McCorkle et al., (1980) reported that feeding 14 dietary
ascorbic acid to young and mature birds who had been previously
innoculated with 5 suspension of sheep - red - blood - cells (SRBC)
and O,1ml undiluted Brucella abortus (BA) did not influence cell
mediated immunity or antibody response to a T-cell dependent antigen,
However, in the presence of increased levels of ascorbic acid, the
antibody response to T - independent antigen, BA, was lower in neonates

and higher in adults. This agrees with the report of Klob (19:7) that
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the consumption of ascorbic acid was found to increase after

exposure to antigens and infectious diseases. Anderson (1981) reported
that ascorbic acid increases the migration capability of gramulocytes.
In their study, Abdel-Wahab et al., (1977) demonstrated that the
devressed activity of the thyroid in vitamin C depleted chicks was

only slightly affected by addition of ascorbic abéild at the level of
50mz/kg diete However addition of 100mg/kg restored function. Serum
radiocactive iodine uptake decreased significantly as the amount of
vitamin C supplementation increased.

Disease in the bird not withatanding, unfavourable conditions
in hot temperature environments may result in significant vitamin
losses during feed production and storage to affect the activity
of dietary vitamins and their avaliability to the bird.

Reports from studies on the inclusion of dietary ascorbic acid
in chicken diet of heat stressed birds have been quite controversial,
There is no general agreement that the supplementation of ascorbic
reid in chicken feed achieves a well defined ameliorating effect on
the productivity of the bird. However, there ie a general consensus
that some beneficial response, though small, is elicited when ascorbie
acid is added at levels of 20 to 500mg/kg diet., Briggs et al., (19LL)
and March and Biely, (1953), reported growth stimulations when aseorbic
acid was added tc highly purifled ehick diet. Using traditional
corn-soy based rations, Dorr and Balloun (1976) working with turkeys
and Schmeling and Nockels (1978) with chicks observed this improved
growth performance,

From the study carried out by lorning and Frigg (1980) a blood
picture of the ascorbic acid level and its biosynthesis in chicks
kidney was demonstrated. Male and female Hybbard chickens were used
from day old to 56days of age. At hatch the neonate's plasma aseorbic

acid level was low. The biosynthetic activity in the kidney on the
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first day of hateh is O.3mg. The blood plasma level increased from
045mi/100ml on the Sth day to within 1.8 to 2.0mg/100ml on the 36th

day of life, By the age of 20 and 30 days the biosynthetic activity
reached 1.2mg per gram kidney protein every 90minutes. Subsequently,
the level starts dropping up to the 56th day of life to 0.7mg/g kidney
protein every 90 minutes., The liver at 56days of age contained 20mz

of ascorbic acid, The increased bHody weight response observed by Kafri
and Cherry (1984) in a temperature - ascorbic acid study seemed to
follow a similar pattern, The diet fed to sex intermingled group of
birds contained ascorbic acid at the level of 0 or 100mg/kg. Three
temperature levels used were a constant 23 C, 32 C or a daily temperature
regimen consisting of 32 C for 20hrs and LOC for Lhrs (32/40 C). The
results shows that the ascorbie aeid-fed female birds, regardless of
ambient temperature were signifieantly larger at 36-day old than those
on free - ascorbic acid diet. In the males however, the workers reported
2 significant ascorbic acid by ambient temperatire interaction. In the
very hot environment of 32/L0 C the ascorbic acid had no effect on body
weight, Although both sexes had increased body temperature resulting
from the elevated environmental temperature, the ascorbie acid had no
significant effect on the body temperature. The workers concluded that
ascorbic acid was beneficial to heat streased commercial broilers,

In his contribution, Njoku (1986) evaluated in two studies the
effect of dietary ascor acid supplementation of the broiler chickens
from day old to 8 and 9 weeks of age during the hot, dry months of the
year in Nigeria, He arrived at the same conclusion as Kafri and Cherry
(198L) that ascorbic acid was beneficial to heat stressed commercial
broilers, In the first experiment 0,200 LOO or 600mg ascorbic acid/kg
feed were added to a corn-soya bean meal basal diet. In the second

study, 100, 200 or 300mg aseorbic acid/kg feed was added, All the diets



were isonitrogenous and ‘iscealoric in each experiment. The result

of experiment 1 show that the inclusion of ascorbic acid had a
gsignificant linear and quadratic effects on broiler body weight gain,
Supplementation at the 200mg/kg dict level gave the highest gaine

Teed intake was unaffected by treatment, However, feed gain ratio

at 28 and 56 days showed linear responses, In the second experiment,
feed gain response was repeatedly better with ascorbic acid level of
200mg/kg diet, This worker recommends an inclmsion of dietary aseorbic
acid of 200mg/kg feed to broiler diet during the very hot months of

the year,

In a review, Bykes (1978) stated that the immediate stimulus for
further investigation of the role of ascorbic acid in layer performance
was the work of El-Boushy and Van Albado (1970). In that study,
El-Boushy and Van Albado (1970), had 7-month old pullets, 24 in number,
placed in either a cold room 13° throughout the experimental period or
in a hot room, 30 C for 6 months, with relative humidity at 75 to BOA
for two months and then raised again for the rest of the experimental
period, Ascorbic acid was given for the last two months. These workers
found that heat stress significantly reduced all aspects cf shell
quality, Specific gravity of eggs and shell deformation, breaking
strength and percent shell, but not thiekness, tended to fall through
out the trial, In the cold room, the use of ascorbic acid in the diet
did not significantly affect shell quality., In the hot rcom ascorbic
acid increased specific gravity, weight and percent shell but not
thickness, breaking strength or deformation. The high temperature and
hunidity significantly reduced the plasma calcium while asedrbic acid
supplenentation raised it in the hot room, The work supports earlier
work by Thorton and Moreng (1959) who had reported improvement in egg

shell quality of hens kept in controlled high temperature environment,



Thorton (1960) reported increased shell thickness using LLppm ascorbic
acid in 13 but not with 174 protein diet, Herrick and Nockels (1969),
fed 30pullets of T7-month old, a corn-soyabean meal diet with or
without 0,264 ascorbic acid for 29weeks. They reported significant
increases in blood ascorbic acid and egg quality measured in Haugh's
Unit. Egg production and weight, whell thickness, feed per dozen eggs,
body weight gain and mortality were unaffected by ascorbic acid
supplementation. Some reports indicate that ascorbic acid has been
beneficial in producing eggs with significantly improved shell quality
and egg weight (El-Boushy, 1966; El-3oushy et al., 1968; Arscot et al.,
1962 and Chen and Nockles, 1973).

In order to investigate breed responses to elevated temperature
and ascorbic acid supplementation, Ahmad et al., (1967) used Single
Comt White Leghorn (SCWL), NewHampshire and Delaware laying hens during
3 successive phases of production., after acclimatisation to 21 C, the
hens had their environmental temperature raised to 29.4, 35 and 43.3 C.:
Bz quality, body temperature and oxygen consumption were adversely
affected by the high temperatures., The workers found that the SCWL
birds were better adapted to heat stress than were the NewHampshires
or Delawares, Ascorbic acid helped maintain egg quality, body
temperature and metabolic activity.

Working in Isreal's Jordan Valley, in extreme desert conditions,
Ferek and Kendler (1963) fed their experimental birds theee levels of
aseorbic acid, 25, 75 and LOOppm in a corn-milo-soyabean meal mash.
They reported that supplementing the diet with ascorbic acid signifi-
cantly increased the egg yield in the treated groups by an average of
23+6;. in the three experimental groups of the first trial during a

20-week period, and by 11.24 in the 12weeks duration of the second trial.
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g weight were significantly higher in the ascorbic acid fed birds
of experiment 1 while they failed to obtair similar results in
experiment 2. The workers also reported higher culls and mortality
among the eontrols thanm in the ascorbic acid fed birds. No significant
difference were observed in egg shell thickness between the treated
groups and controls., The results of this experiment is in agreenment
with the improved heat resistance ani reduced mortality associated
with ascorbic aecid fed chickens recared in elevated ambient temperature
in reported by Thorton (1961); Perek and Kendler (1962); Ahmad et al.,
(1984).

Oluyemi and Adebanjo (1979), in the humid tropics of Nigeria,
fed dietary ascorbic acid of 100, 150, and 200mg/kg diet to 30 - and
62 week old Rhode Island Red X Barred FPlymonth Rock layers. They
reported that laying was highest with 100mg/kg ascorbic acid. The
older layers benefited equally on 100, 150 and 200mg/kg ascorbic
neid in compariscn with the control, They observed that the increased
feed intake associated with the treatuents appeared to have been used
for egg formation rather than for improving egg quality. The subsequent
hybrid chicks produced frow the above cross had a growth rate
gignificantly higher with dietary supplementation of ascorbic acid
at 150 and 200mg/kg. Pardue et al. (1986) and Peebles and Brake
(1985) showed also a decreased mortality rate with ascorbic acid.
Pardue et al. (198L) reported that the use of ascorbic acid did not
improve overall livability significantly in either sex, but mortality
associated with heat stress was reduced in supplemented females,

Lazar et al, (1983) recorded the best increase in egg weight
and other egg parameters in their study, when ascorbic acid was fed
at levels of TSmg/kg feed. They noted that the increase in egg weight

was due to an inerease in the weight of shell or yolk,
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The supplemented ascorbic acid was associated with a decrease in
salcium coneentration in the yolk and an increase in phosphorus
eoncentration in the shell,

Some studies using dietary ascorbic acid in feeding trials did
not show any consistent trend in improvement of egg shell quality or
iive significant and sometimes even negative responses to egg
production and other parameters in layer performance, In the work
reported by Ketchik and Sykes (1974), three experiments were involved.
Two experiments were conducted tojmwestigate the effects of dietary
ascorbic acid on the performance of laying hens maintained under
high environmental temperatures (32,2 and 33.3 C, respectively).

The third experiment was conducted under ambient conditions (12,8 to
1743 C)s Weekly changes in egg production, shell deformation,
percentage of cracked eggs and budy weight showed an improgement in
the ascorbic acid-supplemented birds but the differences were non-
significant. Egg production and percentage of craaked eggs were

not affected when the experimental diet was supplemented with ascorbic
acid under ambient conditions,

Pepper et al., (1961) while essessing the influence of calcium
and ascorbic acid on egg quality, found that when hens which had
been in lay for 12months were fed diets coﬁtaining 1, 2.5 or Wi
calcium with ascorbic acid at 0, or 33mg per kg diet and housed for
12weeks under indoor ambient temperature of between 23.9 - 26.7 C that
egg production and feed per dozen eggs improved significantly as the
ealcium level increased, ' Ascorbic acid had no effect, Ascorbic acid
had no effects Ascorbic acid seemed to increaa; loss of egg weight
on the 1% Ca diet and to decrease the loss with 4/ Ca, This trend
was significant at 5 and 9weeks, Ascorbic acid had no consistent

effect on specific gravity, plasma Ca, and pH of the intestine while
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Ca gave significantly improved values and linear responses to these
parameters, The authors concluded that under their condition of study,
the requirement for Ca was greater than 2,5% while supplementary
asoorbic acid was not required., Herrick and Nockles (1969) fed, 36
pullets, 25 weeks of age, a diet of maize and soyabean meal supplemented
with 260mg ascorbic acid for 7 months., They reported that blood ascorbic
acid significantly increased while egg production and weight, shell
thickness, feed per dozen eggs, body weight gain and mortality were not
affected.

Roche (1987) reports that ascorbic acid is an anti-stress agent
which agsists in the formation of corticosteriods thus maintaining
ascorbic acid body reserves for use during stressful conditions., Its
involvement in the synthesis of carnithine, an essential metabolite,
provides the muscle with sufficient energy to counteract stress e.g.
for the panting activity in birds, and in helping to maintain feed
intake to minimize depression in performance (growth, egg production,

reproduction) throughout stress periods.

23y EFFECT OF FAT INCLUSION TO LiYE{ DIET ON THE FERFORMANCE OF HEAT
STRESSED EGG IAYING BIRDS:

Throughout the tropical world and also during the hot summer
months of the temperate regions of the world, research workers have
noted the deleterious effects of high environmental temperatures on
livestock performances, For the chicken, feed intake is shown to be
inversely related to environmental temperature (Prince et al., 1961;
Byerly et al., 1978). This condition was initially taken for granted
as birds mainly ate to satisfy their energy requirements, The high
ambient temperature provided part of the needed energy and this did
reduce the energy requirements for maintenance with temperatures up

to 26 to 27 C. The lower energy requirement which is indicated by the
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decrease in oxygen consumption (Barrot and Pringle, 1946) and heat
production (Parrel and Swain, 1977), are related to the birds ability
to regulate its energy intake to meet its specific needs (Hill, 1962;
Morris, 1968).

Reduced intake of feed was usually accompanied by a decline in
growth rate (Dale and Fuller, 1980; Valentia et al. 1980, Kilgour and
Dalton 1983) and such declines should not cccur if the bird was actually
meeting its energy needs for maintenance, growth and production.

Working with swine, an animal noted for its intolerance of extreme
temperatures, Andrews (1957) observed that when the ambient temperature
rose beyond the swine's thermo-neutral zone, the animal reduced feed
intake in order to lower the burden of heat dissipation. This has
mainly been responsible for the reduction in feed intake associated
with long, hot, dry seasons. Reduced feed intake creates for the animal
a deficiency of usuable energy which e ntributed to the slow subsequent
growth rate,

Scott et al., (1947) were some of the first workers to demonstrate
that in chickens high energy rations tended to promote more rapid growth
and better feed conversion than rations of lower energy contents. This
finding has since been supported by other workers (Robertson et al.,
1948; Donaldson et al., 1956; Fuller and Rendon, 1977, Waldroup et al.,
1976; Dale and Fuller, 1980); Working with rats, Forbes et al,,

(19L6a, b,), Carew and Eill (196L) and (Charles, 1980) showed that fats
decreased the heat increment of the diet when fat calories are digested.

Biely and March (1954) and Waibel (1955) reported that the response
to added fat was influenced by the level of protein in the diet and
showed that weight gains of the chicks and turkey poults were more likely,
when the level of protein incorporated in the diet was relatively high.

In their contribution, Rand et al., (1958) were able to demonstrate quite



clearly that inclusion of maize oil in a diet resulted in improvements
in growth, efficiency of protein and energy utilisation and protein
retention. They also postulated that the major oil effects was due
elther to increased efficiency of metabolizable energy utilization,

an improvement in utilization of dietary protein, or the presence of
an unidentified growth factor,

In what was referred to as the "extra caloric" effect of
supplemental fat, Tourchburn and Naber (1966), reported that addition
of fat to turkey diets, improved the utilization of the metabolisable
energy. This report was later confirmed by Jensen et al, (1970) who
were able to show that the calculated metabolizable energy value of
fat could substantially exceed its gross energy. Hurwitz et al. (1980)
found that feeding low energy, high protein diets to turkeys resulted
in higher maintenance requirements, especially at temperatures between
18 and 28 C, The two turkey diets used differed in three major items-—
metabolizable energy, crude protein, and total lipid. These workers
felt anyone of these factors could be responsible for the differences
observed in the maintenance requirements in the diets, Hurwitz et al,
(1980) opined that there may be a reduced feed efficiency with diets
containing excess protein and that, the high fat content of the high -
energy diet may have resulted in an extracaloric effect postulated by
Jensen et al. (1970), thereby minimizing the apparent energy requirement
with the diet. It has been suggested that the extracaloric value of
fat was discernible especially at the region of higher environmental
temperature (Lipstein and Bornmstein, 1975).

Other studies which have enhanced understanding of the more
efficient utilization of the various dietary fats were on the synergistic
effect of fat on the metabolizable value of the diet. This is related

to the absorbability of the fat. Remner and Hill, (1960) demonstrated
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that the degree of unsatwration of fat influenced the rate of its
.abaorption through the gut wall, Thus chicks showed a greater rate

of absorption of corn oil than tallow or lard., This synergism is also
demonstrated when various types of fats are oombinedf Renner and Hill
(1960) and Young (1961) showed that saturated fatty acids like palmitic
(163:0) or stearic (18:0) acids were poorly utilised when fed as free
fatty acids, But:- when fed as intact H.

triglycerides or as a mixture of oleic (18:1) or linoleic (18:2) acids,
absorbability was greatly improved. The workssof Siedler (1955),
Shannon (1971) and recently, Alao and Balnave (1985) support these
findings. These workers utilised tallow and linoleic acid and other
unsaturated fatty acids in their varicus studies.

Through their various studies, Mateos and Sell (1981) provided
a conclusive evidence to show that the "extra caloric" effect of
supplemental fat resulted to a large degree from the reduced rate of
food passage through the gut, This delayed passage increased the overall
digestibility of the diets as well as enhance a synergistic effect
between the saturated and unsaturated fata,

Earlier studies by Fuller and Miora (1973), attempted to
increase voluntary feed consumption of young chickens subjected tc heat
stress by makipulating the diet sc as to reduce its heat increment,
This can be accomplished by replacing carbohydrate calories with fat
calories and by reducing total protein level while maintaining appropriate
levels of critical aminc acids in relation to energy.

