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ABSTRACT

Vine studics were conducted with broiloer ohiockens, chiciken
pllate ond loyins chickens to explore the nossibility of rearing
thoso biris on rotions ocoriididny the indusirial Yy products. wvheS
offnls or Trevers dricd groins (BD3) as porticl or complete
raplacanent for mnizea

Tho metabolizable onorgy (ME) and metabolirable cnergy correct i@
to niirozen equilitwium (En) for whoat offal ware 120146 and 1117.0
keal/kz respoctively while those for BDG ware respectively 1744 ond
166449 ko21/kze

For starting Wroiler ochickens, the resulte indicated that up
to 50% of the grains could possibly be replacod with whea$ offals
without mich adverse effects on weisht gning, foed consumption
and efficiomcy of food conversione The addition of 5% palm oil
to the 50% repiacament of maize with wheat offals furthar improved
the performance of the birdse. The replacemnt of meize at both
25,. ond. 50% levels with DG in breoilor starter rotions significantly
depressod woight gnins and ofliciomqgy of feod oonvorsione It may
therefore not be advizable to incorporate EDU into Wroiler startar
rotions ot 1.ovels beyond 25% repladencnt of the maize without
furthor axperimentiiions Generally morti liity incrensed significantly
with increcso in BDG level in the rations,.

For finishing broilor ohickens, no significant differcnces wore
found in weijht gnins, food occhsumpiion, ficimoy of feod utilization
feed cout por kilogram livowcizht gein and mortclity for the ccntrol
rotion, the retion contcining 25% roplacement of maizo with BDG plus

5% paln oil suppleuentaiion and the ration in which 50% maize was
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roplocad tyv essentinlly whoot offals plus 5% palm oil gupplanentation.
The addition of 5% poln oil to $he rations ponorally increcsoed ths
feed cont nr kilogr wn livemight gaine Ef{iciongr of foad converics
tendzd %o improve with increnze in the lovel of madze and addition
of 5% palm oil to tha rotionse Tho highest nortality wes obtainad o
the ration containing 100% replacaacnt of maizo wuith BEDG.

The replacancnt of 50% maize in the rotion and complete repl-cancnt

of maize with whont offals with or without suppleasntation with 5%
palm oil supported compericble weight goins for starting pallets
up to § wecks of oge as tho control rotion im which wheat offal was
abscnt, Mie 50% replacement of maize with BDG with or without 5%
palm oil supplementation significantly deircssed weight gains and
efficioncy of foed utilizntion, However, food cost to 8 wecks of
age ws significantly lowcreds Pullots fed rotions without wheat
offalg or BDC from doy old to 20 weeks of ~go were significantly
heavier thin pullets in all othor treantments nt 20 wocks of agee
Similer results were obtoincd wihon pullets were fod either whoot
offals or BDG from & « 20 woeckse Feod consumption generally
increceod while efficicncy of feed conversion wis significantly
dooressed with increasing lovelz of eithor wheat offale or BDG from
day old to 20 weckss On the contrary, fend conmusntion decrcased
with inearcasc in level of BDG for growin~ pullots from 8 to 20 wocke
of 2z0e Food oosts were significantly lower on tho rations contoining
eithor whoot offals or BDG, Mort:lity was higaest on the ration

ocontaing complete replucement of maize with wvheot offals and the reploos
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of madue with 50% BDG without pnlm odl sumplomons.-tion =nd 5% Bl
S% pudii oil supplem-ntotione

M eoctrol birds atiodnad the oo bo 5% ooe production
gignificontly oarlisr thon birds in 2ll other trantaonis.

Mo roplacuscnt of 50% ad 62a5% mdos witi whow offnle lat
to oy produetion whiich weis not sipgnificontly diffoerent from the
all maize rotions Howovor, the inclusion of BN (37.5% cna sibovo)
in logor rotions significontly depressed egy vroduction, the
deprussion inoreoging with incrcase in tho Lowvel of BDG in thoe
rations Gonerally, the roplacomont of maizo with whost offals
counsed significant inarcose in feed consunpiicns Howevar, feod
cost pir dozen oggs wes reduced by replucamcnt of 50 or 62.5% of
the maira uith wheat offals., On the contrixy, foced corsumed por
dozen ouss and food cost por dozen eggs incrorsoed with decreaso
in the lovel of moize in $ho rations and dineresss in the level of
BDC in tho rotion.

Hateh weit valuc towiad to incroamed with Increasing levels
of vhat offals while oy sioll thicknoss tondoed to decreasc

with iacrensinge levals of BIG in the roation
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LNTRODUCTION

Cereal grains form a major component of poultry feeds, At
the same time cereal grains provide food for the sustenance of a
major portion of the human population in Africae As the population
contimues to lncrease, cereal grains will assume a more important
role in attempts to meet Muture food requirementss Bolton (1971)
surmised that where the amount of food available to the human is
limited, it would be u:fcmg to use acceptable human food for
feeding animals,

Of late, the market demand for compound feeds for poultry
has become high, especially with the realisation of the role of
properly balanced rations in profitable animal production programmese
The availability of such feeds in quantities to meet demand, has
however, been limited by the availability of ocereal grains which
form the main energy component of the dietse The situation has
been aggravated in recent times, Ly the increasing demand for
these cercal groins (maize, millet and sorghum) as primary food
gources for lhuman oonsumptione Furthermore, most developing
countries have to import cereal grains to make up for the usual
shortfalls and this involves a lot of foreign exchange, Foreign
exchange is beooming rather scarce,

Ghana and Nigeria hawegreat potential for agricultural and
livestock production, and the possibility of self sufficiency will
be enhanced if local conditions are improvedes In an attempt
therefore to save cost on the production of a kilogram weight of
poultry meat or a dozen of eggs produced, Bever.l approaches have

been adoptede These include the use of cheaper and more easily
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available local ingredients and af;.t;(;-indus*trial bymproducts such
ags Wwewers? dried grains (BDG) and wheat offals from our hreweries
and flour milling industries respectively in poultry retions. Aan
investigation of tlhe usefulness of these products is therefore
werthwhiles In their review on agrisuliural hy-products in South
East Asia, Devendra and Raghavan (1978) indicated that increased
efficiency of the utilization of agro-industrial bywproducts is
both advantageous and justified and ie associated with three very
important considerationss firstly, inadequate feed supplies to support
the livestock populations, secondly, the high ocost of feeding animalg
and thirdly, the nced to increase productivity from the animalss
These authors ooncluded that every attempt tmust therefore be made
to maximise the utilisation of these hywproducts in rationg for farm
animalse

Congiderable interest is being shown in the formulation of
high efficiency diets for all classes of poultry besed on locally
available feed ingrodients (Ademosun 1973, Oluyemi and Oyenuga
1974)s The use of these local raw materials in catting down cost
and producing cheap feed of acceptoble quality will stimmlate and
sugtain the intercst of many fhrmefs, since poultry koeping ie
accepted by many farmers as a way of lifee This projoct was
therefore oriented towards sclving the problam of grain socarcity
and its current prohibitive coste

The objectives of the project were:

1e to investigate how far wheat offals and trewars dried

graing oan replace maivo in poultry rationse
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24 to find out how much the use of these agro-~industrial

Yy -products oan offect the ovarall fred coste
3» to determine the impact these agro=industrial Yy=products

will make on grain replacementa
It is hoped that the results of this study will est~blish
some important information regrrding the use of grain 'byuproducta;
especially wheat offals and browers dried grains, as major

ingredients in poultry feeds,



Due to the cuirent prohibitive prices of ocereal grains and the
high demand by both lewnan beirgs and the poultry industry it hos
become naecesscry to find suit ble aad cheap subatitutes,

In the paat; when the supply of aisrgy sources pregsented no
specisl problom, severnl industrial hy-products wore neglocteds
But as a result of the curront shortage of these enargy sources
there is now a renewed interest in these materials for feeding
animala, According to Devendra and Raghavan (1978) there is an
eoonomic advantage for utilizing higher levels of industrial
by=products such as rice tran, wheat offal and Wrewcrs dried grains
in poultry diets, There has howover, been little research on
performance and mitriont utilization when ochickens aro fed thesc
agro=industrial by=productse Some of these agro~industrial
by=products which could be used as economical sources of energy
are described herein,

AT OFFAL

During th> processing of whoat, scveral bywproducts are obtainoed.
These include wheat middlings, wheat offal, wheat mill run and wheat
shorts just to mention a fewe Moran ond Sumners (1970) estimated
that these fractions ocomprisc approximately 25% of the whole grain,
and oongidering the large quantities of wheat produced in the world
today, these froctions like rice tran, are available in substantial
amounts. The method of distinction of these wheat milling hy-products
according to Kohloer gt ale. {1970) is based on their filre contents,

Thus, the bysproduct wheat offal contains more thon 9.5% crude fitre;
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wheat middlings or mill run coant2ire up to a madimua of 9.575
crude filre, and wheat shorts up to o maximum of 770 oruvde fibrea

Abou’ 50% of the total mill feed production is comprised of
vheat offal (Saunders gt al., 1974). It is composed of a mixturc
o7 the ooarsc outer covering of the whieat kernel, flour and somaz
fine ground wec? seeds and other non wheat material,

Mutritive profile of wheat offals
Wheat milling by=products are relatively low in ME and high

in fibres The mitritional value of these feedstuffs has been
reviewed in detail Ly many workers (Cave et ale 19653 Moran and
Summers 1970; Kohler gt al., 1970)e Although wheat offal has
relatively low ME oontent, there appears to be potential for increasing
its ME oontente OCave et ale (1965) reported that pelleting wheat
offal increased its ME content Ty 30% for growing chioks. Saunders
et al., (1972) demonstrated that enzymatic treatment of wheat offal
caused a significant increase in protein digestibility (both in
vitro and in vivo with rats) and suggested thet the degradation of
indigestible carbohydrate in wheat offal should result in an increase
in ME for monogastric animalse

VYhnat offal ishighly palatable and tulky, and has a laxative
effects Wheat offal averages 16.4% in protein and 445% in fat, and
does not usually contain more than about 10% fibre. The amino acid
balance is supcrior to that of corn or the whole wheat but inferior
to that of most protein supplements, It is cxtremely high in
phosphorus but low in calcium (Morrison, 19593 Osuji, 1982)e It is

high in niacin, but the niacin present is almost completely unavailable.
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It is also fa2irly high in thiamine, tut rather low in riboflavin,

It practically hos no vitaming A and D (Rorrison, 1959)¢ KenteJones
and Amos (1967) desoribed wheat offzl as being esacntially the ‘msk
of the grain with some adhoring endosporme They stated that whcat
offal contzins 15¢6% protoin, 4¢5% fat; 68e4% onrbohydr-te; 1243%
fibre and 643% ashe Fetuge (1977) gave the mitrient oomposition

of wheat offal as follows: crude protein 18-2%; ocrude filre

1546% ether extract 4e3%; ash 5¢8% and nitrogen free extract as
56e4%, Fetugn (1977) also reported amifE value of 11,09 MI/kg with
range valucs of 971 = 1189 MJ/kg,

According to Hill and Dansky (1954) because whoat offal is
relatively low in available energy and high in fibre ocontent, the
ohick is able to incorease its intake of nutrients to compensate for
the low encrgy, i the chicks ability to increase the amount of
tulk ingested is limited physicallye However, the chicks capacity
to increase the consumption of fibrous feeds is greater for those
of high moisture absorbing capacity such as wheat offal (Bell, 1960)e

feots of wheat off on chicken formances

Wheat milling by=productc namely wheat offal, wheat middlings
and wheat shorts have been used as feed ingredients for a long timee
Tay}or and Lerner (1939) observed that more rapid growth and ecarly
saxual maturity were obtained when rations included 15 = 2'05 wheat
offal than when an equivalent amount of whole wheat wes useds
Fangauf ot ale (1956) after evaluating wheat offal and wheat middlings
in all mash dicts for chicks, ooncluded that 50% ground grains, with
not more than 15% wheat offal or 30% of wheat middlings was sufficiont

for ohick growbhe
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Wheat offal and middlings as well ar the germ merl gove poor
Pocd intako and feed ocuversion officiency shen usod as tho sole
energy source, though diets were supplemented with vitemins and
mineralse Improved wvaluces in feed intake anfd feed oonverscion
afficiency wore achisved when ground grainz were included {Cave
b aley 1965}

Nehring and Uhlemann (1967) related weight gaing to the enorgy
content of the dietz when evaluaoting wheat offal with or without fat,
Wheat offal alone did not improve gains bat 20% offal plus ?"35 fat
gave as good resulis as the whole ground cereal diclse In another
study Ranjhan and Talapatra (1967) cited by Reddy (1975) found that
with wheat offal, when uscd at 95% level as sole feed deveid of grain
ut containing mermal protein, the feed efficiency was significantly
lowered ae compared to maize containing diets.

