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SUMMARY

Two hundred and sixteen unsexed day-old
Cobb broilers of a commercial strain were used to
study the effect of replacement of soybean meal
(SBM) by cassava leaf:blood meal mix (CLM:BM)
with or without enzyme supplementation on broiler
growth and performance. The birds were divided
into 6 groups of 36 birds each after balancing for
live weight. Each group was further sub-divided
into 6 replicates of 6 birds each. CLM:BM replaced
SBM at 0, 25 and 50 % on weight for weight basis.
The resulting three dietary combinations were
supplemented with a commercial enzyme
(Maxigrain®) at the rates of 0 and 100 ppm thus
resulting in 6 dietary treatments. The six groups of
36 birds were randomly allotted to the six experi-
mental diets. Feed and water were provided free
choice during the 56 days experimental period
during which data were collected on performan-
ce, nutrient retention, feed transit time and carcass
characteristics of birds. Replacement of SBM with
CLM:BM mix had no effect (p>0.05) on weight gain
(WG), feed intake (FI), feed: gain ratio (F:G), crude
protein (CP), ether extract (EE) and crude fibre
retention (CF), dressing percentage, breast cut,
drumstick, thigh liver and kidney weights but
significantly (p<0.05) reduced intestinal transit
time (ITT) and abdominal fat while increasing
gizzard and caecum weight. Enzyme supple-
mentation however significantly (p<0.05) improve
WG and reduced F:G, improved (p>0.05) nutrient
retention, dressing and abdominal fat percentage
but had no effect on FI. No mortality was recorded

Recibido: 2-3-12. Aceptado: 31-10-12.

PALABRAS CLAVE ADICIONALES

Rendimiento del pollo.

inthe course of this study. Enzyme supplementation
significantly (p<0.05) reduced gizzard and caecum
weights. It was concluded that in broiler feeding
CLM:BM mix can effectively replace 50 % SBM
without adverse effect on the birds. Supplemen-
tation of diets with enzyme led to further impro-
vement in performance of broilers.

RESUMEN

Doscientos dieciseis pollos Cobb, de undia, no
sexados, fueron empleados para estudiar el efec-
to de la sustitucién de la harina de soja (SBM) por
una mezcla de hojas de yuca:harina de sangre
(CLM:BM), con o sin adiccion de enzimas, sobre
el crecimiento y productividad de los broilers. Se
formaron 6 grupos de 36 aves cada uno después
de equilibrarlas en funcién del peso vivo. Cada
grupo fue después subdividido en 6 repeticiones
de 6 aves cadauna. Lamezcla CLM:BM se empled
para sustituir a la SBM en proporciones de 0, 25
y 50 % (peso/peso). Las tres combinaciones
dietarias resultantes fueron suplementadas con
un enzima comercial (Maxigrain®) en proporciones
de 0 y 100 ppm resultando asi 6 tratamientos
dietéticos. Los seis grupos de 36 aves fueron
aleatoriamente asignados a las seis dietas expe-
rimentales. El pienso y el agua fueron suministra-
dos a voluntad durante los 56 dias de periodo
experimental durante el cual se obtuvieron los
datos relativos a productividad, retencion de
nutrientes, tiempo de transito del pienso y carac-
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teristicas de la canal de las aves. La sustitucion de
SBM porlamezcla CLM:BM no tuvo efecto (p>0,05)
sobre la ganancia de peso (WG), ingestion de
pienso (Fl), tasa de pienso:ganancia de peso,
retencion de proteina bruta (CP), extracto etéreo
(EE) y fibra bruta (CF), rendimiento a la canal,
pesos de pechuga, patas, muslos, higado y rifio-
nes. Sin embargo, mejord significativamente
(p<0,05) WG vy redujo la relacién F:G (p<0,05);
mejoré (p<0,05) la retencion de nutrientes, el
rendimiento y porcentaje de grasa abdominal sin
afectar a FI. No se registro mortalidad a lo largo del
experimento. La suplementacién enzimatica redu-
jo significativamente (p<0,05) el peso de mollejay
ciego. Se concluy6é que en la alimentacion de
broilers lamezcla CLM:BM puede sustituir eficaz-
mente al 50 % de la harina de soja sin producir
efectos adversos. La adiccion de enzimas a las
dietas no produjo mejoras adicionales de la pro-
ductividad de los pollos.

