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ABSTRACT

The effect of qualitative and quantitative feed restriction
during rearing on subsequent ege production was investigatea,

For the qualitative feed restriction studies, isocaloric
experimental diets containing diffvrent combinations of 20, 16 and
12% crude protein (C.P.)diets were fed in two experiments (1 and 2)
from day old to 20 weeks of age. A comren layer ration of 16% CP
and 2,400 Kcal ME/kgz diet was fed from 20 weeks. Each experiment
lasted %6 weeks. In the two experiments, a protein level of 12%
was found to be inadequate for the proper growth of the birds between
0-8 weeks. Howewver, 12% £P was found to be adequate from 9-20
weeks., Also 16% CP diet was found adequate for birds from 0-20 wecks.
In experiment 2, birds fed 12% protein from 0~8 weeks compensated
in performance when the level of dictary protein was inereased
between 9-20 weeks. The protein repgimens fed between 0-20 weeks did
mot significantly affect epy: production nor the apes of the birds at
sexual maturity and peak production. Also hen=day and hen~noused
egg productions as well as cost of feed per unit weight or dozen egys
were not significantly affected by the dietary protein regimen fed
pre-lay,

For quantitative fecd restriction studies (experiments 3 and 4),
all the birds were fed ad-libitum on 20% CP diet (2643 Keal ME/kg)
from 0-8 weeks. From 9-20 wecks feed was denied to the birds for a
day after one or two days of ad 1lib. feeding or restricted to 757
of ad lib.intake by the control birds. Results of these two studies
showed that with restriction o significant decrease in growth rate
was obtained at 20 weeks and at the end of the experiments. However,

the feed regimens imposed on the birds during the growing period did



not have any significant effect on sexual maturity nor peak production
levels, Hen~day and hen-housed egy production levels as well as

cost of feed per unit weight or dozen epgrs were not sipnificantly
affected by the treatments,

These studies show that when fed diets low in protein, prowing
birds have the capacity for componsatory ains when level of protein
is improved. Also when growing birds are restricted in quantity of
feed fed they respond with a reduction in mature weipht, In either
case of restriction on the production in the laying period is
unaffected.



INTRODUCTION



Feed represents H0-65 percent (%) of the cost of producing
a dozen egers (Summers, 1975). The ever increasing cost of feed
coupled with the scarcity of most of the feed ingredients make
research into feed restriction of both pullets and laying hens a
necessity in this country. There is the need to investigate
possible ways of cutting down on the cost of production of the epg
to suit both the producer and the consuner. One of the ways of
cutting down on the cost of production is to reduce the cost of
raising the pullets {rom hatch to point of lay. Feed restriction
is a method that can be utilised to achieve this desired reduction
in cost. Apart from reduction in the cost of raising replacement
pullets, feed restriction has also been used to delay maturity of
pullets in order to reduce the mumber of small epgs laid initially
by pullets.

The effect of intermittent fasting of the fowl was studied as
early as 1887 (Von Seeland, quoted by Gowe et al., 1960) but there
was little interest in the effects of feed restriction in poultry
until Dr. O.A. Ken of the Quaker Uat Company recommerded this
procedure about 1937 (Bruins, 1958 quoted by Gowe et al., 1960). It
was about 15 years later that a controlled experiment on this subject
was undertaken, and since then several studies have been undertaken
involving the use of feed restriction in the control of sexual maturity
in pullets (Nesheim et al., 1979). Feed restriction has not been
limited to laying chickens alone, but has been extended to other species
such as turkey (Meyer et al., 19/7; Moran et al., 1983) and ducks

(Plawnik et al., 1932),



iv. The use of protein defficient diet during the growing period
from hatch offers a good way of delaying sexual wmaturity but
special ration formulations are required.

Althouph much work has becn done on the subject, there is
limited report on feed restriction in the tropics. Conscious too
of the high cost and problems of availability of feed In Niperia,
this study was desipned to investigpte whether feed restriction can
have a practical application irn Nigeria in particular and in the
tropics in general,

For this work two methods of I'eed restriction were used, namely:
i, quantitative feed restriction and
ii. qualitative feed restriction with low protein diets, because

of their afore-mentioned merits,

Under the quantitative feed restriction, three treabtments were used

from 9-20 weeks, nomely:

i, Skip a day feeding

ii. skip a day after every 2 days of feeding

iii. restriction of feed to 75% of the previous week's feed
intake of the control birds.

ualitative feed restriction was divided into:

a. step~down protein regimen

b. Singlé stage protein regimen

Ca step=up protein regimen
The criteria measured included mortality; ages at first egp,

5% production, 0% production and peak production; feed intake and

feed conversion efficiency; weight of birds at 8 and 20 wesks; and

egg production (hen day and hen housed).
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Tmportance of Feed Restriction

The incrcase in the cost of srains which constitute the preacer
fraction of poultry rations 2and the cver inereasing cost of protein
have necessitated the urpent neced to rationalize the consumption of
both protein and cnerpgy by all types of livestock, especially poultry,

without compromising production zfficicney.

Energy Restriction

In the poultry industry, focd represents 60-05% of the cost of
production (Summers, 1975). Poultry for both meat and cpgs ore
ususlly fed ad libitum throuphout both growing and laying periods.

This practice is based on the assumption that birds ezt only cnoupgh

to satisfy their energy requirement. It has now been eéstablished

that the enerpy requirements of laying hens cstimated from calorimevric
studies were penerally lower than cnergy intakes obscrved under

field conditions (Balnmave et al., 1978). This is because maintenance
requirement is influcenced by voluntary and involuntary activitics of
the bird and the environmental tenperature. In the chlometric studies,
Bolnave et al. (1978) placed a nen in each of the three respiratory
chambers and offered them commercinl layer's dict of known crude
protein and energy levels. Each cxperiment was divided into two
periods of (2) ad. lib. feeding (b) restricted feeding,this was

done in order to determine the cnersy balance at different levels of
intake. The hens were offered feed at a pre-determined level for

at least three days, and heat production was measured for three to
four consecutive days on fed birds,

Limiting the enerpgy intake of pullets and laying hens under

commercial conditions have yiclacd extremely variable results,



In a review Sykes (1972), suggested that hens fod ad 1ibitum
consume as much a3 30 or 40% more cnergy than was required and
that the excess energy is deposited ns fat. Auckland and Tulton
(1973) rcported that lipht and moedium hybrids of laying hens were
allowed to consume {rom 24 to 5 weuks of age, ad libitum or
approximntely 1200, 1154, 1107 and 1062 kilo Joule (W) Metabolizable
energy per bird per day (KIMEE/bird/day). A sixth truatment consisted
of the lowest lewel of encrgy but higher levels of protein, calcium
and phosphorus. PFrom 52 to 58 wecks, 21l birds were fud ad libitum
and treatments were ro-imposcd from 58 to 68 wecks of ape . In the
2i to 68~week period jrate of lay decreased progressively with
decreasing, enerpgy intake. The rate of lay of medium and light hybrids
allowed 1200 KIME/day was respectively, about 10 and 4 percentage
points lower than controls. Initinlly, differences in rate of lay
in rolation to energy intake were small, but became more marked as
restriction contirmuod. During the G~weck rehabilitation period,
previously restricted pgroups tenderd to lay more eggs than controel
birds, With both strains of birds the rate of lay tended to docrease
as energy intake was reduced, Hestricted groups lost between € and
12% of the their body weight in the first 16 wecks but regained a
1little in the succeeding 12 wouks.

The findings above agrocd with the report by Auckland and
Wilson (197%1) in which two lipht 'nd two medium hybrid strains
were fod from 32 to 48 and from 56 to 68 wecks of age, ad libitum
or approximately 894, 85% and 807 of the ad libitum intake. From
48 to 56 weeks all the birds were fed ad libitum., The study used
less sovere levels of enerpy restriction when compared with that of
Auckland and Fulton (1973). A drily energy restriction of 11 to 13%

from 32 to 48 weeks of age, resulted in rate of lay being depressced



by about 11% for light hybrid strain and by more than 5% for medium
hybrids. The corresponding depressions in epg weight were 4% and

2% respectively. lnergy restriction of about 8% durding the second
period (56 to o8 weeks) depressid rate of lay by about 3¢ and epyp
weipht by about 2%, These results 2lso supported the works of
Snetsinger et al. (1974) and Mbupua and Cunningham (1983}, Thesc
workers showed that egg production can be maintained when energy
intake is restricted by not wmore than 0%: beyorki this, n significant
dupression in rate of egg production would result.

On the other hand, Jackson (1970) showed that restriction of
a high enerpy dict (2800 Keal/fke) significantly decreased egg
production. Like-wise Miir ond Komnkvishnin (1978) obtained a 6%
decline in egg production when thure was a 6% decline in feed
consumpt ion, unfortunately thege workers Jdid not indicate the energy
level used in thelr experiment. The work of Abu-Serewn (1978)
involved feweding a ration of 12 MIE/ke diet and observed that epg
production was not affected by fued restriction while Robinson et al,
(19758} and Voitle ¢t al. (1978) using 12.32 M/kg and 2750 Keal HB/
kg diet respectively reported incroised epp production with feed
restriction.

From the above diversed vicws on enerry restriction, a3 Jot of
factors affect the response of birds to feed restriction which inelude:
a. Type of breed. Auckland and FPulton (1973) reported that

depression in rate of lay duc to the same level of restriction

was considerably greater with medium than with light hybrids,
being: about 10 and 4% for medium and light hybrids respectively,

Likewise Aucklarnd sand Wilson (1975a) using a moderate cnergy

restriction of 11-13% less than ad 1libitum intakc, observed

considerable depression in rate of lay, of about 117 for light

hybrid and more than 5% for medium hybrids.



Type of strain. Mbugur “nd Cunningham (1983) uscd two heavy
strain of birds A and B .nd twe lipght strains C and D for

their work on feed rustriction and reported that amongst the
heavy strains, strain B had significantly lower hen-day €gr
production than strain A and amongst the two light strains,
strain C had a significantly higher egg production than

strain D, There was also 2 significant difference in time

of reaching sexual maturity between the heavy and the light
strains of pullet, The hoeavy strains reached sexual maturity

8 days earlier than the light strains.

Method of restriction. In the report of Comnor et 2l.(1977)
restricting birds intake during lay gave additional improvements
in feed cfficiency over and nbove those produckd by prowing
period restriction alone. Contrary to the above report,
Robinson et 21. (1978) observed that birds that were restricted
in the rearing period laid 7.3 more epgzs on henday basis,
suffered d.3% less mortality nnd produced 19.3 more egros per
hen-housed than those restricted by no more than 6% in the
laying period,

Duration and ame of bimds whon restriction starts. In the
study by Balnave (1974), rostricted fecding during the laying
period substantially reduccd the fecd intake and also had a
detrimental effect on rate of cpp production and on total weipht
of eggs produced when comparcd with those restricted during the
growing phase, This is in ogreement with the work of Auckland
and Wilson (1975b) in which the overall cnergy intake and
consequent cep output tended to be sreater for treatments with
a total of 24 rather than 28 weeks of restriction. Abu-Serewn

(1978) nlso reported o significant interraction between the
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duration of restriction and effrly t‘eedjhg regmem in total
food consumption from day cld te 20 weeks of ape. Birds fed
ad libitum from 3 weels to 6, 9 or 12 weeks consuned wore
feed to 20 weeks than birds fed for five days in each weelk
during the same perdiod. Lee (3983) used 4 methods of fued
ristriction namely low protein diet, low enerpy diet, skip
feeding two drys a week and dally 30% restricted feeding ard
 reported that age to sexual maturity was significantly (P(0.05)
delayed by daily 30% restricted feeding only which resulted
in the lowest production from 20~28 weeks of age. However
during the raminder of the nroduction peried the daily 30% -
restricted feeding birds consistently had higher egy production

than birds in any other group.

Protein Restriction

|
Limiting the amount of protein available to the replacement
pullets is another form of feed restriction. Protein levels of 4=12%
have been shown to support pullet prowth and to improve subsequent
egg production as compared to 14 to 154 protein diets (Douglas et al.,
1973; Christmas et al., 1974; Corlson and Nelson, 1981). lee ct al.
{1971) reported in their review that protein restriction diets offered
a more suitable means of retarding sexual maturity for beneficinl
affects. Low protein prower mash reduced cost of pullet production,
delayed sexurl maturity, delayed production poak, increased egp size
at 50% production and maintained higher levels of production near the
end of the laying period (Christmes ct al., 1974). Christmas et al.
(1974) however observed that low protein diet fed birds were lighter
in body welght at the cnd of the growing period, had increased

cannibalism during the growing phnse and had lower eogg production
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and higher mortality in the laying house.

~ Carlson and Nelson (1961) recommended that diet not higher
than 12% protein need be used for growing layer-type pullets after
10 weeks of ape under the present day conditions. They also showed
that 12% protein layer diets could be economical if the relative
cost of the 169 and 12% crude protein diets differ by about 10%.
These findings show that considerable saving can be made by

restricting protein intake of both replacement pullets and layers.

Qunlitative Peed Restriction on Pullets and Layers

The feeding programme of egg strain pullets have traditionally
involved the use of hiph protein starter diet and lower protein
gr'ower diets (Scott et al., 1976). The nutritional requircments of
the growing pullets are difficult to cateperize, since production
standards are not well defined unlike in broilersg, Performance in
the laying house is the usual measure of a4 good pullet. An evaluation
of a rearing progrime is coimonly based on:

a'._'_' ~ 20-week body weight

b,  level of sexual maturity

c. confority of body size and
d. feathering

These were the four measur:g used in the traditional . ,:
subdivision of growth into starter (0 to 6 or 8 weeks) and gz‘dmr/
rearer (6 or 9 to 20 weeks) phases. A high protein diet (18-20%
cerude protein) is used from day ol to ensure a ppod start, this is
usually followed by a lower protein (15-16%) grower diet in order to

Jeldy sexual maturity and body weight grin.