Asai and Netke (1971) reported that pullets grew satisfactorily
on a dict oomposed of 60% wheat offal and 30,9% groundnut ocake meal
when adequately supplemented with minerals and vitaminse

BPWERS TRIED GRAINS (BDG)

Thiz is the main y-products of the brewing indusiry. It is
made up of the dried extracied residue of barley malt alone or in
mixture with other ocereal grains or grain products resulting from
the mamifacture of wort or beer and may contoin pulvorised dried
gapent hops in an amount not exceeding 3%} evenly distriluted
(A4FCO, 1976)a

Brewers driced grains is considercd inedible to the extemt that
it is not ganerally usable as food for humans., However, BDG is rich

in protein and posscsses cther mutritive qualities thet might make
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it an exoellent feedgtuff for animalse

The cnergy oontont of BIG hos been catimated to rongo botypeen
1800 and 2500 Keal MB/kg (Harms_gbt _als, 19693 Jenwen cf ale, 1976%
Gilliecs, 1978 and Sulliven gt al., 1978} Tetuge (1977) roported
maan ME value of 1134 P'IJ/kg and range values of 10,38 -~ 12,31
MJ/kg. Bwing (1963) analysed some samples of BDG and found that
generally it ocontains over 20% crude protein, about 6% other extract,
over 15% crudo filre and about 4% ash, Almquist (1972) found that
BDG oontained 25% arude protein and thut is was fairly vich in
eassential amine acidse The amine acids content {,i suparior to
maise or gainea corn used as the major energy source in pouliry
rations in Nigaria (.ﬂ.demomm, 1973)e Gillios (1978) ;'aported_
chemical proxim:te composition of BIG as followd: dry matter 91.9%
crude protein 26.4% crude fibre 15.4fether 7.1% ash 4.0% Bafi-
Tebon {1977) stoted that BDG is o good swurce of the Bvitaminae
More recent analysis hy Deltoro-Lapez et ales (1981) gave the ..
following results, orude protein 28,5%; ether extract Te5%; crude
fitre 117%; ash 3¢fhand NFE 49.2% Kissell and Prentice (1979)
gtated that although BDG is gpent with respect to gtarch content,
it is actually enriched by a factor of more than two in protein a.ﬁd
fitre over the levels of the maime graine. These autiors argued that
the combination of large contimuing supply, relativoly low cogt, and
potential nuiritional value mskes BDG an attractive feed ingredient

for poultrye
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Effects of BDG, othor lwewers roducts on

pexformance of chickeng?

Experimonts have indicoated thot BDG can be incorporated into
poultry starter onl grower mash ot levels of up to 10 and 15‘)5
»espectively without any adverse effects on the performcnoe of
the birds (Ademosun, 1974; Jensan, 1981)e According to Joasen
(1981) growth rote may be stimilated in broilers fed practical
diets by the inclusion of as little as 2,5/ distillars dried grains
with solubles (DDGS). BRroiler ohicks given a choice botween a
corn—soybean diect and one containing 10% DDGS consume a greater
quantity of the diet with distillers fecdse Several other studies
have been conducted to determine the effect of BDG on productive
oharactoristicse Thornton (1962); Kienholz (1964) and Harms
gt als (1969) hold the view that it is possible to include 20%

BDG in the dict without adversely affecting productive traitse
However, Jonsen gt ale (1976); Eldred ot ales (1975) and Damrongt ale
(1976) did 4 show that the use of 10% or more BDG caused = decrease
in some productive traitss Jensen gt ale (1974, 1976) and Damron
st ala (1976) howover, proved that the nogative effeots were due

to a defficiency of lysine and could be oorrected by thc addition

of this amino ~cide Jensen _gt_:_"._l_c (1974) concluded thot if the
lovel of lysino in the diet is not below Oe7# the included level

of BDG would not have negative eficctsa

Kienholz et ale (1963) reported that a diet containing 407
BDG supported cxccllent laying parformance of oagod birdse In a
subsequent study, Kienholz et ale (1972) found that birds receiving

a dict conteining cither 20 or 40% BDG produded smallcr oggse Yhen
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hens waere returnod to a control dict ocontaining no BDG, oy size
slowly incroasod,

In an oxporiment to evaluste BDG and yeast in laying hon dicts
containing graded levels of sulphur amino acide, Eldred gt zle
(#975) zndiccted that the inclusion of up to 10% BDG in the diet
is accepiable to the laying hon if the diet formulation is based
on the nutrient composition of BDG. Bgg production was gignificantly
improved Wy the addition of BDG to the dietse, The BDG treatments
significantly reduced body weight when compared to the unsupplemented
dictse

In an attempt to gain a better understanding of the effect of
BDG on chicken performance, experiments were conducted recently to
evaluate BDG in the diets of laying hense Deltoro Lopex gt ale (1981)
found that layer diets containing 15 and 30% BDG appcared to be
adequate for laying hens, 45% BDG was also acceptable, although the
losses of body weight and shell quality suggested that this level
ghould not be used without further researche They also observed a
marked decrease in feed inmtake with birds fed diets ocontaining 60
and 90% BDGe Tho food intake with 90% BDG was very lowe This wes
accompained with enormous bodyweight lossese. They also reportod
that half of tho birds refused to accept the 90% dict nnd those that
accepted it had diarrhoeas Also there was an inhibition of lay
during the second weck of the experimental periode

Damron gt ale. (1976) concluded from their oxperiment that the
addition of BDG (up to 10%) to the diet of laying hens resulted in
improved interior ogg qualitye Jonsen, Chang and Maurice (1976)
similarly reported thot the addition of 20% BDG significantly
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mproved intorior pg cuelity. Jensen ot al. (1976) noted toot
conomi ¢ o oluation of 3DG for layor dicts based colely on ME contant
undercstimato; L0 —aluo.
In an o~ :le o-ncerning the use of distillers feeds in
porltry feedirg. Jorsen 7298°) pointed out that diutillws feeds
el to “wailer Treedas han arpear to contribute a fector whioh
reduces incidenco of Ywisted lege in the offspring and also contain
factors which arc necessary for normal estrogen metabolism 2nd liver
lipid levels in laying hens.
Ferguson et ale (1961) reportod that a practical diot containing
. DDGS, whey, and dehydrated alfalfa meal supported a higher rate of
cgg production and hatchability than did a complete purified dieta.
Jensen gt ale (1961) found that a mixture of DDGS, dried Wrewers
yeast, and dehydroted alfalfa menl countered the dcloterious effects
of drmgs in the diu* of *urkey hense Mauley et al. (1978) in feeding
DDGS ~ddrd to a corn=—ioy turksy breeder diet reported o higher rate
of egg production than did the control diet of cornssoy onlys
However fertility of eggs wore not influenced by the addition of
DDGS to the dict. Recent studies at Maryland Expceriment Station
have indicated tho$ DDGS oould be used economically in layer dictae
Levels up tc 30% wore fed in mitritionallywbalanced dictse It was
found that layers could be fed 107 DDGS as a replaccuent for 5%
corn in a 15¢5% ornde protein dicte It was pointed out that DDGS
is nconomical for such usce when the unit cost of DDGS is less thon
le4 times the unit cost of ocorn (Waldroup, 1982)s Jensen (1981)
conclud-d that distillers feods oan be used effectively in feods

for broilers, %Wroiler hreeder Pons and laying honse
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IPABOLIZABLE IN-RGY EFFECTS OF GUICKT! PERFORILJICE

The phyaiological nad plursical sotivitics of tlhie hird lead to an eicoys
czpenditwres It is thorofore convenient to rolate tiis to o dictoxy
>oquirasent in terns of tho diediry enargy avail ‘ble to the bird, This
avcilrble distery enerpy ic convaniently erxprassed in terms of the
netabolizchble anargy (HeBe) in poulirye This reforg gpecifically to thot
nortion of ihe dietry encrygy whiich is rwailnllo to the aninals far the
production of meat and enx s 'and for the maintenirce o body tempariturc -’
other vital fwmctions (ARC, 1975)s Birds utilize tlo metuboliznble encr:y
for naintonanoo, growth, faitening and egg produoiion, However, the
utilization efficiency of tha MsEs 2bove maintenance, for fiutitening and
growvth apneors to be distinctly inflluenced by tlie composition of the dict
(De &'oote; 1974)e Sibbald (1979) indicoted th -t the level of this
dietnry HM.E. detarmines the minimmm levels of inclusion of aminc acids
and, to a lesser extent, minarals and vitamins in poultry ritionse. The
miritional uscefulness of MeD. in the diet of tirds, thus oimnot be
ovarenphagizods

It is penarally accepted tht the chiocken tends to adjust its daily
consumption of feed so as to mointoin an aporopriite level of enorgy witlin
a oertnin ronge of intake (Hill, 19563 Wells, 1963 -nd Morris, 1968;

ARC, 1975). However, these muthors explained th.at adjustment is not linox
and birds ;iven high energy dicts tend to overcanmune on encrgy ond

deposit aditional fote The prinnry effect of raising the energy level

in poultry ration is to reduce fuod conmumed par kilosrwm of meat

produced (Donaldson et 2le, 1956 and 1957)e Tho axperimental findings of such

workers ns Sunde (1956); illiamson and Grau (1956) indioated thit once » i~



consumcd a sufficient amount of diet to satisfy its ancrgy
reqirenents, inarensing the energy level of that diet reaults in
proportionctely reduced feed consumptions The studics of Parrell
et ale (1973) and Olom (1976) demonstrated further thii food

intake of chickens is inversoly related to dictory encrgy concentration.
Similar otservations on this caloric utilizotion in relation to
chicken performance have been made by other workerse Farrell gt ale
(1973) reported tiu:t there is a%/p‘g;?;mg concentration in the ration
beyond which performance of birds does not appear to improve and in
some cages does actually deteriorate., However, Donaldson et ale
(1956) and Leong et ale (1959) found that feeding dicts of higher
cnurgy oontent produced oarcasses of higher fat contentses They
explained that the chicks appeared to consume energy in exocess of
normal body requircmentsy the excess energy being deposited as fat
in the carcass,

In recomninending the optimam mrotein and cenerpgy lovels for
broilers in the tropics, Olom (1976) based this recommendiction on
three factors namely growth rate, feed conversion efiicicncy und cost
of feed per kilogram liveveight gnine Olomu (1976) concluded that
the growth ratcs of chicks on ration containing 2800 Keal ME/kg feed
wore slightily hicher than those of chicks on rations containing 3,000
chm/kg diets Based on the relutive costs of the dicts, the ration
containing 2,800 Koal/kg was found to be the cheapust amd therefore
scemed adequntes Cherry et ale (1977) reported thet troilers fod
dicts containing 3080 Koal ME/kg of starter dict and 3135 Kecal ME/kg
of finisher dicts were significantly smaller and requirced more feod
per gain of body weight than breilcrs fed dicts with higher levels

of M.E.



