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Abstract 

The comparative uti lization of palm kernel meal (PKM), brewers dried grains (BOG) 
and maize offal (MO) was investigated in a ]x] foctorial combination of PKM, BOG 
and MO each at 20%, 30%, and 40% in fini~hing broiler diets. The nine dicts wcre fcd 
to the fin ishing broilers betwccn ]5 to 70 days of age. The resu lts showed thai final 
body weight and daily weight gain were highesl (p<0.05) on PKM. then BOG followed 
by MO based diet. We ight gain decreased significantly (P<O.05) with increasing die
tary Icvels of the by-products, but with significant interactions (Pdl.05). The highest 
feed intake (P<0.05) was on BOG diets followed by MO and PKM, and Ihe consump
tion increased (P<O.OS) linearly wilhout Significant (P>O.OS) interaction . Feed conver
sion efficiency was better (P<O.05) on PKM than MO and BOG, and decreased 
(P<O.OS) with increasing levels of the lest ingredients. Dry matter and crude protein 
wcre apparently betler (P<0.05) utilized wilh MO and PKM than BOG, whereas ether 
extract was apparently utilized bener (P<O.OS) on BDO than others. Crude fibre and 
detergent fibre componcnts were least (P<0.05) utilized with MO based diets. Some 
significant (P<G.05) interactions in nutrient utiliza tion weTC observed. Thc broilers' 
apparent re tention of the eight dietary minerals assayed were similar (P>{I.OS). Packed 
ce ll volumc, haemoglobin and erythrocytes in broilers fed PKM tcnded to be supcrior 
to others. but the hacmatological indices decreased significantly (P<O.05) only at 40% 
inclusion, especially on MO when compared with the others. Total protcin, albumin 
and globulin wcre similar (P>0.05) fo r the treatments, but tota l protein decreased 
(P<O.05) al 40% inclusion of the test ingredients. In conclusion, finishing broilers in 
thc tropics tolerated up 10 30% of the three by-products without deletcrious effects on 
perfonnance, nutrient retention and haematology. however, the results indicated the 
order PKM> BOG> MO. Beyond 30% inclusion rate there were demonstrated nutri
tional and physiological constraints lead ing to inferior pcrfonnance. 
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Int roduction 

The existence of feed insecurity for intensely managed poultry in the sub-Saharan re
gion is unequivocal. 'The situation derives principally from inadequate domestic culti
vation of conventional feed ingredients and the exorbitant costs of imported compo
nents (OSIMDE. 1993). Therefore to achieve a sustainab le feeding progranune for poultry 
in the tropical regions, maximum harnessing o f ageo-industrial by-products as feed 
resources becomes imperative. 

Such by-products include palm kernel meal. a by-product of oil extraction from the 
kernel of flais gllill~"sis: brewers dried grains from conventional breweries. and maize 
offal, a by-product of industrial milling of lea mays. and a host of others identified by 
Longe and Fagbenro-Byron ( 1990). These bY-product.:; arc available in the tropics. mod
erate ly nutritive. bul gencrally fibrous (loNGE ASO FAG8E.'IRO·BYRIDi. t990;O!<lfAOE, t993). A 
review of literature and the current feed fonnulation practice revcaled a maximum in
clusion rate of 10% for most of Ihese by-product feed resources. However, Onwudike 
(1986) and Panigrahi and Powell ( t99\) achieved higher inclusion rates employing 
methodological approaches that are nOI economically fea~ible in the tropics. 