This study and others indicated that the heat stressed bird
may have a real problem in consuming enough 21et energy for optimal
growth when fed diets containing high heat increment ingredients,
(Jackson et al., 1969; Leeson and Summers 1976; Fuller and Rendon, 19773
Horani and Sell 1977; Dale and Fuller, 1979; Grinbergen et al., 1982;

Brue and Latshaw 1985),
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Dale and Fuller, (1979) cycled temperatures diurnally (cools
14e1 + 1 to 22,4 + 1 C; hots 2243 + 1 to 33.0 + 1 C) to simulate the
natural conditions, From their results they demonstrated that dietary
fat was of greater value in promoting chick growth under heat stress
conditions than in moderate environments, In another experiment, Dale
and Fuller (1979) showed that reduced feed intake did contribute to the
growth depression associated with high temperatures, A follow up work
by same workers in 1980 showed that broilers held at constant 31 C
environment did not benefit from added fat as oceasioned by poor feed
intake,

More recently research work on dietary fat inclusion has widened
to include studies on ameliorating the diet of heat stressed egg
producing birds, The advantages claimed for such use of high energy
rations are a reduction in the amount of feed consumed per dczen eggs
(H111 et al,, 1956; Frank and Waibel, 1960; Treat et al., 19663 DeGroote,
1972; Kim et al., 1976) and an increase in egg production performance
(Hi11 et al,, 1956; Donaldson and Gordon, 1960; Campos et al., 19603
Wolf et al., 1969; Bolton et al., 19703 Mowbray and Sykes, 19713 de
Andrade et al., 1976, 1977)s Working under experimentally induced high
temperature conditions, Bennion and Warren (1933); Payne, (1966) and
Wilson et al. (1973) had reported decreased egg production and weight
and shell thickness, These changes were naturally accompanied by deoreaded
feed intake,

Working with 13-month old laying hens, to evaluate the net energy
(NE) of tallow and its energetic efficiency of metabolisable energy
(ME) conversion to NE at 18,3 and 35 C, Valencia et al., (1980) found
that ME needs were 20,3/ less at 35 than 18,3 C (104 Ve 130 Keal/kg
physiological body weight), There was a reduction in voluntary intake

of feed at 35 C, resulting in low consumption of ME. The reduced
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maintenance requirement increased the amount of energy available for
egg production at 35 C,

Working with various levels of palm oil sludge (POS) inclusion
rate, in a corn-soy diet, Leong et al., (1982, 1983) found that th>
optimal amount of PUS was 10 with amino acid supplemestations of
Dl-methionine and lysine to give equable performance in feed intaka,
egg production, feed efficiency and egg quality comparable to that of
the econtrol corn-soyabean meal diet,

Reid (1983) reported an evidence to support the feeding of tillow
at levels below L~5% of the diet to produce all the advantages previously
noted by Mateos and Sell (1981). This level of fat inclusion in layer
diet was found to increase energy balance through increased egg output
and Inereased body weight, It alsoc had the benefieclal effect of
stimlating ME intake during periods of either high or low temperatuve,

In their studies, de Andrade et al., (1977) using cyelic temperaturc
(26.7 - 3546 C) and constant temperatures (31 C) demonstrated the overall
ameliorating effect of "High Nutrient Density" (HND - 20 and 25) diet
could have on layer performance., In both environments, they recorded
significant improvements in egg production, feed consumption, egg weight,
body weight and bird livability. The HND-20 and 25 diets were a corn-soy
layers formulation with 20 or 25% more of all nutrients except enevgy
which was increased by 10/, BEven the thyroxine and hematoorit levils,
which levels have been observed by other studies to be depressed by
high ambient temperatures, were shown in these studies toc be highers

in the HND treated groups of birds,
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235 EFFECT OF VARYING THE FROTEIN: ENERGY CONCENTRATIONS ON THE
PRODUCTIVE PERFORMANCE OF HEAT STRESSED BIRDS:

High environmental temperature has been demonstrated to have a
depressive effect on productive parameters of the laying hen. Many
research workers have demonstrated that under a condition of: mild heat
stress, egg production, Bize and shell quality depressions occur while
feed efficiency is improved (Bennion and Warren 19333 Wilson, 1949;
Hutchinscn, 199%; Huston, 1958; Mueller, 1959, 1961; Bragg and Stephenson,
196L; Ahmad et al., 1967; El-Boushy et al., 1968; Bragg et al., 19713
Zimmerman et al., 1972; Miller and Sunde, 1975; de Andrade et al., 1976,
19773 Cowan and Michie, 1980),

Most workers agree that feed intake is inversely related to high
ambient temperatures (Bennion and Warren, 1933; Mueller, 1961; Prince
et al,, 1961; Payne, 1966; Lodhi et al., 1975; de Andrade et al,, 1976;
Wolfenson et al., 1979; Vohra et al., 1979; Emery et al., 1984y, ‘Tuuge
et 2l,, 1984, Egg weight has been widely reported also to be depressed
(Bennion and Warren, 1933; Warren and Schnepel, 194C; Hutchinson, 1953;
Mueller, 1961; Carmon and Huston, 1965; Miller and Sunde, 1975; de Andrade
et al., 19763 Vohra et al., 1979; Wolfenson et al., 1979; Cowan and
Michie, 1980).

Hurwitz et al., (1980) working with both chicks and turkey poults
of both sexes placed in environmental chambers of 12, 19, 28 and 34 C,
demonstrated that between 19 and 34 C, weight gain decreased linearly
with temperature. Feed intake decreased in both sexes over the entire
range of temperatures tested. Feed efficiency (g gain/g feed intake)
increased with temperature to reach a maximum at 2?0 and then decreased
between 27 and 34 C especially in the females, Payne, (1966) estimated

the reduction in feed intake to be 1.6% per degree Celsius temperature
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rise between 17 and 29 C and suggested decreased food consumption was
mainly due to a deecline in energy requirement rather than an effect

of inoreased temperature per se. Hurwitz et al., (1980) also noted that
the maintenance requirement in the laying chicken decreased as
environmental temperature increased to reach a low at 27 C followed by
an increase up to 3, C. They observed that except for the lowest
temperature, 12 C, the maintenance requirement appeared to be higher

for low energy high protein diets than for the high energy diet.

The intake of feed is influenced by its metabolizable energy
(ME) content, It has been suggested that hens tend to eat to satisfy
their energy requirements (NRC, 1977). Earlier research by Titus (1929)
evaluated the gross daily maintenance requirements of laying hens at
6L to 66g. of the feed mixture employed and found that 37 to LOg of
feed was needed to produce an egg. Later, Peterson et al., (1973),
showed that the mature hen obtains more ME from several feed ingredients
than does the growing chick, indicating that the calculated energy
values for laying hen may be considerably lower than actually realized
in feeding.

Although hens do eat to meet their energy needs, they do not
consume feed to meet their protein requirement (Lodhi et al., 1975).
Consequently, a suboptimal level of dietary protein in relation to
energy may become the limiting factor for growth and production in
heat stressed birds,

It is a widely accepted principle of poultry nutrition now that
dietary energy and the essentizl nutrients must be considered as azn
entity when the energy content of the diet is increased (Slaghter and
Waldroup, 1984). There is also an inverse change in the total amount
of feed consumed which will affect the intake of essential nutrients
(Slaghter and Waldroup, 1984). As a result, the calorie —to-protein

ratio of a diet is important for its influence on growth and feed
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conversion, Frapps (1943) determined that when the levels of procuctive
energy were increased in relation to the protein level, live weight

and body fat increased. Hill and Dansky (1956) and Leong et al.,

(1959) showed that as energy levels of diets increased, the percentage
of protein in the diets also had to increase to maintain optimum ;rowth
in broiler chicks. Hutagalung et al. (1980) found birds grew fasier
and had better effioiency of feed conversion on low energy diets vith
increasing dietary prctein. The addition of paimoil in the study
increased the net energy of the diets.

Hurwitz et al., (1980) in the turkey study, reported that feeding
high prctein diet in a hot environment did not overcome the growth
depression. They also reported that the calew.ated amino aied/ki’ocalow’.
dietary requirements for 6 weeks old chickens increased with rising
temperature., Similar findings were made by Denton et al., (1974).

Menge et al., (1979), reported that for turkey hens, best egg productiorn
and largest eggs were laid by hens fed 18y protein diet containin;
2.3Kcal of energy/kg feed,

Valencia et al., (1980), using isocalori: diets, fed five potein
levels (12, 14, 16, 18 and 20%) to hens kept a% 21 or 32 C enviro: meni
and found that estimates of energetic efficiercies at 21 C varied
from 60,9% for the 12} protein diets to 72,LX for the 18% protein. At
32 C, similar diets showed lower energetic officiencies for M&Z cowversic-
to net energy (50.6% for the 12/ protein diet and 70.64 at 20/ protein)
due to lower feed intakes.

Slaghter and Waldroup (1984) recommended the use of tempere ‘ure—
adjusted energy: amino acid ratio as the only valid and feasible neans
of formulating diets to meet the changing nutritional needs of laring
hens, Reid (1976) had concluded that a level of 1L4.6)¥ CP and 2,75 ME

Kcal/g was adequate to support an egg production of 77% at an average
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protein intake of 16.54g/hen/day. Solun and Bunicelu (1968) working
in Rumania had reported a dietary level of 1L protein and 2657 Vi
Keal/kg feed for the best performing birds during the hot swmmer months.

In their contribution, Olomu and Offiong (1983) fed three
protein levels of 16, 18 and 204 and three ME levels of 2400, 2600 and
2800 Keal/kg diet were fed to 24week old layers in hot tropical
environment and monitored eventual egg production. They cbserved that
dietary protein level had nc significant effect on egg Parameters and
hen productive capacity. The highest energy level significantly
depressed egg production as well as feed and protein intakes, Their
study demonstrated that the use of 16 protein and a ME level of 2400
Keal/kg diet was adequate for brown egg-type pullets under hot tropical
conditions, Similar results had been reported by Millar and Smith
(1975) who showed that brown egg type birds not stressed by cage
crowding will do well on 16y protein and 2800 Kecal ME/kg feed. A4lso,
Anyaehie and Obioha (1986) concluded that the nutritive value of the
laying hen's diet is determined mainly by its amino acid composition
and that 16/ CP of an all vegetable diet containing 2.80 xeal ME/kg
feed when supplemented with 0,148/ L-lysine and 0,109% Dl-mcthionine
to supply a total of 0,693/ lysine and 0.615) Methione + cystine levels
would support a relatively satisfactory laying hen performance.

Desai and Khire (1981) found that production tended to increase
as dietary protein increased to 20il, However, Onwudike (1983),
reported that beyond 18 protein no significant effect accured by
further increases in dietary protein., Pearson and Herron (1981),
calculated that a daily protein intake of 19,5g appeared adequate for
laying chickens provided that the essential amino acid concentrations
were maintained in the diet, Voreck and Kirchgessner (1980) alsc

reported that a ME of L60kJ/kg 0.75 daily was adequate to support
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laying performance in hens while Neumann and Kirchgessner (1983), showed
that protein intake of 17.7g or over gave maxirum egg production,

The protein level must provide adequate amounts of the essential
amino aicds to suppowt production at high level (Hill, 1969). In
general, the amino acide most likely to be limiting in practical diets
are methionine and lysine, The INSP (1983) recommended standards for
Middle BEast countries are for lysine Bg/kg feed and for methionine
3.58/kg feed.

Reports on inclusion of lysine and methicnine indicate that lysine
included at 600 to BLOmg/kg feed and methionins at between 330 and
L30mg/kg feed or 600mg/kg feed of methionine + cystine was adequate for
laying bird performance (Weerden and Schutte, 1980; McNaughton et al.,
1980; Schmidthborn and Tanner 1980; Behrends ard Waibel, 1980; Nathaniel

and Sell, 1980; McDonald, 1980),

236 EFFECT OF HIGH ENVIRONMENTAL TEMEE RATURE ON GG SHELL QUALITY:

Egg shell quality is of a major economic importance to the egg
industry. It has been estimated that 6.5 percent of the total egg
produced annually in the United States of America (USA) are lost or
downgraded due to poor shell quality (Keshavars, 1985), When converted
to dollars the staggering anmial figure of about 60 million is involved.
This problem is not just American but in all important egg producing
nations, The figure for the 22 of these natiors is about #66 million
per year (Keshavarz, 1985).

Despite the extensive research done to date in this area, shell
breakage still remains a problem of tremendous concern to egg producers,

The site of egg shell deposition in the hen is the uterus which is
also called the shell gland., The egg ramdiins in the uterus for some

18 - 22hours (Scott et al. 1976). Consequently those factors which
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compel the egg to leave this site of shell deposition earlier than
the natural length will reduce shell quality.

Poor shell quality has been attributed to the hen itself.
Bennion and Warren (1933) and Smith and Oliver (1972) observed that
the decline in egg weight and shell thickness at high temperatures
was partially due to the direct effect of thermal stress on the hen
and not solely due to a reduction in feed intake. This was confirmed
by Emery et al. (1984). Peterson and H/J (1980) concluded that it is
not only the content of calcium in the feed that determines egg shell
quality but that the ability of the laying hen to mobilize bicarbonate
ions is also an important factor in shell formation,

The ability of the older hen to absorb or mobilize calcium from
the bones was assumed to be responsible for the poor shell quality in
the later stage of production cycle of the hen. However, it has been
shown (Roland, 1979) that the aged hens ability to absorb and mobilize
skeletal calcium in the procees of shell calcification was just as good
as that of the young hen, The amount of shell depcasited did not reduce
but remained fairly constant or even increased slightly (Roland et al.,
1975, 1978, 1979). The decline in shell quality was due to the il
continued increase in egg size as laying proceeded., The constant level
of calcium available for depogition over the egg is forced to spread
out judiciously but more thinly over the larpger egg.

In a follow-up work (Roland, 1980) tried unsuccessfully to
manipulate dietary protein, amino acids, energy and calcium to reduce
egg size while maintaining the amcount of shell deposited on the egg.
Petersen et al.(1983) demonstrated that restriction of dietary methionine
effected the required decrease in egg size while increasing shell

quality without any associated decrease in egg production,
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The deleterious effect on feed intake and subsequently on shell
quality of increases in ambient temperature beyond the zone of corfort
for the fowl on feed intake and consequently shell quality, has received
attention of many workers (Warren and Schnepel. 1940; Heywang, 19l 6;
Wilson, 19493 Hutchinson, 1953; Mueller, 1959, 1961; Miller and Sunde,
19753 de Andrade et al., 1976, 19773 Deaton et al., 1981; Emery el al.,
Conversely, low temperature is confirmed to yiell enhanced feed cor sumption
which improved shell quality (Campos et al., 1970; Mueller, 1966; Miller
and Sunde, 1975; de Andrade et al., 19763 de Ar lrade et al., 1977;

Deaton et al., 1981).

In their contribution, Miller and Sunde (1975) used pullet layers
of between 29 and ;2 weeks of age. The birds were housed under scnstant
or cyclic temperature environments which variec from 10 to 37.8 C, The
authors reported that within hours of moving b, ~ds from the cold
environment to the hot environment recording o’ a 50i mortality (two
out of four) and the production of shell-less rggs for several days
were made indicating a major physiolofical char 7e. The birds shoved
a rapid adaptation to the change by a cessatio) of mortality and
renewed production of sound eggs. These worke : felti that the abiupt
adverse effect of the change to the high tempe-ature wny be due t«
the development of respiratory alkalosis and svhsequent compensatcry
renal excretion of calcium bases. They repcrtc1 that both gradual and
abrupt increases in temperature gave immediate declines in shell rigidity,
egg weight and feed consumption, but the effect on egg production was
not markedly noticed over an extended period o:r time, Constant hizgh
temperature (32 C) resulted in lower shell defcrmation than in cyclic
hot temperature (26 - 38 C), but cyclic temperatures geve higher cgg
production records, During the three months e: posure to the experimental
treatments, the proportion of the egg componenwu parts remained unchanged

for birds in the constant temperatures of 10, 21 and 32 C and in cyclic
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temperatures from 26 to 38 C. Bone mineralization remained unaffected
by the treatments, thus indicating a maintenance of hormonal balance
even if at a different level, Also bone depletion did not occur under
the stress of high temperatures and shell formation even though egg
production was maintained,

Deaton et al., (1981) sugzgested that increasing the differences
between day and night temperatures in poultry houses during the swmmer
months may be an effective method of reducing the adverse effect of
high environmental temperatures on shell quality.