1.
The Notional Research Council (HeReCoe, 1971) recomucnded MJE.

lovel of 3,200 Keal ME/kg dict whilc the Agricultural Research
Council (AeR.Ce, 1575) recommends MeB. lovel of 2,850 Kozl MB/kg
for broiler chicks.

It has beon postulated th ¢t the most efficieng mtirition of
the ohicken iz obtahoed when the diet conteins the cxnet proportion
of encrgy to other muirients needed to produce the desired growth,
ogg production or body finishe Scott ot ale (1971) indicated thot
in diets containing adequate amounts of all mutricnts, the efficiency
of feced utilization depends upon the M.E. content of the dicts
Combs (1962) established that as the encrgy level is raised the
protein requirement for best performance also increacess Dietary
energy exceaeding that needed for normal growth and functioning of
the mimal is stored as fat since oxcess M.E. oannot be oxareted by
the animals body. According to Sugandi gt ale (1978), there is a
wide=spread opinion thnt layers which are the result of many generations
of selection for high production muet have diets of lLigh energy and
protein content, Sugandi et zl, (1975) observed that eggz production
was deprossed ot MeEe of 3050 Kcal/kg while M.E. of 2650 =nd 2850
Kcal/kg supported adequate egg production in the tropicse Similar
results have boen reported by Olomu and Offiong (1983) who found
that the best M.L. levels for layers in the tropics was about
2400 Kecal/kg dicte Higher energy levels similarly depressed egg
productions These results seem to show that M.E. requircments in
the tropics are lower thin those recommended in the tamperate regions
of the world,

The value of diet in meeting the necds of an amimal, according

to Hill (1956) involves two determinants = the concentration of
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mitrienta that it contains and the amouni that tho andinal consumog -
Hill (1956) furthor stoted thet the lovel of volunbary food intake
ig particenlurly dmportsnt in the eags of loying bir's: fer which
tiire apponrs to be a olesrly defined homeostatic romlation of
intaka in berug of caergye. Sykes (1972) and Balnowve vt ale (1978)
oontended thid under gd libitum foeding conditions, the moture
laying fowl will oconsume more energy thah ie roequired for hody
weight maintononce and egg productione According to thoase workors,
this represonts an inefficient utilization of energy which would bo
avolded if intake ooald be regulated to meet the oconomic requirements
for ecncrgy more procisely. However, from a review on Postricted
feeding during lagr- the A.R.C. (19?5) indicated that 1t iz posgible
to restrict tho M,E. intake of loying hens by up to 10% ad libitum
intake without reducing egs output. Hill (1963) indiented thet
when chickens nre fod well balanced rations which ars not linmiting
in energy concentration, they regulnte food intake in accordande
with energy nceds. Beczuse of thigy the gross officionoy of feed
conversion is directly ralated %o the cnergy concomtfrrtion of the
rotione Hill (1963) alge strecged thot the meut-gbrain broeding
hen tends to Deecowe obes¢ when fod o high onorgy ra"aioﬁ.

Bavironmental tonporature and M.®, utilizotion?

-

Mumerous wtucies in the literature indiente thiot the onvironmental
temperaturs has a marked effcet on the utilization of Hele cnid henoe
consoquemtly allfocts poultry performances According to Sell uof ale
(1978) the detrimentnd effects of hont stress is caumed hy the |
physiological response of birds to ite They oexplained that generallwr,
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the anorpy requircnents of turlkeys ia inversely proportiional to
tho onviromments~l $emparatures Thorefore turkays will ent loo.
ag the ambi=nt demporature riscse 48 the tauporniure incrassce up
0 2700. the encrgy noeds will docrozse bacavnu the birds will ther
need loseg ancrgy to keep thamaslvas wariia Boano 0 Johnaton
(1978) notad turt hizh temper:turce deprossed food intilce Thess
workers roportod that White Loghorn chiokens raised at 3500
consumed 50% loss Pood than those raisod at 21e1°C wna weizhed
20 = 30;3 lesse Similsr observations have been mude by otiiir workarse
Davies et ale (1973) showed that there is o negetive linecr
relotionship between energy intake and increase in ambicnt temperaturce
Fecd intocke is adjusted ocorrespondingly so as to maintain energy
balances Theso workers concluded from their study thot the enorgy
available for cge production remnined almost constont at 50 Kml/ﬁ:ga'ﬁ/
day oquivalont to a rote of ¢gy production of 82% over a tampernture rang e
of $25% 3500. Lecson gt ole (1573) suggested the M.E.
requirement be reduced by 9 Keal par degroc centrigrade above
thcrmal neniriality (27°C) that is 4% of maintenanéo requiremont.,

Dvorak and Bray (1978) reported o significont decrense in food
intake ng the tempurature wes raised from 7.2°C - 23.9°C using chickse
At the lower temperature the chicks attampted to cat eno.gh to maoct
their anorgy dammds for both growth: and body temperature maintenance.
Dvorak and Broy (1978) furthur obs rved thot the increcsed energy
requirancnis for body tempar iture maintonance resulted in a greater

use of the basal mutrienis for haeut productions do Andrade et ala

(1977) reported correlations betuoen temperature and ogg productiona
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They indicatocd thrt egy prouuction is adversely afiected by high
cavirommentel semperatures. They alwo observed a decrease in food
consumption, rate of egg production, egy weight and egy shell thickuesc
waile feed offlciency was improvad whon temperatures were alevated
above the gone of thermoneutrality. Douglas nnd Harms (15762

and. 19761}) exilained thot tho reduction in egr size wilh increazo

in Ilaml_qien't temperature ia due $o the fact that the hen doos not
oonsume anmh foeed tc.:.. mée'b her anergy requirements in hot weathers
They advocated the use of fat in layer rations to stimilate feed
in‘b_a.kg for increased eyg sizo. Sell gt ale (1978) found that the
addﬁitfonal ME consumed by hens fed fat containing diets was used for
gaining weight and oﬁly inoreased the productivity of egus where the
initial ME consumption wue inalequates Sell ot ale (1979) recommended
the usa of fats wiere temperatures are often 3000 and abovas

Anderson b ale (1957) indicated that during hot weather; egg.
shell _thickneas and gpecific gruvity doorease when chickens were fed
high e:nergy distee It has been shown that a tempercoture of about
329, tends to roduce feed intake of poultry by about onc~third,
Muacller (1962) mhowed that layers kept consiantly under hish
anvirenmental demparatures (3200) proiuced lesg egps wibth thinner
shells and lower weight than thce oconirols kept ot constantly 18.“0.
Thormaxm {1966) explained that wince huat increasedthe bird®s thirgt
and reduces feed intake hy 20% or more, there is less profein
availuble for ogg productione

Smith (1971) working with loyings hens reported that there was

o
a reduction in appotitc as ithe temperature rises from 21,1 = 26,7 C
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and from 32,2 —~ 37.800., Thic reduction s estimitod to be 0¢8p
and 4e0% rospcctively,

In a siudy with laying heng undor two differont temperature
conditions, $he¢t is 2100 and 32.20(}, Raid (1979) obearved o deore:.s.
in faeed int ke vhen the tempoenturs wos raised from 2500 {0 3500.
Roid (1979) concluded thot gomernlly the main affeot of the
environmental temperature is a reduction in feed intake and
consequently o reduction in energy consumption above maintenance
which is not suffioient to maintain & high rate of producitivitye.
Reid (1979) further suggested that the effect of onvironmental
temperature can be reduced by increasing the bird pomulation at lower
tanparamrea;.uu’. housing fewer murberz of birds at higher temperatures
so as to reduce tho total heat lowd, It has been postulited that
when prevailing temperaturces risc above the thermoncutral zone, o
roduction in feod intoke and subsequently onergy intilke are observed
(Dale and Fuller, 1978)s This is normally followed hy a declinc in
growth rates These amthors further indicated that in pouliry
mtrition, encrgy is the most limiting factor for cgs productiion at
higher temperaturese Accordinz to themy an encrgy doficiency during
heat stress ocould be caused by reduced feed intake rosulting in turn
from the discomfort of dietory heat inorengnts, Thoy pointed out
that 2 reduction in heat inaranont of the diet will increuse the
amount of enargy available to the bird, first by inareasing the net
energy in rolation to ME intakees They suggested the addition of
dictary fat in reduoing thc heat ineroncnt of the diet due to its

associative dynamic effect. The usc of fat has the additional
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advantage of inaroasing encrgy dencity of the uicte This mezns
less food oould e cousumad to maeuvt the energy ramuircmentse

The forezoing ramrrks sug est that in the tropics, manigomeat
practices shoull be gecred towards improving foed consumpiion and
roeducing heat lord to ensure optimum parformanco of the birds,
This could be achioved bWy harnessing the bencficial offects of fzt
supplementation (depending on cozt) in our poultry feeds and using
enargy diluonis such as wheuat offal and BDG in paritial replacemont

of oereal grains to meet thic goal,

SUPPLIMENTATION OF DISTARY F.T ON MPTABOLIZABLI
EMERGY UTILIZATION IN CHICKEN RATION,

A numbor of workers have recognised the beneficial influence

of supplemental fats on the physical ocharacteristics of rations

(Dam et ale 19593 Tre:t ot al, 1960)e These workers concluded that
fats could be used successfully to increase caloric density of rations
and thoereby, improve efficiency of feoed utilization, Miller (1979)
documcnted thut the usce of fat in feeds incrcases the energetic
efficiency through its increased encrgy density and its lower heat
inorcnent or grecter net encrgy por czloric of metabolisable encergye
Fuller's work demonsirated thut fats have the greatest sparing

effect of all tho mutrients on the expanse of energy uiilization of
the total diets In making a general assessment of available data,
Sell (1979) ooncluded that dictary £t exerts bencficizl offects on
efficiency of poultry production in four ways (a) by improving
physical consistency of feed (b) by inerensing the caloric demsity

of the dict (c) hy increasing the birds ability to derive uscful energy
from the dict »nd (d) by inorossing tho metabolic effioiency of

energy utiliz tions



20.

