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ABSTRACT

A five-week-long experiment was performed on 960 one-day-old Cobb 500 cockerels divided
randomly into ten experimental groups of 12 cages (replicates) of 8 birds each. The objective of the
experiment was to estimate the effect of non-starch polysaccharides (NSP) derived from various
cereals and addition of microbial enzyme preparations on growth performance, ileal viscosity, liver
weight and concentration of short-chain fatty acids in broiler chicken caeca. Barley and oats, hul-
less barley, naked oats, and rye constituted the majority of diets. Diets were non-supplemented or
supplemented with a commercial enzyme preparation. Enzyme preparations significantly improved
feed conversion ratio and body weight gains (P<0.05) only in groups fed diets based on naked oats
and rye. In all groups, enzyme supplementation decreased intestinal viscosity and increased the
concentration of acetate and total short-chain fatty acids in caecal digesta with the exception of the
group fed the diet with naked oats.

The results indicate that not total dietary fibre content, but the type of dietary NSP, as well as
microbial enzyme supplementation, may influence the intestinal viscosity and performance of broiler
chickens.
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short-chain fatty acids

" Supported by the State Committee for Scientific Research, Grant No. 3 PO6204425
% Corresponding author: e-mail: damjo@owl.au.poznan.pl



488 FIBRE OF CEREALS AND ENZYME IN DIETS FOR CHICKEN
INTRODUCTION

Starch serves as a major source of energy in poultry diets. The predominant
monosaccharides in poultry diets are glucose and fructose, while the predominant
disaccharide is sucrose. Starch, as well as simple sugars, is well digested, while the
digestion of non-starch polysaccharides (NSP) tends to be more variable, it is gene-
rally very low due to the lack of digestive enzymes able to hydrolyse them. More-
over, in the poultry gastrointestinal tract (GIT) soluble NSP’s have shown a ten-
dency to create a viscous environment within the intestinal lumen, which further
decreases the digestibility of NSP’s and other nutrients (Steenfeldt et al., 1998; Jam-
roz et al., 2002). In the GIT of poultry NSP can be hydrolysed to a small extent by
enzymes produced by the caecal microflora and to a high degree by added enzymes
(Jamroz et al., 1998, 2002; Choct et al., 1999).

Some microbial enzymes (i.e. xylanase, R-glucanase) reduce ileal viscosity,
thus enhancing nutrient digestion and absorption. However, there is little data
about their role in the distal parts of the poultry GIT, especially when different
cereals are used in diets.

Many researchers have speculated about the role of the caeca in birds, including
broiler chickens. In general, there has been interest in finding a relationship between
the size of this organ and its function in the digestion of fibrous diets as well as its
role in water absorption (Jozefiak et al., 2004). Today, most authors agree that caeca
are the primary fermentative chambers in the poultry GIT, where some undigested
carbohydrates are transformed into short-chain fatty acids (SCFA) and gasses (JOze-
fiak et al., 2004). Similarly as in ruminants or other non-ruminants, the end products
of fermentation in chicken caeca may contribute some amount of energy to the host
bird and play an important role in regulating caecal microflora populations (Jamroz
etal., 2002; Jozefiak et al., 2004). Thus, it is suggested that enhancing the fermenta-
tion processes in broiler chicken caeca may lead to more promising results than pre-
viously thought. However, data about SCFA concentrations in the chicken caeca after
enzyme supplementation are contradictory (Choct et al., 1999; Lazaro et al., 2003).

The objective of the experiment was to study the influence of the dietary fibre
of different cereals and microbial enzyme supplementation on the performance of
broiler chickens as well as on fermentation processes in the caeca.