INTRODUCTION

The potentials of poultry and poultry
productsasapanaceato insufficient animal
proteinintakeof Nigerianshascontinuedto
beamirage principally because of astrono-
mical increaseinfeed cost. Themain reason
for this being the competition among man,
industry and livestock for grainsand grain
legumes.

Thisperennial problem hasnecessitated
the search for alternativesto the expensive
grains and protein concentrates (Adeyemi,
2005). Agunbiade (2009) surmised that the
replacement of expensive conventional feed
ingredients with cheap and available
substitutes represents a suitable strategy
for reducing feed cost and encouraging
production. Among possible sources of
cheap proteinareleaf meal from someplants
and processed animal by-products such as
blood meal, epithelium scrappings, etc.

Cassava is traditionally grown for the
production of roots. It yields about 10 - 30
t ha' of leavesthat isusually wasted or used
asmanure (Bokanga, 1994). Cassavaleaves
arerichinprotein but they arelow in sulfur
amino acids (Phuc et al., 2000 and Ayasan,
2010). In an earlier study (Adeyemi et al.,

2012, we observed that the combination of
blood meal and cassava leaf meal gave a
good protein concentrate with a good ba-
lance of amino acidswhich can beuseful in
monogastric animal feeding. Thehighfibre
level of cassava leaf meal portends a
limitation to its utilisation in poultry feed,
however, enzyme supplementation may
provide a solution to this limitation.

This study is designed to determine the
performance of broiler chicks fed diets
containing CLM:BM mix as partial repla-
cement for soybean meal with or without
enzyme supplementation.

MATERIALS AND METHODS

STUDY AREA/SITE PREPARATION

The experiment was carried out in the
Poultry Unit of the College of Agricultural
SciencesOlabisi OnabanjoUniversity, Y ewa
Campus, Ayetoro, Ogun State. A week
before the birds were moved into the expe-
rimental pen, they werethoroughly cleaned,
washed and disinfected with a strong
solution of IZAL®.

TEST MATERIALS AND EXPERIMENTAL DIETS

Cassava leaves (variety TMS30572)
without petioles were harvested, wilted
overnight and air-dried under shadefor five
days, milled using hammer mill and bagged
as cassava leaf meal (CLM). Blood was
collected from the Central Abattoir in
Ayetoro immediately after cattle were
slaughtered. After collection, the blood
devoid of extraneous materials was boiled
immediately inacask for 60 minutesin order
to let water evaporate and destroy any
parasites. After boiling it wasthensundried
on aconcrete platform with screened mesh
for 5days, andthen groundintoflour (Blood
meal, BM) using an attrition mill.

Samples of the prepared CLM and BM
were analysed for proximate composition
using the standard methods of AOAC
(1995). CLM and BM weremixedtogetherin
such amanner that the protein value of the
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Table |. Composition of experimental diet. (Composicion de la dieta experimental).

Dietary treatments

1 2 3 4 5 6

Maize 52.00 52.00 52.00 52.00 52.00 52.00
Soybean meal 40.00 30.00 20.00 40.00 30.00 20.00
CLM:BM 0.00 10.00 20.00 0.00 10.00 20.00
Wheat offal 4.80 4.80 4.80 4.80 4.80 4.80
Bone meal 1.00 1.00 1.00 1.00 1.00 1.00
Qyster shell 0.70 0.70 0.70 0.70 0.70 0.70
Palm oil 0.52 0.52 0.52 0.52 0.52 0.52
Lysine 0.30 0.30 0.30 0.30 0.30 0.30
Salt (NaCl) 0.25 0.25 0.25 0.25 0.25 0.25
Methionine 0.20 0.20 0.20 0.20 0.20 0.20
Vit-Min premix* 0.20 0.20 0.20 0.20 0.20 0.20
Total 100.0 100.0 100.00 100.00 100.00 100.00
Determined analysis