!; Caraw and Hill (1?64) denonstrated thut replacement of diotary
oari;bohydra‘l;e with corm: oll increaswgihe motubolic efficisney of
cnorgy ntilization by chickse Beood upon this and othur rogorts

in the literaturc, CGarew ~nd Hill (1964) suggested thot the
'ﬁ.én:ie;f‘ici.:'.l alfact of corn oil on efficiency of <norgy metabolism ig
modiated through the heatinorement  ocomponsnt eather thor basal
component of heat productions Soll znd Thompson {(1965) reported
imixr'm:.rements in f2ed officiency of broiler chicka as & roesgult of
using 5 or 10% dietary snimal tallow, They also observed that the
eff_'icienoy of.conversion of ME to caroass onoergy wes inoreased by
'I:hcg. tnllowe In their experiment te £ind the effoctz of varying
dictary enersy lovels by supplomeniction with palm oil in starteor
diets, Oluyomi and Oyenugn {(1974) reported that palm oil supplementation
c;fig ohick diwst iaproved the rate of growth of the chiclis and tended
to improve motabolizable encrgey wnd nitrogen retention of tha diot
and livability of +the chickge Bimilor observations weore made hy

B

Ve}'mc;erach and Vansohoulroek (1968)s Thoy indicated thot the
gupplanentation ol cliick dict with palm oil exerts beneficial effoots
on the efficiency of feed utilization, growth rate of the ohdcksy
thhc digeatibility of the dictary lipid and the livahility of the
chickse Palm oil increasasthe palatability oi’ tho diet, the caloric
d.t?nsi'ty of the dist and is rich in the Becarotene which is rendily
o;nvczrtczd to Vitanmin 4 (Ogunmodede and Ogunlela, 1970)s  Thoy
further explained that palm oil is rich in linoleic acid, an

essantial fatly acid, This according to them represents 7% of the

total fatiy acide in palm oils Faller and Rendon -0
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“+om7Y imvestite. the cnoergy utilization of 4 and 5 week old

woiler ohidis whrough %o 7 and 8 wocks, respectivaily, ihen fad
raricus fat. of 10 and 20% of the d2ct. Caloric efficicncy was
reund %0 Yo bette with fatb shpplameatation than without it:
aouever. “he huit inore ~ - s grestor whon thc 20% £.1 dicts
weze consunmod thon obsorved with birds fod th: 10% lavel,

The available enorgy ocoitant of fats fed in poultry rations
depends on a munber of factorse According to Sklan (1579) the
purity of the fat is important since water unsaponifioblces and
~ther impuritics contain littlc or no available onergy. Sklon
(1979) further cxpluined thot the composition and structurc of a
Zat determines its potential ME content. The amount of glycerol in
the fat and proportion of glyecorides affect lipid digestion and
absorption,.

The lenghts of the fatty acid chains and their saturation also
affect ME values (Rennor and Hill, 1961a; Young, 1961)s The positions
of the fatty acids on the glyoarol moleculc arc also important
(Renner and Hill, 1961b)~ Long chain saturated fatty acids in
the 2" pogitions of the glycerol moeity are boettar utilised
than those in the ¥1" and "3° positionse This according to
Sibbald (1978) oxpluins why lard usually has a hisher ME value than
tallow even thoiph the fatty acid profiles are similar,

Horani and Scll (1977) showed thot the most consistent effects
of smpplemental fots on »ation !B ocoured when the energy source
1as used at 4 to 6% of corn based, laying rotions. Thoy soncludced

that, if the awiir~ increasc in moasurcd MeE.'s duc to alded fat
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were abtriimtod fo Int per seo, then the apprront MO of fob wouwll
epproncl or cxeecd 143 groas onorpy value of 9200 or 930C kcaLﬁ:gn

Holl ob alae {1978) indicated thot the "extra® UMD coasumad oy
Fons fod il conbaining rutions wes used primarily for pain in Wwody
fot, and stimmlatod $rue productivity (egss) only when ME consumptior
was otherwiso inadoquate.

Working with turkey poults, Moran (1978) obscrved thot feed
afficicncy and/or wilght goin not only responded to oaloric protein
ratio and fut ocontont of gtarting feod tut exhibited a highly
significant intoraction to bothe Carcass finish, on tho othar hand,
only changad with the coloric combirilmtion hy fote loron (1978)
argued that carly performance morc roflcctud the physical nature of
the feed duv to its extensive fot and fibre chonges thon possible
Jffacte on bird mobabolism,

] Evidence from available literature fhus indicente that
supplomentntion of poultry ratien with fat is boneficial, particulorls
when the enorgy concentration of the ration is below ovbinmm, It
tharoefore follows that when a product such as wheet offal and BDG
are used in placo of gruains, nd the encrgy of tho ration appears
lower thon tho eptimum, supplemantation of such a ration with fat
may be useful, Palm 0il is one of such fat mroducts thint have boon

uzsed in poultry w~tionsa,

1

i P ; FLERE I3 THE DIET OF (I CHICKEN

“ Crudo filre hae been defined as that portion of a lfoodstuff that
is insecluble, loas diges£iblo and aghwfree and whioh remains

after rigovons beiling with dilute alkali ond then with dilute aecid

LI

(Lloyd et al,, 1278} Feltwell and Fox, 1978; Cullison, 1979)s It



consists primcarily of cellulose, homicclluliose 2nd limdn whish co.
~a0m o e almost valuencss mitritionally to poultry, According
%o M tohall (1964): cellulosc is o eorbolyirste, a polwize of
D-zglucosc while lignin which hos net bezn obiained in crystailine
form oconsists of phonylepropanoid uiiding units ~nd is not a
oarbohydrotc,

In feeding poultry and livestock, it is important to know the
fitre content of the various feod sincoe fibers of difvarent origin
are often quite different muiritionallys Very filrous foods are
normelly too flulfy =nd carry a low proportion of milricnts par
unit volume rother than por unit weight (Peltwell and Fox, 1978)
and this is a problam which affcects intukees In compiling the
digestibility of W0 from #ifiarent sources, Crampton and Harria
(1968) indicated that although filros from wheat shorbte ard whent
offal are prosswngbly the same material, digostibility ringes from
53 = 90f% SBimilarly digestibility for oats, oat chippings, rolled
oats and omt lmlls ranges from 38 = 80% These same authors reported
the digestibility of the fibre of corn grain as 57% bt that of corn
bran, corn gluton, cor® oil me:l and corn distillors groius ag ranging
between 72 and 90% with an avarcge valuc of 80% Thesc Pigures wore
obtained from experiments using ruuin-nts. Since specics differ in
tho extent to which they can digest fivre and since the digestibilit;-
is not thc same ovon among individucls of a spocies, the above
figures will diflcr in the case of the monogestric animal, In
fact the fipguros will bo considercbly lower in tho case of the

monogastrics since their microfloral population is mmaller in
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namber and comdoszitione Cronpbon nnd Harris (1‘-)68) Meiior
contundea thot the unprocessed filwre of secds wiich in thcir natural
gtate is an outer protcctive co-tins of tha geod is roloiivelr
resistant to bactorial atticke Rt in thoe milling or woet processing
oi such sceds, sci2 of thuse coztin = may be partially disintegritod
or dissolved, tlms axposing tihe ccllnlose o easy wtiack Yy
microorganisms of the digestive sroteme Albancsc (1963) statoed

that althouyh monogastric animals do not have the necessary enzymas
for degrading cellulose, nevertheless in some instonces o
oongiderablc maount of the cellulose may be utiliseds Albanese (1963)
explained that in cases like this, bacteria prescnt in the intestines
have cellulases oapable of degrnding celluloses Lloyd gt ale (1978)
doscribed the digestibility of erwie fibre Wy various specics of

animals as followss

Spocioa Mhoro digested ﬁ Dicsted
Ruminants Rumen, colon 50 « 90
Pig Caecum, colon 3 =25
Rabbit Coooum 16 - 18
Guinea piz Cacoum 34 « 40
Human Susll & large

intcstines 25 - 35
Poultry Caoce 20 - 30

According te Fetuge (1977), diffurences in available or
utilizable enaryy ocontents of dirfferent feod matarials are due
essentially to redicul differcnces in thoeir chemical composition,
porticularly such froctions as fot, niitrogen frec extraot and crude
fiteds The groctest differcinces tend to recult from diffarences in

the absolute ocontents as well as chomical components of the filre
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fractions Fotuga (1977) cxplained that callulosc; hemiceliulon .
and lignin aro usually regorded as being unavailiblo to monogast—iz
animalse |
Bulkiness: [
Crude filre is known to give Wlk to foudse King (1961)
gbatedthat f£ilre aids digestion becaunsz its mulk stimulstes peristaris
and gecrction and ¢openg up concentriated foods so thot digestive
Ju.ice.s can come in closcr contact with them. Bulk is also
occngidered important from the standpoint that it increasoes the
surf%ce arex of the feed particles in the digestive trecte This
'i.ln!;re:ase in surface arca of focd parfticles can be accomplished for
the tract Wy feeding high levels of indigestible material such as
orude fibree Deaton gt ale (1979) increased the dietary fitroe
.bogtent of a layor diet by substituting a high filro sunflower
meal for soybean meale Thay reported significant inareases in
gizzard weight and intestinal longthse However, the effiociency of
feed oonversion was reduced Wt egy production, egn weight, shell
Treaking strength und mertality weroc not affected, The influence
of Wlk in promoting the climination of feed residues is csgenticlly
baged on the laxative properiies of the fitbé. Feedg high in crude
filwre which are high in fatty acid content or hvs a high wataer
holding capacity arc the most laxntive (Lloyd of g&.; 1978)a
Ab;rt from thezsoe beneficial effects provided by bthe alkiness of
crude £APO it is also know thot food intake by both humins and
animals is limitcd by ulke ¥Yhen crude fitwe is present in high

concentrations in the diet, it limits the woight of food eatcen by the

S ' i
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bird and thorehy imposes a physical limitotion upon tlw intoke of
digestible mutriontass Rations high infilee restrict cnergy intok:
duc to the low cncrgy density of roughiges, Also high fibre ratien
have o rolatively high hoat ineraiont and taerefore contribute to
heat stress in a werm climate, This is known to have affected the
performance of brollor ohicks in the tropics (Stanloy and Ishiza;ltf.,
1982)a High crude fibtre contents of diets may lower poultry (
production. Thiz might be due to the fact that the hijler lovel
of orude fibtre is asgociated with o depreesgion in the focding values
Fibee contrilutes little, if any, digestible mubricnt and also makos
other nutrients less available (EBwing, 1963)e Food intake is
important in profitable poultry productions This is influoenced
in part by such mochanical considerations as accepbability and
telk or voluwe of +he ration in relation to the nutrients supplicds

Acoording to Ewing {1963) Oklahoma Agricultural Bxperiment
Station workers startod experimoenting on the fibre roquiremenis of
chicken ag early ag 1930, Their findings indicatoe that although
the genernl opinion of poultrymen and poultry mamifacturers is
that the filwe content of the ration should be kepl below T% tho
rogilts of their work demonstrated that the amount of fitre in
the ration can be increased to 8 or 9% with desiroble offects on
chick growth, mortality, feed consumption and egg producticn.