; K f
| A lot Zi‘ work has been done on the use of low protein diet |
to delay sexual maturity and to reduce 20 weck hody weight, These
cn be subdivision into three main programae as follows: | ‘
a8, . Step~down low protein
b. . Step-up or reverse protein - - "

c. - Single stage low protein programmes 5

(a) Step-down low protein progronme

One of the favoured procedures of feed restriction is the
use of reduced dietary protein or amino acidflevels (Balnave 1973).
Several studies have been done on the use of low protein diet for ey
growing pullets. A protein level as low as 9-10% has becn uscd |
successfully (Wright ot al., 1309; Douglas ct ol., 19735 Christmas u
et al., 1974) to support improved subsequent productiosn ns compared.
to 14 to 15% protein diets, e _ T

In the work of Christmas et al. (1974) 12 comercial cgg
.}>roduction strains were fed cither 9.07 or 15.35% protein from 8 to
18 weeks of age and 15.35% protein thereafter. These authors found
that the low~-protein grower diet reduced the cost of pullet production,
delayed sexual maturity, delayed production peaks, incressed egs
size at 50% production and maintained higher levels of production
near the erd of the laying period. Christmas et _5.1_1_...(19714) therclfore
indicated that low protein diets can be fed to birds that will come
to lay when egg market prices are low and egg size is at an advantage.
" On the other hand, Douglas and Harms (1976) grew commercial
Leghorn-type pullets to eipht weeks of age on a dict containing 2175
pr'ot_ein. At B weeks some of the pullets received 9% protein to
18 weeks and 14% protein from 18-20 weeks. The other groups (2 and 3)
received 14% and 21% protein grower diets respectively. From 20

through 60 weeks of age all birde were maintained in laying cages

L
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and fed a layer diet of 16% protein. At 20 weeks of age average
body weight of pullets fed 9%, 14% and 16% protein grower diets
were 1175, 1356 and 1433 grams respectively and at 00 weeks of age
body weights were 1637, 1647 and 1710 grams respectively, Hens
that received 21% protein through out laid epgs that were approximately
ane gram heavier than eggs 1aid by hens fram the other two groups.
The authors concluded that = hipher protein diet during growing
period resulted in larger egg size when hens reach peak production
during periods of high temperature.

In the review of Lee et al. (1971), protein restriction diet
wns reported to offer suitable means of retarding sexunl maturity
for beneficial effects when camparcd to the other types of restriction.
Blair et al.(1970) also reported 11.5% crude protein (2955 Keal ME/Kg)
grower diet to be adequate for subsequent egg production, feed
conversion and mortality. Carlsen ond Nelson (1981) recommended that
2 diet not higher than 12% protein (2970 keal ME/kg) need be used for
growing layer-type pullets after 10 weeks of ape. They fourd no
interraction between prower diet and layer diet which indicates that
pullets grown on low protein dicts did not require more protein
during the laying period to compensate for possible reduced protein

stores.

(b) Step-up or reversed protein programme

Growth rate of pullets is divided into starter (0 to 6 or 8
weeks) and grower/reaier (6 or 2 to 20 weeks) phases., A high
protein diet is used as starter (Scott et al., 19765 NRC, 1984)
followed by lower protein grower diet in erder to delay sexual
maturity and body weight gain. This classification resulted in the

cammon situation of studying thesc phases in isolation (Blair et al.,
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1970; Balnave, 1976; Carlson and Nolson, 1981) instead of studying
the growth from hatch to 20 weeks of age.

A complete reversal of the protein intake of srowing pullets
come to light in the work of Swmers and Leeson (1978). In this
study, calculations showed a consumed dietary equivalent of 11.4,
11.3, 17.9 and 19.37 cruae pmtuéjzwr;%;ring the 4 to 8, 8 to 11, 11 to
14, 14 to 17 and 17 to 20 wcekw_ periods respectively., This led the
workers to postulate that the pattern of protein "requirement" was
related firstly to a relatively slow initial prowth rate (compared
with broiler strains that requir: n quicker initial growth rate and
secondly to the development of reproductive orpgans around 12 to 14
weeks of apge. This led to the pioncering work on step-up or reversed
protein programme by both workers (Leeson and Summers, 1979).

Leeson and Summers (1979) fud diets containing 12, 16 and 19%
crude protein from 0-8, 8-12 and 12-19 weeks respectively. Results
of this experiment showed significantly smaller birds at 20 weeks.
This reduction in body weight of bird on step-up protein showed a
reduced feed ard encrgy intake. With the weight at point of lay
controlled, the initial rate of egp production showed that these
birds were physically more matured than control birds, These results
were further confirmmed by thom and other workers (Leeson and Summers,
1980, 1982; Doran ct al., 1933; Bish ct al., 1984; Robinson et al.,
1986). On the other hand, Mourice ct al. (1982) fed brown epg strains
chiekens step-up protcin diets but did not observe a significant
reduction in weipght gain. Using a logistic curve, Maurice et al. (1932)
reported a delayed maximum rate of pgrowth.

Leeson and Summers (1980) have related body weight reduction to
reduced absolute and proportional fat 'depots and decreased carcass

protein.
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Pullets fed step-up protein dicts consume significantly less feed
to 16 weeks (Leeson and Summers, 1979), less feed to 20 weeks
(Leeson and Sumers,1982; Bish ct al., 1984; Robinson et al., 1986)
and less total protein (Leeson nd Sumers, 1979, 1932) than pullets
reared on convectional step~down protein prograrmes. These findings
suggest a potential economic savings for step-up protein progrome.
Hen-day egg production was not significantly affected by sten-
up protein feeding (Leeson ard Sunmers, 1979, 1982; Maurice et al.,
1982; Doran et 21., 1984; Robinson ct al., 1980). Decreased egy
weight was reported by Leeson and Sumers (1979), Maurice et 2l. (1982)
and Doran et al. (1983) while Jecson and Sumers (1982), Bish et al.
{1984) and Robinson et al. (1986) rcported no significant difference
in egg weight. Step-up protein programme was further modificd by
Bish et al. (1984) and Robinson et nl. (1986). Both groups of workers
fed a high protein diet (16 to 20% crude protein) for the I‘i:rst week
of life followed by a 124 crude protein diet to 8, 10 or 12 weeks
15-167 thereafter to 16 weeks nnd 16-19% to 20 weeks of agme. This
resulted in smeller binds at 20 wecks and a reduction in total feed
intake when compar<d to conventionally fed birds. No advantage was
reported when modified step-up protein progranme was usced. The crude
protein level of dict fed during the first week did not significantly
influcnce total protein consumption (Bish et al., 1984; Robinson et al.,
1986).

(c) Single s age low protein progromne

Leeson and Summers (1982) 4id another pioneering work on the
use of single stage low protein propramme to raise pullets from day
old to 19 weeks. The singlc staso low-protein diet resulted in
reduction in body wcight to 16 wecks to 16 weeks of age relative to

control birds fed convectional step-down protein programme. Protein
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intake was significantly less but performance including cgp size
wos not adversely affected. This sugpests that conventionally fed
birds consume excessive quantitics of protein during the rearing
pericd. Leeson and Summers (1582) 21so reported that energy level
had little effect on the pullets roeponse to sinpgle-stapye low grotein
diets. The growing pullets scem ndept at controlling their energy
intake (Leeson and Summers, 1531). Maurice et al. (1982) further
confimed the need to use low protein starter diets for replacement
pullets, In their work 13%% crude protein diet with the amino acid
adjusted gawe comparable results in terms of age at 50% producticn
or peak production, feed conversion and feed intake. The single
stage low protein method of feuding also had a practical advantage

sincc it is very simple to operate.

Quantitative Feed Restriction

Quantitative feed restriction involves the allocation to birds
a predetermined perccntage of the feed consumed by the fully fed
controls. This is either donc on daily basis or giving foed ad

libitum on some days and giving nc feed at 211 on other days.

Duration of the restricted fecding

Pullets have been restricted in feed consumption from as early
as 3 days of age (Mbugua and Cunningham, 1983). Ringrose (1956),
Strain et al. (1965), Maclntyre and Gardines 1964 (all cited by Lee
et al., 1971) started feed restriction at varied ages between 2-5
wecks of age. The more ususl restriction period adopted cummences
between 6 and 8 wecks and terminates between 18 and 24 weeks of age

(Haldim and Attia, 1975; Gous, 1977; Tsvetnowet al., 1978; Wilson

et al., 1983; Lee, 1983).
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The earlier the feed restriction is introduced the greater is tho

o -

reduction in bedy weipht and the delay in maturity. L e

<. Feed restriction in laying hons may start as early as 21

BE

weeks, (Douglas et al., 1977), 24, 28 or 36 weeks (Auckland and
- Rulton, 1973; Cuminghem and Poloe, 1984; Cunningham, 1984} to

last few weeks or may extend througnout the laying period, f

Effect of Quantitative Peed Restriction

I, .. Pullets

8. Body weipht of pullets

One of the cbjectives of feed restriction is to reduce the

body weipght of the pullet at raturity., A lighter matured body

welght means less feed will be required for body maintenance
therefore improving the efficiency of conversion of feed to egg.
Cumning, (1972) suggested that in any feed restriction programme the
objective should be to produce pullots of 25% less weight than full
fed birds at point of sexual maturity. He also found that the laying
performance of the restricted birds varied with their Lody weight ot
the end of the restriction period. In contrst, Watson (1974)
reported that the exact level of rearing restriction was unimportant
over a wide range in bringing about a production response. I,m this
report birds were restricted to 80, 70 and 60% ad 1lib. feed intake
to produce birds respectively weighing 85, 77 and 68% of full fed
body welght at 22 weeks. At point of lny the birds were weighing

93, 95 and 91% of the full fed body weight.

- Following the scveral studies on feed restriction there is a
”gpneml agreement amony; researchers that feed restriction reduces

the body weight of birds and the level of restriction determines the
level of reduction in the matured body weight (Bullock et al., 1963;

F RN "l
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Cumming, 1972; Watson, 1974; Hokim and Attia, 1975; ‘bugue wd
Cumningham 1983; Soller et al., 1964). If restriction is stopped
earlicr than 17 to 18 weeks of e the bird is able to compensa
and the effect of restriction n maturity is nullified (Fuller and
Dunahoo, 1962; Macintyre and Ganrdiner, 1962 cited by Lec et al.,
1971). On the cther hand, Moelntyre and Gardiner,(1962 cited by
Lee et al., 1971) also reported thet extending the restriction to

27 or 29 weeks of age reduced egy production,

(b)  Sexual maturity

Age at first cge and ame at n specified level of production
e.g. 5, 10 or 50% are adopted measures of sexual maturity. The
age of the flock when the first copr is laid as opposed to mean age
at first egy (i.e. the mean apge: of several binds at first egg),
tends to be a measure of mé:urity of a minority of a population of
pullets and it is subjected :’ja high sampling error. Mean ape ot
first egg is 2 better measure of sexunl matwrity as the number of
samplc is more than one ther:by reducing the sampling error. A
measure of mean age at scxual maturity such as age at 50% lay is
more appropriate. In the review of Iee et al. (1971) there is a
significant association betwecn body weight at the end of the rearing
period and delay in sexual maturity.

The data of Ashcroft (1961) (cited by Bullock et al., 1963)
showed an increase in age to sexual maturity of 0.6 day for every
1% decrease in feeding level from 90 to 70 restriction. There also
exist a relationship between levels of feed restriction and the
subsequent delay in maturity. Bullock et al, (1963) reported that
energy restriction alone delayed arc at 50% lay by 7 days relative

to the control diet.
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The control and energy restricted / . contain 1175 and 822 keal ME/

- 1berespectively with 15% crude protein,

Abu-Serewa (1978) repirtud  delay of 15 days to rvach 504
production when birds were fod 5 days in the week. Mbupun and
Cunningham (1983) using heavy strain birds reported & delay of six
days when biris wers allowed access to feed on alternate days and
were allowed 95% that consumed by the control group the previous
week, The extent of delay in sexual maturity depends on the types
of birds and on the severity of restriction (Abu-Serewa, 1978; | ?

Mougua and Cunningham, 1983).

Feed Restriction and Subsequent Bgy Production

-In the work of Bullock et al. (1963) egs production of previously
restricted pullets was maintained at a high level and there were
no significant differences in total yield associated with treatment.

Restricted birds reached a later and slightly higher peak and showed -

o ousl ’
- '

a slower decline thereafter,

Abu-Serewa (1978), reported no cignificant differehce:s or
interactions hetween factorial restriction treatments in rate of lay,
hen housed producticn, average egg weight, egg quality characteristics,
ege gprades, final body weipht and rate of mortality. He however
found restricted bird less efficient in the conversion of feed to eggs,
3.12 versus 2.92 kg/doz eggs for restricted and control birds | |
respectively., The above report was also in agreement with Mbusua
and Cumingham (1983) who reported that egg production was not
effected by feed restriction statistically although there was a

terdency towards decreased egy production with increased feed

restriction. RSN

im
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On t}éothez' hand, Hair and Ramekrishnan (1978), and Gous (1973),
renorted drops of 6 or 10% in ewm: production when replacement pullets
were fed for 6 days out of 7 or when feed allowance was set to 70%
of that allowed the control. These varied reports may be due to the

different methods used and the types of birds involved,
IT1. Yers

Quantitative feed restriction has been in practice for a lung
time, The effect of dietary enerpy restriction in laying birds has
been reviewed by Sykes (1972). He indicated that hens fed ad-libitum
consumed as much as 30 to 404 more enerpgy than is required and the
excess energy is deposited as fat, He suggested the neod to limit
the intake of laying birds so that the excesses are eliminated. A
1ot of research work has been done on ways of eliminating these
excesses and have resulted in conflicting: reports. Tempsrton and
Dudley (1948) (cited by Sykes, 1372) chowed that feed restriction
up to 90% of the voluntary intake coulc be imposed without any loss
of production. Other reports on oy laying strains indicate that
product ion invariebly suffers when feed restriction were imposed
(Sherwood and Milby, 10013 Wolter and Altken, 1961; MeGinnis and
Doronowat , 1967; Jackson, 1570; Auckland and Fulton, 1973; Chaney
and Fuller, 1975; Blair et al., 1976; Pearson and Herron, 1980).