Crude protein (%) 22.49 22.15 22.20 22.30 22.17 22.20
Crude fibre (%) 3.95 4.22 4.67 3.89 4.24 4.60
Gross energy Mj/kg 12.00 11.90 11.80 11.98 11.82 11.85

*Provide the following per kg of diet: vit A, 10000 iu; vit. D, 2000 iu; vit E, 5 iu; vit K, 2 mg; Riboflavin, 4.20
mg; vitB,,0.01 mg; panthotenic acid, 5 mg; nicotinic acid, 20 mg; folic acid, 0.5 mg; choline, 3 mg; Mg, 56
mg; Fe, 20 mg; Cu, 10 mg; Zn, 50 mg; Co, 25 mg; iodine, 0.8 mg.

mix equaled that of soybean meal (44 %)
using the Pearson square method. The
resultingmixisintheratio1.5partsCLM: 1
part BM and is termed cassava leaf: blood
meal mix (CLM:BM).

Six experimental dietswereformulated;
three of the diets were formulated with
enzymes supplementation while the re-
maining three are without enzyme Maxi-
grain®supplementation (table I). The test
ingredient (CLM:BM) replaced 0, 25 and 50
% of dietary soybean meal on aweight for
weight basis.

Two hundred and sixteen unsexed day-
old Cobb broilers of a commercia strain
(initial weight 50-52 g), wereselected froma
larger pool purchased from a reputable
hatchery. The birds were divided into 6
groups of 36 birds each after balancing for
live weight. Each group was further sub-
dividedinto 6 replicatesof 6 birdseach and
randomly allotted to the six experimental

diets. Thebirdswerefloor brooded onwood
shaving in an open sided poultry with faci-
litiesfor tarpaulin curtains.

Feed and water wereprovided freechoice
during the 56 daysexperimental period. The
birdsin each replicate were weighed at the
commencement of theexperiment and weekly
thereafter. Feed consumption recordswere
kept on weekly basis. From these measure-
mentsthefeed: gainratiosweredetermined
using the equation:

Feed:Gain ratio = Average feed intake (g/
bird)/Average daily weight gain (g/bird)

NUTRIENT RETENTION TRIAL

A nutrient retentiontrial wascarried out
mid way into the experiment. Three birds
whose weights were close to the mean
replicate weights were selected and
transferred into metabolic cages. Weighed
quantity of feed and unlimited supply of
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water was offered to the birds in the cage.
The birds were acclimatized to the new
environment for three days followed by a
four day total excretacollection period. Feed
transit timethroughthegastrointestinal tract
was determined by including 0.3 % Ferric
oxide as a marker at the age of 35 days.
Transit time was determined as the period
between thefeeding of themarked dietsand
the appearance of the marker in the excreta
(Cullison, 1982). Excretasamplesweredried
in a Gallenkhamp® drying cabinet at 70 °C
and ground prior to chemical analysis.

CARCASS QUALITY EVALUATION

Atthe56™ day of age, 6 birds(1fromeach
replicate) wererandomly selected fromeach
treatment, fasted overnight, weighed the
following morning and slaughtered. Dressed
carcass and relative organ weights (expre-
ssed as percentage of live weights) were
recorded.

CHEMICAL AND STATISTICAL ANALYSIS

Cassava leaves, blood meal, test ingre-
dients, experimental dietsaswell asexcreta
samples were analysed for proximate
fractions according to standard methods of
AOAC (1995). Data collected during the
experiment were subject to statistical analy-
sisusing a2 (enzyme supplementation) by
3 (level of testingredients) factorial experi-
mental design. Significant differenceswere
determined using the Duncan's multiple
rangetest (Duncan, 1955).

