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ABSTRACT

The present work was designed to clarify the relationship between carcass yield (CY) and abdominal
fat (AF) percentages with changes in final live body weight (LBW) and feed conversion ratio (FCR) in
broilers as caused by supplementary feed enzymes. The experimental data set was obtained from a total
of'eleven growth trials carried out with chickens of currently used commercial strains. In all of the trials
the chickens were fed ad libitum with mash diets based on home-grown cereals and soyabean meal,
and containing fatadditions, mainly as animal blended fat. Different commercial enzyme preparations
were added to the diets either alone or in combination. The mean responses to enzymes were +86 g for
final LBW, -0.08 g/g for FCR, +0.031% for CY and +0.024% for AF. For main (Pearson) correlation
assessments and (linear) regression analysis, the observed values obtained with birds fed enzyme
preparations were expressed relative to the data of control birds fed unsupplemented diets (= 1.00).
No correlation could be established between enzyme-caused relative changes in: LBW and CY, FCR
and CY, and FCR and AF. A highly significant positive correlation was found between relative changes
in final LBW of chickens and relative percentage of AF. For this relationship the regression equation
was: Y, =-2.882+3.735X ... (R?=0.529, P<0.001). It was concluded that augmented abdominal
fat accumulation in broilers fed enzyme preparations can be avoided by lowering the quantity of animal
fat added to the cereal diets to meet the energy needs of the chickens.

KEY WORDS: broiler chickens, feed enzymes, performance, post-slaughter measurements,
correlations

INTRODUCTION

The application of NSP-degrading enzyme preparations in broiler diets,
especially with high proportions of cereals, has become common practice during
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the last decade. These preparations are used to diminish the antinutritive effects of
viscous, soluble non-starch polysaccharides in wheat, barley, rye or triticale and thus
to increase dietary nutrient utilization, energy metabolizability and bird performance
(Brufau et al., 2001). Use of exogenous enzymes in diets containing cereals that
do not cause viscosity problems (maize, sorghum) may accelerate starch digestion
in the small intestine and increase the performance of birds (Bedford, 2000). The
utilization of exogenous proteases or blends of NSP-degrading and proteolytic
enzymes is beneficial to improving the performance value of diets based on such
vegetable protein sources as sceds of legumes, soyabean meal and rape seed products
(Brenes et al., 1993; Simbaya et al., 1996; Pack et al., 1997).

The main criterion for enzyme efficacy in broiler nutrition are changes in
growth performance indices (Rosen, 2000). As food quality, especially augmented
fat content, is an important health concern for consumers, the quality of broiler
carcasses has become of greater interest (Lippens, 2001). However, there is
relatively less information about the effects of different enzyme additives on
carcass quality attributes and slaughter value of broiler chickens. This inspired
us to make an attempt to find out how and to what extent some post-slaughter
measurements are linked with basic performance characteristics in broilers fed
enzyme-supplemented cercal diets. Based on experimental data collected from
different growth trials performed in our laboratory, the objective of this work was
to examine the relationships of carcass yield and abdominal fat percentages with
changes in final live body weight and feed conversion of broilers as caused by
supplementary feed enzymes.

MATERIAL AND METHODS

The data set analysed in the current work was obtained in eleven independent
trials carried out in 1996-2002. The experimental results have been reported in part
in original papers (Szczurek and Koreleski, 1998, 1999; Koreleski et al., 2000;
Szczurek et al., 2000b).

Design of trials and diets

In all trials, day-old unsexed broiler chickens of different commercial strains
were used. Birds were randomly allocated either to floor pens with wheat straw as
litter (trials 1 to 7) or battery cages with a wire floor (trials 8 to 11). All birds were
kept in temperature- and ventilation-controlled broiler houses with continuous light.
Different numbers of replicates and birds per replicate (pen) were used in the floor
trials. In the battery trials experimental groups consisted of five replicates (cages)
of 8 or 10 birds each. The details of the trial layout are provided in Table 1.
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TABLE |
Design of trials
Trual Broiler Rearing Birds N um-bcr Birds Birds
no. strain system per group of replicatcs per replicate slaughtered
per group per group
l Starbro floor pens 800 4 200 )
(straw litter)
2 Ross as above 270 3 90 8
3 Ross as above 270 3 90 8
4 [SA as above 480 6 80 8
5 Hubbard ay above 120 4 80 8
6 Starbro as above 1278 6 213 10
7 Arbor-Acres as above 210 3 70 8
8 Hubbard battery cages 44 5 8 8
(wire floor)
9 Hubbard as above 40 s 8 8
10 Avian as above 50 5 10 8
11 Avian as above S0 5 1& 8

In both rearing systems applied, all chickens were provided with feed in mash
form and water for ad /ibitum intake. The starter diets were fed from days 1 to 21.
From 22 to 35 days of age the chickens received grower diets. The finisher dicts
were fed from days 36 to 42 (in trials 7 and 10 to 48 and 45 days. respectively).
All diets were based on wheat and barley, and soyabean meal as the major
source of vegetable protein (Table 2). Fat additions to the diets were provided as
animal blended fat, with the exception of trial 6 in which soyabean oil was used.
Coccidiostats and growth promoters were introduced into all starter and grower
diets. The metabolizable energy content of the diets was calculated according to
the determined chemical compositton of raw feedstuffs, employing equations given
in the European Table (1989}, Crude protein, essential amino acids and all the
other nutrients were supplied in amounts similar to those propesed in the Poultry
Feeding Standards {1996).