'These results in addition to the increasing use of bulk feeding
systems led to tle practice of feedine to gppetite. 1In restricting
the feed intake of layinp hens, attompts should be made to maintain
an adequate daily consumption of 211 nubrients other than eneryy in
order to maintain if not improve opr production {(Auckland and Rulton,
1373). Jackson et al. (1969) reported that the efficiency of
Metabalizable Erergy (ME) utilization decreased with increasing dietary

ME content.



o ’I‘his they thousht leads to excessive depesition of fat in the hen.
‘fhey concluded that restriction wrst be applied when ;‘euding diets
of high energy concentration. . | B o
In the report of Hoywany (1980}, laying hens were restricted
to 75 and 87.6% of the amount consumed by control groups fed ad
libitun and found that restriction decreased egg production but did .
not affect size of the epgs or the average body weight of the hens.
Decrease in egm production as a result of mechanically restricting
the feod intake was also reported (Sherwood and Milby, 1961; Walter |
and Aitken, 1961), Improved feed utilization was also observed by @
these workers., Jackson (1970) Polin and Wolford (1971) as well as
Bell and Moreng (1972) also observed decreased egyg production and
reduced ege weight with improved feed utilization as a result of
mechanical feed restriction. | | )
Some other workers have reported improved egg production 'a\'rithkl |
restriction. In the report of Snetéinger et al. (1973), restriction
to 94% of the full-fed controls gave higher livability and improved
feed efficiency with no decline in egg production, Likewise Voitle
ard Harms (1974) reported that restricting the feed intake of broiler
b_;:‘_g_e_:der hons had no effect on the rate of’ lay or average epg size,
b':l'b feed utilization was improved. Combs et al. (1961), showed that

R

when cnergy intake of laying hens wuere restricted to 87% and 80,0%

T

 of the productive enerpy intake of birds fed ad libitum, epg
‘pmducticm was not significantly affected, However egg size was
sipnificantly reduced, the total amount of egp production was slightly

o ‘__.-Il‘. ’ . )

lefi? and a reduction in body weight was observed. w L &

- Aucklarnd and Fulton (1973) offered 24 weeks old laying birds
feed containing energy levels that ranged from 1200-1062 4 ME/bird/
day and the mean epgg weight of the lower energy levels was sipnificantly

less than the control group miven 1508 KJ ME/cird/day. Lol g
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When the lowest energy diet was fortified with higher levels of
protein, calciun and phosphorus epg welght significantly improved.
Auckland and Fulton (1973) thus sugpested that protein and or
minerals as well as energy were probably limiting egp weipht at the
lower levels of feed intake during, carly stage of lay. Whon
restriction was stopped, there was no significant difference in
egg, welght due to previous fecding treatment but the restrictued
groups tendod to lay heavier cegrs than continuously full-fed birds,
Egzs fram hirds allowed lowest cnergy intake had sipgnificantly
thimer shells. The Haugh units and shell thickness were also
negatively affected by the reduced energy intake.

Guerry and Mudr (1977) restricted feed intake of layurs to 95,
90 or 85% of the amount consumed by the control group the previous
week. Restriction started at 22 and 32 weeks of age in trials 1
and 2 respectively. A linear and significant decrease in egg
production occurred but the reduced feed consumption was sufficient
to campensate for thé reduced production. The feed efficicney of
the restricted group was numerically superdor in trial 1 and
significantly superior to fuil fed groups in trial 2. Feod
restriction r:educed average body weight and egg weight. o

Most workers have also fowr that there is no sipnificant <ffect
of restriction on mortality (Bolton ct al ., 1970; Auckland and
Rulton, 1973; Karl et al., 1977). However, Bullock (1902) (cited
by Bulloek et al., 1963) studied mortality data from 31 restricted
feeding experiments reported in literature and concluded that '
restricted birds show lower laying house mortality because of the

higher mortality in the growing period.
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.

Chicks

* The birds used in this experiment were Babcock B.380 pullet

day-old chicks purchased from 2 local hatchery. 7Two trials

of this experiment were performed with some slight modifications
as were deemed necessary., The weliphts of all replicates were »
equalized on the basis of their average weight to within 0.5 -

granmy:. The pullet chicks were reared on deep litter from

' hatch to 20 weeks of age. At 20 wecks they were transferrved

%0 battory cages in the layer's house,

ii.

Management of Birds

Chicks were reared in the tropical type cpen—sided poultry

house with a floor space allowance of 0.074m?/bird in

accordance with the recommendations of Olemu and Orfiong (1978).
Beat for brooding was supplied by kerosine lanterms; two wers

used per replicate. The open side portions of the house were
covered with polythence sheets during the first four weeks of
brooding period. PFeed and vater were supplied as and when
prescribed by‘;l;pr:ar’irmnt from day-old to 20 weeks to all replicates,
The birds were observed daily and records of mortality kept.
Fartnightly records of body weight feed consumption and mortality
were kKept for each replicate from O to 20 weeks., At 8 and 20
weeks, the average cammulative body welpht, feed consumption,

feed efficiency and total mortality were computed, Aftor 20 weeks,
all replicates were placed on the samne layer ration. Records on
the layers were kept for dally ege production and mortality; ege
wuight (average weight of nall eggs laid by each replicate on one

day of each week ); body weight at start and end of each experiment,

.
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Feed consunption was determined at 28 days intervals., The

laying component of the study lasted 112 days for each trial-,

o iid, Feeds

‘ Dur:mg the brooding and growing étages feed pr'escz'ibed by the

o experiment wore offered to the birds. The major ingredients

were analysed for their proximate chemical compocition at the

.. laboratories of the Natianal Animal Production Rescarch Institute,
Shika using ADAC (1965) methods. The pgross chemical composition

| of the mayjor ingredients used are glven in Table 1.

iv. Data Analysis
Data.édlléct.ed in 211 the cxperiments were subjected to ana]yéis |
of variance and the statistienl significance of differences
between means were assessed by the applieation of Duncan's
'. Multiple Range Tust at 5% level of significance (Steel and
Torrie, 1960),

B
o
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Tzble 1: Proximate chemical composition of the major inpredients
used in ration formulation ($ air dry basis), _

Ingredients Dry matter Crude Ethor Crude Ash Calcium Total
% protein  Extract Fibre % % phosphorus
% % %

Maize 90.00 §.91 5.79 2,20 1.1 0,02 0.2%
Groundrut
cake 92,01 45,01 7.31 13,01 5.41 0.26 0.56
Whent bran 93.00 16.01 3,10 11.04 2.25  0.14 1.15
Soynbean

48.50 i.12 7.40 6,15 0.27 0.62

cake 91.00




-

QUALITATIVE FEED RESTRICTION
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Objective
To determine the effect of qualitative feed restriction through
dietarv protein restriction on subscquent pperformances of efr; type

pullets,

Status of the problem

As mentioned in the introduction, fucd represents 60-65 percent
of the cost of producing 2 dozen epgs. The cost of various ingredients
that constitute the feed has been on the increase, hence there is the
need to ruduce this cost and hence the ultimate cost of the product -
egps. ne of the ways of cutting down on the cost of production is to
reduce the cost of feed consumed by the pullets from hatch to point of
lay. Since protein is perhaps the most expensive item in feceds, feeding
of the birds on low protein diets during: growth is one way of reducing
the cost of feeding of the pullets and hence the cost of producing the
eges. In Nigeria, groundnut and soyabenn cakes arv currently the major
protein sources used in formulating chick and grower diets for pullet
rearing, and these ingredients are very expensive feed ingredients.
Efforts made to reduce the level of thoir inelusion in the feed will go
a long way in reducing the cost of the feed 'nd hence the cost of
raising the birds. Apart from reduction in the cost of raising replacement
pullets, qualitative feed restriction has also been used to delay sexual
maturity of pullets in order to reduce the number of small egers laid by
pullets., Two qualitative trials were desipgned and executed to determine
the best options and regimens for restricting protein in the diet of
replacement pullets and laying chickens without adversely affocting

performance.
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Effect of Qualitative Feed Restriction on Performance of Replacement
Pullets (0-20 woeks)

Trial 1a (Growing phase)

Objective
To determine the effect of qu-litative feed restriction on the

growth of replacement pullets.

Experimental

Nine-hundred day-old chicks were allocated to six triplicate
treatment pens of fifty bimds ench., The six treatments used were

as follows:

Treatment 1: 20% protein dict (0-8 weeks);
16% protein diet (9-20 weeks).
This treatment was used as the control.
Treatment 2: 16% protein diet (0-20 wecks).
Treatment 3: 12% protein diet (0-20 weeks).
Treatment 4: 16% protein dict (0-8 weeks);
12% protein diet (9-20 weeks).
Treatment 5: 20% protein dict (0-8 weeks);
12% protein dict (9-20 weeks).
Treatment 6: 20% protein dict (0-3 weeks);
16% protein diet (9-16 wecks);
12% protein diet (17-20 weeks).
The birds were managed as deseribed under @eneral Experimencal
Procedures,.. The camposition of the dicts used is given in Table 2.

See appendix 1 for the statistical analysis.
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Table 2: Percentage camposition of rations fed in Trials 1a and

2a,
Rations
Ingredionts 1 2 3
% pA %

Maize 52.50 58. 30 64.30
Groundnut cake 28,40 15.6C 3:30
Wheat bran 15.70 23.70 30,00
Premix” 0.15 0.15 0.15
Common salt 0.25 0.2 0.25
Bone meal 3.00 2.00 2,00

100,00 100,00 100,00
Calculated Nutrient levels
Crude protein, % 20,01 16.00 12.01
Metabolizable Energy
(Keal/kg diet) 2649 2647 2649
Calcium, % 0.95 0.65 0.60
Phosphorus (available),
® 0.55 0.43 0,42
Lysine, % 0.85 0.61 0.45
Methicnine + Cystine, % 0.63 0.54 0,47
Crudge fibre, % 6.57 5.92 5.14
Feed cost , N/kg diet 0,59 0.55 0.52

“Zoodry VM 201 premix used supplicd the following per kg of ration.
Vitamin A (stabilized) 10,005 I.U.; Vitamin D,(stabilizcd) 2,250
I.U.; Vitamin E (stabilized) 5.01 T.U., Vitamin K (stabilized) 2.01mg;
Vitamin B, 4.50mg; Vitamin 136 3.0mg; Nicotinic acid 22.005mg;

Calciun D=Pantothemate 6.0mg% Vitwnin B,. 0.012mg; Cholinc chloride
200.10mg; D.O.T.(3,5-dinitro-ortho-toluiftide) 100,.05mg; Manganese
80.01 mg; Iron 50.01mg; Zine 40.005mg7; Copper 2.4mg; Indinc 1,401mg;
Cobalt 0.201mg; Selenium 0.051mg.
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Re:sult.s

The results obtained in Trial 12 are summarised in Table 3.
“For the chick stage (0~ weegks) the Level |
of protein given to the birds was crucial to the proper srowth of
the birds. In terms of feed efficiency and weipht gin, the low
protein diet of 12% (treatment 3) significantly depressed growth
performance of the birds. Treatmont 3 birds also consumed |
significantly (P{0.05) less feed which was inefficiently utilized
resulting in an average welpht goin that was only 57% when |
compared to the birds fed the control diet. Birds fed 16% protein
diet (treatments 2 and 4} werec cumpnrable to birds on 20% protein
diet (treatments 1, 5 and 6) in tecrms of feed intake, fecd
efficiency and cost per unit of gnin but were sipnificantly lighter
in weight than their 20% protein counterparts. N

During the growing phase (i.e. 9~20 weeks) birds fed 127 crude
protein from day-old still showed low performance probably due to
the poor start. However treatments 4 and 5 fed 12% protein dicts
during the growing phase were cumparable to the control birds fed
16% protein diet during this pericd. Cost per kilogramme gain
did not differ significantly between troatments though treatment
2 was the least expensive to focd, There was no significant
differcnce between the control birds and treatment 6 which indicates
that there was no advantage in using 2 single step pretein resimen
over a two-step protein regimen during the growing stage.

When comparing the overall effect of the differunt protein
levels fed bhetween 0-20 waels, treatment 6 showed no advantage of
using three-stage protein regimen over two-stage protein regimen

as in the control.
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Likewise 16% single-stage protein regimen was comparable to the
control while 12% single-~stape protein regimen was significantly
inferior to the control. Treatments 4 and % were comparable to
each other but both were sipnificantly poorer in tewms of feed
efficiency arc weight gnin when corpared with the eontrol (treatment
1) and the single step 163 protein regimen (treatment 2). In

terms of cost per kilogramme ppin, treatment 2 (164 peotein
throughout ) was the least expensive but was not significantly
different from the control, Only treatment 3 (12% protein
throughout ) was simificantly more expensive than the control.
Other treatments resulted in non-significant differcnce from the
control or among themselves., Mortality rates showed significant
differences, with treatment 4 having significantly higher mortality
percentage than other treatments. It was unclear if the differences
were attributable o dictary trentments. No post-morten examination

was carried out on the dead birds.,

Sumnyy

This trial was conducted with nine-hundred day-old replacement
pullets, and their pprowth pattorm was monitored until twonty weeks.
Different combinations of isocaloric experimental dicts containing

20, 16 and 12% crude protein were fods Results indicate that:

1. A 16% crude protein diet could be fed to chicks from
day old to 20 woecks without dotrimental coffect.

2. Feeding a ration as low as 12% crude protein was net
beneficial to young chicks of 0-8 weeks old.

3. A throee stage protein regimen was not  advantarseous over a

single or two stage protein rogimen.
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Table 3: Effect of qualitative feed restriction on growth performance of replacement pullets in Trial 1a'?

0-8 weeks 9-20 wveeks 0~-20 weeks
Feed Feed Weight Feed Cost/ Feed Feed Weight Feed Cost/ Feed Feed Weipht Feed cost/  Mortality
Treatment intake efficiency gain kg gain intake efficiency gain kg gain intake efficiency gain kg gain (T)
(g/bird) (g feed/g (g/bird) (W) (g/bird) (g feed/ (z/bird) ()] (g/bird) (g feed/g (g/bird) (%)
gain g pain) gain)
1 1219.5"  3.79" 22.67* 226 4026.23"° 565"  gar.a7™ a.y2 6145.83" 5.12° - q204.14" 5. 26%C 4.00”
2 1130.93°° 4,10 277,33° 2.21°  4726.53" a.a0®  1023.73" 2.59 sB57.46% 4.50° 1201,06" 4, 86° 5.37"
3 1038.73° 5.61° 185,90°% 2,90"  4275.1% 6.05° 708,38 313 531406 5.96° 894,28 ¢,03" 6.67°
4 a2t s 284,47 22" aean.s?® s eenas® oy 5820.80" 5.96" 98232 ¢ b -
s 1197.59" 3,75° 319.43" 2.1 4620,80% ¢.53° 711,60 3.38 5827,39" 5.66" 1031.03% 5.59° 6,00
6 192.9" 3,82° 311.23% 226" 4980.63" 631" jou.08® 3.4 6173.60" 5.60 P y106.21™ 570 4.00"
s 32.60 0.156 10.79 0.088 98,93 0.377 55.17 0.215 107.32  0.231 49,51 0.201 0.903

1
2
3

SEM = Standard error of the means.

Means obtained from 150 birds in three replicates of 50 birds each.
Means within each column with different «

uperscripts are sipnificantly different (P<0,05)



34

4. Cost per kilogramme pain was hipher for chicks reared on 12%
protein from 0- to 20 weeks, During the growing stxe (i.e.