MATERIAL AND METHODS
Animals and diets

The experiment was performed on 960 one-day-old Cobb 500 cockerels di-
vided randomly into 10 groups, each containing 12 cages (replicates), 8 birds
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per replicate. Ten isoproteinous and isoenergetic diets, based on barley, oats, hul-
less barley, naked oats, or rye were prepared, each as starter and grower types
(Table 1). Diets with the first four cereals were prepared with or without 1g/kg
of the enzyme preparation, Avizyme® 1100 produced by Danisco (UK) (containing
100 U/g endo 1,3(4)-B-glucanase; 300 U/g endo 1,4-B-xylanase and 800 U/g protease).
The rye diet was unsupplemented or supplemented with Avizyme® 1300 produced
by Danisco (UK) (containing 2500 U/g endo 1,4-p-xylanase and 800 U/g protease
according to producer). Soyabean protein concentrate (HP 300; Hammlet Protein,
Denmark) was used as a protein source. Apart from salinomycin, an ionophore antibi-
otic used to control coccidiosis, the diets did not contain antibiotic growth promoters
(Table 1). Chickens were fed mash diets ad libitum, Starter from the 1st to 14th day
of life and Grower from the 15th to the 35th day of life. Feed intake and body weight

TABLE 1
Composition (g kg!' dry matter) and nutritional value of diets in the starter and grower period
Starter Grower
Ingredients barley hulless oat hulless rye barley hulless oat hulless rye
barley oat barley oat
Barley 6320 - - - - 6740 - - - -
Hulless barley - 675.0 - - - - 7140 - - -
Oat - - 610.3 - - - - 644.0 - -
Hulless oat - - - 7930 - - - - 8500 -
Rye - - - - 581.0 - - - - 613.0
HP 300! 234.0 206.0 236.5 140 274 188.2 160.0 192.0 87.8 230.5
Rapeseed oil 72.0 540 940 15 885 820 67.0 1120 5.0 105.0
Dicalcium phoshpate  20.0 205 21.0 220 220 190 205 200 175 220
Limestone 6.0 55 52 45 40 5.3 45 43 63 30
DL-methionine 20% 11.0 11.0 11.0 10.0 105 8.5 85 80 7.8 80
L-lysine 20% 11.0 140 80 150 6.0 10.0 125 6.7 126 55
Constant components?>  13.0 13.0 130 13.0 13.0 13.0 13.0 13.0 13.0 13.0
Calculated
ME in MJ/kg 125 125 125 125 125 13.0 13.0 13.0 13.0 130
crude protein 206.0 206.0 206.0 206.0 206.0 185.0 185.0 185.0 185.0 185.0
lysine 12.7 127 127 127 127 10.6 106 106 10.6 10.6
methionine 5.3 53 53 53 53 4.5 45 45 45 45
Ca 9.8 98 98 98 98 9.4 94 94 94 94

"unsupplemented ; supplemented diets contained 1 g of Avizyme 1100 or Avizyme 1300 (to rye
diet only) which substituted 1g of respective cereal

2 soyabean meal protein concentrate (530 g crude protein per kg™ dry matter)

¥supplying per kg of diet: NaCl 3g; NaHCO, 1g; retinol (retinyl acetate) 5 mg; cholecalciferol 0.09
mg; vit. E (dl-a-tocopheryl acetate) 42 mg; menadione 3.5 mg; thiamin 1.4 mg; riboflavin 11.2 mg;
pyridoxine 4.2 mg; d-pantothenic acid 12 mg; niacin 52 mg; folic acid 2.1 mg; biotin 28 pug; BHT 140
mg; FeSO, x 7H,0 112 mg; ZnO 112 mg; MnO 140 mg; salinomycin 50 ppm
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were measured at weekly intervals, average feed conversion ratio (FCR) and body
weight gain (BWG) were calculated in each replicate. At the end of the experiment,
ten chickens from each treatment were killed by cervical dislocation. After dissection,
their livers were rinsed in distilled water and weighed, digesta from the jejunum was
collected for viscosity measurements, while digesta from both caeca were collected
into sterile plastic tubes and kept at -20°C for further SCFA analyses.

