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ABSTRACT

Two experiments were conducted on 272 young broiler cockerels to determine the cffect of rye
level, degree of saturation of added fat and supplementation with enzyme preparations containing
xylanase and f-glucanase on the nutritional value of rye-containing diets fortified with 8.5
(Experiment 1) or 6% (Experiment 2) fal.

In Experiment 1, increasing the rye level {0, 15, 30 and 45%) in the dict containing 11.5% crude
mixed lat significantly depressed (P < 0.001) organic mattcr retention (OMR), protein (APD) and fat
(AFD)apparent digestibility. The metabolizable cncrgy value (AMFE} of the 45% rye diet was 8.5%
lower than predicted because of this depression. Supplementation of diets with an enzyme
preparation significanily improved OMR, ATD, AME (P<0.001) and APD (P <0.01) in ryec-
containing diets. The AME, of the supplemented diet containing 45% rye was 1.7% higher than
predicted.

In Experiment 2, substitution of unsaturated (soya oil) with more saturated fats (lard or tallow, or
soya oil and tallow 1:1) in the diet containing 30% rye, caused a significant decrease in AFD
(P<0.001), OMR and APD (P < 0.05). The AME,, of the tallow-containing dict was 1.28 MJ/kg DM
lower than of the soya oil-containing diet. Cockerels fed the tallow-containing diet were lighter and
used 13% mere feed per gram of body weight gain (BWG). The degree of saturation of added fat did
nol affect the viscosity of intestinal digesta, but the viscosity of droppings was significantly higher in
birds fed saturated fats,

Enzyme supplementation significantly reduced (P <0.001) both intestinal and excreta viscosily,
OMR, AFD and AME,. Cockerels fed enzyme-supplemented diets were on average £0% heavier and
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used 15% less feed per gram BWG. The greatest dillerence in the AME, value (1.65 MI/kg DM) was
noted between supplemented and unsupplemented tallow-containing dicts.

The results of these experiments suggest that enzyme supplementation is necessary in particular ift
broiler diets contain both a high level of rye and saturated animal fat.
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INTRODUCTION

Rye is one of the main cereals grown in Poland and, as its market price is
usually much lower than the price of wheat, it can be considered an acceptable
component of poultry rations. However, the use of rye as an alternative feedstuff
in broiler diets is negligible. Many investigations have demonstrated that
substitution of wheat by rye in broiler chicken diets results in depression of
performance, wet and sticky droppings, and symptoms of rachitis (Antoniou and
Marquardi, 1982; Campbell ¢t al., 1983; Pettersson and Aman, 1988; Fricsen et
al., 1991; Bedford and Classen, 1992). These effects are related to the higher
solubie non-starch polysaccharide (NSP) content in rye and its ability to form
aviscous gel in the digestive tract of chickens (Antoniou et al., 1981; Bedford and
Classen, 1992).There is ample evidence that the anti-nutritive effects of soluble
NSP of wheat and rye can be reduced by the use of feed enzymes (Fengler et al.,
1988; Pettersson and Aman, 1988; 1989; Groot Wassink etal., 1989; Pawlik et al.,
1990; Friesen et al., 1991; Pettersson et al., 1991; Marquardt et al., 1994,
Annison, 1995; Dinicke et al., 1995; Smulikowska, 1995). However, little
informationis available about dietary factors that can influence the magnitude of
the effect of enzyme preparations.

The metabolizabte energy value (AME,} of rye according to the European
Table of Energy Values for Poultry Feedstuffs (1989) is low, and considerable
amounts of fat should be added to rye-containing broiler diets to adjust their
energy content to the requirement of broiler chickens. Substitution of wheat by
rye in broiler chicken dicts has been reported to decrease nutrient digestibility
and absorpuion in general (Friesen et al., 1992), fat in particular (Antoniou and
Marguardt, 1981,1982). Addition of xylanases to wheat- and rye-based diets
improved the digestibility of nutrients, particularly fat (Fengler at al., 1988;
Pettersson and Aman, 1989). Schutte et al. (1995) and Dénicke et al. (1995)
showed that this effect was more pronounced when diets contained saturated
animal fat.