9-20 wecks) there were no simificant diffurence among treatments,

Effect of Qualitative Feed Restriction on Subsequent Laying Phase
Trial 16 (Laying phasc)

Objective
TO determine the effect of the (lifferent protein levels fed
during the growing stage on the subsequent performance in the laying

phase,

Experimental

Eight hundred and forty-six rcplacement pullets reared to 20
wecks (point of lay) in trial 1a were btransferred to the laying house.
The laying house is a tropical type open=-sided poultry house pruvided
with battery laying capes. Each cage is 30 by 35 cm and 41.5 om
high. The birds were not randomised but made to retain their growing
phase groups and treatment numbers. All birds were fed the san: layer
ration (Sce table 4). Feed arxl water were supplied ad libitum. No
artificial light was provided,

During the experimental period of 112 days (four 28-day periods)
records were Kept on daily 2z production and mortality. The birds
were individually weighed at first epgy and at 36 weeks when the
experiment was terminated, 'The ages of the birds at first epp, 5%
production, 50% production and poak production were ealeculated (thesc
paremeters were the averages of the arus of the three replicates
when they attained the production levels for three consecutive days).
On one day of each week in each 20 day-period, all emzs laid by each
replicate were collected and weighed. Feed consumption was determined
fortnipghtly.
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Tahle 4: Percentagn composition of layer's ration fed in Trials

1b and 3b,

Ingredients . - 5 |
Maize ' 50.00
Wheat bran - - . 24.50
Soyabean meal . | 15,50
Bore meal | . 2,25
Qystershell ' | 7.10
Salt . . 0.3
Premin® - .0
DI~Methionine : o ' 0.20

100,00
Calcuiated Nutrients Levels
Crude protein, % - 16,08
Metabolizable energy (keal/kg diet) - 2807
Calcium, ¢ P . 3,42
Phosphorus (available), % | L | 0.45
Iysine, % o S 0.92
Methionine + cystine, % '_ | Q.73
Crude fibre, % | | .39

aZoodry VM 301 premix used supplied thz following per kg of ration.
Vitamin A (stabilized) 10,005 I.U.; Vitamin D, (stabilized) 2010 T.U.;
Vitamin E (stabilized) 10.005 I.U.; Vitamin K°2,01mp; Vitamin B. 4.5me,
Vitamin B, 3.0mg; Nicotinic Acid 25,005mp; Caleium D-Pontothenate
8.01mg; Vitamin B 5 0,012mg; Vitemin C 20.01mez; Cholire dhloride
200.1mg; Manganesd®100.005mg; Iron 50.0dmg; Zine 40.005mg; Copper
2.4mgs Todine 1.401mg; Cobalt 0,20imgs Selendium 0,0%1mp,
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Data eollected during th: experimental period werc subjccted to
analysic of variance and the level of sipnificance assessed by applying
Duncan's Multiple Range Test (Stecl and Torrie ,1960) at 5% level of

sipnificance, Details of analysis of variance are piven in Apperdix 2.
Results

The results obtained from this cxperiment are Summarized in
Tables 5 and 6.

The use of different combinntions of protein levels during the
brooding and prowing phascs did not result in significant inervascs
in the apes of the birds to maturity. The ape at first opg; 5%; 50%
and peak production were not sipnificantly influenced by the level of
protein fed during brooding, and growing phases, though the birds on
the control diet (treatment 1) attained sexual maturity carlicr than
the other treatments. Birds which wer: on treatment 5 attained the
highest peak of 87.47% at 231 days of 2p¢ which was not sipnificantly
different from the rest of the trentments.

The feed consumption and thoe epp production pattern were mot
sipnificantly affected by treatuunt as shown in Table 6. Alsc the
weight of the birds at first ops and at the end of the exneriment were

not sipnificantly affected by treatment.

Sumary

This expcriment was conducted to investipate the effect of protein
restriction during the rearings stage on the subsequent perfcrmance in

the laying phase. The result obtnined show that:

1. The levels of restriction applicd in the brooding and growing
phasus did not have a sisnificance effect on the laying phase.

2. Feeding a ration as low as 12% crude protein from 0-20 wecks
did not significantly affect the laying performance of the
birds,
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- Table 5: Effect of a_.i.“nw-ann feed restriction on age and weight at maturity and feed consumption and mortality rate during
lay. Trial 1bles,

Age at Weight Age at Age at Age at I at peak Feed consum Feed consum— Feed consumption  Weight at 36 Mortality
Treatment 1st egg at I1st 5I pro- 50% pro- peak production ption frem ption from 0-36 weeks weeks during lay
(days) epp duction duction produc= () day old to day old to (kp/bird) (kg/bird) (z)
(kg/ (days) (days) tion 52 production 501 production
bird) (dpys) (kg/bird) (kg/bird)
1 170 1.49 173 188 227 84.9 10.39 12,16 19.88 1.74 0.70
2 173 1.46 179 190 232 83.6 10.83 11.92 19.42 1.69 0.00
3 179 1,38 182 187 229 84.8 10.63 12.37 19.41 1.72 0.00
4 176 1.6 182 152 229 85.9 11.33 12,80 19,85 1.73 0.00
5 17 1.40 178 191 23 87.5 10.72 12.32 19.87 1.67 0.00
6 172 1.48 178 193 226 758.0 10,97 12.75 19.83 1.70 0.00
mﬂ._u 4.88 0.13 5.46 3.80 1.41 3.09 0.66 0.53 0.67 0.08 0.28

- S

_zogaa obtained from 150 birds in three replicates of 50 birds each. .
2

Heans for all parameters are not significantly different(P>0.05).

umnz = Standard error of the means.
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Table 6: Effect of qualitative feed restriction on laying house
performance in Trial 1b.1.2

Hen-day egg Hen housed  Feed consum—  Feed per  Feed per
Treatment production egg produc~. ption (g/bird/ dozen egg kg egg

(%) tion day ) (k) {kg)
1 61.72 6CG,.al : 116.08 2,53 1.62
2 56.33 55.33 112,11 2.82 1.68
3 o409 92.46 115,43 2.88 1,86
4 59.77 58,06 ' 112.93 2.83 1.78
5 57. 54 55,19 114,293 2.68 1.69
& 50,88 58,57 111.2% 3.05 3.05

SEM® 4,12 4,09 8.35 0.u4 .45

lMeans cbtained from 150 birds in three replicates of 50 birds each.
2Means for all parameters are not significantly different(P >0.05)

3SEM - Standard Error of the means.
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3. Economic sains could not be made by feeding a ration as low
as 12% protein from 0-20 weeks because it was sipnificantly

more expersive to feed such birds to point of lay (see table 3).

Effcct of itative Feed Restriction on Performance of Replacement
£l weeks) |

Trial 2a (Crowihg phase)

Objectives

a. To further confim the effect »f qualitative feed restriction

on tre growth performance of cpp-type pullets.
b. To determine the e¢ffect of step-up protein restriction on the

prowth performance of egg-type pullets.

Experimental

Four hundred and eighty day-old chicks were randomly allocated
to twenty-four pens with twenty birds per pen. Three such pens
constitute a treatment. In this trial treatment 5 of trial 1 was
dropped because there was no advantage in using a three stape regimen
over a two stape. Three new treatments (treatments 6, 7 and 8) were
however in corporated to make a total of eight treatments to confirm
results of the first trial and to try out other options, The treatments
were as follows:

Treatment 1: 20% protein diet (0-8 wecks); 16% protein diet
(9-20 weecks). This treatment was used as the
control,

Treatment 2: 16% protein diet (0-20 weeks).

Treatment 3: 12% protein diet (0-20 weeks).

Treatment 4: 16% protein diet (0-8 weeks); 12% protein diet
(9-20 weeks).



Treatment 5: 20% protein dict (0-8 wecks); 12% protein diet (9-20
weaks ).

Treatment 6: 12% protein diet (0-0 weeks); 16% protein Qiet - -

i

_ (5-20 weeks). _
I'It‘eatrm‘:nt 7: 12% protein dict (C-8 wecks); 207 protein diet
(9-20 weeks).
Treatment B:  16% protein dict (0-8 woeks): 20% protein diet
(9=20 weeks),
The birds were manaped as described under Gereral Experimcntal
Procedures. The composition of the Jdiets used 1s given in Table 2, See

hppendix 3 for the statistieal analysis.
Raesults

The results obtained in Trial 2o are sumyarized in Table 7. The
results of this experiment further confirm the earlier results in
Trial 1a, A protein level of between 16 and 20% promotes proper
development of the pullets during the brooding stage of 0-8 woeks.
Birds fed 10 and 20% crude protein (treatments 1, 2, 4, 5 and 8) were
more efficient feed converters thon those  fed 124 protein (Treatmengs
3, 0 m. 7). Treatments 3, 6 an! 7 alss ad the lowest weipht mmins,

During the growing.phase (i.2. 9-20 weeks) the treatments on
step—down and single stage protein regimens (i.e. treatments 1-5 nlso
confirmed results obtained in trial 1n. Protein level fed after
eipht weeks was found to be less cirucinl than that before eight weeks.
The treatments involving step-up protein regimens (treatment 6-8)
showed a different trend from the step—-down treatments., Compensatory
growth was evident in these treatments, the level of compensation

depernded on the gradient of stepping., Birds on these treatments gained
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Table 7: Effect of qualitative feed restriction on growth performance of replacement pullets in Trial 2a' .u.
08 weeks 9-20 wveeks 0~20 weeks
Feed Feed Weight Feed cost/ Feed Feed Weight Feed cost/ Feed Feed Weight Feed cost/ Mortality
Treatment intake efficiency gain kg gain intake efficiency gain kg gain  intake efficiency gain kg gain ()
(g/bird) (g feed/ (g/bird) () (g/bird) (g feed/ (g/bird) - ) ~ (g/bird) (g feed/ (g/bird) (%)
g Rain) g gain) B gain)
| 1110.60"% 1,97° 130.94°" 1,99 4g69.13%¢ 5.60° 860.73*" 3.10° 5979.73° 4,99 1200.67% 5.00" 2.78
2 1065.20°¢ 3, 08" 267.50° 2.20°  aese.23® 607 om0 241 023.43% 5.6° 1071,21°¢ 5.61° 5.00
3 1023.87° 482" 212.39% 2.50%%  4068.23%¢ 7.45° 667.03°  3.8¢° 5992.10° 6, 82° 879.42°  6.36% .13
4 1118,30™ 4,03° 217.22° 2.23° w83 7,31 e7s.00° 3790 6054.13% 6,36 952.22%¢ ¢.02% 0.00
5 158,37 2.17° 366.00° 1,87 512800 714" 719.27°  a.70% . e286.37™ 5.80° 1085.27%¢ 5.57° 6.67
6 955.00% 488" 195,944 258 wse.er? 578 m2s3®  300™  sme® s.eet 1021,27%¢ 5.72%¢ 0.00
7 936,63 4.71° 198,944 2.4 552470 5,04 oam® 350 gusr.a® s.72C 1120.77"% 5.94%¢ 3.3
8 1092,50"° 4.19" 294.34%¢ 2.32°  5325,00" 6.19°  665.00" 3.65%  gur.se® st 159,34 5,972 2.22
sEMY 2363 0.125 14,81 0.068  105.89 0,178  24.84 0,089 117,60 0,146 2810 0.140 1.98

1

Means obtained from 60 birds in three replicates of 20 birds each.

u:nuub within each column with different syperscripts are significantly different (P<0.05).

umﬂ.x = Standard error of the means,
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weights that were not sipnificantly different from the control group.

In terms of feed efficiency only treatment 8 was significontly less
efficient than the control prowp. This may indicate that there was

no need to step-up the protein when chicks were started on 16% protein,
as 1504 protein from 0-20 wecks wis fomd comparable to the control in
the two studies conducted. In termis of feed intake birds on 20% protein
consuned more feed than those on lower protein levels between 9-20 weeks.

In respect of the overall cffcet of the different protein levels
fod between 0-20 weeks, the control wis fowxl to be the nost efficient
and the single stage 12% protein was found to be the most inferior.

If chicks were started very poorly anxd later stepped up by improving

the protein content of the mash a mrked improvement was observed due

to compensatory growth as in treatments 6 and 7 as compared with treatment
3.

Mortality rate did rot show any sipnificant difference and there
was no post=mortem exanination carricd out on the dead birds. With
reference to the cost per kilogeamm: rain during the brooding phase
(0-8 wecks), the best economic jnin wns achicved in treatmuents 1 and
5 that were on 20% protein diet nt this period. Treatments 2, 4 and
8 that were on 16% protein dict between 0-8 weecks performed next and
treatments 3, 6 and 7 that were on 12% protein diet between 0-8 weeks
were the worst which confirmed the results obtained in trial 1a., During
the prowing stage (9-20 weeks) the control ration was most efficient,
and treatment 3 (12% protein throughout) the worst. In the step-up
protein regimen treatmernts, treatment 6 (12% protein 0-3 weeks; 164
protein 9-20 weeks) was the only troatment comparable to the control.
The other two treatments werc sinilicantly different from the control.
The control still proved superior when the overall effect of the

treatments were considered (i.e. 0-20 weeks).
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Stepping up of the protein levels of the chicks during mrowbh did

ot indicave any econamic min in this work.

Summary

This trial was conducted with £ hundred and eicht day-old
replacament chicks and their cpowth pottern was monitored until
twenty wecks. Different combinati-ngs of isocaloric experimental diets
containing 20, 16 and 12% crude pimtein were fed.
Results indicate that:
1. A 16% crude protein dict could b fed to chicks from day old
to 20 weeks without detrimental cffect.
2. Feeding a ration as low as 127 crude protein was not beneficial
to young chicks of 0-8 wecks old,
3. Birds fed low protein dict exhibited compensatory growth when
hirher protein diets were provided and attained weiphts comparable

to control birnds.

Effect of Qualitative Feed Restriction on Subsequent Laying P aase
Tricl 2b (layingz phasc)

Objectives

1. ™ further confirm the cficet of the different protein levels
fed during tre jrowing stoyr on subsequent laying phasc.