Analytical methods

The contents of dry matter, crude protein, crude fat and starch were determined
using AOAC (1990) procedures. Total and insoluble NSP and arabinoxylans (Table
3) were determined after acid hydrolysis as alditol acetates by gas chromatography
(HP 5890) as described by Englyst and Cummings (1984). Soluble NSP and
arabinoxylans were calculated from the differences between the total and insoluble
counterparts. The total amount of dietary fibre was calculated as the sum of the
total NSP and Klason lignin (not shown). The in vitro viscosity of water (WEV)
and acid extracts (AEV) was estimated according to Boros et al. (1993). Ground
cereals were mixed with distilled water or 0.1 M HCI/KCI buffer (1:5 w/w) and
extracted for 1 h at 30°C, centrifuged for 8 min at 8000 rpm and the viscosity of
the supernatants was measured at a rate of 12/s using a Brookifield Digital DV-11+
cone/plate viscometer (Brookfield Engineering Laboratories, Stoughton, USA).
Approximately 3 g of digesta from the jejunum were centrifuged for 8 min at 8000
rpm for viscosity measurement. The viscosity of supernatants was measured at the
rate of 30/s using a Brookifield Digital DV-I1+ cone/plate viscometer as described
by Steenfeldt et al. (1998). The concentrations of short-chain fatty acids (SCFA)
in the caecal contents were determined using gas chromatography (Varian CP
3380) under conditions described by Jensen et al. (1995).

Statistical analysis was performed using the General Linear Models procedure
(GLM) of SAS® (SAS Institute 1998) according to the following general model:

where: Yijk was the observed dependent variable; |1 -overall mean; o - effect
of cereal; B,- effect of enzyme; (ocB)ij - interaction between cereal and enzyme;
8, - random error.
RESULTS

Cereals with hulls contained more total NSPs, but less soluble NSPs than their

hulless counterparts (Table 2). Arabinoxylans predominated among the soluble
NSPs of rye, while barley and oat, both with hulls and hulless, contained 5-6



JOZEFIAK D. ETAL. 491

TABLE 2
Carbohydrate fractions (g kg! dry matter) and in vitro viscosity (mPas-s) of the cereals
. Hulless Naked
Carbohydrate fractions Barley barley Oat oat Rye
Starch 633.60 615.59 554.03 611.37 612.09
Sugars 51.83 44.38 49.09 32.27 90.05
Insoluble NSP 94.52 72.49 138.83 41.93 84.89
Soluble NSP 42.55 48.60 27.65 46.90 39.73
Total NSP 137.08 121.08 166.48 88.83 124.62
Insoluble arabinoxylans 68.88 52.18 104.35 24.73 58.96
Soluble arabinoxylans 6.89 8.67 3.91 5.56 24.73
Total arabinoxylans 75.99 60.85 108.26 30.29 83.58
Insoluble glucans 21.12 16.89 29.55 13.56 21.73
Soluble glucans 35.30 39.02 23.34 40.48 13.48
Total glucans 56.42 55.91 52.89 54.04 35.20
Total dietary fibre 172.08 130.08 232.48 120.83 145.62
In vitro viscosity
WEV 2.86 1.45 2.86 2.14 7.16
AEV 5.76 2.25 45 2.14 2.45

WEYV - water extract viscosity, AEV - acid extract viscosity

times more soluble glucans than arabinoxylans. In vitro WEV was highest in rye
followed by barley and oat, AEV was highest in barley and oat, lower and similar
to rye in hulless barley and naked oat. In vitro viscosity differed between water
and acid extracts. In barley and oat, higher values were obtained for acid extracts,
whereas in rye, for water extracts. Cereals were the main source of the carbohy-
drates in all of the diets (Table 1).