Therefore, the CUlTent study was initiated upon three premises. First. there is the need 
to expand the utilization of by-product feed resources beyond the current practice: to 
O\'crcome the spiralling costs of conventional feedstufs. Second, there: are few com
parative studies on the utilizat ion of tropical by-products in finishing broiler nutrition. 
Furthennore. confirmatory studies nced to be conducted on the emergent knowledge 
(DRO~ A. ... O BE .... -GIlEOAU .... 1981; ""'''lGllAIlI Ar-;o f'O¥,'Eu.. t99 l ; ()!..lFADE. 1993: O:oIIF ... DE A .... O 

BAOAruSDE. I9%: 1997A.B: t998:0:o.1fADEANOOoossl. t99s) that broilcrchickens could toler
ate high fibre diets . Supporting the third objective. Vare! and Pond (1985): Varel (1987); 
Varel n (II. (1988) reported tha t adul! pigs coped better on fibrous d iets than the 
younger pigs because of their bigger intestinal capacity. reduced rate of passage. higher 
digesta retention time, and the possibi lity of higher population of fibrolytic micro--
organisms. 

Thus, we fed 3S.day-old broiler chickens graded high inclusion ra tes of three by
product feed resources. namely, palm kernel meal. brewers dried grains and maize offal 
up to 70 days of age. Growth performance. apparcnt nutrient and mineral retention and 
haematologicai values werc detennined as response criteria 

Ma te r ials and Methods 

Palm kernel meal (PKM). brewers dried grains (BOG) and maize offal (MO) were ob
tained from Vegefable Oils Nigcria Limited, Lagos: Nigerian Breweries. Ibadan. and 
Eaglc Flour Mills. Ibadan. Nigeria respectively. The proximate composition of the Icst 
ingredients is shown in Table 1. Further minor processing of the test ingred ients. ex
pcrimciual protocol. and minimum diversity of diet composition based on the sugges
lions of Kennelly and Aherne (t980): Gous el "I. (1990) are full y reported elsewhere 
(O'''lfADfA)lIJBAIIA1"u ~OE. 1':198) 
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Table 1, Proximate composition of the test ingredients 

Proximate Palm Kernel M~al Maize Oltal 
component 

Drymaller 90.64 9 1.30 

Crude protein 18.25 12.40 

Crude fibre 16.27 8.86 

EtherextrBc\ 7.98 

A,h 4.47 3.42 

Brewen Dried 
Grains 

92.50 

21.60 

19.70 

3.45 

3.62 

Each of PKM, BOG. and MO was incorporated into finishing diets at three levels viz. 
20%, 30%, and 40% in a 3x3 fac torial experimental design. The nine isonitrogenous 
diets are shown in Table 2. Thirty-five day-old finishing broilers of Hubbard strain 
previously maintained on a common starter die t (21% crude protein. 3000 kcallkg) 
were fed on the experimental diets up to 70 days of age. Each die tary trea tment was fed 
to th ree replicates of ten 35-day old broilers each in a fully randomized manner. The 
broilcrs were reared on noor pens throughout the experimental period. Feed and water 
were provided ad Ubifllm. Between 63 and 70 days of age six broilers of si milar 
weights were selected per treatment, housed individually in metabolic cages for de
termination of apparent retention of dietary organic and mineral components using the 
balance method. Feed allocation to the broilers on metabolic studies was 10% less than 
the ad libilllm intake and it was served at 07.00 hr. daily. Total excreta collection was 
carried out during the last three days of the metabolic trial. 

Blood specimens for haematological analysis were collected terminally from six broil
ers which had been fasted overnight per treatment using sterile needles and syringes. 
Haematological specimens were collected in anticoagulant (EDTA)-treated bottles, and 
samples for serum protein determination were collected without anticoagulant. Parked 
cell volume (peV). haemog lobin and serum tota l protein and its fractions were deter
mined using Wintrobe's microhaematocrit. cyanomethacmoglobin methods, and Sigma 
assay kits respectively. 

Proximate analysis of the test ingredicnts was carried out according to the methods of 
Aoac (1m), and detergent fibre analysis by the methods of Goering and Van Seest 
(t970) as modified by Van Socst el al. (1991). Mi neral analysis was carried out using 
wet digestion method followed by determination in an Atomic Absorption Spectro
photometer (PYE UNlCAM MODEL 9100). Phosphorus was determined using the 
phosphovanadomo[ybdate method. 