2. To determine the effect of step-up and step-down protein ropgimens

during, the rprowings stame on the subsequent laying phase, 3

Experimental

Four hundred and sixty-two coplacoment pullets rearced to 20 wecks
(point of lay) were transfercd to bthe laying house as deseribed in
Trial 1b. The birds were ot randomised but made to retain their
prowine phase treatment numbers, All hirds were fed the same layer's
ration shown in Table 8. Feed and water were supplied ad libitum,

No artifieial light was provided.
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Tablc B: Percentage composition of layer's ration fed in Trials 2b

and b,
Ingredients B
Maize 52.15
Groundnut cake 18.25
Wheat bran 19.70
Bone men 2.15
Limeston: 7.10
Salt 0.25
Premix 0.20
DL¥Methionine 0.20
100,00
Calculated Nutrient Loevels:
Protein, % 16.01
Metabolizable enerpy (keal/kge diet) 2448 .62
Calcium, % 3.4
Phosphorus (available), # 0.43
Lysine , £ 0.63
Methionine + cystine, % 0.61
Crule fibre, % 5.69

Premix - a comercial product with composition as shown in Table 4,



During the experimental period of 112 days (four-28 day pericds)
records were kept as described in Trdinl 1b., Details of annlysis of

varinnce are given in Apperdix 4.
Rasults

The results obtained in this cyperiment arc summarized in Tables
9 and 10,

The use of different combinctions of dietary protein levels
during the brooding and growing; phases did not result in sipnificant
increase in weipht at first €., = at 50% production, weight at
the end of the experiment (i.c., weirht at 36 weeks) and mortality
during lay. On the other hand o Drentments did significantly
affect the age at first «pg, aze 2t 5% productiocn and feed consumed
to 5 and 50% production,

The birds reared on 127 protein from 0-20 weeks (i.¢. trcatment 3)
were significantly poorer to the rest of the treatments, followed
by treatment 4 (16% protcin 0-8 wecks: 12% protein 9-20 weeks). These
birds attained sexunl maturity late but were able to compensate this
1ate start before the experiment was terminated (See Table 10).
Treatments 5 and the control were comparable and there was ro sigmificant
difference in all the parameters messured (see Tables 9 and 10).

It was observed that stepping wp the protein level offered birds
from 12% 2t day old to 16 or 207 from 9 wecks improved the performance
of the birds. This is evident when Urcatments 6 and 7 |I“_'imcumpruf-ed to
treatment 3. Although the differences were not sipnificant for all
paramcters it was evident that the improved nutrition durine the
mrowing stape (i.e. 920 weeks) improved some parameters measured such
as age at 1st egg in treatment 6 and nse at 50% production in
treatment 7 (see table 9), on the laying house performance foed per

dozen eprs for the first perind was simificantly improved by stepping
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Table %1 Effect of qualitative feed restriction on age, weight at maturity feed, consumption and mortality rate during lay in Trial 2 .u.

— — e

b . Age at Weipht at Age at u.u Age at 502 Age at peak % st peak Feed consumed Feed consumed Feed consim~ Weight at Mortality
reatment st egg 15t egp production production production production to 31 production to 501 produc-ption 0-36 36 weeks

(days) (kg/bird) (days) (days) (days) (x) (kp/bird) tion weaks (kg/vird) during

(kg/bird) (kg/bird) tay (X)
' 1 160" 1 162° 183 102 76.0 7.87° 10,44° 14.06 1.74 8.51
. 2 160" 1.45 169> 190 211 77.6 8.8 11.36%° 16.26 171 1,46
1 3 172* 1.38 175" 195 220 75.6 9.65" 1.e1” 14.74 1,70 7.12
=1 3 168" 1.40 173" 190 203 n.a 914" 11.21% 14,09 1.69 5.19
_ 5 16 1659 163 204 7.2 8.67°¢ 10,79%¢ 14.71 1,13 7.22
' 6 170 1.53 y72%t¢ 190 211 70.0 8.9 10.87% 13,64 1.71 5.00
., 7 165 1.40 e 189 211 70.0 8. 87" 11,54 13.68 1,74 8.31
8 161" 1,44 teyvede 128 195 78.3 9,11% 11.28% 13,60 1.67 5.00
see 2,70 0.9 2.17 2,83 7.41 3.46 0.29 0.39 0.28 0,04 2.28

) “xnusu obtained frem 60 birds in three replicates of 20 birds each.

Means within each column with different superscripts are sipnificantly different (P<0,05),

umﬁ__ = Standard error of the means,
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Table 10:  Effece of qualitative feed restriction on laying houge performance in Trial uw._.m.

e S Ifiii;lrf.l.lliililllit;fl:!l!fllsz.]lrfi-lliful
Hen—d ay 88 lenhoused 88 Feed consum— Feed per doz, Feed consim- Feed per doz, Feed consim- Feed per dos, Feed congum- Feed per dogz.
Treatment Production Production Ption period €828 period ption period €pgs period Ption period eges period Ption period €EES period
) (2) Ha/bird/day) 1 (ng) 2 (a/bird/day) 2 (g) Ielbird/aay 3 g /bird/day 4 (i)
!;fff{!ff SO
1 63.18 6129 116,137 3.26¢ 111, g50cd 2,65 121, 89 3.6 126.27 2.99
2 63.18 62,75 117,30 4.24%4 113,11 %8¢ 2.61 123,41 3.83 131.08 ERT
3 60,73 57,15 107, 34¢ 814" 112, 5404 2.76 122.10 14 123,43 3.09
P 61,04 58,91 119,850 5.8 120.65% 3,08 122.27 3.61 122.74 3.36
5 69.26 67.29 115,94 11 119,29" 2,70 124,39 2.79 131,08 318
6 62.10 60.89 111, 30%¢ 5.25%€ 103.50° 2.45 118,62 .39 122.87 3.35
? 61,45 59,40 112, 40b¢ 4,13bcd 2% C o 122,92 L) 125,42 3.27
@ 66,68 65.75 116,93 3.68% 106, 09°¢ 2.51 118,16 3.00 124, 41 2.97
se’ 3.20 2,99 2,13 0.62 3.10 0.14 2,60 0.2¢ 1.70 0.14

fm-i obtained from o birds in three replicates of 20 birds each,
~=2=6 vith each column with different Superscripts are -mnn:mn-:n-w different (Pc0.05),
ummx = Standard error of the means,
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wp from 12 to 16 or 20% protein,

Stepping @ the protein frod 16% te 20% fras 9 to 20 weck did
mot sigpificantly improve age at first cpp, ame =t 5% production,
feed consumed to 5% production, feed consumed to S0% production,
nor feed ner dozen e+3 [ Bhe first two mountins in
lay. This was evident when treatments 2 and 8 were compaired in
Tables 9 and 10. Dietary troatinis was observed mot to affiet cop

production from the third pericd of lay (See table 10).

Sumary
This experiment was c¢onducted Lo investipate the offect of
different protein restriction on subscquent epr production.
The result obtained show that:
The levels of restriction used Quring brooding and prowing
phases did not have a sijmificant effect on the laying

phases after two months in 1ay, {(i.e. after period 2).



QUANTITATIVE FEED RESTRICTION
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Objective
To Jtermine the effect of quutitative feed restriction on

subzequent 1nying: performence »f orp=type pullets,

Status of the problom

The cost of the varicus in rclients that constitute the ftod
is constantly increasing. To maintain customer patronas:, it is
important that efe price must be rensonably low. Distinet from the
qualitative or protein restriction nrocedure, another way of cutting
down on production cost is to reduce the quantity of feed e
available to the birds for consumpiicn durings the prowing serdiod
(i.e. 920 weeks). A proportion of tieir ad libitum feed can be
made available to the birds at this period or total withdraw-l of
feed on certain days. By reducin< the quantity of feed offered to
the birds this reduces the cost of bringin,< the birds to 1oy and hence
the cost of egs.

Two quantitative feed restriction studies were desirmed and
executed , In the first trisl, (Trial 3) four treatments were used.
Restriction started at the 9th wesk ~nd was terminated at the 20th
week. The different treatmernts used were as follows:

Treatment 1: Fecd available ad livitun every day.

Treatment 2: Feed available every other day (skip a day).

Treatment 3:  Feed available evory two days and o feed on the
third day (skip or day after every two days).

Treatment 4: Feed approximately 75. of feed consumed by treatment 1
the previous week.

For the second qumntitative tirial (Trial 4) treacment U was
dropped as it wis founl to be very labour intensive and therefore

involved more costs.



Consequently treatrents1 to 3 were repeated to further confirm the

fidings of trial 3.

Effect of Quantitative Feed Restriction on Performance of Replocoment
Pullets (0-20 wecks)

Trial %2 (Crowins: phase)

Obijective
To determine the effoct of gintitative 1eed restriction on the

mowth of replacement pullets.

Experimental

Six hundred day-old pullet chicks were alloeated co four triplicate
treatment pens of fifty birds ecchr wxl were subjected to the following
treatments:-

Treatment 1: 20% protein (0-8 wecks); 163 protein (3-20 weeks)s
feed available ad lib. fyrom 0-20 wecks., This served
28 the control treatment,

Treatment 2: 20% protein (0-0 weeks ad 1ib, feeding); 167 protein
(9-20 weeks): feed nvailable ad lib. every sther day.

Treatment 3: 207 protein (0-8 weeiks 2d 1ib. feeding); 16% protein
(9-20 weeks); feed available ad 1ib. every two days
followed by one day of no feed.

Treatment 4:  20% protein (0-8 wecks ad lib., feeding); 16% protein
(9-20 weeks); cpproximately 75% of feed consumed by
treatment 1 the previous week was made available.

Birds were managed and data obtained treated as described under
the General Experimental Procedurv:, The composition of the diets is

given in Table 11.
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Parameters measured included fued consumption, welpht pnin, feed
efficiency, and feed cost per kilorrrmme min. Details of statistical

analysis are piven in Appendix 5.
Results

The result.s obtained in Trinl 3 sre sumarized in table 12.
During the first phase of the sroving period (i.e. 0-8 wecks) there
was no signifiecant difference in 211 the parameters measured, This
was expected as there was no restriction and nll treatments were fed
ad libitum,

In the second phase of the rowing period (i.e. 920 weeks)
treatment 1 (control) consumed sinificantly more feed than the feed
restricted proups. The most restricted proup (treatment 2) consumed
about 30% less feed thon the control birds., This is quite 2
substantial savings in feed, Tiv creatment did mot sigmificantly
affect the efficiency of feed utilization, The feed efriciency
ranred between 5.65 for the control rroup of birds :nd 5.% for
treatment 4. In torms of weipht pruin birds in the control roup
mrined sipgnificantly more wierht than treatments 2 and 3 and had 2
comparable welzht with treatment 4, Fued cost per Kilospamme: gain
did not show sipnificunt differcnaces. Mortality was hishest (P¢0.05)
with tre proup that was most rostricted (treatment 2) and this was
mainly due to pecking.

The results of thoe overall rearin: period (i.e. 0-20 weeks) showed
a simnificant saving in feed as the restricted rouns consumed
3imificontly less feed than the contiml proup of birds, Treatment 2
(skip a day) consumed simificantly lees (approx. 24%) less feed than
the control birds to bring them to 20 weeks, This is a substantinl

feed saving when compared to the continl birds that were fad ad libitum.
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Feed efficlency and feed cost por kilopramme rnin did not diffuer
sipmificantly amongst treatmenm, Control bimds were sirmificantly
teavier than the rostriected prowss. Bimds in treatment 1 (le.
control birds) were significontly(nhout 20%) heavier than $he most

restricted growp (treatment 2),

This trinl wns conducted with dny old replacement pullets nnd
their prowth pattern was monitored until they were 20 weeks of ape.
Fecd provided to the birds was restricted between 9 to 20 wecks of ape.,
Results indicated that:

1. Quantitative feed restriction resulted in sipgnificant decrease

in feed consumel ard weisht prined, |

2, Qumntitative fesd restriction did not affect both the efficiency

of feed utilization and leed cost per unit guin in weight,
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Tabhle 11: Percentage composition of chick and growesr rations used
in Trials 3a and Un,

Ingredients Chick NMash Grower Mash
% %

Maize %2.50 DR.30
Groundnut cake 28.40 15,860
Wheat biran 15,70 23.7C

. a . L
Premix 0.15 Q.15
Comron salt 0.25 0.25%
Bone meal 3.00 2,00
Tatal 100,00 100, a0

Calculated Nutrient Compositicn

Crude protein % 20,00 16.00
Metabolizable energy

{(Kcal/kg diet) 2645 2647

Caleiwm, % 0.4ys 0.63

Phosphorus (available), % 0,55 0.43

Lysinc, % 0,85% 0,61

Methionine + Cystine, % 0.53 0.54

Crude fibre, % 5.72 5.92

a = See table 2 for composition.



Table 12: Effect of gquantitative fced vestriction on growth
performance of replacement pullets Trial 3a. 1

. Feed intake Feed effici- Weight gain Feed Cost/
Treatment  (g/bird) ency {z feel/ ( g/bird) kg gain Mortality

g sain) H %)
0=8 Weeks
1 1213.50 3.79 322.67 2,24 1,00
2 1179.57 3,45 342.80 2.02 1.00
3 116y, 40 3.71 313.47 2,19 1.00
4 1155,07 3.61 321.07 2.13 1.33
sEM> 17.63 0.10 10.49 0.06 0.11
9-20 Weeks
1 4926, 33% 5.65 881.47° 3.08 3.007
2 3“70.0713 5.33 653.‘48]: 2,93 11. OUa
3 asug.37° 5. 62 688, /3 3.06 3.67°
" 3805, 73" 5.90 717,432 2.92 2,67°
SEM° 123,65 0.30 51,72 0.16 0,52
0-20 Weeks
1 6145,83% 5,12 iaom,13° 5. 32 i, ooP
2 4649, 637 4,68 395, 287 .96 12.00°
3 5012,77° 5.01 1002, 57" 5,725 w670
u961, o> 4.78 1038. 507 5. 05 4,007
e’ 119,90 0,17 uy .67 0.15 0.77

lMeans obtained from 150 birds in three replicates of 50 hirds each,

¥eans within each column with different superscript are significantly
different (P<0.05).

3SEM = Standard error of the means.



Effect of Quantitative ifeed Rustriction on Subsequent laying Pivse
(20-36 w.cks)

Trial 3b (Laying phasc)

To determine the effect of different levels of quantitotive feed

restrietion during the frowing shase on subsequent ery production.,

Experimental

Five hundred and sixty three replacement pullets reared to 20
weeks (point of lay) in trial %a were transferred to the layins house
as described in Trial 1b. 'MThe birds were not randamized but made to
retain their growing phase treaument pproups. All birds werc fed the

same layer'sration as shown in table 4, Feed and water were supplied
ad libitum. No artificial light was provided.

During the experimental neriod of 112 days (four 28-day periods)
records were kept on daily mortality and ers productiong weckly epgr
weight (average weipht of epp 103 by each proup in one day of cach
week); body weipht at starc and end of experiment. Feed consumption
was determined fortnightly.