RESULTS AND DISCUSSION

The main effects of CLM:BM mix on
performance indices of broiler chickensis
shownintablell. Replacement of soybean
meal withCLM:BM mix at 0, 25and 50 % had
no effect on weight gain, feed intake, feed:
gainratio. Enzymesupplementation however
significantly (p<0.05) improveweight gain
and reduced the quantity of feed required
for a unit weight gain although it has no
effect on feed intake. Table 11 showsthe

interaction effect of CLM:BM mixlevel and
enzyme supplementation. Enzyme supple-
mentation improved weight gain on 0, 25
and 50 % replacement level of soybean meal
by CLM:BM mix. The supplementation of
thedietswithenzymeledtoanimprovement
in weight gain to the magnitude of 10.89,
10.43and 21.44 % respectively over thenon
supplemented diets. Theseimprovementin
weight gain with enzyme supplementation
in the presence of arelatively same feed
intake acrossdietary treatmentsresultedin
significant (p<0.05) reductioninthequantity
of feed required to gain a unit weight by
broilers. Thefeed: gainvaluesweresimilar
for enzyme supplemented diets and signi-
ficantly lower than values obtained on the
non enzyme supplemented diets. No morta-
lity wasrecorded inthecourseof thisstudy.
The use of enzymes in poultry feeds has
predominantly been related to the hydro-

Tablell. Main effects of cassava |eaf: blood
meal mix and enzyme supplementation on
broiler performance. (Principales efectos de
hoja de yuca: la mezcla de sangre comida y
suplementos de enzimas en el rendimiento de
pollos de engorde).

RL(%) WG F FG PER M (%)
0 3348 101.95 3.04 148 0
25 33.08 10248 3.09 145 0
50 32.07 102.02 3.18 140 O
SEM 041 050 0.03 0.5

ES

- 30.72° 102.14 3.33° 1352 0
+ 35.03% 102.13 2.92® 154> 0
SEM 036 0.35 0.022 0.015

RL=Replacement level; ES= Enzyme supplemen-
tation; WG= Weight gain (g/day/bird); FI= Feed
intake(g/day/bird); F:G=Feed:Gain; PER=Protein
efficiency ratio; M= Mortality.

®means along the same column respective of
factors with different superscripts are significantly
different (p<0.05).
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Tablelll. Interaction effects of Cassava leaf: blood meal mix and enzyme supplementation
on broiler performance. (Efectos de la interaccién de la hoja de yuca: la mezcla de sangre comida

y suplementos de enzimas en el rendimiento de pollos de engorde).

Replacement level 0 25 50

Enzyme supplementation - + + - + SEM
Weight gain (g/day/bird) 31.75° 35.212 31.44° 34.722 28.96° 35.172 0.88
Feed intake (g/day/bird) 101.77  102.12 103.08 101.88 101.63  102.40 0.15
Feed : Gain 3.20 2.90 3.28 2.93 351 291 0.04
Protein efficiency ratio 1.39 1.57 1.37 1.53 1.29 1.51 0.015

®means along the same row with different superscripts are significantly different (p<0.05).

lysis of fiber or non-starch polysaccharide
(NSP) fractionsin cereal grains. TheseNSPs
cannot be digested by the endogenous
enzymes of poultry and can have anti-
nutritive effects. The better growth ratesas
aresult of enzyme supplementation found
inthisstudy isin consonancewith previous
findings (Biswas et al., 1999; Swain and
Johri, 1999; Midau et al., 2011). These
authors concluded that improved feed
utilization due to enzyme supplementation
wasresponsiblefor theincreased liveweight
gaininbroilerson similar levelsof dietary
nutrient concentration. The observation
was however contrary to the report of
Omojola and Adesehinwa (2007) that the
inclusion of theexogenousenzymesdid not
significantly (p>0.05) improvebody weight
of broiler chicks. Divergent reportsexistin
literature on the relationship between
endogenous enzyme supplementation and
feed intake. Adrizal and Ohtani, 2002;
Rahman et al., 2005 reported that enzymes
have no effect on feed intake while Kadam
et al., 1991 and Samarasinghe et al., 2000
reported reduction infeedintakeasaresult
of enzyme supplementation. Lesson et al.
(1996); AugelovicovaandMichalik (1997)
ontheother hand reported increasesin feed
intakeasaresult of enzymesupplementation
due to increased nutrient digestibility.
Theimproved feed conversion dueto en-
zyme supplementation in the present study