Miller and Sunde (1975), in agreeing with Mueller, (1959)
reported that although birds kept in high environmental temperature
consumed less feed and calcium, they retained similar levels of calcium
under normal temperature, In their study both Meyer ct al. (1973) and
de Andrade et al. (1976) agreed that the effects of temperature and diet
on shell thickness and shell nitrogen appear toc be mediated via changes
in the palisade layer of the shell. Meyer et al., (1973) supported
Carter's (1969) findings that the scanning electron micrographs revealed
that most of the changes responsible for difference in shell breaking
strength apparently took place in the palisade layer (Spongy layer)
while the mammillary layer remained approximately constant. It is known
that the mammillary layer contzins most of the nitrogen (Simkiss & Tyler,
19573 Tyler and Simkiss, 1959b). Thus, if the nitrogen and mammillary
layer are constant then it is the changes in the palisade layer that
@ives thickness to the shell structure. In order to ensure higher intake
of all critiocal nutrients for egg production during high temperatures,
de Andrade et al., (1976, 1977) fed high nutrient density diets (D -
20 and HND - 25) to test groups. The trial was successful in increasing
egg production but had no effect on specific gravity, shell thickness or

percent shell,
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de Andrade et al., (1976), showed that the high environmental
temperature actually decreased the amount of true shell in the egg
while increasing the percentage of nitrogen in the shell, but did not
have any signifigant effect on the calcium content of the true shell,
The use of "high nutrient density - 20" diet (HEND-20) resulted in
significant increases in the true shell while significantly reducing
the nitrogen in the true shell, In their subsequent work, de Andrade
et al, (1977), were able to demonstrate that calcium consumption did
not play a role in the effect of high temperature on egg shell, The
birds, in that work, which were fed the HND - 25 diet at 31 C constant
environment consumed significantly more caleium (2.5g/bird/day than
those in the 31 C eyclic environment (2,13 and 2,36g/bird/day for the
control and HND - 25 diet respectively but yet showed lower specific
gravity, The study confirmed that an average environmental temperature
of 31 C, regardless of whether it was constant or cyclic, significantly
decreased shell thickness, The use of HND - 25 diet did not improve
shell thickness, This agreed with the findings of Miller and Sunde
(1975).

Tannor et al. (1984) used 192 SCWL pullets to study the effect
of heat stress and diet composition on feed intake and laying
performance at 21, 25 and 33weeks of age. For each age group, all
birds were fed a control diet (17.1% CP, 2770 Kcal ME/kg) for 7 days.
The birds were kept at a house temperature of 18 C. The house temperature
was abruptly increased to 35 C, and the various groups of birds offered
either the control diet, a high proteindiet (43.5/ CP), a high energy
diet (3371 Kecal ME/kg), or a diet of high nutrient density (28.3/ CP,
2842 Keal ME/kg, and 6.5 Ca) for a 3-day period. After the 3~day test

period, temperature was returned to 18 C. The birds were maintained on
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the experimental diets for L days prior to returning to the control
diet. The authors reported that feed consumption, egg production,
egg weight, and egg shell thickness decreased (P/0.05) with heat 7'
stress, Increases in energy and calcium intake helped partially to
maintain normal egg production, egg weight, and egg shell deformation,
Egg weight and eazz shell deformation returned to pretest levels within

8 - weeks post-experimental period, With the exception of birds
receiving the control and high density diets at 21weeks of age, data
taken during the test period showed that heat stress caused a significant
reduction in the liveweight of the birds.

In conjucticn with heat stress, shell quality is affected by
many nutritional factors. Among them are calcium, (Scott et al., 1977)
phosphorus Scott et al. (1976) sodium (Hill, 1969) potassium chloride
(Mongin, 1968) manganese, (Hill, 1969) vitamin D, (Shen et al. 1981)
and recently Vitamin C (El-Boushy and Van Albado, 1970). Of these
factors calcium is the most important ingredient in the feed to ensure
the perfect egg shell,

Calcium, when fed inadequately produce eggs with inferior shell
quality (Scott et al., 197 )e Hesearch workers agree that a calcium
level of 3.0 to L4/ in the diet and a total phosphorus level of between
0,55 and 0,84 are adequate tc maintain egg weight and maintain shell
quality (Pepper et al., 1961; Kovack, 1977; Garlich 1979; Vest et al.,
1979; El-Boushy and Papadoponles, 1979; Scott et al., 1982). Proportion
of shell increased with increasing calcium in the diet (El-Boushy and
Papadoupolus, 1979; Ousterhout, 1980; Mathur et al., 1982, Ousterhout
(1980) recommended that calcium level be decreased during the early
months of production to maximize early egz weight, then increased as
the hen ages to maximize shell quality by increasing shell weight while

limiting increases in egg weight, . Barton (1979) recommends a 3,25} Ca.
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and 0.4% awailable phosphorus (aF) until 36 to LOweeks and a switch
to 3,5% Ca until 55 to 60weeks of age with a final ration of 3.75
to L% Ca depending on seasonal changes.,

Excess phosphorus level give inferior shell quality (Scott et al.,
1976; Ousterhout, 1980; Hennig et al., 1982). During daily temperatures
of 32 C or more, NRC (1983) recommended 32.5g/kg feed and 5.0gz/kg feed

for calcium and phosphorus respectively for the Middle Eastern eountries.



& Y2-

CHAPTER 3.

EXPERIMENTS.
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. iment 1: Effect if various levels of protein and energy on
the ,xformance of heat stressed laying chickens,

Swumary

One hundred and sixty-two, 29 week old layers were used in a
3 x 3 factorial design to determine the optimal protein - energy
combimation capable of meintaining egg production and egg quality of
laying hens during the hot months in a tropical environmens, Three
protein levels (18, 16 and 14¥ CP) and three energy levels (2800, 2600
and 2400 Keal ME/Kg diet), were combined and fed in nine treatments
with three replicates per treatment, Feed and water were provided
ad libitum, The indoor and outdoor air temperatures were recorded
by a maximum and minimum wall thermometer. The study lasted for
16 weeks,

Results showed that egg production was maintained when diets
with lower energy and protein levels were fed, Hens on 14% CP combined
with 24,00 Kcal., ME/Kg diet gave the best production, This was followed
by hens fed 16% CP with 2600 Kcal, MR 'Kg. diet and 1% CP with 2800Kéal.

ME/Kg diet, Hens on 18% CP diet performed pcorly under the hot climate,

INTRODUCTION:

It is recognised that mild heat stress reduces egg produc’ion,
egg size and egg shell quality while improving feed efficiency (Campos
et al., 1960; Mueller, 1961, 1977)s Earlier research and the works of
Vohra gt al. (1979), Tanor et al, (1984) and Emery et al. (198L) have
shown that feed comsumption is inversely related to environmental
temperature, This deleterious influence of high ambient temperatures
on layer performance is of particular importance to poultry farmers

in the tropics. Decreased feed consumptien is also accompanied by
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decreased body weight at high temperatures (Vilson, 1949; Huston
et al., 19573 Campos gt al., 1960; Mueller, 1961 and Miller and
Sunde, 1975).

Miller and Sunde (1975), reported an incrcase in mortality,
production of shell-less egzs for several days when birds were
moved abruptly into a hot environment. Bray and Gesell (1961)
and Payne (1966 a, b) reported that the effects of constant high
temperatures on ezg production could be minimized by proper
nutritional formulation to provide adequate arino acid intake,

Research workers in the tropics have recommended conflicting
protein: energy levels for optimun egg production of birds in the
tropiecs, Babatunde and Fetuga (1976), and Olomu (1978) recormended
energy level of 2600 Keal ME/kg feed while the former also found
performance superior with 16,: CF for laying ciickens, A higher
level of protein was recormended for the Indin summer with average
indoor temperature of 37.32 C. Sungadi et al. (1975) recommends
18% CP while Chawla et al. (1976) opted for 19%. Aguilera et al,
(1974) found the optimua protein levels to be between 15 and 184,
Scott (1974) suggested that in a hot elinmate an ME level of 24,00
Keal/Kg diet was adequate to give satisfactory production of eggs,
In their study Olomu and Offiong (1983) recowuiended the use of 15/
CP and energy level of 2L00 Keal/Kg diet for the brown egg type 1
layers,

This gtudy is carried out to determine thé best combination
of energy and protein levels that will optimise egg production at
a constant level of other nutrients during th: hot months of the

year in a tropical enviromment,
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gu'¢ MATERTALS AND METHODS:

One hundred and sixty-two Shaver Starrcross “X® Hubbard Goléden
Comet of twenty nine weeks of age were used for this experiment., all
the birds were vent examined tc ensure that they were in lay., The
birds were weighed individually and randomly allocated to cages. Two
of such cages (total 6 birds) constituted a replicate., Three replicates
were randomly selected and assigned one of the nine dietary treatments,
At the end of sixteen weeks, all the surviving birds were weighed and
each weight was recorded as final body weight.

The laying house, situated at the Ahmadu Bello University iarm,
Shika, was the open-sided tropical type, fitted with two-tier battery
cages with feeders and waterers, Each cage had a capacity for three
birds and measured 49 x 35 x L2cm. Flat metal partitioning plates
were inserted in the feeding troughs to separate replicate feeds,
Experimental diets and fresh clean water were provided ad libitum,

No supplementary light was provided, Laying chickens were observed
daily and egg production and mortality records kept. All dead birds
were promptly refered to the Faculty of Veterinary Medicine Diagnostic
Laboratory for examination, Feed intake was measured at the end of
each twenty-eight day period., The temperature of the layer house was
recorded daily through the use of a Maximum Minumum Wall Thermometer
(G.H. Zeal Ltd., London), while the outdoor air temperature and
percent relative humidity readings were supplied daily from the Samaru
weather report of the Institute of Agricultural Research (IAk),

Ahmadu Bello University, Zaria (Fig. 1). Appendix 9, shows the summaries
of temperature data.

A 3 x 3 factorial design comprising of nine dietary treatments
with three protein and three energy levels was used., The protein

levels were 18, 16 and 14 percent crude protein (CP) while the energy



T~ble 2¢ Percentage Composition rnd calculated analyses of diets including oost per 100kg diet -

Experiment 1
S D i e t s - - -
Ingredient 1 2 3 L 5 [ T 8 9
18,2800 1P 2606 18-2400 16-2800 16=2600 “6-2L400 14-280 14=-2600 14=2470

Mrize €1.9  5heb L7.2 85.00 5746 50.3% €8.00  60.60 B3.42
Whe~t ofaal 0,00 1S 19.0 3.50 12.5 21,50 6.50 15.70 24,00
Soy~ bern meal 28,10 26.1 2L .1 21,70 19,9 18,14 15.59 13.70 12.18
Sone meal 2,40 2,40 2,40 2,40 2,40 2.4 2,40 3440 2,80
Limcstone 7.00 6.80 6.70 6.80 7.00 7.00 T.00 T.00 7.00
Selt 0.25 0.25 0,25 0425 0425 0,25 0.25 0.25 0.25
Premix 0,25 0.25 0.25 0.25 0,25 0425 0.25 0.25 0,25
Methionine 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10
Totel 100,000 100,00 100,06 100,00 130,00 100,00 100,00 100,00 10000
Cost of feed per 100kg (%) 63,29 61.9 60,63 58.88 5755 56.32 S4L.47 53.21 52,06

y Colculoted Nutrient Levels

= Crute Protein, % 17.96 17495 17.95 15.98 15.97 15.99 14,00 14.00 14,02

! Met-bolizable Energy,
Kes1/kg. 2803,00  2602,00  2400,00  2805,00 2600,00 2402,00 2803.,00 2600.00 21,02 ,00
O.JHOH.GH: w_m w.m._ uomo wou.w woum WL.«._ w-mm uog uorm u.mm
Phosphorus Total, % 0.79 0462 0,81 0,63 0.73 0.81 0,68 0.7k 0,86
Phosphorus (avail,), % O.LL Oels1 0.38 O.Lly 0.43 0.47 0.43 0.45 0.52
Lycine, % 0,97 0.95 0.30 0.80 0,78 0.78 0.66 0.6 0,75
HMethionine + Cystine, % 0,69 0.68 0,68 0.64 0.67 0461 1.17 0456 0,68

7 The Fremix (ZOODRY 301) furniched the following amounts of other ingredients per kilogram of feed: Vit-min A2, 16676 I.U.
vitemin D3 3350 1,U., vitmin B2 16.675 1.U., menadione sodium bisulfite (vit. K)2, 3.35mg.; vitamin B, 7.5mg, vitamin

wm- 5.0mg3 nicotinic acid, 41.67mg., calecium D-pantothenate, 13,35mg.; vit-min B2, 0,02mg.; vitamin C, 33.35mg., choline
chloride, 33.,50mg, mangancse, 166.675mg,., iron 83,35mg., zinc 66.675mg., copper L,00mg., iodine 2,335mg, cobalt 0.335mg
cnd Selenium, 0,085mg,

2 - Stablized

3 - Besed on 1987 costs.
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levels were 2800, 2600 and 2400 Kecal ME/Kg feed. These energy and
protein levels were cross—classified in the study (Table 2).

The diets were corn-soy based and each feed was analysed for
proximate fraction (dry matter, protein (C¢), ether extract (EE),
crude fibre (CF) and nitrogen free extract (NFE) using appropriate
A.0.A.C. (1970) procedures (Table 3).

Eggs were collected once a day and recordings of whole and
cracked eggs made. On the fifth day of each week (Deaton et al.,
1981) all eggs laid by each replicate were collected, labelled and
quality evaluated. After four of such evaluations, the data were
summarised tc obtaln * the period averages for egg weight, Haugh unit
and shell thickness. Egz weight was measured on a Mettlers H balance
(Model P. 163). Bach egg was broken out at its equator (Keshavarz,
1985) and the height of its albumen and yolk recorded with caliper
No 816. The Haugh Unit Score of the egg was calculated from the

equation (Card and Neisham, 1972):

HU. = 100 log (H + 7.57 = 1.7 W*31) where
H.U. = Haugh unit score

H = (bserved albumen height

W = C(Ubserved egg weight in grams,

The eggs were sun-dried for three days (Miller and Sunde, 1975) and
shell thickness measured at each egg's point of largest circumference
(equator) with a Pocket Thickness Measure Micrometer (Ames, Waltham,
Massachusetts).

The parameters studied were intitial body weight, hen-day ecgg
production, feed intake, feed per kg egg, feed per dozen egg, cost
of feed per kg egg, cost of kg feed per treatment, egg weight, shell
thickness, Haugh unit score, percent cracked eggs, mortality and
final body weight.
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Data collected in the trial were summarized and subjected to
analysis of variance, Means of variables with significant treatment
differences were further partitioned using Duncan's Multiple Range

Test (Duncan, 1955).