Ten commercial enzyme preparations obtained from a number of different
manufacturers were added to the diets, An enzyme premix A was reported to contain
a blend of enzymes preduced by submerged fermentation of Bacillus subtilis and
Trichoderma reesei. Xylanase premix B contained endoxylanase from Aspergiifus
orvzae. Commercial carbohydrase preparations C, D, E and F were reported as
multi-activity complexes of cell-wall (NSP} degrading enzymes. Two mixed (G and
I} and two proteolytic enzyme preparations, containing bacterial endoproteinases
from Bacillus licheriformis (H and ]}y were also used. The preparations were added
to the basal diets either individually, with single or graded levels of inclusion, or in
combination, at the expense of wheat or barley. The rates of inclusion are presented
i1 Table 2. Enzyme activities as declared by suppliers are shown in Table 3.
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TABLE 3
Commercial enzyme preparations used in trials
Preparation Enzyme activities per gram of erude product
A 100 amylase units, 2 protease units, 1800 B-glucanase units,
10 ¢ellulase units and unknown xylanase and pectinase activities
B 600 fungal endoxylanase units
c 50 pP-glucanase units, 200 endoglucanase units, 120 hemicellulase
units, 5000 pectinase units

D 8250 xylanase units, 6000 B-glucanase units

E 1400 xylanase units, 2000 B-glucanase units

F 140000 3-glucanase units, 28000 xylanase units

G 220 p-glucanase units, 200 e-amylase units

H 1.5 endoproteinase Anson units

1 100 B-glucanase units, 2300 xylanase units. 800 protease units

J 3,0 endoproteinase Anson units
Measurements

In all trials the birds were weighed at the start and at the end of rearing, and
their feed intake was recorded for the starter and the grower-finisher rearing phases.
These data were used to calculate the feed conversion ratio (g feed per g of body
weight gain). In the battery trials and in the floor trials, 2, 3,4, 5and 7, the chickens
were weighed by replicate (cage or pen). In the floor trials 1 and 6, fifty randomly
selected birds per pen were weighed.

Post-slaughter measurciments were conducted as follows. At the end of each tmal
8 or 10 birds of mixed sex (50% cocks and 50% pullets) within cach group that were
close to the mean body weight of that group were chosen. The birds were fasted
overnight, weighed the following morning and killed by decapitation, scalded, plucked
and manually cviscerated. The carcasses were chilled at 4°C {or 12 h and weighed.
Abdominal fat including fat surrounding the gizzard was removed and weighed. Carcass
yield, including weight of edible giblets (gizzard, liver, heart), was calculated relative
to the live body weight and abdominal fat deposition relative to the carcass weight.

Statistical analysis

Statistical analyses were carricd out with the STATISTICA 5.1 software package.
The relationship between post-slaughter measurements and changes in chickens’
final body weight and feed conversion ratio as the independent variable, as well
as the interrclationship of the performance indices and the measured carcass
parameters, were determined by correlation analysis 1n which Pearson corrclation
coctficients were obtained. In addition, when statistically significant corrclations
were found (P<0.05}, the response variable was regressed aganst the performance
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TABLE 4
Mean values of final live body weight of broiler chickens, feed conversion ratio (g feed/g BWG), car-
cass yield (% BW) and content of abdominal fat in carcass (data combined for sexes)

Trial Enzyme Final Feed conversion Carcass Abdominal fat
no. inclusion’ weight, g ratio yield, % % of carcass weight