In the first two weeks of the experiment only the type of cereal in the diet
had a significant effect on BWG values (P<0.05). In the grower period, enzyme
supplementation as well as the cereal type significantly affected BWG (P<0.05).
The highest improvement in BWG values after enzyme supplementation was
recorded in birds fed diets containing rye, oats and naked oats (P<0.05)
throughout the whole experiment (Table 3). FCR values were not significantly
affected by enzyme supplementation in the starter period. However, with the
exception of hulless barley, lower FCR values were observed in all enzyme-
supplemented diets. In the grower period, enzyme supplementation positively
affected FCR values (P<0.05). Considering the entire experiment, enzyme
supplementation had a positive effect on FCR values (P<0.05) but significant
improvement was recorded only in rye and naked oat diets. Mortality in all
treatments was zero.
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Ileal viscosity depended on type of cereal, being the highest in groups fed rye
diets, lowest in the groups fed oat diets. Supplementation with exogenous enzymes
lowered intestinal viscosity, however, only in groups fed the rye and barley diets
did it differ significantly (P<0.05) from non-supplemented groups (Table 4).

The type of cereal as well as supplementation with exogenous enzymes sig-
nificantly influenced the concentration of acetate and sum of SCFA in the caeca
(P<0.05). In all groups, with the exception of naked oat, the total concentrations
of SCFA and acetate increased after the addition of enzymes to the diet (Table
4). Following enzyme supplementation, the butyrate concentration was higher in
comparison with unsupplemented groups, except in the group fed the diet with
hulless barley, while it had no significant effect on liveweight.

DISCUSSION

It is well documented that supplementation of diets based on cereals having
high levels of viscous components (e.g., rye) with microbial enzyme prepara-
tions improves the performance of broilers (Steenfeldt et al., 1998; Bergh et al.,
1999; Léazaro et al., 2003). This view is supported by the results of the present
experiment. Our results agree well with the findings of Lazaro et al. (2003), that
the presence of specific fractions of soluble NSPs (i.e. soluble arabinoxylans
or/and B-glucans) rather than the total amount of soluble NSPs in a diet causes a
high viscosity of ileal chyme. Reduction of intestinal chyme viscosity is the main
function of exogenous enzymes counteracting the antinutritive effects of soluble
NSP. Many authors (Bergh et al., 1999; Silva and Smithard, 2002; Lazaro et al.,
2003) explain the beneficial role of microbial enzyme preparations by their action
in the ileum. According to Bedford and Apajalahti (2001), the action of enzymes
may be described in terms of their ileal and caecal phases. During the ileal phase,
enzymes prevent the formation of viscous chyme, whereas during the caecal
phase, NSP degradation products, like xylose and xylo-oligomers, are fermented
by caecal microbes, thus stimulating the production of SCFA. In the presented
study the concentrations of acetate, butyrate and total SCFA in caecal contents
were affected by enzyme supplementation, in most cases the concentrations of
this SCFA increased. This is in agreement with the results reported by Jamroz et
al. (1998). In contrast, Lazaro et al. (2003), feeding broiler chickens with rye diets
containing different amounts of enzyme preparations, did not record a significant
increase of SCFA concentration in caecal digesta.

Our results indicate that a high concentration of total dietary fibre in the diet
was not necessarily connected with increased fermentation in the caeca. Fermen-
tation is more dependent on ileal viscosity, which plays a major role in the amount
and type of the materials that enter the caeca (Lazaro et al., 2003). Regardless of
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the type and amount of NSPs in the broiler diets, SCFA concentrations may rise
in the caecal content after enzyme addition, when more NSPs reach the caeca,
which may support Bedford and Apajalahti’s (2001) thesis about the two stages
of enzyme action. It is interesting to note that in all of the treatments, apart from
hulless barley, the addition of enzymes led to higher concentrations of butyrate. In
humans, butyrate is one of the most important sources of energy for colonocytes
(Roediger, 1995) and stimulates water and sodium absorption (Cherbut et al.,
1997). It may be suggested that when assessing the effects of the dietary NSP on
fermentation processes in the caeca, a closer look should be taken at the material
that effectively enters this region, i.e. which is not only present in the diet, but is
also available for microbial degradation in the caeca. The butyrogenic effect of
microbial enzyme supplementation and its correlation, if any, with benefits found
in humans would be worth investigating.