The data were subjected to analysis of var iance of factorial experiments of completely 
randomi zed design followed by Duncan' s multiple range test for the separation of the 
means as outlined by Daniel (1995). Linear equations were computed using SPSS (1988). 

83 



Tllble2: Compositionofexperimcntal dietsforfinishingbroilers 

By-products Palm Kernel Meal MaizeOfTal Bn wers Dried 
Graim 

Dictarylcycls; .... "" , ... 
Maize 50.00 43.00 36.00 38.50 

Soybcanmeal IS .50 IBO 22.50 21.50 2<)SO 11.00 1350 

Palmkemel 20.00 30.00 "'.00 
meal 

MaizeoffaJ 20.00 30.00 "'.00 

Brcwersdricd 40.00 

grains 

Fish meal '.00 '''' '00 

Pal m oil ' .00 ' .00 ' .00 

Bone meal 2.50 '''' 2.50 '''' 2.S0 

Oyslcr Shcll 0.'" 0.50 OJO 0.50 

Premix l 02$ 0.25 02$ 

Sail 0.25 0.25 0.25 

' Calcullitedllnillysis 

Crudeprotcin% 111.00 11.00 18.00 IH.oo 

Melabolizable 
EncrgyMJfkll 

11.91 11.33 12.29 11.70 11.().4 12,62 

I Foroomposi lion sec Onifade and Babalunde (19'97A) 

Results 

The pcrfonnancc characteristics of the finiShing broilers are shown in Table 3, and the 
fac torial effects of lhe by-produclS nnd Iheir levcls of inclusion a re summarized in Ta
ble4. 

Generally, fi nal body weight and daily weight gain were highest (Pdl.OS) on PKM 
than BDO followed by MO based diet. TIlere was significant (P<0.05) inleraetion 
caused by the similarity in body weights of broilers fed 20 and 30% of PKM unlike 
with BOO and MO. final body weighl and daily weight gain decreased significantly 
(p<O.OS) wi th increasing dietary levels of the by-products, except the significant inte r
:Iclion (P«l.OS) on PKM in which case Significant reduction in weight only occu rred at 
40% inclusion. 

Average dai ly feed intake of finishing broilers .... 'as highest (P<O.05) on BOG diets 
followed by MO and PKM respectively. No significant (P>0.05) inlclaction was ob-
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served because of the comparable trends in a ll the dietary trea tments. Also feed intake 
increased (P<O.05) correspondingly with levels of inclusion of the by-products. 

Table 3: Pcrformance characteristics of finishing broilers fed high inclusion tates of lhree by
prodl.lClfeedrcsourcesin thetropics 

By-products Palm Kernel 
M.~ 

Maize Ofral Brewel"S Dried Guins 

Dictary Ie,·cls: 40% SEM 

Final Body Weight 1887' 1883' 1630' 1867' 1731' 1520' 188S' 17}4' 1611" 

Dailywc:ighl gain 28.4' 27.2 .... 21.6' 27.1'" 24.6' 27.9' 24.2' 21.0" 1.8 

Daily Feedimllke 91S 98.9' 10·'.1 ' 95.1' 105.1' 11 1.1' 100.3< 106.2' 115.1' 

Feed:gain 3.22" 3.64' 4.83' 3.5]' 4.15' 5.S]' 3.60' 4.40" 5.48' 0.2 

Linearrelressioncquations'ofperfonnanccthat3\:1eriSliesof finishinlbroiJenl)flthclevdsoflheteSl 
inlrcdi~nts 

Final Body weight Y:2161.6-12.84X Y .. 2227·17.37X Y. 2159·13.&5X 
'> : 0.943 '> .. 0.985 '>",0.996 

Dail}'WeightGain 
Y . 36.01·0.J4X y ., 34.30- O.lSX Y . 34.60-0.J4X 

,' .. 0.184 ; _ 0.997 r' = 0.998 

Feed intake Y .. 19.34 ~0.63 Y* 79.4 1 +0.82X Y = 8S.0 r ... O.74X 
r' .. 0.991 ,' = 0.992 ,.'=0.987 