LiT.  RESULTS:

EXPERIMENT I:

The results obtained from this study are summarised in Tables
3 to 6, Figures 1 and 2 and Appendices 1 to 7.
Ambient Environmental Temperature: Table l, Rigures 1 and 2, sunmarise
the results of the four 28-day period environmental temperatures (C)
and relative humidity (/) for the period of study. The maximum indoor
period temperatures ranged between 39.26 and 34,88 C, while the
minimum period indoor temperature fluctuated around 23.94 and 21.43 C,
The hottest period was the second period while the Lth period was the
coolest, From period 3 rainfall was recorded in Samaru and this
increased the average relative humidities for periods 3 and 4 while not
affecting the minimum and maximum air temperatures.
Egg Production: The summaries of treatment means for the average egg
production (hen-day) is shown in Table 5§, From the results hens on
Treatment 9, that is 1Lt CP and 2400 Keal ME/kg feed (14-2L00) and
Treatment 5 (16 - 2600) produced significantly (P/0.05) more eggs than
hens in the other treatment groups except treatment 7 (14-2800), Birds
fed diets containing 18 CP (Treatments 1, 2 and 3) produced the least
number of eggs as production from treatments 2 and 3 was significantly
(P/0.05) different from the production from treatments 5, 7 and 9,
When the treatment means were further partitioned into protein energy
main effects (Table 6), the results showed that the group of hens on
1L% CP gave the highest (£/0.05) egg production which was however not

significantly (P/0.05) higher thas birds fed 16% CP. The hens on 18CP
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T-tie 3: Proximate chenic-l rm-lysis of the vorious diets — Experiment 1

- -

Picts Dry Matter Grile Protoin | Etner Ewtroct Jrude Fibre Witrosen Free Extract
(%) <) (%) (%) )
1 90,00 15421 2 .66 3.y T5a7
2 90,08 18,52 2.58 - L.16 70L.Th
3 90,05 15,16 2.62 ) L.69 - Tha63
i 90,07 18,17 2.75 -~ 3.40 77.68
-5 90,10 15.29 2.73 3.56 7742
G 90,19 16,09 3,99 L.8C 75412
7 90,10 L.21 2.9 .53 75.36
& 90,05 13,98 3,11 h.Cé 75,85
o 56,1 11,02 2.85 k.70 : 7843

o -
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T-tle 4+ PrRIOD gyMMiRIES O TR TEMPERATURES ANT RFL:TIVE HUMIDITY FOR PURICD OF EXFFRIMENT -
EXPERIMFNT 1

211 T <1 TDREC, ©

P —

e ROL 5703 EOIILITY, ¥
Dut Yoor In Zoor
MMWwom nﬂwwmmv Max r.:wuhw Mean Max Min HMeom e M
i (¥ reh-ipril
12, 1987) 36.43  21.6L 29,04 38,07 23,09  25.58  233.0 16 .93
' 2.( pril-May 11,
o 1907) 36,15 TIL36 0 29,26 39.26 23.9h  31.6 2h15 9.93
'Y
' 2 (Fry 12 = June )
S 1987) 33.21 24,82 27.52 36,52 23,45 29,99  59.25  L6.50
h (Juwe 10 - July
By 1987) 30.6L  29.04  25.84  3L.88 2143 25,16  79.L0 61,15
- . .
“guivelent to 28 days
2x5y termp ronges for laying tirds: 12-24 C-Range of ide=l temperature for l-yins hens
25=30 C-Reduced cge size, thin shells, decrcrsced egg go&»oﬂ Pantbng " -

begins

above 30C-Panger of heat prostration. Incrconing heat stress
(Ref): El—~Boushy apd Raterink, 1905,



Fige. 17 WESKLY INDOOR AND OUTDOOR AIR TEMPERATURSS (C) FOR  PEITIOD OF EXPERIMENT 1.
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FIG. 23 COMPARISON OF AMBIENT TEMPERATURES (C)
BETWEEN 1938 T0 1986 Vs 1987,
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Tetle 5: Treatment meins of the effect of feeding different protein : Energy rotios to laying Hems' —~ Epxeriment 1
) Protein level 10% CP 165 CF
Enerzy, Level, Keal ME/ - lige P
ey, Level, Kea

kg 2800 2600 2800 2600 21,00 2600 2600 24,00 SEMZ
Treatment 1 2 L 5 & 7 8 9
lieasurement

Hen day Producti % .36° 26C .53be a w . ab
1 Hen day Production, % 57.3 ; 53.26 57.53 £6 131 58.75%¢  €3,94 £8.91¢ g7 008 > 52
Lvercge Bge Wi., g 5Q.00% 50,602  L9,15% 0.19% 0.09% 2 o i .
SR DI OBD ST RR B 08 0 BE us o

vy - a a, hu.r 100 e .U ad ’ *
Shell Thickness, mm 0,398 ohg®  0.107 0T o6 ou22”  03%% 0B o389 o0,00m
Crocked Egas, % 2,30 0.40 0.50 1.90 1.10 3:k0 3.20 3.30 -
Doily Feed intake, g 98.83°  100,03° 113.83% 91.17% 106.03° 96.9°° 100,07° 107.93%  g6.97° - 95
A o t 1. . a , : o

Feedf/ke Eeg, ke 31 338 3den 3 odag® 39t 56t T 2.89° o0t
Focd/doz. Bee, kg 2,02 2,03%¢ 2,08 2,08%° 1,98°% 1.91°1  2,32° 22677 4 78 0,006k
Cost of Feedfkg Fgg, ¥ 21137 2,097 2,07 p,0120  1,90%c  1.B0° 2,41 2,00 q1.e@ o oeed

. . . - Jh. .. - I ' . ﬂ.J . i+ ; o _1 » . [ ] L] -
Daily Frotein Intake, g 17«7 16 46TEC  ap L<7 uMumwmmw Am.mqow 35, 50008 Ar.oﬁm% nm.aqnnmw 13.57% 0016
Deily Frergy intake, + -y - b | e oo

~ : £ - el It :
Kecl ME/ke 275,707 280,17 31847 237,00 275,700 251.9%  ZHOYT o og5.0%  ppp f 45y
EncrgysFrotein Intake . -
R-tio Am.mm«wo 16,77 16.25  17.34 16.25 17,15 17.15 17,10 -
Fincl Body Weight, Kg  1.79777 1,878 * 4 g93% 1,813%° | giab 1,867 qqabe 4 gqbe 1.68° 0,001}

] - - . . .,_

Mert-lity, % 5.56 11,11 11,1 5.56 .56 5 .56 22,2 11,11 -

1; Meens within each row with different superscript vary significantly (P/3,05)

2. Stoandard error of memns for trestments.
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T-ble 6;: Main effect mc'ns of fue ing different protein : energy
combinations to loyirg hensl = Experiment 1

p— - e —

- -

Frnergy, (Ke2l ME/ky Feed) —icvclg of
Mensurement _ . 2800 2600 24,00 SEM signific-nce
Heneday production, % 55461 59,532 59,76 1,284 N3 IS
Avercge Egg weight, g l._-i“!.f-"9'q"1 49.89" £0.21" 0.557 s
Err she}l thickness, mm 0.402™ 0.422% 0.LoLP 0.0049 P
Hrugh unit score, mm 82427 83,06% 82 .12 0,853 NG
Cracked Eggs, % 24 1.33 2.17 - -
L 2

Drily feed intake, g 96 469 104,67  102.57% 2,78 s
Feed/ke egrs, kg 355" 3.48% 3 AT 0.,0149
Fecd/dozen egws, kg 2.13“ 2.09% q,f)oh 0,049k *
Cost of Feed/kg egg, ¥ 2,08% 2 ,00% 1.79% 0.0L9L e
Daily protein intake, g 15.46% 15.88“b 16,527 0,356 NS
Drily energy intnke, Keal, ¥+ b -

251 428 271460  267.66° 2,698 s
Fuergy : Protein Intake '
rtio 16,25 17.10 16 .20 - -
Finel body weighk, ke L8 18 1.9 0.0263 N
Mortality, % Tk 12,96 5,56 - -

Frotein, (%) Level of
- si/mificance|
10U 16 12& SEM

Hen-day production, % 56 oL 60,902 63.358 1.28 Ng
Averoge ege weight, g 50 4187 50,64~ L49.162 0,557 ns
B shell thickness 0.1416> 0.416% 0,396  0.00L49 *
Hough unit score, mm N 82 .0,4* 82,982 0.853 N3
Cracked eges, % 1.8 _ 13 4 3¢3 | - -
Dnily feed intake, g 104 423 98,03" 101,66% 2.78 Sy
Feed/kg eggs, kg 3.39% 3.307 3.512 0.0149 NS
Fecd/dozen egss, ki 2,037 1,98° 2.10 0,049 NS
copt of feed/kg egr, M 2,102 1,90V 1.87P 0,049l st
Dnily protein intake, g 18,312 15.32h 1h.32b 0,356 NS
Dnily energy intake, N bo .
Keal ME/kg 291,72 25L4,87° 243,95 2.698 4
Energy: Protein intake
rtio 5 oGl 16 .64 17.14 -~ -
Fincl body weight, kg 1;76" 1.8,42 1 .71b 0.,0253 e

Mort~1ity, % 5.56 ¢ Q 12 6 - -
1 o v

Me~ns within each row in e ch mrin effect with different superscript very
significardly,
2 * (p[0,05
#k gp 0.01;
e (P/0,001)
NS = Non-sigmificant
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performed the least and the difference was significant (P/0.05)
from those on feed containing 1, and 16 CP. The energy effect had
no significant (P 0.05) effect among treatments on egg production,
The best combinations of protein and energy level were 14% CP and
2400 Keals Mifkg feed and 16% CP and 2600 Keals ME/kg feed while the
poorest were the diets containing 18% CP, that is 18 - 2600 and

18 - 2400.

Dally Feed Intake: The results for the average daily feed intake are

summarized in Table 5. These results show that there were highly
gignificant (PZQ.OO1) differences among the dietary itreatmentz. Hens

on Treatment 3 (18 - 24L00), congumed the most feed which was highly
significant (P/0.05) from that of the other treatment groups, Hens

on Treatment I, (16 -~ 2800) consumed the least feed which was
significantly (Ré0.0S) different from the feed intake of other treatment
groups, Partitioning the results into protein and energy main effects
(Table 6) showed that hens on 2600 and 2400 Kcal ME/kg feed levels of
energy had the highest intakes which was highly significant (B/0.00%)
from the intake of birds fed 2800Kcals ME/kg feed., The protein effect
showed that hens on 18 and 143% CP consumed more (P/0.001) feed than those
on the 16% CP. It must be noted from Table S that at the 18% CP level,
feed intake increased as energy level decreased and this dilference

was significant at the 2400 Kcal ME/kg level. For groups on 1éﬁ CcP
diet, feed intake inereased (P/0.05) as energy level decreased from

2800 (Treatment L) to 2600 Kcals MB/kg (Treatment 5). Subsequently

as the energy level was further dropped to 2400 Keal/kg feed

(Treatment 6) a significant reduction in feed intake was noted, though
this was still significantly (P/0.05) higher than at 2800 Keal Mi/kg

feed,



Efficiency of Feed Conversion: Treatment 7 (14-2800) resulted in

the poorest efficiency of feed conversion (Kg feed per Kg egg)
(Table 5), which was significantly (P/0.05) different from the other
treatments, The feeding of Treatment 9 (14 - 2400) gave the best
utilisation of feed for egg production which was significantly
(P/0,05) better than in the other treatment groups, The analysis

of treatment means into energy and protein main effects showed a
non-significant (P 0.05) Effect all the treatments., Hegarding {g
feed per dozen eggs, diets 9, 8 and 5 needed the least feed to

produced a dozen eggsa

Egg Weightt Data in Table 5 show that treatment 7 resulted in
significantly (P/0.05) lighter eggs than from the rest of the other
treatment groups. There was no significant (P 0.05) difference
recorded among the other treatment groups for egg weight, The protein
and energy effect on egg weight was not significant (P 0.05) among

the treatment groups (Table 6).

Haugh Unit Score: There was no significant (P 0.05) difference
among all the treatment groups (Table L).
The protein and energy effects likewise were non-significant

(P 0.05).

Egg Shell Thickness: Treatment 2 (18 - 2600) gave the thickest
egg shell for the study which was highly significant (E[p.01) from
the averages recorded for the other treatment groups (Table 5).
Treatment 9 (14 - 2800) produced eggs with the thinnest shells, Only

a few eggs showed cracks,

Daily Protein and Energy Intakes Hens on Treatment 3 (18 - 2400)
consumed significantly (P/0.05) higher protein than birds in the

other treatment groups (Table 5). This was followed by Treatments

1 (18 - 2800) and 2 (18 - 2600), The least protein was consumed by
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hens on Treatment 9 {14 = 2,,00) which consumption was slgnificantly
(P/0.05) lower than the other ireatment groups. The energy intake

was highest for Treatment 3 (18-2400) which was significantly (B/0.05)
different from the other treatments, This was followed by Treatments
2, 1 and § (16 ~ 2600) which had a significant (P/0.05) difference

from Treatments 8 (14 - 2600) and 6 (16 ~ 2600). The protein and
energy main effects showed thut hens fed the 18% (Pate the most protein
and energy while those on 145 (P congumed the least {Table 6). Jor
energy effect, hens on 2400 Keal ME/kg feed consumed more protein

and energy than those on 2800 and 2600Keal ME/kg feed. On the basis

of energy: protein ratios it was evident that the 1% CP diets 7, 8, 9)
and diet 5 (16 - 2600) gave the highest energy per unit protein
consumed. It is also relevant tc note that the 14% CP diets produced

more eggs than the 187 CP diets (P/0.05) and 16% CP diets (P 0.05),

Initial Body Weight: The randommess with which the hens were allotted

to each treatment created an unequal initial body weight in this trial.

The average initlal weight for the birds was 1.54 kg

Final Body Weights Result in Table 5 shows that hens on Treatment

9 had the lightest body weight while Treatment & resulted in the
heaviest birds. This difference in welght was significant (RZD.OS).

The protein effect on dietary treatments shows that birds on 16% CP were
heavier (P/0.01) than birds on 18 and 14% CP (Table 6), There was no
difference (P 0.05) recorded for energy effect on body weight, From
these results it could be seen that birds on diet 9 as the lightest
birds would have the least maintenance requirement and thus would
utillse more of its feed intake for production, Data show this to be
true,

Mortality: The highest mortality was effected by Treatment 8 (Tahle 5).

No deaths occurred in Treatment 3, Partitioning mortality into energy
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and protein effects show that a combination of 14% CP and 2600 Keal

ME/kg feed resulted in the highest death rate followed by Treatment
5 {16 - 2600}, 2 (18 - 2600) and 9(1L - 24,00). The causes of deaths

were unrelated to the study.

Cost of Feed per Kz figns: Treatment 9 produced significantly (£/0,05)
cheaper feed for egg production than the cost per egg yield of other
treatments {Table 5)., This was followed by the feed cost for Treatment |
6 which was also significantly (P[Q.OS) different from other groups.

The most expensive feed for egg production was regorded in Treatment

1 and this was significantly (BZQ.OS) dif ferent from Treatments 5, 6

and 9 but not from all the ctherz, The protein and energy main effects
in Table 6 ghow that the mest expensive feed 1s formed from a combination
of 184 CP and 2800 Kecal/kg feed while the cheapest feed resulted from

combining 1L% CP and 24,00 Keal MEfkg feed,

DISCUSS ION:

EXPERIMENT 13

| The main objective of this study was to compare the combination
of various protein and cnergy levels and determine the best combination
that would enable a heat-stressed laying chicken lay optimally in 2
tropical environment, From the results in Table 3 and Pigure 2, 1if
wasg obvious that Zaria, recorded the hottest and driest month of May
in SOyears. There was no doubt that the hens were highly stressed by
the high abient envircrmental temperature as panting and wing lifting
to dissipate heat were frequently observed despite the supply of adequate
cool drinking water. DBoth of these mechanisms require‘expenditure of
energy resulting in generally higher feéd conversion ratio in heat
stressed chickens (Dale and Fuller, 1980).

Birds under high heat situations respond ty decreasing feed intake

(Emmans 197&). Az a consequence, there is a consensus that heat-stressed
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laying birds should be fed diets with high coneentrations of nutrieunts
to provide a high level of dietary protein and energy (de Andrade et al.,
1976, 1977; Deaton et al., 1981). 'Thig practice ensurcs the uptake of
enough nutrients for optimum metabolic performance., From the results
of this study (Table 5) it is evident that the diet containing 14l CP
and 2400Keals ME per kg feed stimulated the most egg production. 'The
heat-gtreased hens utilized efficiently the lowest level of protein and
energy in the study for the optimum egg production partitioning their
ME more effectively into maintenance and productive funetions. Thus
the superiocrity in egg production shown by hens on the lowest protein
and energy (14 - 24,00) diet in the study was due mainly to greater
efficiency in the utilization of protein and metabolizable energy since
the heat increment levels at this protein-energy combinaticn must have
been the lowest.

Chalwa et al. (1976) recommended a protein level of 18.5% and an
ME level of 2780 Keal/kg feed for summer feeding of birds in the tropirr
This study does not agree with the findings of Chalwa et al. (1976},

From Table §, it im also evident that the energy: protein iutake
ratio for the three dietary treatments that stimulated highest egy
production, (Treatments 9, 5 and 7), have higher ratios of 17.1L, 17.34
and 17.15 respectively, than did all the other dietary treatment ;roups
except Tre;tment 8. It does seem therefore that the diets with higher
Intakes of energy : protein ratio had relatively low protein intskes
but appropriate and commensurate energy intake to facilitate egg
production,

The partitioning of the results for feed intake into energy and
protein main effects (Table 6) showed that there was a highly signifie-
(P/0.001) interaction between dietary energy level and feed intake., At
an ME level of 2,00 Keal/kg feed, the hens consumed 102.57¢ of the feed

daily and 10L4.67g/day at 2600keal Mi/kg feed, Hdowever, a further
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increase of ME level to 2800 Keal/kg significantly (B/0.001) depressed
feed intake to 98.69g/day. This is in agreement with the findings of
Vohra et al., (1979) and Tepor st al. (1984) who also noted that their
hens could not eat much of the high nutrient density diet (CP = 28,3%).
In this study, the highest protein level was well tclerated by hens as
their consumption of the 134 CP diets indicated. There was a linear
increase in feed intake as energy level decreased (Table §5).

The efficiency of feed cunversion results in Tables 5 and 6 show
that the amount of feed required to preduce a kilogram of eggs decreased
as energy level decreased (P/0.05), This agrees with the findings of
McNaughton et al. (1977). The dietary protein however, had little effect
on feed efficiency. Similar effects of protein on feed efficiency were
also reported by Menge et al. (1979). The hens on Treatment 9 (14-2400)
had the lowest feed utilisation efficiency of 1,74 kg feed per dozen
eges. The same hens had the ligtest body weight and produced the most
eggs. A relationship could be drawn here that being smaller sized, the
maintenance energy requirement of these hens would be much lower than
for the heavier hens fed the other dietary treatments.