isinagreement with earlier findings (Wang
etal.,1997; Huazhonget al ., 1999; Jackson
etal.,2004; Rahmanetal., 2005; Zouet al .,
2006; Onu et al., 2011). These researchers
reported that exogenous enzymes greatly
improvedthefeed conversionratio of broiler
chicksfed enzyme supplemented diet.

Tablel V. Main effectsof Cassavaleaf: blood
meal mix and enzyme supplementation on
nutrient retention by broilers. (Principales
efectos de hoja de yuca: la mezcla de sangre
comida y suplementos de enzimas en la retencion
de nutrientes por los pollos de engorde).

CP (%) EE(%) CF (%) TT(min)
RL (%)

0 68.33  68.70 4420 147.00°
25 68.15 67.82  43.73 138.60°
50 67.69  67.98  43.04 133.20°
SEM 071 063 035 265
ES

- 63.44> 6574 37.58" 147.60°
+ 72.67°  70.59°  49.75° 131.40°
SEM 022 018 010  3.05

CP= Crude protein; EE= Ether extract; CF= Crude
fibre; TT=Transittime; RL= Replacementlevel; ES=
Enzyme supplementation.

®means along the same column respective of
factors with different superscripts are significantly
different (p<0.05).
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TableV. Interaction effects of Cassava |eaf: blood meal mix and enzyme supplementation on
nutrient retention of broilers. (Efectos de la interaccién de la hoja de yuca: la mezcla de sangre
comida y suplementos de enzimas en la retencién de nutrientes de los pollos de engorde).

Replacement level 0 25 50

Enzyme supplementation - + + - + SEM
Crude protein (%) 65.25¢ 71.40° 63.80 72.50% 61.27¢ 74.102 0.82
Ether extract (%) 67.11% 70.282 65.20° 70.442 64.92° 71.052 0.96
Crude fibre (%) 40.28° 48.112 37.35° 50.172 35.10° 50.922 0.27
Transit time (hours) 2.51° 2.29° 2.44%® 2.18° 2.34° 2.10° 0.12

®means along the same row with different superscripts are significantly different (p<0.05).

Increasing concentration of CLM:BM
mix inthediet had no effect on crudeprotein,
ether extract and crudefibreretention (table
V), whileenzymesupplementationresulted
inimprovement (p<0.05) inretention of these
nutrients. Intestinal transit time reduced
withincreasing concentration of CLM:BM
mix in the diet. Enzyme supplementation
reduced the feed intestinal transit time by
about quarter of an hour. The interaction
effect of level of CLM:BM mix and enzyme
supplementation on nutrient retention in
table V indicate that crude protein, ether
extract and crude fibre retention decreased
withincreasing concentration of CLM: BM
mix in the diet. Significant (p<0.05)
interaction between CLM:BM mix and
enzyme supplementation was observed for
crude protein, ether extract and crudefibre
retention. Exogenous enzymes increased
thedigestibility of fibrousfeed ingredients
through the disruption of plant cell walls
thereby enhancing nutrients absorption
(Acamovic, 2001). The use of enzymesin
poultry feeds has predominantly been
related to the hydrolysis of fiber or non-
starch polysaccharide (NSP) fractions in
cereal grains. NSPshindtolargeamountsof
water and asaresult, theviscosity of fluids
in the digestive tract isincreased. Danicke
et al. (2000) explained that increased
viscosity causes problems in the small
intestineasit reducesthesubstrate-enzyme

interaction, which reduces nutrient avai-
lability. According to Vukic-Vranjes and
Wenk (1996) and Zanellaet al. (1999), the
supplementation of broiler diet with
exogenous enzyme improved starch diges-
tibility and consequently dry matter, crude
proteinand energy digestibilities. Ritzetal.
(1995), opined that enzyme supplementation
increasedthelengthof villi withinthejejunal
and ileal sections of 3 weeks old turkey
pulletsfed corn soybean meal diets. Caspary
(1992) explainedthat theincreasein surface
areasuggested by theincreased villuslength
might enhance nutrients absorption and
improvenutrient digestibility.