Fccd:gain 
Y ., 1.48 ~0.08X Y : 1.42 ~O. I X Y .. 1.67 ... 0.09X 

,'= 0.929 ,.': 0.978 ,'.0.993 

a,b,c.d,e: Means in the same row withoul a common superscripi are signi fica nlly different 
(P<O.05) 
I Lincarregression equations wim positive or negati,·e coefficicnts ofthc: gradient indicatesdi
rector inverse relalionship with incre:uing levels of the tcst ingrcdi enlS 

Feed conversion efficiency was better (p<O.05) on PKM than MO and BDG based di 
ets without s igni ficant (P>O.05) interaction. Feed conversion efficiency decreased 
(P<O.05) wi th increasing die lary concentrations of the test ingredients. Considering the 
linear equations computed (Table 3) for the effects of the graded inclusion on the per
formance indices, il was observed that all equations have high coefficients of determi
nation (~). and are therefore useful to interpret the results. First. final body weight and 
daily weight gain decreased (as shown by negative values), feed intake increased 
(shown by pcsi tive values) while feed conversion worsened though indicated by posi
live value~ as the dietary levels of the by-products increased. Second, using the nu
merical coeffic ients of the independent variable (X). it was observed that the rate of 
decrease in final body wcights and daily gain was in the order MO > BDO > PKM. 
This trend was similar to the facloria l effecls discussed earlier. 

The results of apparent nutrient utilization of prollimllle and detergent fibre comlXl
nents in the diets of the finishi ng broilers are shown in Table 5. Dry mailer was better 
(P<O.05) utili zed on MO and PKM Ihan BDO while crude protein followed Ihe same 
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pattern but for its greater (P<O.05) utilization on BOG than PKM. Ether extract was 
apparently utilized better (P<O.05) on BOG than others. Crude fibre and detergent fibre 
components were least (P<O.05) utilized MO based diets. Some signi fi cant (pdJ.05) 
interactions were observed as follows. Dietary dry matter, crude protein and crude fibre 
tended to be unaffected in broilers fed 20 and 30% inclusion rates of PKM, MO and 
BOG respectively. The above [fends were unlike the observations for the respective 
nutrients on all the treatments. Also acid detergent lignin in MO secms to be extraord i
narily res istant 10 digestion unlike other by-products tested as shown by the lowest 
(p<O.05) apparent utilization. There was visible appearance of undigested MO in the 
exeretll of the broilers. 

Table 4: FaclOrial effeclsoflhe by.productfeed resourccs and lhcir high inclusion ralcson lhe 
performance characlerislics oflhe finishing broilers. 

Final Body Dailyweigbt Daily Feed Feed:gain 
weight gal, intake 

Factors (F) 

PKM 1177' 25.73' 98.17~ 3.90~ 

MO 17M' 23.97' 104.7S' 4.42' 

BOG 1744~ 24.3"1' \07.20' 4.49' 

Lnels(LJ 

'0% 1881' 27.8' 95.63' 3.44' 

30. 1759~ 2S.7~ 103.4b 4.lOh ..., 158?' 20.9' 110.\' 5.27' 

Si):nlficance 

NS NS 

.: P<O.05; •• : P<O.OI: NS: Not Significant 

The apparent retention of the minerals by the fin ishing broilers is summarized in Table 
6. In all caseS "there were no significant (P>O.05) differences in the apparent retention 
of the eight minerals by broilers fed on the nine diets e)(eept the lower (P<O.05) reten
tion of phosphorus and potassi um on MO based diets than others. However, the appar
ent retention of minerals \Vas significantly (P<O.05) reduced with increasing levels of 
thelest ingredienls. 
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Tabl~ 5: Apparent nulrient lItiliution by finishing broilers fed high indllsion rates of thff:e by
product feed resources in thoe tropics l 