1 - 1605 2.23 74.6 2.10
+ 1660 218 723 1.70

+ 1652 2.12 75.1 1.60

+ 1647 2.16 75.3 2.00

2 - 1882° 2.36" 3.7 1.92
- 2025° 2.19° 72.0 221

+- 2044° 2.16* 727 2.37

+ 2033¢ 2.19% 23 203

3 - 1813* 2.14 734 2.54
+ 1885" 2.01 74.0 2.62

4 1903 2.05 73:5 2.16

4 - 1947 2.13* 72.4 1.91
+ 2007 2.04° 74.5" 1.85

5 - 1819¢ 2:12 73.0 2.05
+ 1898 2.04 74.9 237

6 - 1907* 2.04° 75.8 2.60
+ 2003 1.98° 35,7 2.80

7 - 2470 2.24 733 3.07
- 2502 2.16 72.8 2.92

8 - 1583+ 2.16° 71.8 1.85
+ 1771® 2.09% 72.0 2,55

9 - 1483* 2.24 69.2¢ 247
+ 1576° 27 FH5s 2:79

10 - 2045 222 75.9 310
A 2095 239 3.5 2.60

11 - 1693 2537 15.2 2.90
+ 1709 2.29 74.7 2.90

SEM 47.28 0.02 0.31 0.08

' - according to Table 3
b _wyithin a trial, values with different superscripts differ significantly at P<0.05

data to obtain linear regression equations, according to the model: Y = a + bX. For
main correlation assessments and regression analysis, the results of measurements
were converted to relative values. Values obtained with birds fed enzyme preparations
were expressed relative to the data of control birds fed the unsupplemented diet
(= 1.00). Separately for each trial Duncan’s multiple range test at P<0.05 was used
to estimate the significance of differences between means presented in Table 4.
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RESULTS

All enzyme supplements had a positive effect on chickens’ final live body
weight (LBW) giving statistically significant or only numerical improvements
(Table 4). The significant increases in LBW were established in six trials with
mean response of +119 g. Enzyme supplementation significantly improved feed
conversion ratio (FCR) in four trials with a mean response of -0.12 g/g. Overall
(n=16), as compared with the control birds fed unsupplemented dicts, the mean
increment of LBW and turn in FCR due to enzyme addition was +86 g (SD = 50.5)
and -0.08 g/g (SD = 0.052), respectively. The influence of supplementary enzymes
on percentage carcass yield (CY) was highly inconsistent, with a mean effect of
+0.031 and changes ranging from -2.3 (P>0.05) to +2.3 (P<0.05) percentage units.
Enzyme-influenced changes in abdominal fat percentage (AF) varied from -0.50
(P>0.05) to +0.70 (P<0.05) percentage units. The mean response to enzymes in
this parameter averaged +0.024% (SD=0.35).

There were no significant relationships between indices of broiler performance
and post-slaughter parameters, nor between these characteristics themselves, when
correlation matrix covering values obtained in control birds were processed. In order
to estimate correlation relationships of changes in CY and AF percentages with shifts
in final LBW of broilers and their FCR due to enzyme addition, correlation matrices
of relative values (17 x 17, not shown) were prepared. No significant correlation
could be established between enzyme-caused relative changes in LBW and CY
(r=-0.08), FCR and CY (r=-0.02) and FCR and AF (r=-0.35). There was also no

1.48
142 Y=-2.882+¢3.7349 x X

136} N=17R?=0.529 SE of b = 0.910 SEE= 0.114 P = 0.00094 .
1.30

1.24

1.18
142
1.06
1.00
0.94
0.88
0.82
0.76

Relative abdominal fat

1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14

Relative body weight

Figure 1. Relationship between relative final live body weight and relative abdominal fat percenta-
ge in chickens fed supplementary enzymes (control = 1.00)
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correlation between relative changes in post-slaughter measurements (r=0.14). A
highly stgnificant positive correlation was tound between relative changes in {inal
LBW and percentage of AF (0.74; P<0.001). For this relationship the regression
curve and statistical parameters of the regression cquation are given in Figure 1.

DISCUSSION

Beside their impact on growth performance, the three major groups of factors:
genetics, management and nutrition, have been shown to mfluence carcass yield
and abdominal fat deposition in broiler chickens. Genotype-associated changes in
quantity of abdominal fat and carcass yicld of chickens were recently tound by Smith
and Pesti (1998) with crosses of mgh-yielding and fast-growing broiler strains. The
influence of dietary (energy and protein levels, fat and amino acid content or source)
and cnvironmental factors (feed restriction, temperature and lighting schedules,
stocking densities) has lately been reviewed by Lippens (2001) who underlined
that controlling broiler carcass compaosition by feed manipulation is probably more
ctffeetive than by management tools. However, because many variables are involved,
and conflicting results are reported. 1t 1s difficult to fully explain how dictary factors
atfect lipogenesis and fat accumulation in broilers. Lippens (2001) concluded that
an increased carcass fat proportion s observed in chickens fed high-cnergy dits,
especially with added fat. or in birds receiving low protein feeds.

The corretation relationships studicd in this work were determined independently
of'the possible effects of dictary formulations, bird genotype, and rearing method.
It was assumed that the relative shift in post-slaughter paramcters measured
depends only on changes in final LBW or FCR due to enzyme presence in the
diets. Taking into account the lack of such a corrclation between results obtaimed
from control groups, 1.c. higher abdominal fat proportion in heavier birds, it secms
that an undesirable increasc in AF percentage associated with enzyme-promoted
rise i LBW might be ascribed to the influence of exogenous cnzymes on nutrient
digestion and utilization of dietary cnergy.