An increase in dietary protein from 14 to 18% promoted a non-
significant (P 0,05) increase in egg weight (Table §). The protein
effect showed the 16 CP gave better egg weights than the 18% CP
(Table 6). However, the difference was not significant., This agrees
with the findings of Holand (1980), Egg weight decreased when dietary
energy was increased irrespective of protein level, This is in
agreement with the findings of Menge et al. (1979). Although the weight
of eggs for the hens fed 14 CP decreased non significantly as the
energy level increased, agreeing with Menge et al. (1979) reports, the
egg welght, in this study generally decreased as dietary energy

inereased from 2400 to 2800 keal (Table 6). Menge et al. (1979) also
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recorded similar decrease in egg weight as the dietary energy level
increased from 2.8 to 3.3 Mcal, For the 18} CP diets, (Treatments

1, 2 and 3), egg weights decreased as the energy level decreased from
2800 to 2400 kecal ME/kg feed.

The Haugh Unit Score for albumen quality was relatively constiant
among the different treatments (Table 5). The energy effect on protein
intake increased with decreasing energy l-vel from 2800 to 2400 Ke2l
ME/kg while the protein effect stimulated a positive linear effect on
protein intake (Table 6). Protein intake increased as dietary protein
increased from 14 to 18). CP. This agrees with the observation of
Keshavarz (1984). Hens on Treatment 3 (18 = 2400) consumed the most
protein, had the lowest protein : energy ratio and had one of the lowest
levels in egg production in the etmdy,.

There was a negative linear effect of level of protein on mc.ia) i+
Hens on 18% CP generally showed the highest livability Treatment
3 (18 = 2400) had no mortality by the end of the experimental period,

It is evident that in hot months of the year, it is expedient
to feed laying birds diets low in energy. From this study diets
containing a combination of 1LY CP and 2100 Keals ME/kg feed or 16/

CP and 2600 Kecals Mi/kg allowed adequate feed, and energy s proteia
intakes with efficient and high egg production thus making them

economically feasible combinations to use under the conditions dzrcoribc”

w EXPERIMENT II: Effect of feeding various levels of vitamin C

(ascorbic acid) to heat stressed hens:

Summarys
Seventy-two, 33 week old laying hens were used for this 20 weeks
experiment to determine the effect of ascorbic acid on the performance
of hens during the hot season. Three graded levels of ascorbie acid

were added to an isonitrogenous and isocalorie control diet to make
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four dietary treatments containing O, 200, LOO and 600mg ascorbic
acid/kg feed, Fach treatment was fed to theee replicates, TFeed
and water were provided ad libltum and no artificial light was lmposed,
Indoor and outdeoor temperatures were monitoered with maximum and
minimum thermometers,

The resultas of the experiment showed improved (PZQ.OS) hen
performance with ingreases in level of dietary ascorbic aeid. However,
the atudy showed that the optimal and most economic level of dietary

ascorbic ncid inclusion rate was L00ng/kg diet for the period of the

gtudy.

YS%o¥  INTRODUCTION:

Pmmans (1974) stated that the diminishing energy requirements
for maintenance as air temperatures increased was responsible for the
reduced intake of feed generally associated with high environmental
temperatures. The reduced intake of essential nutrients which I+ Jyo
accompanied this phencmenon has been found to deprees egg production
(Tamor et al., 1984), ege weight (Miller and Sunde, 1975); ege shell
thickness (ElBoushy and Van .lbado 1970) body weight (Valencia et al.,
1980) and rate of growth (Dale and Fuller, 1980), Therefore a diet
formulated to provide all the necessary nutrients for productive
efficlency at a low environmental temperature becomes less adequate
ag temperature rises,

Ascorbic acid (idi) has been characterized as a non-essential
component of poultry ration as ii{ can be intrinsically synthesized
by the chicken (Carrick and Hauge, 1925). Recently low blood levels
of ascorbic acid has becn implicated in the poor performance of heat-
stressed birds as the presence of ascorbic acid in the blocd serum

depresses the level of corticosterone production (Schmeling and
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Wockela, 1978) during heat stress {Worth, 1980),

Perek and Kendler (1963) ghowed that dufing conditiong of
environmental heat stress the capaclty of birds to synthesise ascorbic
acid is disturbed. Increases in egg production (Peebles and Brake,
1980) shell thickness (lil-Boushy and Van Albtado, 1970), egg weight
(Lazar et al., 1983), feed intake (Thorten and Moreng, 1959) and
improved livability (Perek and Xendler; 1963) have been reported
with ascorbic acid supplementation in the bhasal diet.

This study waos therefore undertaken to determine the effeet of
ascorbic acid on the performance of laying hene during the hot, dry

geagon of the Savamnah belt of Nigeria,

“+’e  MATERTALS AND METHODS:

Seventy - two 33 weeks old Shaver Starrcross 579 x Hubbard
Golden Comet laying hens were used for this study., The birds were
randomly selected, weighed and placed individually in battery cages.
Three of such birds were located in a cage which measured h9 x 35 x
L2 em, Two of such cages coustituted a replicate, while three
randomly selected replicates were fed one of four dietary treatmunts,
The temperature of the laying tropical half-wall house was monitored
daily with a maximm wall thermometer (Casella London 375780) and a
minimum wall thermometer (Casella London 37629 C).

Four isonitrogencus and isocaloriec corn-soyabean based dletary
treatments were formulated (vide Table 7)., Diet 1 served as the
control and was devold of supplemental ascorbic acid. Diets 2, 3 and
L, were supplemented with 200, 400 and 600mg of ascorbic acid
(Hoffman=La Roche) respectively per kg of feed. Bach feed was analyzco
for proximate fractions namely dry matter (DM), crude protein (CP),

ether extract {EE), crude fibre (CF), and by difference, nitrogen free,
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T-1lc 7: Percentage Composi
Experiment 2

ion end Calculated analyses of diets inclulin-

I

ost per 100kg diet -

o P I e % )
: 5 3 " B

Mrize D - X 85,00 62,00 CTTTEEL60 o
Vheet offal 3450 4.50 3.50 3.50
Soyr besnl me=l 21,70 21.70 21.70 21,70
Dicileium Fhosphate 1420 1.20 1,20 1.20
Lirestone ¢.00 8,00 8,00 .00
selt 1 Q.25 0.25 0.25 C.25
Trepix C.25 0 0.25 0,2
Methionine C.10 jnwm 0.1 Cq10
Vitrmin C . 0,02 0,0l —eeen. b,06
Pabry R 140,00 100,00 100,00 100,00
Coat of feed/100ks, (**) 59,91 60,31 60,17 61,17
“rlculoted Nutrient Levels:

Crude protein, % 15,082

Met~tclizatle Bnergy,Klecl/kir 2805

C-lcium, % 3.38

Thospherus (Totnl) &) 0.59 Ditto

ivrilnble Fhosphorus, i: 0.36

Lysine, % 0.91

Jcthionine + Cystine, 60 0,63 R
1 The Premix (ZOODRY 301) su.:licé the following per kiloeram of diet: Vit~min hm. 16675 1.U.,

2 © iy a2 . . St T
vitomin D 3 3340 I,U., vit min E, 16,675 1.U,, Men~dione sodium trisulfite (vit, X)%, ©¥2L. 4

3¢35mg, vitamin mm. Te5m7.; vit min Bg 5.0mg, mocotinic acid, 41.,675mg, c~leiim Depantothenate,
13.35m&., vitamin mam 0e02m ey vit-rmin C, 33,35mg, choline chloride, 333.50ng, mongenese, 166.675mg.,

iren, 83,35mg., zinc 65.675m:, corper, L.OOmg., iodine, 2.335mg., cot=lt 0,335cs., rnd salenium,

& tmmnw....lu
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extract (NFE); using the approprate AOAC (1970) procedures (Table 8)
Water and feed were provided ad libitum but no supplementary lighting
was provided.

Eggs were collected daily and parameters studied and analyzed
for are as described in Experiment 1., The study lasted 20weeks of
five 28-day periods. At the end of the study, data collected were
summarized and analysis of wvariance as well as Duncan’s Multiple

Range Test was applied (Duncan, 1995).

ko'l  EXPERIMENT 2: Hesults:

The results obtained from this study are summarized in Table
S, 7 and 8 and Appendices 8 to 11,

Ambient Environmental Temperature: A summary of the air temperature

(C) for outdoor and indoor envircnments and the relative humidity

(%) for the five 2B-day pericd of this study is listed in Table 8,

The range of the indcor ambient maximum air temperatures was between
39.15 and 31,80 C, The outdoor maximum temperatures fluctuated between
37.2 and 29,7 C. The highest indoor maximum temperature cccurred
during the second period of the s tudy. There was an increase recorded
in the percent relative humidity owing to the on-set of the rains in
the third period. The lowest maximum indoor air temperature occurred
during the 5th period, During most of the study periods the birds
were observed to be panting or have their wings spread out in order

to dissipate heat.

Egg Froduction: The mean performance for the entire five 2B8-day
periods for hen-day production (%) is given in Table 8, The result

in Table 9 shows that hen—day produetion improved significantly
(P/0.05) with ascorbic acid supplementation., Treatment 2 supplemented
with 200mg ascorbic acid per kg feed produced significantly more eggs

than the control (Omg ascorbic acid), Further supplementation to LOOmg
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T-tlc Proximate chenicrl rmrlysis of the verious diefs -~ Epveriment 2,
Diet Iry Matter Crute protein Bther Extr-ct Crude Fibre Nilrogen Free
(%) e %) (43) Tortor ot (3)
1 9C.25 16,82 2,72 3.4C 7706
2 90,08 15,76 2,80 3.57 76 .85
3 9G.20 12.91 2.75 3.39 76.93
L 90.18 12,74 2.67 3.63 TE.96




T-tle 9: Period? SUMUIRITS 07 ;IR TFVMPER'TURES /ND RFLATIVE HUMIDITY FOR ™"RTOM OF mqﬁuHmmu -

! SRR
f PER MY i d?
AR THMPER . VL. RELATIVE HCDITY, &
Cut Door = = In Door
Tiriod Max Min Yiern Max Min Meon AM =i

1 6.0 21.16  20.93  36.07  23.09  30.88  35.16  17.67
2 37.18 22,93 3C.06 39.15 26,22 32,69 20,82 .50
33.57 21,15 2736 35.95 22.8% 294 67 .14 Libis 48

\

, L 31.04 0.39 25.72 3L43kL 19.11 26,73 7357 B%a72
< g 29,69 19,96 L B3 31.6C 19,72 25.76 81.15 67.62
|

-
" - . |

roth experiments cond ctoeld untcr the same environment
-
“unuivolent to 28 days

ensuremente commenced 1841 M-rch =nd ended 318t July 19867,
thOde the thermo=-neutr-l zone for laying heuns

mdwﬁm.ﬁ of death by he~t prostr-tion
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T15le 103 Effect of Vitamin O (-scertic ecid) Supnlementetion on performence of l-vin~ hens during the het
sesgor - DExperiocrnt 2.

.. . . _Measurcments L
pobe Dietery ey . |
No  jscorhic 2R 9% Eep Haugh Shell  Crocked- Peed Feed/ Teeo/s ®ost of i
v Ty ; 2/ 8 (s . Final
Leid LU et Unit Thick~ Bgrs WIatzke . Drilw Dzily 2 ]
o . ; . - £ dozen fe: m\wm b o Rod Mort-1i ¢
(me/ ke mu.ua (&) {rm) mem ) (e/day) Eeg egg  Eoo () Wﬁu}m ) Hmwmﬂ ﬁmwww.n ki
feed) e (ke)  (ke) mww T (Kerl (ke)
Mo/ ke)
1 - 50,01 L9.14P 91.122 0,3857 21,0 103,26F 3,90% 2 a £ gt Lo oG
qur Nomr \“tomm wﬂﬁ.qm 1 ommm. 11,11
i T - .
2 200 57.93%  L8.92% §9.69% 02,399 1.3 106.08%F 3982 2.27° 2,36 4g.o70
, _ 3475 3 15377 275,8% 4. 11,11
i ot o
00 61,137 50,38" ! g :
o 3k P08 90307 0,027 0.7 106.0220 3,26 19L° 2.03% 16377 pggb ®
. . 11,11
! Y ab o an’ n *
L 600 GLLTE™  b9.95™7 93,80% Q.3807 g7 109,807 t b b — 2
A m.wm Nlo.m ..NQAA Aaom.ﬂ Nmmomt .ﬁo.ﬂmm.e .m.mos_x_
Sl . . 7 . . . ., -
g2 1.220 0,351 1,682 2,000 - 0.00167 0.10% 3.0652 0,0671 0,2058  L.376 G.0LOS -

-

Means within ¢ ch column with different superscript very siemificantly (F/0.05)
2 Stmndard exex of nezns for trestnout.
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ascorbie acid {Preatment 3) resulted in significant increase in epgg
producticn. Supplementation to 600mg ascorbic acid per kg feed

produced a non~-significant (P 0.05) increase.

Feed Intake: Average daily feed intake for the experiment are shown
in Table 9. Hens on Treatment } (600mg ascorbic Acid V consumed
the most feed, 109.8g/day, which was significantly (P/0.05) more than
the amount eaten by hens on Treatment 1, the control geg birds on

Treatments 2 (106,08¢) and 3 (106,02g).

Efficiency of Feed Conversion: From Table 9 the results show that the

group of hens on Treatments 3 and L had similar efficiencies of feed
conversion (Kg feed/kg egg = Kg Feed/doz. egg) which were significantly
(E[D.OE) better than for the hens on either Treatment 2 or 1, The
efficlencies of feed convergion for Treatments 1 and 2 did not vary
significantly (P 0.05). The efficiency of feed utilisation for
Treatment 1 hens which was the lowest for the study was 3.901 while

Treatment 3 with the highest conversion ratic was 3.237.

Cogt_of Peed/Kg Npg: Table 9 shows that Treatment 3 (LOOmg AeA). lwd

the lowest cogting for feed per kg. egg. This was followed by Treatment
L which had a price that was statistically (¢ 0.05) at par with the
price of Treatment 3. Treatment 1 and 2 at #2.34 and ﬂ2.36/kg eRgs
respectively were non-significantly (¥ 0.05) similar but costlier
(P/0.05) than Treatments 3 and } with thelr 2,03 and ¥2.12/keg Eggs

respectively.

Tgg Weights 4Analysis of data on egg weight (Table 9) show that the
feeding of Treatment 3 resulted in egge with the heaviest welght,
£2.38gm in this study. This was followed by Treatments L and 1
respectively. IEgg weight was the same for Treatments 3 and L {P 0.05),
Treatment 3 was however, significantly (P/0.05) different from all the

other treatments, The other treatments had nor-significant difference
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among them, It has to be indilcated that lower than normel egg weights
were obtained becauge the exporiments started right after the hens
came into lay and several eggs collected would have depressed the

treatment averagess

Shell Thickness: Table 9 indicates that no significant difference

(P 0.05) existed among the various treatments for egg shell thickness,
The higheat average egg shell measurement were obtained from Treatment

3 (0.403mm),

HBaugh Unit Score: Treatment | had the highest Haugh Unit Score for

albumen height and quality of 93.80mm (Table 9). Treatument 2 gave
the lowest gcore of 89,69mm. There was no significant difference

(P 0.05) among diets for this parameter.

Cracked Bggs: The results for crasked eggs (Table 9} show a linear

trend. Treatment 1, had the highest oracked egzs (21%) in the study,
This was followed by Treatment 2 at 14.3%, then Treatments 3 and L
respectively., Though these figures were not analysed, the trend was

ocnsistent over the five 28-day periods,

Daily Protein and Fnergy Intake: Treatment [} hens consumed more

(»/0.05) protein and energy (17.57g and 285.6 Keal ME/kg) than any
other treatment group (Table 9). This was followed by Treatments 2,
and 3 which were gimilar. Treatment 1 consumed the least protein and
energy, 16.5g and 268.5 Kecal ME/kg feed respectively. This was

significantly (E/0.05) lower than the consumption rates for the treatmente

Pinal Body Weight: Feeding of Treatment 1 resulted in hens with the

lightest boedy weight, 1.65kg, while Treatment ! produaed the heaviest
hens 1.72kg in the study, There was no significant difference {(P/0.05)

among the treatment groups for body weight.
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Mortality: 41l treatments recorded the same level of deaths.