The aim of the current experiments was Lo cvaluate the effect of rye level,
enzyme supplementation and degree of saturation of added fat on protein and fat
digestibility, the metabolizable energy value of diets and performance of broiler
chickens.
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MATERIAL AND METHODS

Two experiments were conducted on 272 broiler cockerels of Starbro strain,
purchased from a commercial hatchery and reared on broiler starter diet until the
experiments started. Prior to the beginning of each experiment the birds were
starved for 4 h, weighed and all very small and very large birds rejected. Birds
selected for experiments were allocated randomly to experimental groups
according to weight, placed in balance cages equipped with feed and water supply
and fed cold pelleted diets to appeltite for 1 (Experiment 1) or 2 (Experiment 2)
weeks. Balance studies were carried out when the chicks were 28 (Experiment 1)
or 21 (Experiment 2) days old. The amount of food consumed over a 3-day
period was recorded, voided excreta were collected daily and kept frozen at
—18°C until analyzed. In both experiments, 0.3% Cr,0, was added as a marker to
the diets used in the balance studics.

Experiment I was performed on 80 three-week-old cockerels with an average
initial weight of 671 + 5 g, divided inio 8 groups of ten birds. The cockerels were
housed individually and fed diets based on wheat var. Sigma and rye var. Motto
fortitied with 85 g of mixed fat per kg of diet. Wheat was the only cereal in the
control diet; in the experimental diets, 150, 300 or 450 g of wheat per kilogram of
diet were substituted by rye. Each diet was fed either non-supplemented or
supplemented with 1.5 gfkg of Avizyme Tx enzyme preparation containing 400
units of xylanase, 150 units of fi-glucanase and 5 units of protease per gram,
according to the manufacturer’s specification (Finnfeeds Int.). The composition
of the experimental dicts is given in Table 1. All diets contained an antibiotic
(flavophospholopol, 5 mg/kg diet).

Experiment 2 was performed on 192 two-week-old cockerels with an average
initial weight of 288+ 5 g, divided into 8 groups. The birds were housed in pairs,
12 pairs constituted an experimental group. The cockerels were fed diets based on
rye and wheat mixed in about equal proportions and fortified with 60 g/kg of
added fat (Table 1). The dicts differed only in fat source; soya oil, lard, beef
tallow or soya oil and beef tallow mixed 1:1. All diets contained an antibiotic
(flavophospholipol, 3 mg/kg diet). Each of the fat basal diels was tested with or
without 0.75 g/kg of an cnzyme preparation, Endofeed, containing 2250 units of
pentosanase and 1000 units of f-glucanase per gram, according to the producer’s
specification (GNC Bioferm Inc.). The composition of the experimental diets is
given in Table 1.

Weight gain of cockerels and feed consumption were recorded weekly after
a 4 h fast. During the first week of the experiment the dry matter content and
viscosity of fresh excreta samples were measured. Al the end of the experiment
the chicks were killed by decapitation and dissected. The ileum and jejunum were
ligated, excised, and their content removed. Intestinal content from 2 chicks was
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TABLE 1
Composition of experimental diets, g/kg diet

Experiment 1

land 1E 2 and 2E 3 and 3E 4 and 4E

Component Experiment 2

Rye var. Motto - 150 300 450 300
Wheat var. Sigma 590.5 439.5 288.5 137.5 29225
Sovabeun meal 260 260 260 260 281
Fish’ or meat™ meal 30 30° 30° 30° apm
Fat' 85 85 85 85 60
Mineral-vitamin premix® 27 27 27 27 29
Na(l 3 4 5 6 4
Cr,0, 3 3 3 3 3?
Enzyme? or starch 1.5 1.5 1.5 1.5 0.75
Nutrieni concentration

Crude protein, % 22.32 21.712 21.30 20.52 22,15
Crude fat, % 11.70 11.56 11.36 11.28 8.23