By-products Palm Kernei 
Meal 

MaizeOOal Brewer Dried Grains 

Dietary I~vels: 200. ~ 40% 2O'.i JO'i, 4()'A, 20<* 3O'.i 4O'A. SEM 

Drymatle~ 6O,73b 59.8% 55.74.: 66,12a 61.65b ,54,08.: 58.55b 2.5& 50.9& 2.1 

Crudeprotein1 66,5gb 511.27.: 50,42d 76,0Qa 73.%a 6 1.61.: 71 133 65.08b 50_95d 6.4 

Ethcrextrnct 75.16b 83.04a 81.63a 7S.12b 81.7Sa 8l.53a 83.25a 82.29a 82.29a 1.4 

Crudcfibre1 49.66:1 40.16b .82 s.::;6:t 39.28b 34.19c 50.29a .36:1 J2.22c 

Neutraldctergcnl 7,35n 52.86b 46.65b 8.92a 50,02e '.36cd 62.%:1 SS,25b 47.12.: 2,4 
fibre 

Aciddet':l1clltfibre 07 38.16b 32.05c 46.043 38.91b 3O.4Oc 47.78:1 :W.lle 32.22.: 2.6 

Acid detergentl 26.22:1 20.JOb 18.75c 21.3Ob 20.47b IS.6Oc 26. 15.:1 19o59b 17.42c 
lignin 

Hemicel lulose 62.483 9.403 5O.76cj60.9Oat 5S.3Sb 48,89c 63.98~ 9.62:1 S4.59b 3.1 

Cellulose 53.36a 50.46.:1 2.42 46. 13b 4O.68c 32.8Od 51.66:1 47.0Sb 8.74 

a.b.c,d : Means tn the same ro'" wlthOUI 3 COOlmon superscnpt are s'gmficantly d,ffcff: nt 
(1)<:0.05) 
I The signifi cance of the differenccs among.t thcby-produets are ex plainedin thetcxt 
1 There were significant (P<O.05) intcl"llctions between the by-products and their levels of inclu
sion 

Table 6: Apparent retention of dietary minerals by finishing broi lers fed high indusion ratcsof 
thrccby-produet fccd rcsourcesin the tropics I 