DISCUSSION:

EXPERIMENT 2:

The results for bhoth ocutdoor and indcor amblent enviromental
temperature establish without doubt that the mnaximum temperatures
which prevailed during the period of this study were well over the
thermo neutral zonc for the chicken (El-Boushy and Raterink, 1985);
There was no doubt of its effect on the experimental hens., They were
highly heat-gtressed. Franting and wing=lifting to dissipate body heat
were observed most of the day among the hens. BSuch mechanism te relieve
body heat occurs at the expense of metabelic energy resulting in
generally higher feed conversion ratice for heat-stressed chickens
(Dale and Fuller 1980), Sunde and Miller {1975) stated that the high
ambient envirommental temperature could lead to development of respira-
tory alkalomis and subsequent compensatory renal exeretion of calcium.

Ascorbic acid (dﬁ) at 211 levels of supplementation atimulated
increases in egg production which were statistically (P/£0.05) different
from the performance of the control group {Treatment I)., This agrees
with the improved egg production reported by Perek and Kendler (1963)
and Oluyemi and Adebanjo (1979} when experimental hens were fed aseorbic
acid supplemented diets of 25 to LOOmg ascorbic acid/kg diet. Increases
in egg production were about 7, 13 and 20% over control for diets
supplemented with 200, LOQ and 600mg ascorbic acid/kg feed respectively.
Increasing the ascorbic aecid level from [00mg/kg diet (Treatment 3)
to 600mg/ke diet (Treatment !) increased egg production but non-signifi-
cantly (P 0,05) from 61.13% to 64.784.

At 40O and 600mg ascorbic acid/kg diet (Treatments 3 and L
respectively) heavier eggs were recorded which was statistically

significant (P/0.05)} at the LOOmg ascorbic acid/kg diet. Perek and
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Kendler (1963) and Lazar et 2l. (1983) got similar responses wazh up

to LOOmg ascorbio acid/kg diet was fed in their studies, Haugh Unit
Score, shell thickness and final hody weight were statistically
unaffected (P 0.05) by the use of ascorbic acid im this study.

However, there was a tendency for the aseorbic acid treated groups of
hen to lay eggs with thicker shells and to exhibit heavier body welght
than the control group. 8imilar cbservations were reported by El-Boushy
and Van Albada (1970), Ketchick and Sykes (197L) and lLazar et al. (1983).
The hens in Treatment 3 which laid the heaviest eggs alsc exhibited the
thickest-shelled egzs in the study.

4 negative linear effect (310.001) on number of cracked eggs
recorded was elicited in this experiment with increases in ascorbic
acid levels. Ascorbic acid supplementation reduced the incidence of
egg eracks from 14 in Treatment 1 to 6.7% in Treatment L, a reduction
of over 66/, Ketchick and Sykes (1974) and Pandey et al. (1975)
obgsexrved that ascorbic acid-treated birds produced epgs with lesse cracks
than did the untreated group,

Ascorbic acid supplementation at all levels significantly improved
feed intake, effsclency of feed utilization, daily protein and energy
Intake of the heat-stressed hens. Although the protein: energy ratio
derived from the protein and ensrgy intake were numerically the same
for all the treatment groups, the birds fed ascorbic acid suvplemented
dlets utilized the diets more efficiently. This greater efficiency
may be attributable to the ability of ascorbic acid to ameliorate +the
effect of the stress therefore enabling the birds to preduce
sufficiently well under the hot condition. PFeed ¢onsumption was
glgnificantly (P/0.05) increased at the 600mg ascorbic acid/kg diet
supplemented diet, though the value was not signifieantly (¥ 0.05)

different for all the ascorbic acid supplemented diets. In their various
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studies, Ketchick and Sykes (197L) and Oluyemi and Adebanjo (1979)
observed a similar effect of improved feed consumption when 300mg
ascorbic acid was added to one kg of diet fed to hens. Oluyenl and
Adebanjo (1979) stated that the inecreased feed intake associated with
the treatments appeared to have been used for egg formation than for
improving egg quality. 'This assertion is corroborated by results

presented in Table 9 because though there seemed to be improvement in
the Haugh Unit Score and shell thickness, the values recorded were nct
significantly different among treatments (P 0,05),

The efficiency of feed conversion for the treatments show that
the birds whose diets were supplemented with higher levels of ascorbic
acid (Treatments 3 and L) were significantly (P/0.05) more efficient at
utilizing feed for productive purposes th=B either the hens in the
control group or those fed diete containing amly 200mg ascorbic acid/
kg feed. Still the 200mg ascorbic acid/kg hens had a lower (P 0,05)
feed efficiency value than the controls.

Mortality and final body weight were unaffected by treatment,
though the birds fed ascorbic acid were non-significantly heavier at
the end of the experiment,

A consideration of the economies of producing a kilogram of egg
shows that despite the additional cost of ascorbic acid supplementation
the hens utilised the ascorbic acid-supplemented feed so well that the
cost of producing a Kg egg was lower (E[p.OS) for the diets containing
LOO or 600mg ascorbic acid/ke feed than for the control and 200mg
ascorbic acid/kg feed group. From the results of this study, it is .
evident that supplementation of ascorbic acid at 40Omg ascorbic acid
level per kg of feed is economical and recommended during the hot months

of the year in dry hot tropical environments.
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Experiment IT1: Effect of feeding ~ - . . vitamin C

{I—ascorbic acid) and palmoil on the performahce

of hent siressed laying chickenss

Suliary:

Seventy~two, 33 week old layers were used to study the effect
of dietary supplementation <f ascorbic acid, prlmeoil or a combination
of both in the diet of laying hens during the hot aecason of the tropical
year. The birds were randomly allocated to four dietary treatments
with three replicates per treatment, The four dietary treatments each
contained 16% CP and 2780Kcal ME/Kg diet. Treatment 1 served as a
maize ~ soyabean meal aontrol diet, Treatment 2 contained 200mg ascorblc
acid/Kg diet, while Treatment 3 had 5 palm oll supplementation.
Treatment } was supplemented with 200mg ascorbic acid/Kg diet and BYY
palm oil. Feed and water were offered ad libitum. Ko artificial 1ight
was loposed., Both the indoor and ocutdoor air temperatures were
monitored on maximwr and minimun thermometcrs.

The use of ascorbic ncid alone (Treatment 2) improved the hen
day egg production, shell thickness and feed utilization. Treatment [
3 significantly (¥/0.05) improved egg production and weight, feed
intake and efficiency, cost of feed/kg egs and livability but not
shell thickness. DTreatment & gave synergistic effects (P/0.05) in
hen day produstion, egeg welght, shell thicknesa, feed intake, efficiency

of feed conversion, coat of feed per Kg egeg and final body weight.

INTRODUCTIONS

The effects of high seasonal temperature on the egg producing
bird affects most of its production parameters. Depression of feed
intake which is generally acccnpaniadby loss of body weight has been

reported (Wilson, 1949; Huston ¢t al., 1957; Campos et al., 1960 and
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Mueller, 1961)., BEgg production is decreased (Bemnnion and Warren,
19333 Robinson and Lee, 19463 Wilson, 1949, Mueller, 1961; Miller

and Sunde, 1975; de andrade et al., 1976, 1977). Egg weight is

reported depressed (Bennion and Warren, 1933; Mueller, 19613 Miller

and Sunde, 1975; de andrade et al., 1976, 1977). Birds also lay eggs
with thinner shells (Warren and Sehnepel, 1940; Mueller, 19613 Harriaon
and Biellier 1969; de indrade ot al., 1976, 1977; Deaton et al., 1981).

Payne (1966) reported that the adverse effects of a constant
high envirommental tempermture could be minimized when suitable dietary
modifications were made. The work of de aindrade gt al., (1976, 1977)
demonstrated that a high nutrient density diet improved both the
weight of eggs as well as increased the rate of egg production during
the pericds of heat stress when compared to the performance of birds
on regular diet.

Perek and Kendler (1963) reported significant increases in egg
production when graded levels of ascorbic acid (4)k) were added to
layers mash. Thorton and Moreng (1953), reported improvement in egg
shell quality with aasorbic ncid supplementation in the feed, However,
a follow up work by Thorton (1960) failed to report any beneficial
response with ascorbic acid dietary supplementation, probable due to
the low inclusion rate of asccrbic(&cid Ling/kz dieﬂa

Under conditions of hea* stress Dale and Fuller (1980) showed
that some of the possible benefits of utilizing high levels of fat in
poultry diet were increased intake of feed and improved growth. Mateos
and Sell (1981) reported that an “extra-caloric" effest in improved
layer performance, was stimulated when combinations of animal fat and
soy bean oil were supplemented tc the basal diet of laying hens.
Suggestions have been made that the extracaloric value of fat is
discernible, especially at the higher region of environmental

temperature (Lipstein and Bormstein, 1975).
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In order tc investigate the amelicrative effect of dietary
supplementation of palm oil and amsorbie acid in the performance of
the heat stressed egg laying bird, this study was condueted during

the hottest months of the Savannah region of Nigeria. E

MATERIALS 4ND METHODS:

Seventy-two 33 week old Shaver Starrcross 579 x Hubbard Golden
Comet laying hens were uged for this study. The birds were randomly
gelected, weighed and placed individually in battery cages. ¥ach caje
measured 49 x 35 x 42em and held three hens. Two of such cages formed
a replicate while three randowmly selected replicates constituted a
treatment and were fed one of the four dietary ftreatments. The laying
house loeated at the fthmadu Bello University Farm, was the tropiecal
half-wall type. The indocr temperature of the laying house was monitored
daily with a maximum wall thermometer (Casella London 375780) and é
minimum wall thermometer {Casella London 37629 C).

Four isonitrogencus and isoecaloric corn-soyabean based diets were
formulated (Table 9)., Diet 1 was the control while diet 2 was supplemented
with 200mg Ascorbic acid/Kg feed {Hoffman - La Roche). To diet 3 was
added 5,0 percent palm oil while diet 6 was gupplemented with 200mg ascorbie
acid/kg feed as well as 57 palm oil, idach feed was analyzed for proximate
fractions namely, dry matter (DM}, crude protein (CP), ether extract (EE),
crude fibre (CF), and by difference nitrogen free extract (NFE), using
the appropriate A0LC (1970) procedures (Appendix ¥I). Water and feed were
provided ad libitum., Ko supplementary light was used in the study.

When daily collections of egge were made, all investigations and

production parmmeters studied were similar to that of Fxperiments T and II.
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P-tle 14 - Percentage comporiticon ~omd caleulated analyses of diets with cost ver 100kg diet .
Emxeriment 3.
— D i -

Inevedient 3 2 3 L
Mrize &1,00 6L1.,00 0,30 50,30
Toctoffal L.60 5,58 13.90 13.50
Soyobean neal 21.60 21.60 12.00 21,00
Tone menl 2 .h0 2.4h0 2,40 2.1
Lincstone &.80 6.80 6.2 6.50
Pronix ¢.25 0,25 0,25 0.25
Methionine 8,10 G.10 0,10 0,10
Tcir eil - - 5.00 5.00
Vitemin C - c.02 - 0,00
Totol, W TTE,00 160,00 100,00 106,00
Cott of feed/100kg, () 55491 €2.30 67.6L 650k
Celculrted Nutrient Levols
Crite Froteinm, 5 15.0L 16 .0k 16.04L 1€.0L

grule Fibre z Bt 2.87 3.50 2,50
?n&m owuwodwm Baer
Kord & 2780 2780 2780 2750
onu.ou.FJu .mm s 20, 2,38 3,38 3.38 3,38
Thosphorus Aeoamwu. y £.59 C.59 0,59 0,59
Av~il-ble Phosphorus, % 0,36 0.36 0.36 0.36
Lysine, O C.9 0,91 0.91 0.1
Ilcthionine + Cystine, 7% C.63 C.63 0,63 0.63

Ythe Premix (ZCOTRY 301) sw:-licd the following per kilogrem of dict: Vitr-min . 2, 16675 1,0,
16,675 I.U,, menadione sodium bisulfite A¢p& k)2, 3.35ma
vitrmin By, 7,5mgs vitamin D5y 5.0mgy nicothinic acid, L41.675mgs calcium D-prntothenrte, 13.,35me;
vitrmin Pyo 0,02mg.s vit-uin €, 33.35mg.3 choline chloride, 333.50mg.: mangencoe, 166.675ng;

Vitrmin dmm__ 3350 1,7,, viimo

in B,

el L R

LR

iren 83,3%ng.; Zinc 65,6757 oodﬁmwn 4.00mg,; iodine 2,335mg.; cobzlt, 0.335ry; cnd selenium, 0,8%5ng,.

3tehitized
wtwmmm on 1987 costs
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The study lasted 20wecks of five 28-day periods. 411 data
collected at the end of the gtudy period were summarized and analysis

of variance as well as Duncans Multiple Range Test applied.{(IDuncan, 1985).

EXFERIMENT 3: RESULTS:

The results derived from this study are shown in Tables 8, 12

and Appendices 8, 12 to 1L.

Ambient Environmental Temperature: The ambient environmental temperature

recordings are Summarized on Table 8. The summary of the period
temperature show that the highest indoor and outdoor maximum temperatures
of 39.15 and 37.18 C respectively occurred during the second periocd of
the study. With the onset of the raina in the third period, the percent
relative humidity exhibited a sharp rise from 27.82% in the second pericd
to 67.14% in the third period for the morning reccrdings affecting the
air temperatures, The indoor and cutdoor environments declined to 31,8
and 29,7 C respectively by the fifth period of the experiment, The birds
showed obvious signs of heat stress as panting and wing lifting were

cbgerved most of the time.

Hen ~ day Production: The average c¢gg production data for the study

period are indicated in Table 12, These results show that Treatment
L with 200mg ascorbic acid  3» + S 0il, produced the most eggs
(68.34%). This was statisticaily (p 0.05) similar to the production
performance of Treatment 3 with 5§/ oil but no ascorbic acid. Both
Treatments 3 and L had significantly (B/0.05) more egg yield than

Treatments 1, the control, and 2 with 200mg ascorbic acid only.

Feed Intake: The average feed intake for the various treatment groups
are summarised in Table 12, it an average daily feed intake of 107,08¢,
hens on Treatment 3 consumed the most feed which was statistically

(P 0.05) the same as the congsumption rate of Treatments 2 and L hens



T~ble 12 « Preximate chouiia~]l sueiveie of the varicud diets - Bxperimont 3.

Dicts Dry Motter Crale Fretein Ether Dxtract *®rude Fitre Tiirogen Freoe
(%) ) () (%) Txtreot (%)
i 90,C9 - 18,52 2,74 3.49 76.65
! o . .,1838 - 18,89 2.74 3.49 76,88
o £
]
I 2 85.63 12.9¢C 3.50 L.0g 75.51

L 65.63 1CLB7 3.61 ko t7 75435




- 81 -

- "
-

Tabae dw. Effect of feeding Paln oil rnd Vitamin C (ascorbic acid) supplement~tion on performance of hens during
hot seasons! = Expcriment 3,

Trt. Level Level

Shell
Thick-
ness

(mm)

Cracked

Eges

(%)

Protien MSmHm%
Esrs )
(e/22y) (ory

Protein Final MO
Enerey  Dody all

Ratio we, ox

(kg)

Hen-day
of of Produce
P~lm Ascorbic tion %
0il ¥ Leid !
ng/ke
1 - - 5L ,01%
2 - 200 57.,90"
W _\ua - mrt‘wmnﬂ
I 5.0 200 68,382
SELiE o7

52 48

53,05%
V.41

wiar w2t e

0,389tc

0.3982F

0.384°

0.L0s?

AR oo, IR RSO 1O

0,005

14.0

Le2

b §

0,0019 0,127

16,25 1.65% 44,

e

6.25 1.72% 11,
16,25 1,77 o,

16,25 1,80%
Se

J

Mesns within each colurm with 2iferent superscript vary significantly (B/0.05)

2

S%-n'~xl error of means for tre tment

o
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but different (P£0.05) from Treatment 1.

Efficiency of Feed Conversion: Treatment L resulted in the highest

feed utilization ratio for the two efficiency parameters measured,

Kg feed/kg eggs and Feedf/dozen eggs (Table 12), The Kg feed/kg egas

ratio for Treatment L was significantly (P/0.05) higher than for the

other treatments., Treatment 3 which followed had a significantly
(2/0.05) lower efficiency than Treatment L but was higher (B£0.05)

than those for Treatments 1 and 2, Treatments 1 and 2 did not differ

significantly (F 0.05). also significantly (P/0.05) more feed was

required by Treatments 1 and 2 to produce a dozen of eggs than Treatments

3 and | which did not vary significantly (P 0.05).

Cogt of Fee Bezss As shown in Table 12 the feeding of hens with
Treatment L gave the lowest value in costing of feed per kg eggs

(#1.95) which was significantly (2/0.05) lower than that from Treatments
1y 2 and 3. The most expensive feed for egg yield came from feeding

Treatment 2 diet.

Weight: Eggs from hens fed Treatment L and 3 with 53,05 and 52,48g
weights respectively produced the heaviest eggs. Both were statistically
at par (P 0,05) between themsclves, but were different (EZQ.OS) from

the average egg weights recorled for Treatments 1 and 2.