An mcrease in energy metabolizability and/or AME values in chickens {ed
cereal-based diets after supplementation with NSP-degrading carbohydrases was
reported by Hew ctal. (1998), Smulikowska ct al. (2000) and Szczurek ctal. (2000a).
This cffect was cvident with diets fortificd with fat, saturated fat in particular, and
correlated with enhanced weight gains of birds (Smulikowska and Micczkowska,
1996; Koreleski et al., 2000). On the other hand, several recent studies with chickens
clearly showed an increase in carcass [at, as well as growth rate, with increasing
dictary cnergy levels (Yalgin et al., 1998; Dublecz ct al., 1999).

Considering the findings cited above, it seems that the significant positive
correlation between abdominal fat and relative rise in final body weight was obtained
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as a result ot the higher metabolizable energy value of cnzyme-supplemented diets,
especially when preparations of xylanase or both xylanase and amylase activities
were used. Part of this effect may be explained by better supplementary fat
digestibility and absorption, or mcreased availability of fatty acids for deposition into
adiposc tissue, when ilcal digesta viscosity is reduced by feed enzymes (Annison,
1995; Smulikowska, 1998).

CONCLUSIONS

The present results indicate that beneficial changes in broilers” weight gain due to
enzyme supplementation of different fat-fortified cereal diets were accompanicd by
arisc in abdominal fat content, This relationship should be taken inte account when
formulating broiler feeds as attention should be patd to the adiposity of the birds. It
may be suggested that in order to avoid augmented abdominal fat accumulation in
chickens fed enzyme-supplemented cereal diets, the quantity of animal fats added
to satisfy criergy needs should be limited.
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STRESZCZENIE

Wplyw zmian masy ciala i wskaznikow wykorzystania paszy w nastgpstwie stosowania dodatkow
enzymatycznych na podstawowe cechy poubojowe u kurczat brojleréw zZywionych mieszankami
z duzym udzialem zbo6z

Celem pracy bylo zbadanie w jakim stopniu wydajno$¢ rzezna oraz udziat thuszczu brzusznego
(sadetkowy + okolozotadkowy) w tuszce zwigzane sgq ze zmianami masy ciala 1 réznicami
w wykorzystaniu paszy przez kurczgta brojlery w nastgpstwic stosowania enzymow paszowych
w nathuszczanych mieszankach zbozowych.

Analizowano wyniki uzyskane lacznie w jedenastu doswiadczeniach wzrostowych wykonanych na
kurczgtach z réznych linii, odchowywanych na écidlce ze stomy (7) lub w klatkach (4 do§wiadezenia).
W doswiadczeniach ptaki zywiono do woli sypkimi mieszankami paszowymi natluszczanymi
mieszaning thuszczow zwierzecych. Glownymi skladnikami stosowanych mieszanek byly krajowe
zboza i $ruta sojowa. Enzymy paszowe (10 preparatow handlowych) wprowadzano do mieszanek
oddzielnie lub taczac preparaty o réznej aktywnosci.

Srednio we wszystkich do$wiadczeniach na wprowadzone dodatki enzymatyczne kurczeta
zareagowaly poprawa wskaznika wykorzystania paszy (FCR) o 0,08 g/g, zwigkszeniem koncowej
masy ciata (LBW) o 86 g, wydajnosci rzeznej (CY) 0 0,031% i udzialu thuszczu brzusznego w tuszce
(AF) 0 0,024%. Do obliczenia wspolczynnikéw korelacji liniowej Pearsona 1 analizy regresji dane
uzyskane w grupach do§wiadczalnych wyrazono w wartosciach wzglednych, przyjmujac odpowiednie
wartosci z grup kontrolnych (bez enzymow) za 1,00. Nie stwierdzono istotnych zaleznosci migdzy
wzglednymi zmianami LBW i CY, FCR i1 CY, FCR 1 AF oraz CY 1 AF. Wzgledne wartosci AF byly
wysoce istotnie dodatnio skorelowane ze wzglednymi wartosciami LBW. Zalezno$é ta wyrazata
si¢ rownaniem regresji liniowej: Y, =-2.882+3.735X . (R*=0.529; P<0.001). Stwierdzona
zaleznos¢ wskazuje, ze przy odchowie brojlerow otrzymujacych nathuszezane mieszanki zbozowe
uzupetniane enzymami rozkladajacymi polisacharydy nieskrobiowe, zwigkszonej masie ciata ptakow
towarzyszy zwigkszone ottuszczenie tuszek. Wskazuje to na konieczno$c ograniczenia zawartosci
thuszezéw zwierzeeych w takich mieszankach w celu zmniejszenia udzialu tluszezu brzusznego
w tuszkach kurczat,