Jamroz et al. (2002) reported that in chickens, ducks, and geese fed diets
containing 40% barley, fermentation of NSP in the entire gastrointestinal tract
contributed from 2.7 to 3.2 kJ ME per g of feed. The potential energy supply
from microbial NSP degradation products is rather small in comparison with to-
tal requirements of broiler chickens for energy, but this may be more important
for gut epithelial cells (Roediger, 1995). It seems that the better performance of
broiler chickens after addition of enzyme preparations to the diet may be due in
part to the so-called caecal phase. However, SCFA can also inhibit the growth of
some pathogenic microbes (Jozefiak et al., 2004), and this second goal could be
even more important. In the present experiment, caecal microflora populations, as
well as SCFA concentrations may be affected by the salinomycin present in diets.
Salinomycin was added as an anticocccidial agent, however Engberg et al. (2000)
proved that it also depressed the growth of pathogenic bacteria and improved the
performance of broilers.

The major site of SCFA metabolism is the liver, where propionic and butyric
acids are almost entirely metabolized. In rats, SCFA concentrations in the portal
vein were closely dependent on the inclusion of fermentable carbohydrates into
the diet (Demigné et al., 1986). Liver size may depend on the GIT microflora
and/or its fermentation end products. Wostmann (1981) reported that the livers
of germ-free rodents were smaller than in comparable conventional animals.
Brenes et al. (1993) showed that enzyme supplementation of wheat- and barley-
based diets caused a reduction of liver weight in broiler chickens by 8%, while
Ciftci et al. (2003) recorded increased liver weight after enzyme supplementa-
tion in laying hens fed diets based on triticale alone or combined with wheat
or maize. In the present study, enzyme supplementation did not affect liver
weight.
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CONCLUSIONS

lleal viscosity depends more on the physico-chemical properties of dietary fibre
fractions than on the level of total or soluble NSP in the diet. Enzyme supplemen-
tation may increase the concentration of short-chain fatty acids in the caeca, and
may improve the performance of broiler chickens.
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STRESZCZENIE

Whplyw frakcji wiokna pokarmowego roznych gatunkéw zboz i dodatku preparatéw en-
zymatycznych na wyniki odchowu, lepkosé tresci jelitowej i stezenie krétkotancuchowych
kwasow tluszczowych w tresci jelit slepych kurczat brojleréw

Przeprowadzono doswiadczenie na 960 jednodniowych kogutkach brojlerach, podzielonych na
10 grup, z ktérych kazda skladata si¢ z 12 (powtdrzen) klatek po 8 ptakéw w klatce. Kurczetom
podawano przez 5 tygodni diety zawierajace rozne gatunki zb6z (jeczmien, jeczmien nieoplewiony,
owies, owies nagi lub zyto), jako gtéwne zrédio weglowodandw. Diety przygotowano bez lub
z dodatkiem preparatow enzymatycznych Avizyme. We wszystkich grupach dodatek preparatu enzy-
matycznego poprawit wykorzystanie paszy, jednak tylko w grupach zawierajacych nagi owies i zyto
roznice byly istotne statystycznie (P<0,05); podobna zaleznos¢ wystapita w przypadku koncowej
masy ciata. Lepkos¢ tresci jelita cienkiego byta nizsza we wszystkich grupach, w ktérych zastoso-
wano dodatek preparatdw enzymatycznych. W tresci jelit slepych grup otrzymujacych diety z do-
datkiem preparatow enzymatycznych, z wyjatkiem kurczat otrzymujacych diety zawierajace owies
nagi, zwiekszyto si¢ stezenie krotkotancuchowych kwasow ttuszczowych. Wyniki doswiadczenia
wskazuja, ze nie catkowita zawarto$¢ widkna pokarmowego w diecie, lecz rodzaj weglowodanéw
nieskrobiowych oraz uzupetnienie diety enzymami paszowymi wptywa na lepkos¢ tresci jelitowej
oraz wyniki odchowu kurczat broileréw.