Deta collected during the experimental periods were subjected to
anlysis of variance and the detnils of analysis of variance are dven
in Appendix 6.

Results

The results obtained in the experiment are sumarizel in tables
13, 14 and 15. The use of quantitative feed restriction durin: the
orowing phase sipnificantly affected the weipht of the birds at 20

weeks (i.e. point of lay).
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Table 13: Effect of quantitative feed restriction on age, weight at maturity, feed consumption and mortality rate during
lay in Trial 31,2,

Weight at Ape nt Age at 5% Age at 50% Age at peak T at peak Feed consumption Feed consum~  Feed Consump- Weight at Mortality

Taikinsub 20 weeks fst egp production production production production from day old  ption from tion 0~36 veeks 36 weeks during
(kg/bird) (days) (days) (days) (days) (%) to 52 production day old to lay

(kg/bird) 50% production (kg/bird) (kp/bird) (2)

. R (kg/bird) .

1 1.24" 170 173 188. 227 84.9 10,34 12,14 19.88 1.74" 0.€9

2 1.03° 175 180 192, 233 82,8 9.83 11.48 18.61 156> o.e0

3 -.n:._.. 174 17¢ 193 230 84,9 9.%0 11.54 18.78 ?.uu_. 0.72

o A_..gv 173 179 191 233 83.9 9.59 10.91 18.21 ___.umr 0.co
mn:u 0.05 3.58 5.03 4,43 4,04 1.72 0.60 0.57 0,99 0,04 0.61

d-__nb.._u obtained from 150 birds in three replicates of 50 birds each,

~m_n-=- within each column with different euperscripts are significantly different (P<0,05)

umm; = Standard error of the means,



Table 14: Feed consumption of gquantitatively restricted laying chickens
Trial 3b,1,2

Feed Comnsum= Feed Consump- Feed Consump-~  eed consumpiicon
Treatment ption 0-20 tion 20 weeks- tion 20 Weeks- 20-36 Weeks
Weeks 5% produciion 50% production (kgp/bird)
(kg/bird) (kg/bird) (kg/bird)
-] "
1 6.15 .19 5,99 13.73
2 H.GSD 5.18 6.83 13.96
3 5,017 4,89 6.53 13.77
4 H.QGb 4.63 3.95 13.25
SEMS 0.12 0,55 0.61 0.98

1Means obtained from 150 birds in three replicates of 50 birds each

2 e . R . b s
Means within each column with different superscripts are significantly
different (P<0.05).

3. . .
SEM = Standard error of the mezans.



Tahle 15: Lffect of quantitative fecd restriction on laying house

performance of chickens in Trial 3b. 1,2

Henday epp Hen-housed «gg Feed Consump- fFeed per Feed per

Treatmant  production  production ption (g/bhird/dozen egy kg egg
(%) (%) day) (kg) (ky)
1 61,72 60,606 117.05 2,51 1.65
2 56, Tk 55.20 111.67 2.87 1.85
3 55.17 54,006 110.1? 2,43 1.79
L4 56,98 56,02 111,87 2,92 1.60
SEMS 2.75 3.15 4,82 0.75 0.11

lHeans obtained from 150birdd in three replicates of 50 birds each,

2 s s .
Means for all parameters are not significantly different (P>3,05),

3SEM = Standard errvor of the means.
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The control birds were sijmificantly heavier than the restricted
prows, The control birmds were rbout 20% heavier than the lipghtest
rrows (Treatment 2 birds). The type of restriction piven to the birds
durins rrowth did not sigificantly affoct the ape of the hirds at
first egym, 5%, 504 and peak production, However, there was 2
simificant decrcase in the woi. ht o7 the birds both nt 29 weeks and at
the cnd of the experiment, Althowd the feed consumption of the birds
from hotch to 5%, 0% and at the end of the experiment did not show
ony simificant diffoerences, it is cvident in table 14 that when
restriction was terminated ot 20 weclis, the restricted birds consumned
slirntly more feed than the control birds. The differonce in
consunption aradually becam: norruwer by the end of the experiment.,
fuantitative feed restriction did not have a significant effect on
hen=day epyr production, hen-hous:d ogp production, feed consumption
and the efficiency of feed for ory production as shown in takle 15.
The efficiency of feed for e proluction was slightly better with
treatments 1 and 4§ than the sther two,

-

Sunmary

This work was done to investirte the effect of quantitqtive
feed restriction on subsequent o v production., The results obtained
show that:
1. The lewvel of restriction ucilized during the crowins phase

did not have 2 simmificant oifcet on the layinr shose,
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Effcet of Quantitative Meed Restrictlion on Perfonnance of Replacement
Pullits (0-20 weeks)

Trial 4a (CGrowine phaso)

Objective
™ further assess the cffeer of quantitative feod restriction on

the rowth of replacement pullets,

Bxperimental

One hundred and eiphty day-old chicks were allocated to threc
replicate treatments of twenty birds each and were subjected to the
following treatments:-

Traotment i:  (Control) 20% protein (0-8 weeks); 16% orotein
(9=20 weeks): fued sweilable ad libitum from
0=-20 w: ks.
Treatment 2: 204 protein (0-2 weeks nd 1ib, feeding): 16%
protein (9-20 wooks, [ved available every other day).
Treatment 3: 204 protein (0-0 wecks ad lib.,  fecding); 16§ protein
(9~20 woeks, feord available overy two days followed
by one day of no fued),

The rations were fud as listed above, binds were monaar] as
described under the Ceneral Expoerimental Procedure.  the composition
of the rations is piven in Table 11, See Appendix 7 for statistical
analysis.

Results

Results obtained in Trial 4 ~re sumarized in Table 15. There

were o sipnificant differences in feed intake, feed efficiency,

welpght poin and cost per unit in weisrht durding the period 0-8 weeks,
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This was axpected 0s there was no restriction during this period.
Feed and water were available ad libitum.

During the restriction period (i.c. 920 wecks) the amount of
fecd consumed by the control bicds (freatment 1) was siymnificontly
hirher than those consums:d by the more resvricted mogp (treatment 2),
This restricted roup consum:! ~oout 774 of the feed consund by the
control birds which shows a 1t o savings in feed. However fled
consumed by the rpowp fud every tio days before the feed withirawal
on the third doy was similar o tint of the control bimds, In terms
of feod efficiency and weight iin Che restricted proups (treatments 2
anl 3) were simificantly infuiiir £o the control birds, Treatment 2
and 3 were 347 and 185 liphtor thon the control birds respectively.
Cost per unit ;min and mortality during this period did not show any
simificant differcnce.

For period 0-20 weeks, thore was still a significant difference
between feed intakes of the control and the skip-a-day treacment S.
There was no sipnificant diffurcnec between the control and the skip-
after-cvery tvo days (treatment 3) focdine repgimen.  The averape
weight of the control birds was sirnificantly heavier than that of the
restricted mrouws. The wei~ht mircd by the control birds, skip-a-day
and sldo after every two days ifucdin: were 1,20, 0,93 and 1.08 kilomrarmes
respectively, Foud officicney, cost per unit gin and mortality did
not show any sipnificant diffur-ncees amonp treatments. The low
moritality recorded in this trizl was as a result of carly debeaking of

the birds as against the hish mortolity in Trial 3a.



€3
Snwery

'This trial was conducted to roconfim the previous results in
trinl 3a. Feed was quantitatively restricted to the binds between
9 to 20 weeks of e,

Results indicate that:

1. Quantitative feed restriction rosulted in simifieant deerease
in feed consumcd and woel bt mianed especially durine the secord
phase and the entire 20-ucch neriod.,

2. Quantitative fecd restriction did mot affuect the cost per unit
min in weight of the birde Ulwoupshout the first il scecond
phhses.,

3, Beed efficicncy was simmificantly bettor for the concrol birds
than for the restricted binds Jdurin: the restriction poraod

(i.c. 9-20 woeks),
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Table 16: Effect of guantitative feed restriction on growth
performance of replacement pullets in Trial yal,?2
Feed intake Teed effici- Weight gain Feed Cost/
Treatment (g/bird) ency{g feci/ (g/bird) kg zain Mortality
g rain) (&) (%)

0- Vieeks

1 1110.60 3.37 330,94 1.98 0,00

2 X177.57 3.28 359,00 1.94% 0.00

3 1176.17 3.18 371.06 1.87 0,00
SEH3 23.98 0.09 16,07 0,05 .00
9-20 Veeks

1 4869,13" 5.60" 869.73° 3.09 2.73

2 3708.67° 6.u9" 571.67° 3.53 0.00

2 4268,33% 5, 04° 706,67 3.3 1.11
SEM® 132,93 6.18 25,85 0.11 1.01
0-20 Yeeks

1 5979,70° 4,98 1200.58% 5.07 2.3

2 h886.23b 5.25 936.6?b L .00

3 su43,50%° 5,05 1077.72° 5.21 1.11
s’ 145,01 0.11 39,75 0.14 0.93

1 X . . 3 ;
leans obtained from 60 birds in three replicates of 20 biyrds each.

2 L . . . —_—
Means within each column with different superscripts are significantly
different (P<0.05).

3SEH = Standard error of the means.
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Effecct of Quantitative Feed Restricticn on subsequent laying: phasc
(20-36 weeks)

Trial 4b (Laying phase)

Objective

o further nssess the Jvicet of different levels of quantitative

feed restriction during the .roving uhase on subsequent oy production,

Experimental

One hundred and seventy-seven roplacement pullets reared to 20
woeks {point of lay)in trinl 4~ were transferred to the laying housc
as deseribed in Trial 1b. Tie bimds were not randomized but retained
in their growins phase treatwent roups. All birds were fod the seme

lager's ration, (See Table 8). Reed and water were supplied ad libitum.
Mo artificial light was provided.

During the experimental perdiod of 112 days (four 20-day periods)
recerds were kupt on daily morta2ity and cop production, weckly egr
welpht , body weicht at start oni ony! of experiment. Re2d consumption
was determined fortnightly. Inbo eollected during the exoerimental
period were subjected to analysis of variance and the statistical
sipnificance assessed as indic bul widcr Gereral Experimental
Bocedure. Dotails of analyeis of vordance are piven in Apoendix 3.
Hesults

The results obtainud in this experiment are summarized in Tables

17, 18 and 19. The results of this trial confirmmed the results of the
previous trial on the cffect of quantitative fied restrietion on

subsequent e production.



66

Table 17: Effect of Quantitative foed restriction on age, weight at maturity feed consumption and mortality rate during lay in Trial _:...d_ -.

.|r S S iy
Weight of Age at Age at 52 Age at 502 Age at peak I at peak Feed consum- Feed consum~ Feed consun- Weight of Merta-

Treatment birds at Ist egp production production preduction production ption from day ption from ption 0-3& birds at ey
20 weeks (days) (days) (days) (days) <) old to 5% day old te veeks 36 weeks during

(kg/bird) production 30% production (kg/bird) (kg/bird) 1ay

(kg/bird) (z)

1 1.24° 160 162 . 183 _unv 76.0 7.87 10,44 14.06 1.74° 6.51

2 0.97° 167 169 19 205" 76.0 7.54 9.92 12.86 1.59° g3

3 g2 164 167 183 197° £2.5 £.30 10.00 14.21 .60 3.3

se® 0.4 3.51 3.40 3.40 314 3.38 0.34 0.38 0.25 0.02 2.38

———

1
2
3

Means obtained from 60 birds in three Teplicates of 20 birds each,

Means within each column with different superscripts are significantly different (P<0,05).
SEM = Standard error of the means,
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Table 18: Feed consumption of quantitatively resgtricted laying
chickens, Trial bb.l1,%
Feed Consump- Feed Consump- Yeed Consump- Ieed Consumption
Treatment tion 0~20 . tion 20 weeks~ tion 20 weeks~ 20-35 Weeks
weeks 5% production 50% production {kg/bird)
(kg/bird) (kg/bird)} (kg/bird)
a . )
1 5.98 1.89 4,46 8,08
b . )
2 L, 87 2.67 5.05 51,99
3 S.HUab 2.86 4,56 5,77
SBMS 0.15 0.53 0,57 Q.72

1Means obtained from €0 kirds in threze replicates of 20 biprds each,

2 civs . , A . R
Aeans within sach column with Jdifferent superscripts are sipgnificantly
different (P<{0.05),

3
SEM = Standard error of the means.
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Table 19: Lffect of quantitative feed restriction on laying house
performance of chickens in Tprial ubl.%,

Hen-day egg Hen-hous=d Teed Cons~ TFeed per Feed per kg

Treatment  production  epgg produc~ unption dozen ejg egg
(%) tion, (%) {g/bird/day) (k1) (kg}
1 63.183 61.29 118,49 3.10 2.07
2 52,84 60,71 118,07 3.38 2.20
3 66,06 62,05 118.83 3.12 2.0%4
3

SEM .13 3.52 2,35 0.37 0.15

lMeans cobtained from 60 birds in three replicates of 20 birds each.
2Means Tor all parameters are not significantly diffevent (P>0.C3).