In their study 'tr;\ investigate the effect of different crude
fitwre levels on the growth and performance of Baladi White chicks
up to 20 weoks of ago, El-Abbady of ale (1970) found out that male
Baladi white ehicks could toler~te crude fibre leovels up fo 12% and

fomale Baladi Whitc ohicks up to 4% although the level could be
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inoreascd to 7% in fomales until the age of 8 wesks withont any
Actrimental effeet on cither mortality or body weighte Eowever,
when the male Baladi white ohicks wore put on a diet of 17% arude
fibre. thero wes a deprossion in grosrth rate, food co.sumphion and
mortality rate increnscd. Thoy therafore concluded thit thoe offcok
of fitwe on the growth of chicks may be quite detrimental dopondiry
on the quantity of the fibrous matcrial used in the diet,

The effects of including high levels of fibre in the rutions
of growing chicken have also been investigated Dy many workors
(Isaachs et ale 19613 Lillio and Denton, 1966)s Their work
included the dilution of the roation by the addition of high lovels
of fibree These workors obsorved that the use of hipgh levels of
fibre during thoe growing porind delayed sexual maturity and roduced
body weight at maturity. In anothir study, Waldroup b ale (1966)
fod a 15% fibre and 12% protein dict to troiler hrecder pullots
during the growing period tut obscrved no significant effects on
performance of such stock during thoe laying periods Work by
Kondra, Sell and Guenter (1974) indicated thut there is a significant
roeduction in food consumed by both moat type straine and egy sirain
birds whon fed high fitro dicts but the decrease was greater in the
meat strain. Kondra ot ale (1974) aloo observed corrosponding
decrease in woight gains, Thoy explained that the corresponding
welght gain dilforences botween meat strain birds and ege type
birds is duwe to inherent more rapid growth and ultimate bhody size
of the meat straine On the contrary Waldroup ot als (1976) have
shown that feeds of high fibre contont oncourage foeed intako and
oonsoquent gain in body weighbte Cowlishaw and Eyles {1958) found

B
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that the hon fed hizh fibre dicts compensated for the low ME intoa%~ ©

neduced weight goine

Imasss Qv ale 4957) observed good growth of turkey poults
20" mrsh dicts containing 5 - 10% crude filre, Yhen pelletod
fiets wawro nsed, good growth was obtained on rations containing
5 - 20% coudn %ibro. Omar gt 2le 1970) concluded thit whitoe
strian turkcy poults can toleratc up to 9% crude fibre in their
rations till thoy aro 18 wecks of age without any adverse af fect
on growth and mortality rate. These aathors also indicited that
malc poults can go on this arude filwre level (9%) up to 24 weeks
of agee

Inforenco from the literature indicate thot meat - type strain
birds are ablc to handle high fibre dicts better than egg-type
*-nins  during the growing periode But during the laying period.
layers can bo fod more fibres Crude filre not only has a low valra
in itsclf it is usually accompanied by other materials whiich also
nave low feoding values. Bwing (1963) gave an example of this
property with ricc brane According to him crudc fibro above a
certain minimmm in rice bran or rice polish, comes from rice hulls
which almost %otally is indigestiblce

Yarious roports exist in the literaturc on tho efficiency with
which low enorgy dicts arc utilized by the fowle Scott (1974)
suzgested, withoul any cited experimental evidence though, that in
-, hot climato, & metabolizable encrgy lovel as low as 2400 xeal /v~
dict ocould bo consumed in adequatc amounts to permit hens to loy

+ a patisfoctory ratee In rocent times the practice has been the ne
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of high fibre feedstulfs as energy dilucntc in peuliry r-tions-
Wheat offal and BDG arce examples of such fecdstuffs. If thege
onergy saving mathods which arc still in their experimental stagas.
prove successful, it will probably fucilitate the formation of To
energy rations thit will give maydmum returnc for fecd cost sinc:

foed ropresent the grentest single cost foetor in poultry produe+ia



EXPERIMENTS,
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SECTION I

NETAPOLIZABLE ENERGY STUDIES

Objcctivess

The purpoec of this study wes to detormine the ME values of
wheat offals and BDG using broiler chickens as the cuperimcntal
hirds.
Status of the problem:

8incce the studies were intended to evaluate the suitability of
wheat offals and BDG as partial or complete substitutes for maize,
it became nccessary to determine the metabolizable encrgy valuca nf
wheat offals and BDGe Besides, there arc no rccent published
anergy values in Nigeria for these ingredicntse
Bxporiuncntals

The ME valucs of both wheat offals and BDG werc determined with
5 wecksold Shavers 3artwo wroiler chickens, using the total collie 4ix
method at onc lovel (20%) of ingredicnt substitutions The birds
used for the studics were divided into groups of 15 birds per groin.
Three such groups were placed on each treatment and werc managed
in battory metabolism cages equipped with dropping panse

To detoermine the ME of the ingredients, a basal ration devoid
of both whex!t offals and BDG and corresponding to Rationi on Tablce 4
was amploycds Ingredient substitution was at the expeonse of the
basal ratione Thus the experimental rations consisted of the basal
and the ingrodient rations consisting of 80% basal and 20% ingrediant.
To acclamatize thc birds to the battery trooders, thoy were
maintained on the basal ration for five days and then for two days

on their respectiva rations. They were then starved overnight and
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fed the followin; day and oxcarcta voided quantitatively collec. od
for 3 days at 24 hours interval,

Feed and wator wore provided ad libitum during the collecction
periods The feed was maintained at low levels in the fecd=troughs
to minimise splliapges The focd for each group was woighied at thoe
gtort and end of the collection puriods The differcnce wyas takon
ag the feced oconsumed,

On cag¢h day of cecllection, the excreota was blowm froe of
feathers and othor delris beforc collectione It wes then weighed
and oven dried at 10500 for T2 hours then ro=wcighced, The 3 days
collection for cach replicutc werce btulked and then fincly ground,
The dried ground oxcrceta and feed samples were assayed for nitrogen
using the AOAC (1975) mothodse Gross encrgy valucs were determined
with the aid of an adiabatic automatic oxygen bomdb calcorimetors
The apparent metabolizable cnergy (AME) of the rations were caloulated
using the following aquations

DE/g of focd = (Fi x GEf) = (B x GEo)

Fy
whare Fy = Wead intake (g)
E = Exarcta outmt (g)

GBf = Gross encrgy of feed (keal/g)
GEg = Qross cnergy of excreta (keal/g)

A oorrection was made for nitrogen retained in the bodye Since
body nitrogen, vhen catnbolised, is oxcreted as cnergy ocontaining
products, it is desirablc to Wring AME data to a basis of nitrogen
equilibrium (Sib‘ba.ld, 1979)e Nitrogen corrected apparant metabolizs™

enorgy (8MB,) 4o thus caloulatod from the equations
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A, = Clossical ME - 8.22(g‘/g food e é"/g faccos) given v
Hill ond Anderson (1958).

From the I of the basal ration and the subuiitutoed rotions,
the ME of thoe feed ingredicnts was caleulitoed by simple algcebraic
oquationa, an oxomple of which is showm bclow,

If the MB of the basal ration (x) determined in this study wae
a kca.l/kg and thot of the 20% substituted wheat offal rotion (y)

b kca.l/kg, the algolraic equations may be stated as follows:

Taking the 1B of the basal ration
400x = a kcal

x = 2 kecal
100

800x + 20y = b keal

80(a) + 20y = bkoal
100

803 + 20y = b keal
160

Oe¢8a + 20y = b keal

= b - 0.83

¥
100y = (b -%’,,gg) 100

Rosults and Dicoassions

The gross onergy (GeEs), obassical MeEs and M.ls ocorrected to
nitrogen equilibrium (HoEcn) with their 001‘1;08})011(111!.:, of ficicncy of
utilization valucs are shown in Tablc Ie The metabolizablo cnergy
and metabolizable encrgy corrected to nitrogen equilibrium values
for wheat offal and BDG are given in Table 2,

The clessieal M.E. and ME, valucs for wheat offal were 1201.55
kcal/kg and 1117405 keal ME/kg rospectivelys Thosc of BDG ware
1743695 kecal lﬁ/k;; and 166490 kcal HE/kg respectivelye Theso valucs

fell within the ronges reported in the literature for both wheat off:l
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aaxdl BDGe Drowerst dricd grains Lhad the higher HE ‘:r. voluas
o' the $70 in x&dic;:ta. Sibbeld (1’,.",’9) obacrve’ tL © propenaits
of thc nitrogen corruction argne th i body nitrogn, whcn c.tabolised,
is excruted as onurygy cont:ining products 'nd tlhh i it is desir blo
to tring clussifal il.Es data to 2 bLasis of nisrosen ocuililriume
Locson ¢t cls (1977) also found thot ME valucs wore influsmced hy
the protcin coutont of the basal dict and that corrcction for nitrogen
roetention dearcnsed the differcncese However tho nocod for nitrogon
corroction hoo bucn questioned (Baldini, 1961 . cited Ly Sibbadd,
1979, Sibbald and Slingor, 1963)e Sibbald and Slingza (1963)
indientod thot cineo the corrcetion docs litile to improve the
uscefulness of the classical ME valucs, the addition:l work invelvud
in mecsurisg nitroson rotention wes not justificd,

Thoe cfiicicncy of utilization of GeEs 25 IieEe or e, wis
slizhtly hizhr for BDG basced dicts thian for that of the whoot
offal bused divtse The walucs obtained in this stuly (Table I)
were higher thoa thiosz reported by Fotuga (1977). This may be duc
to the brooed of birdes (Whitoe Loghorn chicks) uscd in this stuly
and their ability to handle dicts of high filre couduoulge Browwrs?
dricd grains ond yheat offnl arc known te have fairly hich cont: :to
of crude fitwre (Table 3)e Crude filr: is known to lowa the officicncy
of utilization of metabolizable wrgy (Bwing, 1963 :nd Booenker ot al.
1969)e In thu subscquont studivs with broilers, bocy weight goin
and fcod efficicncy followed the tronds of metabolizable ancrgy
valucs of the tosted dictse The parformance of the hirds tended to

be better for ihe »ticons w-ich cortainod wheat offnlg whick wns lower



in fiwre content thon for the roticns which contrinal BOC wdth
fairly bish au’o filre contente Fetusge (1977) explodiiol that Lo
rantogt diffcraneos in pvailnble or utiliznbla onue y coatunts of
difforent foud motarindes tond to rosult frow differocrnaa in tho
absoluta conkonts o8 well np chanicnl componuntes of . filro
froctions Lomge and Olonilua (1977) also oxplain.d th-t wheot offal
oontains about 19% of diguutible carbohydrote exprossed as gluceso
os comprred to about 8% of that of BDG, Thorcefore, the wheut off:ul
micht have contritut appraoeciably morce to thoe mctabolizable cnergy

of thc diﬂt.
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SECTION 2

Obieetivest

To dctermine thc extont to which whoot or'fals und BIG enn rovwl..oc
madizo in broilur chicken r tions,