Shell Thickness: Results in Table 12 on shell thickness show Treatment
L to have the highest average egg shell thickness (0.405mm), It was
significantly (P 0.05) at par with the shell thickness measures from
Treatment 2 but different (B/0,05) from Treatment 1 ana 3 Treatments 1

and 3 were non-significantly (F 0.05) different.

Cracked Eggs: It was evident from the results shown in Table 12 that
supplementation of the control diet (Treatment 1) with oil or ascorbic

acid alone or in combination reduced the incidence of oracked eggs.
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The least value of L.2{ was recorded for dieti3 as against 21% for

the control.

Daily Protein and Energy Intake: Table 12 shows that the protein

intake of the hens was above 16z in each treatment and the values

did not vary among themselves, HDWEVErFE$£§¥§f§%tO daily energy intake
the least energy intake was 268,5 Keal 48 which was significantly
(£0.05) lower than the intake in Treatment 3 where 5% Palm oil was
included in the diet, The values for Treatment 2 and lj were non~-signi-
ficantly (P 0,05) higher than Treatment 1 and less than Treatment 3.

The protein : energy intake ratio was 16.25 for all the treatments,

Final Body Weight: There was no statistically significant (P/0.05)
difference among the treatment groups for body weight gain. However,

Treatment 3 gave the heaviest hens, 1.8kg while Treatment 1 had the
lightest body weights, 1.65kgz.

Mortality: Table 12 indicates that hens on Treatment 3 had the best

livability, with no deaths., Treatment } followed with 5.56% while
Eﬁigz?egygg1 ig% 2 had 11,11, deaths.

EXPERIMENT 3: DISCUSSION:

Both the indoor and the cutdoor environmental temperatures
recorded during the entire period of this study were beyond the thermo
neutral zone for the laying bird. The indoor maximum temperature of
39.15 C was a factor of heat stress for the hens, The panting and wing
lifting observed during the period of the experiment was evidence that
the hens were undergeing a major physiological stress, Such contimuous
state of panting could lead to a development of respiratory alkalosis
which Miller and Sunde (1975) explained led to subsequent compensatory
renal excretion of cgloium bases with its subsequent effect on the shell

quality of eggs produced by the hen under heat stress,



w Bl

It is observed from the results of this experiment (Table 12)
that the supplementation of 200mg ascorbic acid/kg feed (Treatment 2)
or with 5% palm oil (Treatmenr 3) to layers mash during periods of
heat stress does stimulate performance in laying hens. Such improved
performance during heat stress conditions were earlier reported by
Peebles and Brake (1985) on ascorbie acid (#A) effect and by Valencia
et al. (1980) on inclusion of 5 oil to hen diet. Although the use of
200mg ascorbic acid/kg diet did not significantly differ from the control
diet in egg production, yet it did ellecit improved egg numers. The use
of 5% oil gave a significant (¥/0.05) increase in hen-day production which
agrees with the findings of de sndrade et al. (1976, 1977) and Cunningham
and Morrison (1977).

There was a significant increase in ege weight by the feeding of
% ©il in comparison to the control treatment in this experiment,
Treat et al. (1960) and Kondre et al, (1968) reported that the inclusion
of fat to layer diet increased egg weight. de andrade et al, (1976)
felt that the increase in egg weight recorded in their study resulted
from the addition of soybean cil and not from additional protein,

Ascorbic acid inclusion alone in this experiment effect non-
significant improvement in egz shell thickness. El-Boushy and Van
Albado (1970) had obtained significant increases in shell thickness in
their study. Inclusion of §) palm cil alone in Treatment 3 did not
elicit such an effect. The lack of effect of dietary palu oil
supplementation on ghell thickness confirms the results of de Andrade
et al, (1976, 1977) which showed that the use of high nutrient density
diets had no effect on improving eggz shell thickness laid by Neat-stressed
hens. However, the number of cracked eggs from this study were least

from the feeding of 5) palm oil, That ascorbic acid also reduced the
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number of cracked eggs supports the findings of Thorton and Moreng
(1958).

Feed consumption was improved by ineluding either ascorbic
acid or palm cil in the diets. Although the effect recorded for
feed ingested when ascorbic acid was supplemented was statistically
similar to that of the control group, it showed an increment (P 0,05),
Significantly improved feed consumption has been reported by Thorton
and Moreng (1958). The feeding of palm oil significantly improved
feed intake among the test hens. Dale and Fuller {1979) cbserving
same inoreases in feed intake from their heat-stressed birds felt
that added fat may improve the physical characteristics and palatability
of the diet to an extent which promotes increased feed consumption,
Sunde (1956) felt that the improved palatability of diets containing
fat may also have been a contributing factor in the better performance
of birds receiving supplemental fat,

Ascorbic acid supplementation at 200mg/kg diet did not stimulate
significant improvements in feed utilization (feed/kg eggs or Feed/
dozen eggs). The improvements were statistically similar (P 0,05)
but slightly better than for the controls. On the other hand, there
was a highly significant reduction in the amount of feed necessary to
produce a Kg. of eggs with the 0il treatment (Treatment 3), This
corroborates earlier works by Cunningham and Morrison (1977) and de
Andrade ;& al. (1976, 1977). Cunningham and Morrison (1977) observed
this to be due to the lower metabolic cost associated with digestion,
reduced requirement and lowered metabolie c05522a1¥§t§§§5§°naedea in
egg formation while the higher caloric density of dietary fat have
been suggested as factors relating to the improved productive efficiency
noted in birds fed the fat supplemented laying diets.

The increasee recorded in feed intake in the study for both

the ascorbic acid and the oil treatments reflect also in the daily
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consumption of protein and energy. The birds irrespective of type

of treatment had the same energy: protein ratio, This supports the
findings of Donaldson and Gordon (1960) and Bragg et al. (1973) that
no trend was demonstrated in increased daily caloric intake by laying
hens fed diets varying in dietary fat from 1 to Bl

Despite the very high ambient environmental temperature of this
study and the threat of death from heat prostration, mortality was not
recorded in this study among the birds fed the diet containing 5%
palm oil only (Treatment 3), This supports the findings of de Andrade
et al. (1977) that the use of high nutrient density diets significantly
improved livability.

When the 200mg ascorbic acid/Kg diet and 5% palm oil were both
added to the diet (Treatment ;) and fed, there was an apparent synergism
recorded in the performance of the hens. The study recorded significant
improvements for nearly all the parameters studied (Table 12), Such
synergism was possible as ascorbic acid is involved in the formation
of T-alpha~hydroxy-chclesterol and of carnitine from lysine and methionine
(Klob, 1987). The compound 7-alpha-hydroxy-cholesterol is necessary for
the formation of bile acids, Bile acids emulsify fat for absorption,
Carnitine is important in the transportation of long chain fatty acids,
as found in palmoil, into the mitochondria. This effect of ascorbic
acld will therefore enhance the utilization of the palmoil, Mateos and
Sell (1980) had reported that a synergism occurred also between saturated
and unsaturated fatty acids which enhanced the utilisation of the lipid
portion of the diet when they fed layer diet containing starch and a
combination of animal fat and soybean oil to¢ hens, The superior
performance shown by the hens on combined ascorbic acid and oil
supplementation (Treatment }) could be attributed to the slowing down

in the rate of passage of the feed through the intestine. This allowed
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for better nutrient absorption. Tuckey et al, (1958) reported a
reduced rate of passage with yellow grease while Mateos and 8ell (1981)
showed that this decrease in rate of passage was responsible for the
"extra-caloric" effect of supplemental fat, This resulted in ME values
for fat near or in excess of its gross energy (Reid, 1983).

The low heat increment effect of fat reported by Fuller and Rendon
(1977) was indicated to be responsible for the "extra-caloric" effect of
fat {Charles, 1980), Less heat is generated when fat calories are
digested (i.e. lower heat increment) resulting in lower body temperature
and an increase in productive energy.

Vitamin C is classified as an antistress vitamin (Roche, 1987)
useful when birds are subjected to the stress of adverse temperatures
(Pardue and Thaxton, 1986)s. It is also known to reduce the level of
corticosterone in the plasma of heat stressed birds (8chmeling and Nockles,
1976)s North (1980) had explained that birds with low levels of
corticostercne were more docile, grew faster and attained heavier weights,
had better feed efficiencies, less carcass fat, lower heart rate, produced
more and larger eggs, showed a lower resistance to bacterial disease
through decreased antibody production, but showed a higher resistance to
many viral infecticns and responded better to some vaccinations,

It is evident from this experiment that while addition of palmoil
or ascorbic acid would actually enhance the performance of heat-stressed
laying chickens, a combination of both factors would make for highly

dignificant improvements indeed beyond the effect of either fed alone,

CONCLUSIONs

Payne (1966) had stated that the adverse effects of a constant
high environmental temperature could be minimized when suitable dietary
modifications were made, From the results of the various feeding trials

carried out in this study it was whown in Experiment 1 that heat stressed
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birds performed best when dlets with low levels of crude protein and
energy were fed, Diets § (14 - 2400) stimulated the highest egg yield

as well as improved other productive performance of the heat-stressed hen.
Thie was followed by the feeding of Diet 5, 16/ CP and 2600 Kcal MB/kg
feed and by feedinz Diet 7 (14 - 2800), Earlier, Olomu and Offionz

(1983) had stated that under tropical environments, as envisaged hore,
brown egg laying hens would perform well on a low energy level of 2400
Keal ME/kg feed and 16/ CPy The results of this study agree with this,

Experiment 1 also revealed that under heat stress conditions,
high levels of dietary protein of 18% CP and high energy level of 2800
Keal ME (Table 5) depressed (P/0.05) the productive performance of hens,

Experiment 2 confirmed that the supplementation of ascorbic acid
at LOOmg ascorbie acld/kg feed promoted increased feed intake and
efficiency as well as eugg production during the hot months of the year
in a tropieal environment,

Experiment 3 emphasised the ameliorative effect of palm oil on
heat-stressed hens, From the experiment, it was obvious that the
supplementation of the basal diet with 5% palmoil stimulated significant
(P/0,05) inoreases in productive performance in the test hens, This
agrees with previous reports of the "extra calorie" effedt of dietary
oil (Mateos and Sell 1981).

When both 54 palmoil and 200mg ascorbic acid/kg feed were added
to the basal diet, a spnergistic response resulted, The birds demonstrat..
highly significant (¥/_0.01) improvements in all parameters measured in
the experiment,

It can therefore be concluded that during periods of heat stress
in the Savannah belt of Nigeria, the best oombinations of protein and
energy to attain optimal productive performance from the hen, are 1L,  CF
combined with 2400 Keal ME/kg feed, 16% BP combined with 2600 Keal Mi/kg
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feed and 14 CP combined with 2800 Keal ME/kg feed, Also the addition
and

of ascorbic acidépalm 0il supplements to effect higher increases in all

productive meamurements in the heat stressed laying hen is highly

economical and feasible as revealed by this study.

-
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“rrendix 1z Weekly ond Poriod” Summaries of Air Temperatures and Rel-tive Humitity for
Period of Experiment March to July 1987 =~ Experiment 1,

— -

Air Ternez- ture C(Outdoor) Relative Humidity

P.riod Weeks? Max Min Mean AM M Max ¥in Mean
1 36.0 2243 13.57 38,57  21.1h 36,8k  23.86  14.96

2 35,29 23,7 11.58 51.29 28,57 3€.79 2L.T1 12,08

1 3 36,57 19,71 1€ .86 19.0 5.29 3€.71 21,580 15.21
L 37.87 20.71 17.15 2L 12,11 35,93 22,29 17.64
4 36.43 21 6L 1L.79 33.25 16,93 8.07 23,05 14.98

5 35.43 2200 13.L3 8.L3 B.14 39.1L 25.6L 13.5

6 32,29 23400 9429 7429 8.29 37.20 24,10 1341

2 7 35443 21.43 17.00 35.0 11.14 0.1 22 L0 17.7

8 38,43 23400 15.43 L5.86 12,14 L0 6 23,60 17.0

X 36415 22,36 13.79 24,15 9493 39,26 2345k 15433

9 38,1L 23.71 18,43 51.86 21.29 h0.93 24,00 16.93

3 11 28,00 2043 T.57 8L .00 67.71 33,07 23,29 9,78
12 33,00 2171 11.29 7L .00 51.14 35.14 22,93 2,21

X 33.2 21.82 11439 69.2 16,50 36.52 2345 13.0

13 31.57 21,71 9.86 70.29 55.86 35,36 22 4L3 12,93

1k 30,57 21.29 9.28 75 43 60,29 35,29 21,71 13,58

L 15 30,00 20,L3 9457 768,90 66.29 3L.71 20,71 14..00
16 30.1:3 20,71 9,72 7730 62.1L © 3L 20,86 13,28
) X 30,64 __21.0L 9,61 75.48 61,15 34.88 21,43 13.45

-

le reriod equivelent t:o 20 d-
2, Weekly measurement comucnced 15th March and ended 10th of July 1987.
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Appendix 2: Average Hend-y Lo Production, (%) -~ Experiment 1

Feriocds Keplicate  Diet 1 Diet 2 Diet 3 Diet L4 Diet 5 Diet & wwm¢ 7 mew § Diet 9
1 5743 57.43 6,28 L2472 63.43 53415 Lk W57 63,43 57 .13

2 54,00 LE,.85 62,57 57.43 60,00 52,28 h3,72 5, .85 67.72

1 3 7 36,85 o3.14 52,28 61437 53.15 52,28 53.15 59.13 58.74
X b33 £2.14 59,71 56.28 58.86 2.57 116,86 59.15 61,14

1 7284 67.72 58,28 18.85 54 .85 65. 14 51,13 58,26 68,57

2 61,72 60,00 66,00 54 .00 78.85 67.72 £).,28 £3,43 69,00

P 3 k.00 BT.L3 65.32 57.43 54,00 62,57 56,57 60,85 69.43
.m 62,51 61,72 €3.14 53.L47 62.57 65.15 57.43 60.86 69,00

1 65.15 50,00 67.72 b9 L9 67.39 58.28 L7.15 62.32 63.43

2 55.72 5L.é5 62.57 46.93 74,57 58,28 5L..85 66 .0C 5,36

3 3 52.28  53.15 67,72 S5.72 60,22 55.07 51,43 S8.63 6L.72
X 57.72 55,16 66.00 50.71 67.39 . 57,22 51,14 62,32 62,51

1 61,72 £9,15 65.15 1,43 76.82 55.28 52,28 45,36 76,08

2 5572 £5.50 66.85 53.57 71.15 53.15 66,00 69.92 72,86

L 3 60.85 57.32 £8.57 53,15 82.50 70.72 5,22 gl,,22 79.30
X 5952 57,32 66.86 52,72 7€ B2 €0,72 27,50 £2.70 76,08

X 57.36 57.59  63.9L  53.29 66.41 £8.92 53.23  58.76 67.19
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Lprendix 3:  Aversge d-ily P:.d Intake, (g) - Epxeriment 1.
Tirioss Replicate Dict 1 Dict 2 Diet 3 Diet Diet §  Diet & Diet 7  Diet B Dict 9
1 83.6  35.11 113,5 67.7 127.2 109,2 20, 109.L 109.3
2 8L.0 7€ L0 120,.1 100,.9 127.2 1090 10741 109.2 109,3
L 3 89.5 95,80 M7 72.3 137.7  109.3 &8, 109.3 109,
X 85.7 8910 17.0 80.3 130.7 109.3 9543 109.3 109.3
1 80,6 49426 103.9 99,11 88,33 6265 75.0 - 8L.3 90.50
2 0,70 1926 109.7 100,.9 88,35 62,47 50,0 8L.4 0,51
2 3 85.0 79,56 103.9 100,27 89,98 62,7 TL.,.8 8L.3 30,49
X 82,1 79436 105.8 100,08 © 88,89 62 .6 76,62 8L.32 . 90.LS
1 116.8 90.4C 116.9 86.5 T7.53 98,07 1075 120,5 68.6
M ._41___-”., mﬂo«h .__._W¢u M,hw--_w .ﬂ.w-mw \J...___-fw_ u_(‘..m.\ \Nnnm mnow
3 3 116.9 08.0 118.93 88,5 79.12 93.10 101,0 120.,5 €8,9
X 116.9 S8 .20 119.0L, 88,91 78.06 98,0  102.8 120,5 68.6
1 11746 123.5 113.5 9.1 126.5 12345 23.5 117.6 11,8
2 120,0 123.5 1282 96 .5 129,54 1176 1294 117.6 1271
l 3 9.1 123,5 98,8 95,3 123.5 111,8 123.5 117.6 119,14
3 1106 123.5 113.5 a3 126 .5 1176 1255 17,6 1194