By-products Palm Kernel Maiu Orral Brewer Dried Grains 
M eal 

Dietary le\'e ls 20% 30% 40% 20% 30% 40% 20% 30% 40% 

Calcium I 58.J4aS6,68b50.14c60.lla52,9ObSO.0.lc60,39a55.39b49.20c 2, 1 

Phosphorus2 72.29a67.77b5J.5Od71.18a60.J6cS2.60d70.943 6S,14b S.47 

Magnessiuml 6O.4Ia52.42b50.63bSS.42aSJ.66b jO.ISb61.1laSB.26a5 1.04b 1.8 

Potassium2 S029a75.38b 7,89lx:80.36a 73.68b 64 .96c: 82.33a79.64a7LlOb 

Sodium I 80433 7J.82b M.lle 79.36.:. 7J.44b 69.2Oc 81.16a 76,38b 69.82c 

Iron I 7S.JJa 66.42b 59. 16c 76.29:1 68.Db 6O.92c 76.98a70.04b6L3k 3.0 

Zincl 8LO Ia 73,39b 64.Sk 80.lla 71.29b 60.J6c 78, lla 76.24b 63.4le 

Manganese! S4.%a50,23b49.89bSU3a53.12:l48,41b54.44aS2.17b50.07b 0.6 

a.b.c.d: Means In the same to ..... ,,'1I00UI a common superscnpl are slgmficantly d,frerem 
CP<O.05) 
I There was no significant (P>(l.05) interaclions between tit<: b)··products and their levels of In
clusion . 
lThe significant (P<O.05) dirrer~nccs amongst the by·produclS arc explained in thc text. 
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Haematological indices of the broilers on the treatments appeared in Table 7. Packed 
cell volume in broi lers fed PKM were superior (p<O.OS) to others. and it decreased 
(P<O.OS) with levels of the test ingredients except on 20 and 30% levels in PKM and 
MO the reby causing an interaction (P<O.05). Haemoglobin, however, was only nu· 
merically superior on PKM, and decreased signi fica ntly (P<O.05) only at 40% inclu· 
sion on MO. Erythrocytes in broilers were similar on PKM and BOG but higher 
(P<O.OS) than MO based diets, and there was significant (p<O.05) depression at 40% of 
all the test ingredients. There was significant interac tion (P<O.05) because of the simi· 
larities at 20 and 30% of PKM, on all MO and 30 and 40% of BOO based diets. Total 
protein, albumin and globulin were simi lar (P>O.05) on the trea tments, and to tal protein 
decreased (P<O.05) a t 40% inclusion of the test ingredients. However. albumin and 
globulin were nOI s ignificantly different (P>O.OS), though there were slight numerical 
decreases on increasing levels of the leSI ingredients. 

Table 7: Haemalology, serum protein. albumin and globulin concentra tions in finishing bmilet"$ 
fed high indusion mtesof three by·producl feedresourecs in Ihe tropics I 

By·produds 

Dictarylevds: 

Palm Kernd 
Meal 

Man e orral B« werDriedGrains 

Parked Cell vol - 36.00a 35.50~ 32.<lb 32.5b 32.00b 29.00c 34.Sa 3t.2~b 3().I)Qb I. () 

ume2% 

Haemoglobin3% tt .sOa 11 .7Oa 10.8O:l 10.6Oal 10.40l1/: 9.1Ob 11.3Oa 9.8% to.OO 

Erythrocytes2 1061L 2.80:0 2.63b UoSb 2.6Ob 2.SOb 2.10:0 2.65b 2.60b 

TOial ProI:ein3g1dL 4.10:. 3.9S:lb J .89b 4.0Sa 4 .0 1 ~ 3.89b 

Albumin3g/dL 1.63b !'73~ 1.6500 1.6~ab 1.71a 1. 72~ 1.6Kab 

Globulin3g1dL 2.22b 2.J1a 2.30~ 2.24b 2.34a 

a.b: Means in the same row without a common superscript are significantly different (P<O.05) 
I The significant (P<O.OS) differences amongst the by·produclS are uplained in 1he te~t 
'There was signifkant (P« lOS) in1eraction be1ween 1he by-products and their levels of indusion 
'There was no significant (P>O.05) in teractions between the by-products and thei r levels of in
elusion. 

Generally. the significant perfonnance of finishin g broilers fed high inclusion rales of 
by-product feed resources in this experiment substantiated the hypothesis (V ... REL ... ND 

PoND. 1985: V AREL. 1 9~7: V ... RE!.. et ai .. (988) that o lder non·rumi nants may tolerate more 
fib rous diets than the growing animals. Moreover. the results support the emergent 
findings of Panigrahi and Powell (t?9 I); Sobamiwa and Longe (I99J); O lorede t't ai. 
(1996); Onifade (1993: 1997): Onifade and Babatundc ( 1996: 19'.17 .... 8. 1998) that broiler 
chickenscould subsistonhighinc1usionrates oftTopica lby-productsfeedstuffs. Inlhe 
eurrent study. finishing hroi lers demonstra led significanlcap acity to expand their feed 
intakes on Ihe three by-products and al increasing levels of inc lusion. This was con-
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Itary 10 our observation in broiler ehicks fed high inclusion rales of the same test ingre
dienlS (OstFAOE AND BABA1\I!'o'D£. 1998) especially on MO based diets. Nonetheless, the 
observed increase in feed consumption on the fibrous experimental diets is consistent 
with previous repons in broiler chickens and other poultry species (SAVORY ""'0 GENT1.E. 

1976A.8: SUMMERS AND LEESON. 1986: SlUM el al., 1989; PANIGHIlAIU AND POWEll. 199 1: SAVORY. 