To deternine ccoromics of reploeirg nodze with whott cffels
2l BDGe

X 0 ¢ _problems

A8 errlicr mentioned, therc is stiff compotition botween humon
porulntion amd the pmliry industry for ccreol grainss Theso coroenl
grodns form the main sourcos of encrgy in poultry rotions,
Dotermining how far carerl grains can bo replocold by ~agrosinductricl
by=-products such as whoot offals nnd BDG in poultry rotions is
tharofore not only going te be benaficicl to the feed milicr ~nd
paultry formor, Tut also to the researcher in scarch of suitoble
subgtitute for corcnl grioins. The dhieapness of those agro=industrisl
Tymproducts onl the ccce with which thoy eon bo procured (ns loup ns
tho Wwowing and milling inductrics cxist) relstive 4o mrizo, @minca
corn or millct, make their assessmat ~g altorn~tives to cercal
srains worthvhile,

Te trinls carricd out in those stuldics are reperted in two
norta:
Le The ropleocement valucs of whet offols rnd BDG for meize in roilo

ohrdar rotions (0 = 5 wosks)e

Be Extcont of replocemont of maize grains with whoot offalg and BOC

in proctical rotions for wroiler finishors (6 = 9 wocks)e
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DEPODURL D e GHCR.L

(i) LOC..TI0N: Shilk~ ie loc:tod 22 kilomotors nertiawest of Zeai-
plong: the Zoria = Soikoto rovle IV lics within the Northeon Guinon
Sovamaly Zone of Kainna Stoate ot lotituwls 11015'1-&' nl longitudo
T°32t8 nd +f on aliitudc of 609e6m (2000 £t) (Kooy, 1959)s It Lo A
nonsoamal . climatce Jnmnl rainfall vorics from 800mm to 1y 300mn
(43.86 inches) and the lonsr tarm average iz 1100mmy most of which
falls from latc April to corly Octobure Tha stotion ocoupies
1,150 hectarocs of land and is located in tho Galmopleins, named afber
tho rivar Golme, of which the Shika river is g minor tributarye
(i) GChickst The birds usod in thesc experiments werc Shever Storiwo
roilcr ohiicks purch-oscd from a loenl hitchary st day-olds The chickn
woero ran‘omly alloted te triplicate trootinent pens in botchces of
forty (40) birds per replichte at the beginnin: of cach tricle Mooz
such roplicotes ware asciged o dictory troctmonte The weighds of
all roplicotes wore oqurlised on the basis of averapge chickon wei °%
to within 0e¢5 greme In 2ll the roiler ciperincnts, the birds were
weishel end feod coneuaption wos roecordel. at wockly intcrvals, L
daily racord of mortolity wis kopts

In all, four tri:ls worc conduetod; two with sfartins broilcr
crickonn (O=5 wocks), mnd two trisls with Liniching broiler chickcns
(65 wacks)e
(ii.i.) Mopagement of bridss The brds ware mamaged in floor pors

(3405 x 1.22:1/13\'4:1) coverca with wood shiwinzs 2s litter medorial cnd
in opon sided poultry houscss Durin,; the first 4 wocks, they warc

providad with brooders with kerosonc lonterns serving as the heot
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gonrcs cnd woodun broodor boxes mecouring 0.944 x 04914 (3% x 3],
™o giles of the ailding woere covercd up with, plastic sh.ots to
raluco drausht and congorve hoay lurin s dho fired 4 wooks of Lilo
off tho Dindo,

(iv) Wieot offadg ond HXG: The whiat offnds wsel in these ctudien

wold ebbninod Lrom Northorn Niooris Flouy Hilla, Keno, Tho BOG onuw

»

from Guinoss (Mige) Lidey Bonin Citye

(v) Foocds: 4l dicts wure isonitrogenous, Mt not iscealoric for

onoll tricls DHMete woroe formuiatad to meot n standard 23% crudo l
wotein for startcr rotionsy and 20% orude protoin for broiler findohirs
in accordonee with the recomendntions of Qlomm (1976, 1978) ~g woll

ag Olomu and Offieng (1980)« Both whoot offals and BDG wore addoi
rincipally at the exponse of mhizes Howevor, to mointrin similor

level of protein, the porcent~ge of soyabern mecl wes adjusteds '_‘Bcoauﬁc
of th: higher contont of totol phosphorus in whert offal and BLE, tho '
noereent fotal phosphorue incroasod sli-hily with incronoe in lovel of
whoot offal rnd UG in thoe retions The ingrstionts ware malysed for
thoir proximvbe chemical composition using the mothods of A04C (1979).
The gross chomical composition of the insroedionts is piven in Toble J.

(vi} Dota anolysizss The deto colloched in the trinls wors subjoctad

o malysis of v rianco end gignificonco of difforonces botwetn neons
assazaad by using tho Dmoanls Multiple Rongo Tost ot the 57 lovel
of significmnee (Stewl and Toriu, 1960}y Dutrils of anslysas of
varicnce arc progentaol dn appendix Z2a

(2) Tl effcets of Buplocine Maioo with hoot offals and BDG
' I in Droilurs Storter Rations
I R Trial 1

Quisabivg?
To detertaine how o whent offals nand BDG can roplace meiszo

graine in broilor atrrler rrtionse

N
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Exporinontals

Cne thousud ~nl eishty (1080) d~y old Srver Strrbro troilor
chicks were allotel to miwdilr croupe fPeplicaton) .r 4o vir & poo
roplicitoce Thraoce replicates were alloted to ench of nince treatmonts.
Thc nine oxporiment.l rotions contrined prolod levels of whont offnla
n BDGe Fifty porcont of thoe total content of the maize wes romovel
at cach step of replocoments This wos roploced with either whent
offals or BDG in thc rationse In addition, tho effects of adding
paln oil to a partially (80% substitution) or wholly substituted
maize rotions were studiede The rotions were fol from day old to 5
wecks of agCe

The birds were managed as deseribod under EXPERIMENTAL - GENERAL
abovee The paramcters mensured woroe weight gning feed intake,
efficicenoy of feed convarsion, fceod cost per kilogram gnin and
mortalitye

The oomposition of the rations is given in Table 4e

csultss

Tha results obtoined in Trial 1 arc sumanrised in Table 56

The replicoment of 50% maize in the rotion with whoat offal
gignificantly depressed weight goin (Prestment 1 vs 2)e The adition
of 5% palm o0il to the wheot offal bosod rotion (Troatment 4) corrcctod
this deprcession, PFood intake and foed officicncy worce not signifie-ntly
chonged by the replacement of 50% of the maize YWy wheat offal, Complete
replacament of maizce in the rotion led to furthor simificant depression
in weicht gine Althoush addition of 5% palm oil to the complotely

replaced maize ration improved weight gning the weight grin obtoined
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vas gtill significantly less thnn th b of tue eontrel ration iJ
' oadmont 5 e % )a Feod intnke wos not gigmificantly deprossed while “
fool ficloncy wag significontly deprossod Iy thoe complote
roplaccenent of maize ln the »otione

The weisht goin, foed intake nd feed officicncy of birds fod
=ations with browers dried grains woro significnantly less thon thoss
of birds on the control ration (Treatments 6 to 9 vs 1)e The Addition
of 5% palm 0il te the rations lod to slipht improvement in porformruce
of the hirdse Mortality wos significantly influcnced by dictary
ftroatmentes. The highest mortality Bpate whs obscrved with thoe ration
containins the 100% replacament of maize with BDG. Thuore was no
pogi=mnortom cxamination carried out on the derd ohickenses Hoed cost
per kilogram liveweight goin was least for the dict containing 1009
wheat offal replaccncnt of maize (Treatmen't 3) vhich was not significontl;
different from the feed cost per kilogram Lliveowcipght gzain at 50
replacascnt with wheat offal and BDG respocliively (Troatments 2 & 6).
Focd crmt por kilogrom livoweigsht pmain wos significantly increased hy
100?5 roplecopoent of moadze with BDG and 100% roplacancnt of maize with
BNG plus 5% sapplementition with palm oil.
Sunart

L trind was conductod with broiler chicks, O -~ 5 wooks old Yo
nesegs the effects of replacing 50 or 1007.-': of the maize in chicken
troilcr rotions with wheat offal or Wrowors dricd srains.
Romults indicated thnt:

1+ Thoe replacement of 5{)% maeize in tho ration with wheot offal

significantly deprossed weight goine
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C-mplete »epincement of naize in the rrtion with wheat
efidl alse dopressal woight guina
The 3DG Masced dicts simificantly danrcessed weight gain,
foed Zntokoe and afficicncy of feed conversiona
The addition of 5% palr oil $o cither the wheat offal or
3DG bascd 2 ote ‘mproved the performance of the birdsa
Completc replacement of maize in thoe ration with BDG

significantly incrcasod feed coest per kilogram livewcight

ging



Drigl 2
Qbisetives,

To furiier assass ut raplacanant of medne woins with wheatl orfale
or Twevers dried graing in Twoller gtorter rotionzse This atudy beo ¢
nocescary hecauge of tha poor nerformunce of Twoller chickene fed
rations with complete reslocement of the maise grein with either who
offal or BiXi in trial 1, 3roiler chicdmes fod BDG bused rotions at
50% subotitution level of +he maize did not alse porform wolle It
was tuercfore decided to furshoer evaluste wiieot offal and BDC not

of
beyon! 754 and 50% levely/replacement of maize in broiler starter
rations rasneciively.
Experiisntals

One thousand and eighty Shaver @tariro lroiler chicks ware used
in this trial. Thoy were alleoted to nine experimental rations in
triplicate lbaiches of foriy birds enches Exverimental diets were
formulated 4o contain aimilar levels of provein by adjusting the
percencise of soybean mewl in each rations Tl control birds were
fed a r-tion containing 54.5% maize as part of the rations Wheat offaln
repliool 50 nad 75% of ihe maize in the wheit offal bazed rations, while
BIG replaced 25 and 50‘}3 of the maize in the BDQ bused rotionse In
othor worls, in a ration whore 50% of the tot:l maime was removed,
whieh wne squivalent to 2’4’.?_0‘,’;3 maize in the rihion, 35.90% whest
offals and 39.15% BIG were added to the rotions respeciively, The
rutions containing 50% replacenent and 504 plus 5% palm oil
respactively were similar to tloge used intrial 1 (Table 4) and are
equivalont to trectmonis 2,556 and 8 in Tablo G. |

Birds were mannged as alrecdy deseribed under the saection on

EXPFRIMENTAL: — CGENERAL.
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M elects of dict o'y treatmants on porforiwunce of the birds
are rropented in Table T

At 5 weeks of age, Woilors given BIG ot {5k sudstitution of m~in - |

ment T)wero lowest in bol - wei:Lis whils birds regeiving the contrcl
diet (Treat.ent 1) were il henvicste Body wei ts of broiler oniclu
fed rotions containing 50% wheat offal replicensnt with or without
5% pali oil (Treatmants 2 wnd 4) supplement: tion and the control
treatucat (Treatment 1) ware not significertly different, Seventy
five porcamt replacement of maize with wheat off'als signilicantly
depressed weight gain while addition of 5% palm oil to this ration
significently improved body weight (Treatiacnts 3 and 5) though the
improvement in gain was yet lower to that of cocatrols The inclusion
of BOC %o the rations deiressed body wei lioy while the addition of
palin oil to the BDG rations significantly improved body weigits
(Trectionts 6 and T ve 8 ond 9) at the 50% maize replacement level
and nonsignificantly at the 25% replacenent level,

Fead oconcumption and efficiency of feol convercion were vari-ble
and were i fluciced by dietery treatnentse The addition of 5% palm
0il to eiticr the 50% or 75% repladencnt of maize vith wheat offal
iaproved wei it gain and fead efficiency (Tre-tments 2 va 4 and 3 ve
5)e Tha addition of 5% palm oil to the 25% replucemeni of maize with
BDG dic not significantly improve weight gain and efficiency of feed
conversio (Treatuent 9 va T)e

There vare sipgnificint differences in feod cost per kilogram

liveuei it gnine It was least for the ration containing 50, whoat offal
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replace:mt of meize (Treniimt 2) wnd this wos not siemifisintls
Qiflapent from tuu feed ooct per kilograa livereight guin at 75%
wheot offel replacament (Troviment 3)3 50% BIC replacensnt (Proct . wt
6) - the oonirol r tion (Trevtuent 1)e od oont per kilogram
livowei: it gain wos sigidificitly increased 1y 25% LDG replacement
of iz maize plus 5% palm oil pupplement.tion. 4Apart from the rotior
containin: 50% BDC replaccaent with 5% polia 0il supnlementation which
gimilicantly increased mortality (Treatm i 8), rate of mortoliiy
was genarally low and wes not significently affected Ly dietar;
treatiienta,

Sumigy
A trial was conducied to further expmlere 4.0 possitility of

raising broiler chicks (O « 5 weecks old) on industrial Wy=prodicts.