- — -
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Appendix i : ¥ffects of pecriod -nd diet on feed intake and egg production of isying wmsmA -
Experiment 1,
D i t .
Mergurement Period = - r— Feriod
1 AN S S 6 7 8 2 S MEAN
Hep—doy ; 19,4265 mu.Arwwm 59,7180 g, 1730° mm.mmww 52.573be rq.Armm mm.érmwc 61.2962 5,107 55.274
profuction, o, ggxe 61716 63.2%° 53,1260 Mm.mmmn 65, 1h3%  57.126 © 60,855 69.00%  5.107 61.790
) o7.7qgeb  57.9333P 66.003% 50,713 Te393% 57,2170 gy 3P 62,3167 62,503 5107 59.214
be o
4 9.1:3 57.323° 66.856% 52.716° 76.823% 60,716% 57.50"° e2.7¢° 76.08% 5,105 62.238
Feed Inteke 1 wm.omm .0C 115 _oP e 1 o - .
(&) . . & >+ 50.0 707 109,00 92.0° 109.0°  qp9,0b 3,476 103,0
2 82.0™° 9,00 105,0°  q00.02  gE.0%C 62,06 76,00 6B g0.0b 3176 Eelo
3 116 ,,0° B,oP 19,02 d h
9 119.C 88.0¢ 78,0 98,0 JON-O.U 120,05 68.0° 3,176 99.0
ak
L 110.0° 123% 113.0° 95° 126,00 11707 125,%  117.0%% q19.0®  3.176 116.0

4

Stotistical

significance at Mmb.om I8 dencted by different letierg in a ToW,
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LAprendix Bt

Egg Weicht (o),

= Erneriment 1

Teriod Replicates  Dict 1 Pict 2 Diet 3 Diet L Diet S Diet ¢ Dict 7 Diet 8 Diet §
1 18.08  52.27  L9.LO  53.29  51.76 8.9L  L7.90  L7.25 ©2.96
2 51.L2 53,40 52,62 Sl o1l L8,25 53422 50,28 51437 50, 31
1 3 50.7L 15,57 L9.51 19.55 L9.89 53.62 LE.17 50,30 18.30
X 0.8 51,75 50.51 52,33 49,97 51,93 LE .12 L9.6L 50.51
- 50,25 51,9 19,96 51,05 52,18 51,30 1§ 452 50,26 53,28
‘ 9,05 5376 50,95  Who71  L7ds 5087 1937 [5.83 5397
- 3 51,7k 17.1ib L L9 51,78 49.89 53,52 LE.93 15,25 i?.L9
X 50,35 51.06 847  L9.1T  L49.85 51,90 15,27 L7.08 51,55
A W..\M o”w.w_ .q.f .WH\ r.w-.mm _—Lﬂ-\ww ._.__.m‘_bmm ..\( lm.“\ mqo -_u_ mmihm
2 50,35 Lo ,61 504,35 50.45 50.02 51eL1 £1.26 L8.19
3 3 3,11 19.23 8,00 50,09 19,3k L7.07 51,42 L8 .18
X 51,95 19,23 L9.17 50.€9 L9 .68 50.65 1.9 .68 51,47 50,3k
1 50,04 51.06 L8. L7 52.33 49.85 51.90 13,69 L7.08 51.58
2 mMnMU\ M.;_ -.ﬂm mh.._QWJ rw.;.ﬂ ._.—A.w.o@w m.w- w) u-r..._na. rw.wm W_Uhma
! 3 50,79 e .68 19,38 50.53 49.97 51.93 1:3.27 19,64 0.51
X 0,79 50,68 19,38 50,%3 L49.83  51.LS 18,69  149.38 50,81
X 50.79  50.68  L9.38 0.3  L49.B3  51.L9  13.69 49,38 50,81
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Lyvendix €: Ege Shell Thickncss {(rm) ~ Experiment 1

[P

Fcriod Replicate Diet 1 Dict 2 Diet 3 Diet 4 Diet & Dict € Diet 7 Tiet 8 Diet 9
1 0.L14 0.5k C.3295 0,397 SRRE 0.I7L  C.L02 C.L27 0.362
2 0,399 0.L68 G.L17 0.431 0.402 C.u43 .1k 0.L24 0,385
1 3 0.L29 0,4h63 0.419 0.430 0.h59 0.21 C.L38 0.423 0.391
X 0.410 0.h62 0.410 0417 0.1427 0.8 C.118 0.425 0,386
1 0.533 0.L25 ¢.L20 0.391 0.400 0.4 QLo 0379 0,383
2 0.336 0, L8 0.384 0.40% 0.420 0,383 04382 G.353 0.383
2 3 0415 €.L%3 0.369 0.39 0.416 C.382 ¢.363 0.405 0,396
X 0.L412 0,1 5L 0.390 C.397 0412 0,393 ¢.396 0,379 0,387
1 0.373 0.1:32 7,403 0.h32 0.413 0,442 0,366 0,397 G.LCG
2 0,256 0,383 0.393 0.410 0.4538 Q.h3L 0,367 G.391 0.382
3 3 0.382 0107 012 0,421 0,388 0,426 0.L03 0.39L 0.395
X G.372 C.LOT 0.403 0.421 0.413 0434 4379 0.394 0.395
1 0.411 0,160 0,409 C.h10 C.LT 0.L48 0,392 C.h23 0.386
2 0.0 G151 G.351 C.LhoL 022 0,390 0.363 0.381 0.3B86
L 3 0.378 0412 0.403 C.h21 0.413 0,437 C.L18 .39 0,3%
X 0,400 Ouidit  0.LO1 c.h12 0.417 0.h25 0.398 0.399 0,389
X 0.399 1 0.401 0412 0T 0.5 0,396 0,399 0,389
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Unit 3ecre (p-yxporiment |

\d

o IO Y

Ea IV A B

Dict 1 Dict 2
= i
82.22 Le.th
$2 .08 63,27
76.80 T7.57
80.37 61.23
77.09 7€ .6k
85.21 £3.5C
78.92 65 496
80,41 62 .10
30,2 C2.79

8L.06 SL.L9
80,37 82.10
80 L1 6L 49
85.55 81.23
82.11 92 .66

= slwn

Diev 3
.76
80.27
§9.50
8L .85
82.11

77.93
90.36

63.L7

81.12
7.8L
8L L0
81.12
8L4..85

83.47
€1.12

83.15

Diet L  Dict § Dict ¢ " Ulet 7 Dict B Dict o
TTHLL.9T 685,02 T D0.66  EZ,02  6L.oL blL 9L

80.47 82,19 86 «26 32,42 80.69 80.69

82.61 81.L0 76.95 8z 6L 86.07 86.0

82 .66 82,87 01,29 5247 83.90 83.90

wm.mﬁ mrrrm mm. ﬁ ﬁMowr ﬂm.mm WAIrﬂ

82.63 8L.53 76,06 €5.08 8L .7~ 85.76

6L.89 82 .91 73.20 6 438 8Y .c9 82 .L9

83.36 83.97 77 £1 8L .Bo 83,.8F 83.24

85.17
78,90
82,04
mwM oow
82 .66

83.36
82,03

82,68

83.L8
83.
83.3
€3.47
82,87
83.97
83.47

83.LL

B€.79
79.99

72427
06 .68

a>
82 .68
g~

n.ﬁ_ oNL_.N
Crlmo

EL.65

80,01
80.40
80.40

80.39
80.50

63.39
83.90

82.60

82.11 8z, 86

— -

83.15

82,68

83,L4

€L .65

82.60
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Period of 3tucics: Experiment II

Alr Teuscr-ture C Hodwamxuu mmhmﬂwqmﬁmwawawew .bmw Teurcr-ture C (Indoor)
Tcriod Weeks Mx  Iin Mean &  AM ™ M~x  I'dn Mea
1 30 BRI 16.L3 LL.0 19.56 33,0 93,56 iL.96
2 3429 23.14 11.18 40,29 28,71 36,75 2. 11 12,08
1 3 36.43 2% 5T 13,86 37.43 13.43 36.71 21,50 15.21
L 36,86 10.57 18.29 19.0 9.66 39.93 22429 17.6L
% 36,10 21.L6 14.93 35,16 17.97 38,07 23,09 14.98
5 35,06 21.86 1L.0 11,86 9,14 42,90 26,1 16 .80
- m w OPM. _\uhl 0 w-mm mtm‘_ﬂ \ﬂomm w.)l’..__I..... .|h.piwmn 4 .-W@
| 7 m 1l; 5 188 17.28 19.34 9.43 35213 2779 7.0
o 8 38,86 2% T 16,15 L2.71 11°.87 L0,50 26,79 13.71
= T 37.18 22.93 14.25 20,82 9.5 39,15 26,22 12.93
_ 9 30,57 23,29 15.28 5143 17.57  39.70 3,57 16413
10 35.71 1S .06 15.6% 5757 35.14 38,36 23.21% 15.15
2 1 30.29 20 Lbb 9,43 T79.57 56,14 3Lk 22,00 12,14
12 29,71 20,57 9414 80.00 65 .66 31 .60 22 .60 9.0
X 3457 12,15 12.42 67.14 LL.18 35.95 £2 .85 13.11
13 2.57 10 .86 13.T1 65.00 L9.71 35.90 213L3 1447
14 31.71 21,71 10.0 7143 57.29 34.40 1742 17.20
L 15 29.43 20,57 8.86 79,29 67 .57 32,20 19450 12.7
16 30.L3 20,43 10,0 78.57 60.29 31,586 18,29 16.57
X 31,04 20439 10465 73.57 58.72 3L.3L 10,11 15,2l
17 30.71 21,00 . 9.1 7771 6L .86 32,43 21.29 11,14
18 30414 19,71 10,43 78.86  6L.ST  32.L3 21,27 11,16
5 19 29.57 201 9.43 80.71 65.71 31.35 10430 13.05
20 28,33 1€.0 9433 87.33 75.33 31.0 18,0 13.0
b4 29.69 _ _13.96 9.73 81.15 67 62 31.80 ___ 19,72 12,09

1. Vcekly measurement coui.cuced 18th March and ended 31sr 1987

2+ Fcriod equivalent to 28 d-ys.
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Appendix 9: Aver-ic Hen—doy procduction (%) - Exp riment 2

Teriods Dict 1 Dict 2 Diet 3 Dict L
7 B JL12 65,92 72.0 61,72

2 ?T . I“L! 68057 62 086 72 085

1 3 "'-'I'l:IT 61 0?7 65057 75-’43

¥ 61T 66,10 66,80 70.0

1 68,57 68,57 78.85 65.15

2 31,28 51.43 61.72 57.14

2 3 51,03 61.72 70,28 56 .68
2 30.57 51.46 S1.43 65.14

3 3 5572 5714 49,72 68,57
X L8,50 56,76 50,86 66,57

1 h\l:'i) Llll o[;? 65.-15 61 .72

2 5572 57.70 57.14 68,15

a 3 115,25 52,01 62,86 65.57
1 6-"037 hLlS? 65-15 61.?2

2 L7.15 58,28 61,72 68,15

g 3 57405 G1.42 56,28 65.57
4 57.08 51.42 61,72 65.15

X 5! .01 57.31 62,28 65.7



Lppendix 10: Aver gc Doily Fecd Intake, (gram) - Experiment 2

Teriods Pi.t 1 Dict 2 Dict 3 Diet L
1 76,0 83.0 95.0 81.0
2 "'Uo'? ‘)S-P 78.0 95.0
3 83,! 76,0 76 .0 95.0
Trt, e 86,7 85.0 83,0 90,3
1 94,0 115.0 1120 120.0
2 G5 C 108,0 106.0 112.0
3 9,0 106.5 1100 107.0
Trt. T 94,0 105,8 109.3 113.0
1 107.0 117.2 11340 119.,0
2 107.,0 106,7 105.0 109,0
3 95,0 105,9 110.0 114.0
Trt. - " B
b 1073,0 109.9 109.3 114.0
1 117.0 12,0 119.5 120,0
2 118.9 110,00 106 .0 105 .4
3 17.2 112.0 112.9 113.0
b £ 117.2 113 112.8 112,8
1 110,0 115.,0 120.,0 122,0
2 120,0 112.5 114.0 11533
3 112,0 114.5 113.0 120,0
Trt‘ - -
' 11L,0 14,0 115,6 119.1
T¥y. - ,
X 103.3 1060 106.,0 110,0



- 123 -

Appendix 11 : Effects of period and Vitamin C supplenentation on feed intrke and
egg procuction of layin ; chicken - Eopperimeunt 2,
Diet
Measurement 1 o 3 I Period Mean
Hen—day
production, % 1 6L.28% 66097  58.28% 60,57 62.38
2 51.43%  60.57%%  g9.032 71,13 63.0h
2 3 L8.57%  57.9% 61142 1,992 57.38
L LT.W® B3LE ssa3n g g2 55 o1
5 57486 51.62% 61,722 65,157 59,09
X 5k.02 57.93 61.12 64,78 59.16
Feed Tntakep % 1 88.70%  85.33%  §3.0° 90,33 86.8L,
.U . A - - -
2 mm.QOd 109.83%  109,33% 113,00 106,79
103.00 2 ) .
3 3 ] 4om.mum 109.33"  144.0% 109,07
n NT.70%  111.33% 110,82 490,662 113.62
5 115,02 114,602 415,662 119,02 115.6
Z 103.68 106 .08 106,02 109.80 106 40

J

Statigticzl significrnee at mﬁb.om is dencoted by different letters in



Appendix 12 ¢+ Aver o Her-dny Production, (%) - Epxeriment 3

Period Di + 1 Dict 2 Diet 3 Diet 4
1 51 i 66,92 75.43 90,0

2 7k 68,57 85.72 75 .43

1 3 6L1.27 61,72 80,57 83.92
X 6! .27 66,40 80,57 83,11

1 68,57 68,57 65.15 65.15

2 3L,28 51.43 7S <l43 68.57

X Si.3 60,58 70,38 68.86

1 143  61.72 65.15 6,27

2 38.57 5143 6L ,28 82.28
3 3 55eT2 57.14 63.43 72.0
X LU.58 56,76 6L .28 72 .85

1 42 .85 Lk 57 5143 56,28
2 5572 5770 5771 60,0

L 3 45425 52.01 55.72 61,76
X L7.94 51.43 54.95 60,0

1 63457 Lk.57 51.43 58,28
2 }17015 58.028 5?-?0 60.0

5 3 5765 51.42 5572 61,72
X 57.85 5142 ch .95 60,0

X 54,01 57.31 65.03 68,96



-~ 125 -

Appendix 13 1 Aver-ge dnily Feed Intake, (gram) - Experiment 3

. Periods Diet 1  Diet 2 Diet 3 Dict
1 76,0 83.0 87.0 90.1
vi 9,7 85.0 101,0 95.0
1 3 85’011 TBCO 9500 9100
X 06,7 85.0 9.0 92,0
1 95,0 116,0 |, 100,0 93.0L
2 97,2  108,0 105 .0 . 90,0
2 3 95.0 - 106,5 101.0 s 97.0
X 95.0  109.8 102 ,0 90,0
1 107.,0 117.2 103,0 . 90.0
2 107,0 =106 ,7 1028 10145
3 3 93,0 105.9 C102,.2 9l .1
X 103.0 09,9 102.4 95,2
1 117.,0 112,0 118.3 1284
2 113,9 110,0 120,0 - 129,0
L 3 117.2 112.0 119.0 ©129.9
X 117.7 11,3 119,14 129,1
1 110,0 115.0  117.0 17,6
2  120.,0  112.5 118.0 118,0
5 3 112,0 145 117.5 119.0
X 1o 11,0 117.5 118,2
X 103.60 106 v 107 - 106.0
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Apperdix 14: Effect of pcriod X palm o0il : ascorbic acid supplement~tion on
egg production and feed intake of laying hens - Epxeriment 3

.

Period D 1 e %
Measmrement Period 1 2 3 L Period Mean mmzm
Her—day . . .
production, % 1 6l ,28% 6L .0 6972 67,81 67.05 Sel1
2 51.43¢  60,57be 77,152 174,832 66,0 511
3 LB.5T®  57.91%P  70,38% 48,562 61,35 511
- L9.ok®  53.4L° 59,717 70,857 57.91 5.1
S 57.86%  51.62%  ©),05% 60,012 56411 5a11
X 5L 42 57.53 66.38 68.41 61,68
Feed Intake, 1 88,72 mm.uwm 92,0° 92,0% 89.51 u.wm
£ 2 95.0%  109.83%  90.07 90,02 96 321 3,18
3 ._Ow.om_. 109.93* 95 436> 95,362 100492 3,18
Ly M7 M33® 0 459,902 129,102 121,81 3.18
5 114,0* 114,002 118,202 118,202 11651 3,18
X 103,68 106,83 104,93 104493 101,91

Am&mgmwwomw gignificonce at Hum.o.om is denmted by different superscripts in a2 row

mm&wﬁnmﬂn error of me~ns for treatments,