1992; SOUA MIWA AND LONGE. 1994: OOUNS I AND Lm'Gf.. 1 99~: OLO~EOE el al., 1996: ONIFADE "'NO 

OooNSI. 1998). Recently. Onifade and Babatunde (1998) explained the augmented feed 
intake as a probable auempl to consume adequate nutrients for maintenance and 
growth consequent upon the diminishing nutrient density and increasing feed volume at 
higher inclusion rates of the lest ingredients. A Similar explanation had been previ
ously offered by Savory and Gentle (1?76A.B). Summers and Leeson (1986) and Gous et 

al. (I990). 

It seems obvious that Ihe enhanced feed intake was most likely supported by the sup
posedly larger intestinal capacity of fmis hing broi lcrs. This agrees with the explana
tion by Varel and Pond (198S); VarcJ ( 1987) and Varel e/ al. (1988) for older pigs. How
ever, our previous finding and others showed that starting chicks have a somewhat 
limited intestinal capacity for expansion 10 accommodate large feed consumption 
(NEWCOMBE "''10 SUMMER. 1984: SU~IMEIlS "''ill I....EE.'iON. 1986: NI~ et ai, 1?78; 1993: OSWAOE. 1993: 
ONIFAOEANOBAIln.J:';OE.I99S). 

In spite of the augmenled feed intakes at higher inclusion rates of the test ingredients, 
broilers were unable to achieve comparable growth exccpl for the interaction observed 
on 20 and 30% of PKM. It is evident from the data on body weights that the nultient 
density decreased considerably with higher inclusion rates of the tesl ingredients 
thereby causing the significant decrease observed. The exception on PKM indicated 
that fin ishing broilers consumed commensurate nutrients 10 achieve comparable body 
weight. but they were ostensibly consltained beyond 30% dietary concentration of 
PKM. Broilers fed BOG and MO were unable to Bchieve similar ability most probably 
hccause of the characteristic f1uffiness, high bulk density and ex cessive feed volume on 
MO. and Ihe extreme fihrousness of BOG. In the same vein. lhe decreasing weight gain 
of Ihe broilers in spite of the linear increase in feed intake obviously implied that the 
birds were nOl deriving adequate nutrients for comparable growth. Kennelly and 
Aherne (1980) and Onifade (1993) indicated that there is quantitative and qual itative 
changes in die ts containing high rates of fibrous ingredients. Perhaps. the presumed 
low nutrients per gram or volume of intake on MO at 40% explain the lowest hody 
weight observed on this trealment. The reasons adduced for the paltern of body weight 
are sufficien t to explain the trends of the feed conversion efficiency of the finis hing 
broilers. 

It was difficult to reconcile trends in apparent nultient utilization to the perfonnance of 
broilers on the treatments, but for the inferior digestibility of fibre fractions in MO 
based diets which also indicatc a possible resis tance and interference of thc fibre with 
nutrient utilizalion in the intestinal mi lieu. On other hand. signifi<;ant (P<0.05) depres
siun in apparent utilization of all dictary components excepl cthcr extract understanda-
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bly caused the reduction in fina l live weight despi te the significant increase in feed 
intake 

Thc decreasing apparent rc tcn tion of nut rients, detergent fibr ecomponents and mincra l 
componenls of the diets may be the conscquence of highcr fibre intakes at high inclu
sion rates of the by-products. Dietary fibre reduces nu trient retention (NWOKOLO tt 01" 
1977; 1985; PANIGURAHI AND POWELL, 1991; FAHEY et af .. 1992: ONIFADE. 1993: SOBAMIWA 
AN[) LONGE. 1994: ODUNS1 AND LONGE. [995: ONI FADE AND BABATUNDE, 1997A). Unlike 
o ther dielary nutrients , apparent retention of dietary fat by the fin ishing broilers was 
high perhaps as a metabolic response 10 compensate for the diminish ing caloric dens i
ties at higher inclusion rates o f the lest ingccdients Of an attempt to exploit the meta
bolic advantages of supplemental fal such as extra-caloric effect , reduced rate ofdi
gesta passage and lower heat increment reponed by Maleos and Sell (198Z); Freeman 
(1983);Nrc( L9~) 