Beyerimental diets contained wheat offal ot 50% and 75% replacenert

of maize and BID( at 25‘;'5 ard 505 raplacencnt of maize respectively

onlyj :nd then with 5% supplementation wiih palm oile

Results indicated thats

1« Up to 50% of' the mraine in Ywroiler ctartor rations could be
poseibly replaced with whest offals wiithont mch adverse effacts
on weiht gain, fool conmumption and efficiancy of fecd conversioii.

2. DBettor performance of ths Iroiler chicko could still be at ained
if the 50% replaconcnt of wheat offal is suoplemented with 5%
pali oile

3¢ The 50% replacament of maize with vhc:t offal plus 5% sapplemc b tic
wii't palin 0il wuc gignificantly comparable in feed cost per

kilooram gain to t)1: coutrol ration (Treztiaent 4 vs 1)e



Ge  AZLsa L she 50% ropl caewent with ZDG plus 5% pala oil

sup>lomnt- tion mup orio. guits antiof .chol i M gatan.

oonauiipilon, efficionc; ol fuud convorsion, fuud oozt puwr

kKllogron guin and mordclis - waro simificantls ki e Glim thoss
of thic controly

3. xtont of Repliccient of Maing ith *haat offals and BDG in

L N e B it SR

Practical Rgtions for Droilcor Finiiorme

e L T T LT e
Trial
l =]

Objective:

4

To determine how fir maize cin be replacod yith wheat offal =nd
BDG in rations for finishing hroiler chiclicigs
Experipental

One thousand and eigity (1080) Shover Starlro broilzr chicks
were roored on standard Lroiler starter potions from day old to six
weeks of zzee They weare manc,ed us described euorlier under BXPERININT.L .
GEIERAL .

At six wocks old, %tho bhirds were randomly alloted in triplicate
lots of forty birds eccl: te aine finisher rotions ocontuining varing
levels of wicat offzl anl BDG. Pifty perocant oi the total contont of
the inaize wae renoved «i e~ch step of repliceionts In addition, tha
affocts o addine pelm 0il to a partially (50% mubetitution) or wholly
subgtitited maize rations yrore studicds Feod and wat o were supsliad
ad libitwne The composition of tho ratiecnt wsed are presented in
T:ble 8 The experiment wns termin led s i birds were ninc
weuelcs old,
Remltas

Tia offects of diclory trectamsnis on perforinance of the finishor

birds ere presanted in T.ble 9¢ Weight saina, foxd consuudiion an’
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5l
mortalityr were greatly influcrced by the ftrectivnte. Birds given
tha cootrel diet (Treatwent 1) guirad the most waila birds .
rodeiving tha 100% BX: replaccamt (Trostnet ©) gainad the loast
in hody wei hts, 3ol weight gains and foe’ conmumption of birds
Tad »otions in which 50% off tiw maize hid bean replaced by waat
of f2l or WX were comparzbls (Treatuents 2 vs 6 and 4 vs 8)s In
both cases the addition of 5% palm oil sigifiomntly improve
performmces Thoere were also no signifiomnmt differences betwemn wheal
offal nnd BDG at the 50% lovel of maize replacencat with or withoud
0il suvplementations (Trociments 2 ve 5, 4 ve 8)e These treutmonic
witih palm oil supported quitc appreciable hody weight going and
improved feed efficicncy, though not significauilye Gemerally, wei bt
gaing werco found to bowr a lincar rolaticachip with caloric dansity
of tho diotse The complotoe replacemant of maive which BDG led to
vory lovr weight gein as ocompared to the coutrol (1416g ve 1038g)
and vexy poor feod effioicncy.

Apirt Crom the rotion containing the 100% replacement of maiszo
with IDG (Trectuent T), no two conseautive tro tments gave foud
corversion efficicncices and feed oost per kilosram gain that wero
significantly differents There wore howevary slight muucrical
inareascs in the various troatments, The lmndred porcent replacaned
of maize with BDG gave the worst resulic for Loth the efficiescy of
food oouvarsion and tlhia feod oost per kilo'ra gaine Mortality wes
significantly influenced hy trecatments, Thoe ration corntaining the
100% BLC replacenint of meize (Treatmont T) rogistered the hi st

mortalitye
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A trial was eonceeted with 1000 gix wool: old Wreiler chiickens

to invostisate tho efects of substitutin, maire rith whest cifilds o

EDG anl tho effecis of sugplancniation of fthc sublstituted rations

with nalm oil. The exporimental findin o indicoted thatbs

1« Weight geins teuded to inerease will iancrsasing lavel of
maizo in the rationse The addition of 5% palm oil to the
rotions in which maize was replaced by aeither whoeat offal
or BDG at the 50% level significantly furthoer improved
performances

2. Feed cost por kilogrom weight gein was hihest for the
ration containing 100% replacencnit of maize with BDC.

3, Apurt from the ration containin.; the 100% replacanent of
mazic with HDG (Treatment 7) which give very bad performunca
with high mortality rate, thare ware no significont
diffcrences amony: the mean valucs of efficizncy of feaod
oonversion and foed costs por kileogrom livewcight gain of

the various trooin ats,
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Quicetiver
Mo further asseas tlis ropl et of maiud wdth whonh of fula
and BD3 in broiler finizhur r.iiongs.
Bpardyeitols
One thousand end eighty iroiler chioks wiic Lava heon rearc’
on stand:rd bLroiler starter retions from div old to six weeks of &agc
were used in trial 4, Thicy werce randomly allotoed 4o nine experimental
Pinisher rotions in triplicate betcues of forty birds eache Tho
axarinental diets conteined varying lovels of haeat offzl and BDG,
Whoat offal replaced maize at 50 and 75% lovels, while BDG mepl.cod
meize at 25 and 50% levels in the raticnse In addition the cffects
of widin; palm oil to partially substituied (255 50 and 75%
substitution) maize rations were studiod, The composition of the
axrporimontal rations arc shovm in Table 10, Fied znd vater were
supolied ad libitume The axperiment was ternincted when the birds
werc ninc wecks old,
Roslbar
™o results obtained in Trial 4 arc swn  riscd in Table 11.
Analyzis of varincce of data of tiis trial (appendix 2) showod
that dietary trooiments had significant effectz on weipght goin,
efficiancy of feod utilismct.on and fead cost per kilogram livouci-lii
gains Birds fod the ration in which BUG ropliced 25% of the maino
with 5% palmn oil supplementation weras the heaviosgt while birds receivin:
the T5% whoat offal replaconmt were the lowest in body wei hte
(Treoctuent 9 vs 3)e Body weights and feod oconsuaption of birds fod

rations in which 50% wnd 25% of the maizc Lol heen replaced by whent
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of e nt TNC res cctivoly plus 59 palm oil wero oomparabla to the
control riiion (Treatmenis 1, 9 va 1)s Ganr Aly, weight suin

and aificicncy of f.ed econversion tonded to imorove witn 3}0 pale oid
gaprlarntations

Adort from rotions 6 ind Ty no two oonwoutive diztary trz tami
had any si_aificant influcnce on fead intkee Twre were, howevir,
slight muicrical incrcases of the feod intcke hetweon the various
grouvse Food intake wias genuvrally hich.ae for tho whoat offal based
rationse Also, thore was an observod increaso in feed wastage with
the group of birds fof rotions in which maizc was partially replaced
with 50% BDG. Thore wore sipmificont diftforeonces in food cost per
kilogrun weight muine llowever, the differences between the rotions
which supportod the best growth (Treatuents 9, 1 and 4; 7 and 2
respectivaly) were not ammrociables Mortclity wme very low and was
not sigmificantly affecled by dictary trectincitse
Supary:

A irial was conductoed with 1080 six wecks old Wroiler chickens
to furthior assoss the roplacement value of diffarent wheat offal ond
BDG levels or the performance of finishins Troiler chickens, Tho
results obtained indicoted thats

1¢ Tho ration contuining the 25% replacaacnt of maize with DG

plus 5% palm oil supplomentation (Prostient 9) supportod tho
bost weijht guins, feed consunpiion, efficicncy of feed
utilization .l was ocomparable in cost wir kilogrom gain to

the control ration (Treatmunt 1).
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Thore wero no simifiomet diftepwicas &n =t hd mins,
foud oconsunmpiion, efficiengy of fuud oonversion, fuud
oot por kiloqroa smin and mort.litys for the control
ration, thao pition contzinin ¥ 23 roplice it of ol
with BDG plusg 5% palm o0il sujpleo ani tion und the rotion
in which 52% nzize was ropleccd Yy ousaltially whuat
offal plus 5% pala oil (Trestants 1, 9 =nd 4)a
Feed consuupticn was genurally highcr» for the r.tions
oontaining tho whe2t offal than ithe DG ocontaining raticns.
Rotions containing palm oil supnloucniation suyported
better wei ht guins and efficiciicr of feed utilization
than their corresponding rations without any palm oil
supplement 1tione

Feced cost por kilogram gain toended to incrense with

paln oil suppluncentation,
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T offeets of inclusi-un of wheat offals and Wrew:rs dricd sroiny
ot the porformance of milloboe
Ohjcctives

To investipgate thu use of whont offels mid Trewors dricd griins
as a partial or complete replacoment for maize in pullet rotionse
Bxparimentols

Shvwver Starcross pullets parch sed IZron a ocmmercial hatchary:
at day old wore rzised on deop litior in opoen sided poultry house

th floor space allownce of 04093sg matru/bi:".l. Hext for brooding

wos ganpliad by kerosenc hwected lanterns, Two exicriments woere
curriod aute In the first cxperimont, the mullots were placed on
the experdmental tre imonits from day old whils in the second
exverimunt, the birds were plucod on the tre.tnents at 8 weuks of c. e,
Experimentcl rations fald econtained wviryin: aouwnts of wheat offal
and P0G in such a way L0 as the level of $hese ingrediunts incrozsed,
the lovel of mairze was progrossively decrcased Yy 50% until the 3o
retion tha maiz: wos complutely roplaced cnw wheat offal constitutod
80.50% of %the chick mushs Oyly 50% of tho maize wes replaced in .
BDG treciuontss Complaite roplacoucnt of the maize Jy essontially TDG
rosulied in vory high mortaliticse This tractiont was thus
discontimnde In the growr rotions, totel maino replacement occurcd

in rotion 2 in which  whweot offals constitutoed 97.40,:-. Howovary BIG » "
undze up to 755 and oonstitutod {Ce0% of the rotionse Onc tnu-.fl_rul pize
roplaccicit was not attemptod boomino of thic high martalitics ascooiatc”

with very hizh lovels of BDG during $he pariod O = 8 weoks,
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¥porinat 1