BSEM = Standard errcor of the means.
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Restriction of feed between U-20 weeks had a sipnificant effect
on the weight of the birds at 20 weeks., The weipght of the birds under
skip after a day feeding recimen (treatment 2) was about 208 of the
welrht of the control birds, Those liphter birds would require less
feed for body maintenonce thurciy reducing the cost of 2 production,
This difforence in weipht was roduced to about 924 of the weisht of
eontrol binds at 112 days aftcer full feeding commenced, ‘This
difference was still sipnificontly different from the control birnds.
Ames at first epp, 5%, 50% ard penk production did not show any
simificant differences. Feed consumption of the birds to 9%, S04
production and to the end of the owmoeriment (36 wecks of ame) showed
no significant difference but the restricted birds consuned more
feed than the control birds luring: the layins periods as shown in
Table 18. Treatment 2 birds(skip-o=day feeding) consumed 0.7¢, 0.59,
0.99 kr more feed to 5%, 504 and enl of experiment respectively than
the control birds,

Hen=day epe-production, hin=-houscd egm production, food
consumption, fecd per dozen s and feed per kilogramme ory; did
ot exhibit any sipnificant Jdifferchees,

The mortality during- lay wes high for all treatments but there

were no simifiecant differencos between treatment means,

Summary

This work was done to furthor cvalunte the effect of quantitative
feed restriction on subscquent epy production., The results obtained
confirmed the earlier finding that the level of restriction utilized
during the prowing phase did not have a sipnificant effect of the
laying phase.
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In the two trials on the effect of gqualitative feed restriction
of pullets, a crude protein level of 12{4 was found to be inadequate
to support the growth of birds between 0-8 weeks, but could be used
for birds between 9-20 weeks, This is in apgreement with the findings
of Carlson and Nelson (1931), who recomended that diets no higher
than 12% protein need be used for prowing layer type pullets after
10 weeks of age. The birds on 127 rrotein from day-old prew poorly.
In terms of feed intake, birds fed 12% protein consumed significantly
(P{0.05) less feed than their counter-parts on 20 or 16% protein
because of their relative small size, The less the feed consumed the
less the weight rained by these groups and hence the less the
efficiency of feed utilization., Cost per kilogramme main in weipht
was also significantly (P(0.05) higher than their 16 or 20% protein
counterparts, This clearly shows that pullets requirz a protein level
higher than 127 between 0-8 weeks for proper prowth as indicated by
Scott et al. (1976) and NRC (1984). In the case wherc low protein
level had to be used as a starter diet for replacement pullets, the
amino-acid content had tc be adjusted to meet recommended levels as
reported by Maurice et al. (1982),

During the prowing/rearine phase (9~20 weeks) results of the two
trials showed that a prower mash of 12% protein was able to support
pullet growth. In term of fued intake the birds that received 1234
protein throughout the period still consumed the least feed ang pained
the least weight at the end of 20 weeks. Similar results had been
reported by Douglas ev al. (1973), Christmas et al. (1974) and Carlson

and Nelson (1961).
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Efficiency of feed utilization and cost per unit pain were also poor
for these birds. From these two oxperiments, it is evident that
protein restriction reduced the 20 wocks body weiphts of the birds as
obtained in the works of Blair ¢t al. (1370), Douglas and Harms (1976)
and Carlson and Nelson (1981). This indicates that the small sized
birds produced will require loss foud for maintenance during lay and
this is a form of saving to the fanmer,

In the case of step-up protoin regimen in trial 2, treatment 6
(12% protein 0-8 weeks; 164 protein 9=20 weeks) reduced the weiphts
of the birds at 20 wecks. The other two treatments (7 and U) produced
weights camparable to that of the control trecatment. This was contrary
to the results of Leuson and Sumwrs (1980, 1982); Doran et al. (1963);
Bish et al. (1984), and Robinson et al. (1986). These workers obscrved
a significant decrvase in the weipht of the birds at 20 wecks, The
differences in results may be due to the types of strains used. These
workers used white epp=type strain of pullcts whilc brown cpy: strain
of pullets was used in the trizl reported hervin., The results of
Maurice et al. (1962) brown epp strain pullets were similar to the
results of this trial, as they did not observe a sipnificant reduction
in weight gain.

A single-stage 163 crude protuin diet was found to be comparable
in effect to the control treatment in addition to the advantage of
its simplicity. Leeson ard Summers (1982) reared pullets on 14% protein
and the birds were comparable in body weipht to the control birds on
higher protein level at 20 wecks, This performance was achicved with
less protein intake during rearing, Savings could be made by rearing
pullcts on 16% protein diet from day old.
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The effcet of protein restriction on subsequent cgg production
did not have any significant offect on the paramcters tested during
the laying phasc in trial 1. The birds that received 127 protein
throughout the prowing period performed poorly during lay but the
performance was not sipnificantly lower than those of other treatments
(See Table 5). The lowest protoin srower mash fud between O to 20
weeks reduced cost of pullet production, delayed sexual maturity
and delayed production peak in ayreement with some of the results of
Christmes ¢t al, (1974). In this experiment 123 CP dict did not
increase egp size at 50% production as reported by Christmas et al.
(1974), due probably to the type of strain of birds uscd. Heavy
strains of birds as us.d for this study react more favourable to
stress than lipht strains as reported by !busua and Cunningham (1963%).

In trial 2, ape at first c¢gr7, ape at 5% production and fecd
consumed from hatch to 53 and 907 production showed sipnificant
treatment differcnecs (P(0,05). Birds on 127 protein from hatch to
20 weeks still performed most poorly (Sce Table 9)., Feuding birds
20% protein from 0 to 8 weeks and 12% protein from 9-20 weeks resulted
in laying house performance that was comparable to the control birds
fed 20 and 16% protcein at the resnective periods. This indicates that
if birds arc started on a hirh protein diet (208 C.P) for the first
eipht weeks, they will tolerate a much lower protein diet in the prowing
phase and indeced perform well subscquently in the laying house. This
regimen therefore can reduce cost of bringing pullets to lay without
affecting performanco.

Step up protein regimen pave a laying house performance comparable

to the control birds. This result is cxpected as the birds used the
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period (9-20 weeks) of improved plane of nutrition to compensate for
the inadequate nutrition of 0-8 weeks. Fram the results obtained
during the growing phase (i.e. 0-20 weeks), this form of regimen is
not recomended as the feed intake of the birds increased with the
increase in the plane of nutrition making the cost of rearing the birds
to point of lay more expensive., Although the aim of this study was
to find ways of reducing the cost of production, this form of feed
restriction though more expensive is recamended for replacement Pullets
started off badly, as this will improve the birds to a level comparable
to birds given a very good start. The laying house results indicate.
that pullets that are started off on poor feed can compensate and have
production levels comparable to the control birds after two months in
lay as indicated in the result of trial 2b (Table 9). It is interesting
to note that even when birds were started on 12% CP diet (0-8 wecks) and
later fed 10% CP diet (9-&weeks)as in treatment 6, they still performed
as well as the control indicated in Table 10,

For the 16% sinsle stape protein regimen, rearing treatment had no
significant (P)0.05) effect on the mean production parameters measured
in the 16 weeks laying period and this agrees with the findings of
Leeson and Summers (1932).

The two trials on the effect on quantitative feed restriction on the
growth of pullets showed that tiis form of restriction resulted in a
significant (P{0.05) decrease in feed intake and weight pain. Similar
results had been reported by Cummuirg; (1972), Mbujua and Cunningham (19¢2)
and Seller et al .(1984). The severity of restriction determines the
lightness of the birds at the end of the restriction period, During the
restriction period (9-20 weeks) tix birds that were fed every other day
were the lightest of the binds in trial 3a (Table 12) and those birds
consumed the least feed.
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Trial 4a (Table 15) showed 2 similar pattern. There was a2 direet
relationship between the amount of fued consumed and the amount of
weight pained, Quantitative feud restriction sigmificantly (P(0.05)
reduced the weight of the birds at scxual maturity (which is the aim
of feed restriction) therecby loworing the cost of producing the pullets
at point of lay. Consegquently less feed will be required for
maintenance during lay,

In terms of costS,there was no simificant difference (P)0.05)
in cost of feed per kiloprama: weight pnin, Birds that were fed
every other day were costly to roise per kilogramme weipht gain and
they 2180 required the least fued for body maintenance since they
reached point of lay at a reduccd weipht.

During the laying period the type of rearing before laying did
not simificnntly affeet the laying performance of the birds.
Abu-Serewa (1978) reported no significant differences in rate of lay,
hen-housed production, average epg weipht and final body weipht and
rate of mortality when birds were fed S days in a weck. In the study
reported herein 2 more severe mothod was used (feeding cvery other
day) to obtain the same results. ‘T advantages of quontitative feed
restriction are in bringing the binds to lay at 2 lightor weight and at .
a lower cost while being able to obtain 2 production level comparable
to the control birds reared at 2 higher price.

Feed restriction (quantitative or qualitative) should be
introduced during the rearing roplacement layers as this study clearly
shows that restriction of fuod during rearing does not affect subsequent
egg production of the birds. Also the study shows clearly that in
periods of searce feed resources, growing pullets raiscd on not-so-pood
feed can compenstate for losses in performence without compromising

eventual production if an adequate diet is fed in later life.
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APPFNDIX 1
ANALYSIS OF VARIANCE FOR FEED INTAKE, FEED- EFFICIENCY,
WEIGHT GAIN AND COST PER UNIT GAIN FOR 0-8 WEEKS, 9-20
WEEKS AND 0-20 WEEKS (TRIAL 1a).



Table 1: Analysis of variancd for feed intake for 0«8 weeks,

9=-20 weeks and 0-20 wecks,
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Source of Depprce H2an ¥
Variation of freedom Squares Value
0-8 Weeks

Treatment 5 13020.761 4 .083“
Error 12 3188.980

9-20 Weeks

Treatment 5 191101.993 6. 509k**
Error 12 29%0.923

0~20 Wecks

Treatment 5 288381 ,586 8, 34nx*s
Error 12 34555 ,702

**  denotes

significant at 1% level (P{0.01)

*** denctes significant at 0.1% level (P(0.001)
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Table 2: Analysis of variarce: for feed efficiency for 0-8 weeks,
9-20 weeks and 0-20 waeks.

Source of Degrac of Mean F
Vardiation freqdom Squaras Value
0-8 Wecks

Treatment _ 5 1.502 20. 575 %>
Error 12 0.073

9=20 Weeks .
Treatment 5 2.016 Y 720>
Error 12 0,427

0-20 Weels

Treatment 5 0,796 4,975+
Error 12 0.160

** denotes sipnificant at 1% lovel (P(0.01)
***denotes significant at 0.1% level (P(0.001)
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Table 3: Amalysis of yariance for woight gain for 0-8 weeks, 9~20
weeks and 0-20 weeks.

Source of Degree of Mean ¥

Variation frecdom Squares Velus

0~8 Weeks

Treatment 5 7895.455 22.591%**

Error 12 349,488

9-20 Wecks

Treatment S 45934, 371 54T 5

Error 12 9132.803

Treatment 5 45729.829 6., 218%%*

Error 12 7354, 910

**  denotes signifieant at 1% lovel (P(0.01)
**% danotes sipnificant at 0.1% level (P({0.001)
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Table 4: BAnalysis of variance for cost per unit gpin for 0-8 weeks,
§~20 weeks and 0-20 weeks,

Source of Degrec of Maans F
Variation frecdom Squares Value
0=-8 Weeks

Treatment 5 G,214 9, HoH**
Error 12 0,023

0=20 Wecks

Treatment 5 0.333 2.413 N8
Error 12 0.138

0-20 Weeks

Treatment 5 0.584 I, 787 %+
Error 12 0,122

NS denotes not significantly different (F)0.05)
**  denctes significant at 1% level (P{0.01)



APPENDIX 2

ANALYSIS OF VARIANCE FOR LAYING HOUSE PERFORMANCE
IN TRIAL 1b,
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Table 1: Analysis of variance for weight at 1st egg.

Source of Degree of Mean F
Variation freedom Squares Value
Treatment 5 0.010 0,294 N3
Error 12 .03k

Teble 2: Analysis of variance for ape at 1st epp.

Source of Degrec of Mean r
Variation frecdom Squares Value
Treatment 5 35,122 0.492 NS
Error 12 71.333

Table 3: Analysis of variance for age at 5% production.

Source of Deprec of Mean F
Varistion freedom Squares Value
Treatment 5 30.267 0.338 N3
Error 12 89.556

NS denotes not significantly different (P}0.05).
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Table 4: Analysis of variance for age at 50% production.

Souree of Degrec of Mean ¥
Variation frecdam Squares Value
Treatment 5 29.522 0,681 NS
Error 12 43,333

Table 5: Analysis of variance for age at peak producticn,

Source of Degrec of Menn F
Variation freedom Squnres Value
Treatment 5 19588.756 1.023 NS
Frror 12 19139.389

Table 6: Analysis of variance for % at peak production.

Source of Degroe of Mean P
Variation freedom Squares Value
Treatment 5 25,045 0,876 NS
Error 12 28.587

NS denotes not sipnificantly differont (P)0.05).



g2

Table 7@ A&nalysis of variance for feed consumption to 5%

product ion.
Source of Degree of Mz2an F
Variation Treedom Squares Value
Treatment 5 310,394 0.240 NS
Error 12 1294 ,613

-

Table €: Analysis of variance for feed consumption to 50%

production.
Source of Degree of Mezan P
Variation freedom Squares Value
Treatment 5 271.615 0.328 NS
Errop 12 826,976

Table 9: Analysis of variance for feed consumption to the end

of experiment (3% wocks).

Source of Depres of Mean F
Variation freedom Squares Vnlue
Treatment 5 155.506 0.117 NS
Error 12 1336.671

NS derwtes not sipgnificantly different (P)0,05).
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Thble 10: Analysis of variance for weipht of binds at the cnd

of the experiment (36 wocks).
Sourece of Degroc of Menn F
Variation fireedom Squares Value
Treatment 5 0,023 1.353 NS
Error 12 0.017
Teble 11: Amalysis of variance for hen-day egg production,
Source of Derrec of Mean F
variation frecdom Squares Value

L3 =% =

Treatment 5 45, 504 0.899 NS
Error 12 50,950

T™ble 12:

Analysis of variance for hen~housed eggz production.

Source of Degree of Mean r
Variation frecdom Squarcs Value
Treatment 5 53.196 1.102 NS
Error 12 48,261

NS denotes not sipnificantly different (P)0.05).
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APPENDIX 3

ANALYSIS OF VARIANCE FOR FLLD INTAKE, FEED EFFICIENCY,
WEIGHT GAIN AND COST PiIR UNIT GAIN FOR 0-8 WEEKS,

E

9-20
WEEKS AND 0-20 WEEKS (TRIAL 2-),



g5

-

Table 1: Analysis of variance for feed intale for 0-8 wecks, 9-20
weeks and 0-20 weeks,

Source of Deprec of Meon B
Variation sedom Squares Value

<

0-¢ Wecks

Treatment 7 18951.771 11,3074 %%
Error 16 1676.114

g-20 Weeks ’

Treatment 7 194316,865 5 TThAHH
Error 16 336735.615

0=-20 Weecks

L] - -

Treatment 7 192670 ,G45 4,64l *x

- maw

Error 16 b1486, 444

**denotes significant ot 1% lovel (P(0.01)
**xdenotes significant at 0.1% level (P{0.001)



Table 2: Annlysis of variance for feed efficiency for 0-8 wecks,
9-20 weeks and 0-20 woeks.