In comparison with our rccent report (ONtFADE A,\;O BABATUN DE. 1998), fi nishing broil
ers achieved superior uti lization of the by-products to starting chicks as evinced by the 
higher digestion coefficients of thc detcrgent fibre components. Supporting our fin ding 
with finish ing broilers , adult cockerels have been reponed to utilize non-starch poly
saccharides (LONGSTAFF A"'O MCNAB. t989). A plausible explanation for the higher utili
zation of fibrous diets could be the presence of a larger population of cellulolytic baete
ria in the intes tine or the finish ing broi lers as repon ed for pigs by Yarel clal. (1988) . In 
addition. Onifade (1993) de tec ted BaCltro;dcs sptcits fibre degrading micro-organisms 
in thccaccal and excccla samples of finishing broilers fed on lhe fi brous diets. lt eould 
as well be that greater intestinal capacity of finishing broilers faci litated greater mean 
retention time of digesta thus e)(posing the fibro us components to greater microbial 
diges tion. This e xplanmion is congruous with the suggestions by Yarel and Pond 
(1985); Yarcl elal. ( t988). 

Observing a depressing consequence of increasing levels of by-products on apparent 
mineral reten tion is congruent with previous evidcnce (NWOKOLO et al., t971: MOORE el 
al., 19&6; MOORE A"'D KORNEGA Y. 1987; ONIFADE, (993) in non-ruminant animals. Indeed, 
Nwokolo clal. (t985) es tablished a negat ive correlation between increasing levels of 
wheat or rice bran on the avai labil ity of dietary calcium, phosphorus. magne5ium. cop
per and zinc to broiler chickens. 

Since haematblogieal and biochemical indices arc a pro)( imate measure of nutritional 
adequacy andlor status (OooNSl A:o.'D LONGE. 1995: OI.o~F.DF. el al., t996~ Or-1FADE. t997): the 
generally comparable values in the finishing broi lers suggest adequate nutrit ion. save 
the birds fed 40% of the test ingredien ts whose value5 confirm the diminishing nutri 
tive quality of the diets. The superior va lues in broilers fed PKM is consistent wi th 
direc t relationship between performance and haemalology (O NI FADE, 1997) , However, 
there appears to be inferior erythropoiesis or mild erythropoietic depression of inde
terminate etiology in broile rs fed MO as indicated by thei r uniformly low erythrocytes 
concentration 
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In conclusion. finishing broilers in the tropics tolerated up to 30% of any of the three 
by-products. and the perfonnanee was best on PKM followed by BOG and MO in this 
order. There were no dele terious effects on perfonnanee. nutrient reten tion. haematol
ogy alld lIutritional status by feed ing the by-products up to 30%, however, beyond this 
level, there were demonstrated constraints lead ing to inferior productivity. 

Ocr Einsa tz von Futterbeiprodukten in vergleichenden Raten in der End
mast von Broilern in den Tropen 

Zusammenfassung 

Palmkemschrot (PKM), Bierueber (BGD) und Maiskleie (MO) in einer 3 mal 3 fa
brikmllBig hergeste llten Zusammenset7.ung. wurde zu 20%, 30% und 40% dem Brai
lerendful1cr zugesetz!. Die neun Misehungcn wurden an d ie Broiler zwischen dem 35. 
und 70. Lebcnstag gef[lU ert. Die Ergebnisse 7.e igcn. daB das hi:ichste Endgewicht und 
die hijchstc Tageszullahmc ill der Mischulig PKM >BDG>MO erreicht wurde, die 
hOchste Futtetaufnahme dagegcn bei def Mischung BDG>MO>PKM. Zusammenge
faBt. toleriercn Broiler in der Endmasl in den Tropen bis zu 30 % Fuuerbeiprodukle ill 
der Zusammcnsetzung PKM ,.BDG,.MQ ohne eine gesundheitl iche Sch:ldigung. bei 
hOheren Ratentre1engesundheit liehe Prablcmeauf. 
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