The reduction in intestinal transit time
with enzyme supplementation is in agree-
ment withthereport of Danickeetal., (1999)
that a decreasein transit time with enzyme
supplementation reduces the growth of mi-
crofloraintheintestine. AccordingtoL azaro
et al. (2003), enzyme supplementation
reduced theviscosity of thejejunum content
and accel eratestherate of passageof digesta
through gastrointestinal tractsof birdsthus
reducingthedigestivetransit timeof broilers.

Resultsof themain effectsof replacement
level and enzyme supplementation on prime
cuts and abdominal fat of broilers are
presentedintableVI. Abdominal fat content
was significantly reduced as level of
inclusion of CLM:BM mix increasedinthe
diet. Enzyme supplementation of diets
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TableVI. Maineffectsof Cassavaleaf: blood meal mixand enzymesupplementationonbroiler
prime cuts and abdominal fat (% Liveweight). (Principales efectos de hoja de yuca: la mezcla de
sangre comida y los suplementos de la enzima en los pollos troceados principales y la grasa abdominal

(peso vivo %)).

RL (%) Dressing Breast Drumstick Thigh Abdominal fat
0 73.30 24.80 13.98 11.78 2.06°

25 73.06 25.02 14.09 11.90 1.32°

50 72.81 24.79 13.16 11.62 1.07¢
SEM 0.15 0.50 0.11 0.26 0.05

ES

- 70.88° 24.24 13.33 11.42 1.09°

+ 75.102 26.08 14.16 12.11 1.882
SEM 0.20 0.31 0.80 0.11 0.03
RLXEI * NS NS NS *

RL= Replacement level;, ES= Enzyme supplementation; EI= Enzyme interaction. NS= not significant.

*p<0.05.

®means along the same column respective of factors with different superscripts are significantly

different (p<0.05).

resulted inincreasesin dressing percentage
and abdominal fat content of chickens.The
indices for which significant replacement
level by enzyme supplementation interac-
tion occurred areshownintableVII.
Increasingthereplacementlevel of CLM:
BM for soybean had no effect (p>0.05) on
dressing percentage, breast cut weight,
drumstick and thighweights. Abdominal fat
washowever significantly (p<0.05) reduced
withincreasing concentration of CLM:BM.
Enzyme supplementation al so had no effect

on breast cut weight, drumstick and thigh
weightsbut significantly (p<0.05) influenced
dressing and abdominal fat percentage. The
significant increase in dressing percentage
observed with enzyme supplementation in
this study agreed with the report of Lesson
etal. (1996). They reportedincreased dres-
singyieldfor the addition of enzymedueto
higher fat deposition in the carcass.
Similar report wasgiven by Abbaset al.
(1998) that enzyme supplementation to fi-
brousdietimprovedthegrowthrate, thereby

Table VII1. Interaction effects of Cassava leaf: blood meal mix and enzyme supplementation
on broiler prime cuts and abdominal fat. (Efectos de la interaccion de la hoja de yuca: la mezcla
de sangre comida y los suplementos de la enzima en los pollos troceados principales y la grasa
abdominal).