Source of Degree of Means r
Variation frecdom Squares Value

0=5 Weeks

Trentment T 1.251 26,617%**
Error 16 0.047

G-20 Weeks

Treatment 7 1.635 17.,211%*+
Error 16 0.095

0-20 Weeks

Treatment 7 0.893 15,95
Error 16 0,064

**¥*denotes sipnificant at 0.1% lovel (P¢0.001)
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Table 3: Analysis of variance for weipht pmin for 0-8 woecks, 9-20
weeks and 0-20 weeks.,

Source of Degrce of Mean F

Variation frecdon Squares Valuc

0-8 Weeks

Treatment 7 11742,365 17 . BU2***

Error 16 658,127

9-20 Woeeks

Treatment 7 28592.251 15, 440**+

Errop 16 1850.795

0-20 Weeks

Treatrment 7 32409, 880 13,606%%*

Brror 16 2368,122

***denctes significant at 0.1% lovel (P(0.001)
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Table 4: Analysis of variarce for cost per unit pain for 0-8 weeks,
=20 w2eks nd 0-20 weoeks,

Source of Depree of Mean ¥
Variation frecim Squares Valuu
0=-3 Weeks

Treatment 7 0.167 11,529%**
Error 16 0,014

G=20 Wecks

Treatment 7 0.231 9.625%**
Error 16 0,024

0=20 Wecka

Treatment 7 0,434 7+ 556%*»
Error 16 0.059 /

***denotes significant ot 0.1% lewel (P(0,001)



APPENDIX 4

ANALYSIS OF VARIANCE FOR LAYING HOUSE
PERFORMANCE IN TRIAL 2b
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Table 1: Analysis of variance for weipht at 1st cgg.
Source of Dejroe of Meon r
Variation freedon Squares Value
Treatment 7 0.075 0,987 NS
Error 16 0.076

Table 2: Analysis of variance for apg at 1St opp.

Source of Degree of Mean r
Variation frecdom Squares Value
Treatment 7 69.429 3,180*
Error 16 21,833

Table 3: Analysis of variance for ape at 5% production,
Source of Degpoe of Mean F
Variation freadon Sunres Value
Treatment 7 60,135 4,243
Errop 16 14,167

NS denotes

not sipnificantly different (¥)0.05)

¥ denotes siemificontly at 5% lovel (P{0.0%)



Table H:

Analyais of variance for age at 50% production.

Source of Depraee of Menn B
Variation freedonm Squares Value
Treatment 7 51,405 2.138 NS
Error 16 24,042

Table 5: Analysis of varianes for ape at peak production,
oource of Peprue of Monn F
Variation freadom Squares Value
Treatment 1 253,143 1.530 NS
Error 16 164,833

Table 6: Analysis of variance for ¥ at peak production,

Source of Depree of Men F
Variation freedom Squares Value
Treatment 7 38,296 1.067 N3
Erpor 16 35.883

NS denotes not sipnificantly difforent (P)0.09)
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Table 7: Analysis of variancc for fued consumption to 5% production.

Source of Deprec of Mean F
Variation freedom Squares Value
Treatment 7 749,554 2.379*
Frror 16 260,394

Table 8: Amalysis of variance for feed consumption to 50% production.

Sourcc of Degrec of Mean F
Varintion frecdom Squares Value
Treatment 7 617.17 2.663*
Error 16 231.735

Table 9: Analysis of variance for feed consumption to the end
of experiment (36 woeks).

Source of Deprec of Men F
Variation freedom Squares Value
Treatment 1 616.628 1.310 NS
Error 16 H70.818

NS derotes not sipnificantly different (P)0,05)
* denotes simificant at 5% level (P(0.05)
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Table 10: Amlysis of variance for weight of birds at the end
of the experiment (36 wecks).
Source of Deproe of Mean F
Variation freedom Squares Value
Treatment 7 0,015 0.319 NS
Error 16 0,047
Table 11: Amalysis of variance for hen-day epp production.
Source of Dupree of Mean F
Variation freedom Squares Value
Treatment 1 27.193 0.588 NS
Error 16 30.631
Table 12: Analysis of variance for hen housed epp production.
Source of Depree of Mean F
Variation firedom Squares Value
Treatment 7 3%.500 1.245 NS
Error 16 HG.LQQ

NS denotes not simificantly diffurent (P)0.05).
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APPENDIX 5

ANALYSIS OF VARIANCE FOR FEED INTAKE, FEED EFFICLENCY,
WEIGHT GAIN AND COST PER UNIT GAIN FOR 0-8 WEEKS, 9-20
WEEKS AND 0-20 WEEKS (TRIAL 3a).



Table 1: Amalysis of variance for foed intake for 0=d weeks, G-20
woeeks and 020 weoks.,

Source of Derpwe of Moan I3

Variation Tresdon Sunres Value

0-8 Weoks

Treatment 3 2376.548 2.549 NS

Error 8 932,362

g-20 Weeks

Treatment 3 1199017.425 26, 2U%¥*

Error 8 U5365, 106

0-20 Weeks

Treatment 3 1289075.,223 29,886% %

Error 8 43133.577

NS denotes not sipnificantly different (P)0,05)
**% denotes significant at 0.1% lewvel (P{0.001)
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Table 2: Analysis of variance for feed efficiency for 0-8 weeks,
0-20 weeks and 0-20 weeks.,

Source of Depproe of Menon I

Variation freedom Jquares Valuc

0-8 Wecks

Treatment 3 0.066 1.200 NS

Error 8 0.055

9=20 Weeks

Treatment 3 0.089 0.308 NS

Error 3 0,209

0-20 Wecks

Treatment 3 0.125 1.263 NS

Error 8 0.099

NS denotes not simificantly different (P)0.05).



Table 3:

Amalysis*of variance for weight pmin for 0-3 weeks,
9-20 weeks and 0-20 weeks,
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Source of Depree of Mean F
Variation frecdom Squares Value
U=-8 Weeks

Treatment 3 K70.713 1.426 NS
Error 8 330,232

G=20 Wecks

Treatment 3 30546,332 3.806*
Error 8 8026,150

0=-20 Weeks

Treatment 3 26559.904 H.TT1»
Error B 5985.813

NS denotes not simificantly different (P)0.05)
* denotes sipnificant at 5% level (P(0.05)
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Table 4: Annlysis of variance for cost per unit pnin for 0-8 weeks,

9-20 weeks and 0-20 wecks.

Source of Deppree of Mean F
Variation frecdom Squanres Value
0-8 Weeks

Treatment ] 0.024 1.200 NS
Error 8 0.020

0=-20 Weeks

Treatment 3 0,047 0.635 NS
Error 8 0.074

0-20 Weeks

Treatment 3 0.095 1.462 NS
Error 8 0,065

NS denotes not sipnificantly different (P)0.05).
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APPENDIX 6
ANALYSIS OF VARIANCE FOR LAYING HOUSE
PERFORMANCE IN TRIAL 3b.
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Table 1: Amlysis of variance for ape at 1st epp,

-

Source of Depree of Mean I
Variation freadom Squares Value
Trecatment 3 11.539 0.302 NS
Error O 2J..500

Table 2: Analysis of variance for weipht at 20 weeks.

Source of Deproe of Mean F
Variation frecdom Squares Value
Treatment 3 28.560 4,771*
Error 3 5.986

Table 3: Analysis of variancc for zpe at 5% production.

Source of Derpree of M:an F
Variation frecdom Squarcs Value
Treatment 3 27.667 0.365 NS
Error 8 75.833

NS derotes not sipnificantly different (P)0,05)
* denotes sipnificant at 57 lowel (P(0.0%)



Table 4: Analysis of variance for age at 50% production.
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Source of Derrec of Mean F
Variation freedom Squnres Value
Treatment 3 16.889 0.574 NS
Error U 29,417

Table 5: Analysis of variance for age at peak production.
Source of Degree of Yean F
Variation freedom Squares Valuc
Treatment 3 23.193 0,873 NS
Error 8 49,084

Table 6: Analysis of variancc for £ at peak production.
Source of Degrec of M:an F
Variation fireedom Squares Value
Treatment 3 2,980 0,114 N3
Error 8 26,123

NS denctes not sipnificantly different (P)0.05).



Toble 7: Amlys:m of varlanc‘. for feed consumption to 5%

preoduction.

Source of -~ Degree of Mean F
Variation - frecdon Squares . Value
Treatment 3 333,070 0.308 NS
Error 8 1097.741

Table &8: Famlyulb of variance for feed consumption to )0%

production,
Source of Degree of Mean : F
Variation freadom Square S Value
Treatment 760,087 0.792 NS
. . |
Error 960,203

Table 9 Amalysis of variance for feed con:—..umpt;mn to end of

cxperiment (36 wecks).

Source of ’ Deppae of Mzan P
Variation frecdom Square s Value
Treatment 3 1521, 4889 U0.521 NS
Error e 5 2919,150

NS denotes not significantly different (P)0.05). 2
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Toble 103 Analysis of variance for weipht of birds at the end
of the experiment (36 wecks).
Source of Deproc of Mean F
Variation frecdom Squarcyg Value
Treatment 3 0,027 5.%%
Error 8 0.005
Table 11: /Mnalysis of variance for hen-day egy production.
Source of Deepee of Mean P
Variation freedom Squarcs Value
Treatment 3 2%.992 1.060 NS
Frror ] 22.629
Table 12: Annlysis of variance for hen-housed eppr production.
Source of Deprec of Mean F
Variation frecdom Squans Value
Treatment 3 24 6777 0,826 NS
Erpor o 29.793

NS derotes not sipnificantly diffirent (P)0.05)
* denotes sipnificant at 5% lovel (P(0.05)



Table 1: Analysis of variance for feed intake for 0-8 weeks,
9-20 weeks and 0-20 weeks.,

Souree of Degree of Mean F
varlation freedon Sqyuares Value

J~8 Weeks

Treatitent 2 4329574 2.510 NS
rpop 6 1725,592 t
=20 Weeks

Treatment 2 1010435, 151 19.060%**
Errar 6 53012.640

N 0=20 Weeks
Tregtment 2  B96B62.964 14§, 2174
- Ervor _ 6 63085.561

- bl

NS denotes not significantly wifferent (P)U.09)

**% genotes significant at 0.1% level (P(.001)

F- VR
J’. A
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‘Table 2: - Analysis of variance for feed efficiency for 0-8 weéks,
3-20 weeks and 0-20 weeks.

A

¥ Source of
T Yariatiom

- Pegree of
freedom

Mean

Squares iy

Value

0~8 Weeks

Treatment 2 0.029 ', 1.00 M3
Error 6 0.0029 PO

. . . - 9
020 weeE v i A

Error

T .

0.%03

C. 038

Treatment . 2 WL
' b = C
Ereor 6 0.117 Cw T
L) % T ‘=' :*‘, s
%
| Treatment 2 03059 1,55, NS

NS denotes not significently different (P)0.04)

*  denotes significant at 5% level (P(U.05) i
. e Tt - : . h
Y oo |
e W
h 5 . Lo s
o ) - R R L :
, --Er , e noa oy

e

AP
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Table 3: Analysis of variance for weipght gain for 0-8 weeks,
9-20 weeks and M=20 woeks,

Source of Degree of Hean r

Variation freedom Squares Value

0-8 Weeks

Treatment 2 1270.810 t.641 IS

Error 6 77h4.502

20 Weeks

Treatment 2 (6329.734 24, 303kik%

Error 6 2673.350

3-20 \lceks

Treatment 2 L4824,233 11, 556%%*

Error 6 L0 174

1S denotes not signiflcantly different (P>0.05)
k% denotes significant at 0,1% level (P<0.001)
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Table 4: Analysis of variance for cost per unit jain for 0-8
weeks, 9-20 wecks and (=20 weeks,

Source of Degree of Hean F

Variation frecdom Squares Value

D=5 Weeks

Treatment 2 0.010 1.429 #S

Error 6 0.0497

9=-20 Yeeks

Treatment 2 G.130 4,500 WS

Error 6 0.040

0-20 Weeks

Treatment Z 0.154 3.755 WS

Error [ 0,040

MS denotes not

significantly different (P>0.05)
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APPENDIX 8
ANALYSIS OF VARIANCE FOR LAYING HOUSE
PERFORMANCE IN . TRIAL 4b.
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Table 1: Analysis of varianee for npe at 1st epp.

Source of Deppres of Mean F
Variztion freedom Squnres Value
Treatment 2 36.778 0.997 NS
Error o 36,8439

Table 2: Analysis of variance for weirht at 20 weeks.

Source of Deprec of Mean F
Variation firecdom Spnares Value
Treatment 2 0,054 11.536 ***
Frror 6 0.047

Table 3: Analysis of variance for age at 5% production.

Source of Depree of Mean F
Variation freedom Squares alue
Treatment 2 h3.111 1.24 NS
Error 6 34,768

NS denotes not simmificantly different (P)0.05)
* ** denotes sipnificant a$ 1% level (P(0.01)
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Table 4: Amalysis of variance for ape at 504 production.

source of Depree of Mean F
Varintion freedm Squares ¥alue
Treatment 2 42,332 2.458 NS
Error 6 17.222

Table 5: Analysis of variance for ape at peak production,

Source of Derree of Mean ¥
Variation frecion Squares Value
Treatment | 2 964.778 10, B0 %*
Errop _ 6 29.667

Tble 5: Analysis of varinnee for # nt peak production.

Source of Derres of Mean F
Vardation frecdon Sguares Value
Treatment 2 L2, 707 1.244 NS
Error 6 34,337

NS derutes not significantly different (P)0,05)
**rlenotes sipnifieantly differcnt at 0.1% level (P(0,001)
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Table 7: Amalysis of variance thr foed eonsumption to 5% praxduction.

Source of Deree of Mean P
Variation fread.om Squires Value
Treatment 2 441,994 1.269 HS
Error G 4, 312

Tnble 6: Anal-sis of variance for feed consumption to 504

product ion,
Source of Depree of Mean F
Variation Freedon Squares Value
Treatment 2 235,435 0.544 NS
Error 6 432,760

Table 9: An2lysis of variancce for feod consumption to end of
experiment (36 weeks)

Souree of Demrce of Meon I
Variation focedom Squar:s Valuz
Treatment 2 89.915 0.497 NS
Error 6 180.997

NS denotes not sipnificantly <different (P)0.05).
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Tble 10: Amlysis of variance for weirht Of birds at end of
the experiment (36 wecks).
Source of Degree or Mean P
Variation freedom Squares Value
Treatment P 0,020 2z HGE ¥
Brpor 6 8.7189r-04
Table 11: Analysis of variance {or hen-day epy producticn,
Source of Degree of Mean F
Variation freedom Squares Value
Treatment 2 9. 369 0.182 NS
Error 6 51,565
Table 12: Analysis of variance for hen-housed epg production.
Source of Degree of 2an "
Variation freedom Squares Value
Treatment 2 1.355 0.030 NS
Error 6 37.250

NS denotes not sipnificantly different (P)0.05)
***denotes sipnificantly different at 0.1% level (P(0.001)