One thousand axt oi-hty (1090) chicius wrars indticlly w. © 2
Pin 4 o~ orinent (020 woddmn)e The chicks woro rondomly ass 1yl te
nine traiionts of tlire: repliocat.s pa tro ot and fordy hiz
por roplic..to. Tho compouition of the roviocas durin; the st riil,
stage (0 = 8 wovks) is shoym in PT-bla 12, Mive paréent pelm oil wos
includod in souc of the treatments to dot awiiae whethor tho utilizatic
of wheot offal or BDG coulc be improved in i presence of an adiition-l
enargy sovrcd, palm oile The treatacnts in which 100% of the maize vz
replaced hy cssentially EDC were discontimiod because of the high
mortalities rocorded on thesc trcatments,

Doring the growing period (8 = 20 weaks), birds on treatment 1
(chick stige) ware fol pation 1(Table 13); whiilc birds on treatnents
2 an? 3 (Table 12) wore ohanged to ration 2 (Table 13), and birds on
treatruonts 4 and 5 were olanged to ration 3. Dirds orn treatments S
and 7 ware respectively fo! rations 4 aud 5 {Table 13) during the
growing atoges Aftor 27 woecks of age, wivn the birds ware layin; ot
5% all birds were fod o typical layers focd for the rost of their livas.

In the second exgorimont (8 = 20 weoks) a total of 840 growing
mllote wrore useds Chicks wore assigned roadomly in triplicotc lots
of 40 birds per lot to cich of the 7 distary tractments (Tabl: 13)
After 27 woaks of age, thc birds were ch.oiized to & typical layers ucsh,

Ia both experimecnts, ohicks ond grovins mllcis were selected for
wnifornity of dbody weights Pood and wetor wore provided ad livitum,
All diagts werc isonitrogenous but not isocaloric, Dicts wero formulatod

to coutain 21% crude protein during the chorting stage (0 = 8 wecks)
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and 17% during the findshing sto . ((=20 waaiss)e ALl Jio »odic
hac aliost siwilor anounts of oaleiwne, Duotmse of the highur
oontan’t of thu total phosnlorous in wvheot offal amd BDC, thue Do !
total phosphorous (P) incrcosed slightlr 4. inercasc in the l.ovel
of vhewt offal or BDU in tix. rations lio urtificial 1li:4t wao
mrovided after 8 wedcin of igue

During the exporimental period rdiich: lagied up to 20 weoks,
the birds wore obsarved daily and rocort of mortilily wos kopt
Reooris of wei ht gein, foed consmunption, {eed efficicney, mortality
and food ocosi par kilogrim livereiszit goin woero determine? at four
week intorvalse

The offcete of th: various growing stosc trestacnts on the
age ot 5% egg production worc also deirnincd,

Dato colleetod during the erpacimental poriod ware subjoctod
to aualysis of wvariince ind tho signifieance of diffcroences
assosncd hy applyin Danocan's Myliiple Ringe Teat (Steel «nd
Torric, 1960)y ot 0405 level of probabiliie Details of zmalysis
of variimice arc given in Appendices 3 and 4.
Ragpliss

The results of the: first exvariment src prescated in Tablo e
Stertin. pullete fed rotions containing whe't offal roplacing 50% of
th0 naize (Trectments 2 & 4) and completo replicement of the maiszo A4l
whout offul plus 55 palm oil (Treatnent 5) s .orted comparable
weight geins with thosc of the control raiion (Treatment 1) up to
8 wocks of sgue Startin: pallots fod r lione in which 50% of th

maize s roploced with BDG with or without palm o0il supplumontotior
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67.
(Troctinents 6 & 7) were sigpificantly 1i oy than thoso in the oil.
treetinine Foed intile was sigmificaatly increasel in tiie wheat
offal oontaining rationas The addition of 5% palm o0il to th: paxrtiall;”
or wiolly replaced maize rations reduced food int ke and improved
elfiociency of feed utilizoliione Feed cost doaruosod si 2dlierntl,
with dearease in maiuze ocontnut of the raiiocns, The addition of
palu oil to the by~proinct rations tanded to inarcase fand cost =t
f woeks Wt this incre.ne did not resuli in ?ead cost abova that
obtained on the control raiions,

At 20 wesks of age, the pullets on the conirol ration (Trostizant 1)
wara significantly hewwvier than pullets in all othor $reatments, Tho
addition of 5% palm oil to the nartially or completely replaced moiza
ration with either whest oflal or BDG inproved weipght, tut the body
weihts obLtained ware still significantly less than thet of tha coniros
ration (Proatments 4y 5 & 7 v8 1)e PFecd intake at 20 wecks was
sigificontly inercased by the complete repl :cenont of maize with
wheat offal, Th: addition of 5% palm oil in: =ddition to wheat offal
tended to roduce fead intoke, ied efficiency was also sigificuntly
inproved Yy the addition of 5'16 palm o0il to the various rationme
dowovery the feed efficiencies at 20 weeks ou all tut one (Troctmmnt T)
of the rotions containing whieat offal and 2D were still significaoitly
less thae that of the control ration (Treztient 1)e Foed costs at
20 weckg :rare signilicatly less in the rotions in vhich mzize h .l bean
particlly or wholly reilaced Ly wheet of 7.1 or BDC (Preatments 2 to 7)
as ocompored to the control (Treatment 1)s The mllets fed rations
from i:ich maize wes absait and wheat offel orasent (Treatment 3)

recorcied the highect mortolity.
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Te avarags age o 5 esn productic: w o i ~ific nily
influ-resd T &lutery trocinentss The convirol birds attained this
age exliust, at 151 dars while the groul of birds fed thy Patior
in whiol maizo wos ocomplotely rerliced witi whicot offal lat
sumlamontod <rith 5% paln oil wyore the latest to attain this age
at 137 dyee Howszvery thoro were no migificzat differwnces in
the cge at which the birds on the wheat of 'al hased diets (with or
without palm oil supplemeniction) attainod %lis azce

The rasults obtained in the second exverimmnt in vhich growin:
mllols wore pliced on the experimental tre:tients from 8 woaks of
age are presenved in T-llo 15, Pullets given tho control diet
(Prectizcnt 1) were the heaviest while birds roceiving the 75k BNG
replacoient of maize in the ration (without pelm 0il) were the
lowost in body weipitse T.o addition of 5p palm oil to rations in
whial maize had boen partially or combpleotely replaced Yy either
wheat ofTal or BDG significantly improved body weight although this
was not beiicr than the control treatmcni. Thare wyere glicht
variations in foed conmmumaption, Apart from the ration containing
3DC at 75% level of roplacencat of msize (Trewtmnt 6), no tio
consceontive treatments dil'lered significantlyre The birds were also
obsarvaed to select the grains first in the r {ions w.ero maize was
partially replaced with 50 zud 5% BDG resncciivaly. Liitle of tha
ranainin_ dicet was thon eaten and the rest rcfused, Peed efficiency
was gignificantly deprcesed when rations containing the whect offuls
and DG ware fod to tho pullctse Foed oozl mis sigmificantly higi.net
for thwo control rations and for the rotion containine wheat of fal =t

50% replicoment of maizo ith 9% palm o0il supplancentation.
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The inoluzion of palm oil in nddition to whai § ffal and BIG tun

to inecrcage fo. & costs Apart fron the rotion containin;, 756

roplacuacit of maize wilh GDG with Bh pals 0i) sumnlopentotion
(Proctacnt '}'), dirtory frootnonts 144 net live Ay gignilicunt

disfaronces on mortolity,

Tho aver-gu age to 97 production wis si nidicantly ianflaane
ty diotiry treatments, Pullets on tha conitrel diot were tho carliost
in profueing egos while pmlliets fed rutions in which BDG revlaced
75% of the maize worc the logest in attaining 8% productions They
were delayod Yy 36 days,

ALY 8
Two studies were condactoed in which Shuver SParcross startin:
pellets ({rom day old) =ad growing mllets (frou & wecks to 20
weeks) ware fed rations containing varying levels of whoni offals
and PIG shioch repliced niicse in tha ration.
The ratmlts obtuinad indiectod thute
1e¢ The replacarnt of 50% maize in the ration anu completo
replacenent of maizo with whest of fal in the prosones or
absence of 5% poln oil supporitcd ocaparuble weight geins
for starting pullats as the coricol v tion in whiich sthezt
offal or HuG waas  abuente
2¢ A4t 20 weeks of 2, pullets fed r-iions without whaat
offal or BIG werc sigeificantly hoavi-r than mllets in
2ll other trooticciito.

3¢ Food conswipiion genwrally inercrsed thile food efficioncy
was significootly depressed witlh inereasing levels of
oithor viicat offal or DDG :md decrcusoing levels of mairc

in thc rotions,



4s Toeed cootaz woroe simificantly cheecar or tho rotions

contuining eitior wheat offals or MG,

Se

T aver s oue to 5% produétion s significontly

influonced by dictey treatmait e In Loth cxpoerimants,

the control birds attained tho ..o to 5% production

simificantly corlicr than all ofiiur freatnents.
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EXPARUGHTS WL LATLNG CUTCI: S

The effects of tlic inclusgion of wha:t cifals or BDG in layw
aloiac on the performanca of laying chicians.
OLjoctivogs

To determine tha volue of and optimuz lovel of zubsti intios
of et offal for maine in thin ritions of liyrin: c.ickont,

To dutermina the offects of purtizl substitution of maize with
BDG in layer rations.
Experincntal s

Two axpariments were couducteds The fir-t experiment was to
assess the valuc of whe i ofial and thoe cecond io asuess thet o IDC,

In the first experimont, scven hundrod wnd twenty (720) sh ver
Staraross pullets of 23 weeks of age and layin:, at 5% production
ware gelectoed and randouly divicded into sinilix groups of 24 birds
euodlle Five such groups were pluaced on caoh of gix experimental
rationz ghown on Table 16 Birds were housed in batiory oagoes, tiwo
to a oell meusuring 36(:!1122 in an open si cd milding, Ration 1
oontoinad no wheit offcle In the other five rdions, varyirg lovels
of wiec.t offal rapl-ced maize, As the lovel of vheat ofi'al incrorazd
the lavel of muize wns progressively decrocuscd until in ration &
when maice was comvletoly absant and whet olffn) constituted 33.2‘:3
of tho rctions ALl the retions ware iso-niiro:enous ut anot iso-eale
the dioct.ry ancrgy level deercasing as the level of whext offal
inorousoed in the ration, The rations hod siuiilor amounts of caleiwn.
The oruce filre corntent ol the ration also increascd with incre .se

in the level of wheat offals in the dictes The highest lovel of dint: >
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