Replacement level 0 25 50

Enzyme supplementation - + - + - + SEM
Dressing (%) 70.00° 76.602 72.10% 74.022 70.55° 74.672 0.17
Abdominal fat (%) 1.30° 2.822 1.08¢ 1.56° 0.89¢ 1.25¢ 0.11

Bmeans along the same row with similar superscripts are not significantly different (p>0.05).
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increasing the dressing percentage. Bhara-
thidhasan et al. (2009) also reported amar-
ginal increase in dressing percentage and
carcass yield in birds fed enzyme supple-
mented reduced energy and protein diets.
However, Café et al. (2002) reported that
addition of a commercial multi enzyme to
corn-soybean meal-based diets did not

Table VIII. Main effects of Cassava |eaf:
blood meal mix and enzyme supplementation
on broiler organ weights (% Liveweight).
(Principales efectos de hoja de yuca: la mezcla de
sangre comida y los suplementos de la enzima en
peso de los érganos de pollos de engorde (peso
Vivo %)).

improvedressing percentage, yield of breast, Gizzard Liver Kidney Caecum
thigh and wing component, but resulted in )

a significant increase in abdominal fat. A 5"(/") 2520 190 053  0.30°
similar result of no influence on dressing 55 2860 191 054 0470
percentage was presented by Rahmatnejad g 303 191 053  0.62°
et al. (2011) reported the supplementation  sgm 0.06 001 001 0.01
of driedtomato pomacewith Rovabio Excel ™

significantly increased carcassweight and  ES

percentage of abdominal fat but did not - 3.04= 190 053 0.572
affect carcass yield and breast, thigh, and ~ + 256> 191 053  0.36°
visceral organs percentage. On the other ;E\("EI 0.002 ONOsl Oﬁgl 0.012

hand, Y amazaki et al. (2007) reported that
cellulase supplementation of alow-CPdiet
slightly lowered abdominal fat deposition.

Table VIII indicated that increasing
concentration of CLM:BM had no effect
(p>0.05) on weight of liver and kidney but
significantly (p<0.05) increasegizzard and
caecumweight. Birdson 0% replacement of
CLM:BM for soybean meal had the least
weight for gizzard and caecum. Enzyme
supplementation significantly reduced
gizzard and caecum weights but had no
effect on liver and kidney weights. Signi-
ficant interaction effects of dietary level of
CLM:BM by enzyme supplementation was

RL=Replacement level; ES= Enzyme supplemen-
tation; El= Enzyme interaction. NS=not significant.
*p<0.05.

®means along the same column respective of
factors with different superscripts are significantly
different (p<0.05).

observed on gizzard and caecum weight.
The pattern of the interaction is shown in
tablel X.

The gizzard breaks down ingested feed
by muscular action. Higher dietary fibre
would promote higher thickening of the

Table I X. Interaction effects of Cassava leaf: blood meal mix and enzyme supplementation
onrelative organ weightsof broilers (% Liveweight). (Efectos de la interaccién de la hoja de yuca:
la mezcla de sangre comida y suplementos de enzimas en los pesos relativos de los érganos de pollos
de engorde (peso vivo %)).

Replacement level 0 25 50

Enzyme supplementation - + - + - + SEM
Gizzard 2.79° 2.254 3.02° 2.70¢ 3.322 2.74¢ 0.08
Caecum 0.38¢ 0.22¢ 0.56° 0.38° 0.772 0.47¢ 0.05

®means along the same row with different superscripts are significantly different (p<0.05).
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muscles(Onibi etal., 1999). Higher gizzard
sizeinbroiler dietsmay berelated to higher
dietary fiber content (Adeyemi, 2005). Vive-
ros et al. (1993) reported that addition of
enzymeto barley-based dietsal so produced
an effect on digestive tract of the bird,
reducing the relative weight of upper tract
(mainly proventriculus and gizzard), and
the size of the small intestine and colon of
chicks. The findings of this study that
enzymes supplementation reduced gizzard
weight is however contrary to the findings
of Omojolaand Adesehinwa(2007) reported
that theinclusion of the exogenousenzyme
to broiler diets did not affect the relative
weights of kidney, gizzard, heart and liver.
Inanearlier study Baiaoetal. (1997) reported
that enzyme supplementation to rye diets
reduced viscosity of intestinal content and
the weight of digestive organs. Augustine
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