! Experiment 1 — soya oil mixed with lard in proportion 1:1; Experimeni 2 —soya oil or lard ar tallow
or soya ol mixed with tallow n proportion I:1

*supplied per kg of diet: limestone 10 g; dicalcium phosphate 12 g; vit. A 1200 LU; vit. D, 2500 1U; vit.
E 20 mg; vit. K, 2 mg; vit. B, 1,5 mg; vit. B, 6 mg; vit. B, 3 mg: vit. B, 0.02 mg: nicetinic acid 20 mg;
panthothenic acid 12 mg; folic acid 1 mg; biotine 0.1 mg; choline 300 mg; Mn 70 mg; Zn 60 mg; Fe 30
mg; Cu 7.5 mg; } 0.5 mg; Se 0.2 mg; Co 0.3 myg; diclazuni} | mg; flavophospholipol 5 mg; in
Experiment 2 also DL-methionine lg and L-lysine g

*in Experiment 2 Cr,0, was added only during the balance period

*in Experiment 1 Avieyme Tx (Finnfeeds Int.); in Experiment 2 Endofeed (GNC Bioferm Inc.)

pooled, mixed and centrifuged at 10000 x g for 10 min. The viscosity of the
supernatant was immediately measured on a Brookfield digital viscometer,
model DV-1T + LV at 40°C.,

Excreta collected during balance periods in both experiments were homo-
genized, dried in a lorce-draft drying oven at 80°C, finely ground in a laboratory
mill, mixed thoroughly and kept in screw-cap bottles until analyzed. Dry matter,
crude protein (N x 6.25), crude ash were determined in samples of diets and
excreta by standard methods, crude fat by ethyl ether extraction without acid
hydrolysis, faecal N in excreta according to Ekman et al. (1949), gross energy by
Parr adiabatic oxygen bomb calorimeter, chromic oxide was determined
spectrophotometrically following wet ashing according to the procedure desc-
ribed by Hinsberg ct al. (1953).

Crude fat retention values were reported as fat digestibilities, as avian urine
has a very low lipid content which is independent of the dietary concentration of
lipids (Sell and McKirdy, 1963). Apparent metabolizable energy (AME,) of the
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diets was calculated relative to the ratio of Cr,0, to gross energy in food and
droppings and corrected to zero nitrogen balance using 1.96 MJ/g nitrogen
retained (Hill and Anderson, 1958).

Data were subjected to two-way analysis of variance using the Statgraphics
Plus ver. 7 Software.

RESULTS

Substitution of increasing amounts of rve or wheat in diets fortified with
mixed fat but unsuppiemented with enzyme significantly decreased dictary
organic maflter (OMR) retention (P <0.001; r= —0.98), apparent protein (APD)
digestibility (P<0.001; r= —0.99), apparent fat (AFD) digestibility (P <0.001;
r= -0.96) and metabolizable energy value (AME )} of diets (Experiment 1,
Table 2). Birds fed unsupplemented 45% rye dict excreted 25.3% of the dictary
fat undigested, in comparison with 8.5% cxcreted by birds fed the control wheat
diet. Supplementation of the diets with an enzyme preparation had a marked
positive effect on OMR {(P<0.001), APD (P<0.01) and AFD (P<0.001),
however, OMR and fat digestibility in the chicks fed the enzyme-supplemented
45% rye diet were significantly lower than in chicks fed the control wheat diet.
A significant fat x enzyme interaction was observed for OMR, AFD and AME,.
Supplementation with the enzyme did not affect nutrient utilization of the
control wheat diet, and its effect was more pronounced in the diets containing
high rye levels.

The results of Experiment 2 are shown in Tables 3 and 4. Birds fed the diet
containing 30% rye and 6% added tallow grew more slowly, however, statistical
analysis failed to show a significant difference at P=0.05 due to large
between-bird variation. Type of fat did not significantly affect the weight of the
liver, but significantly (P <0.001) negatively affected the feed conversion ratio
(FCR), which was 13% higher on tallow-containing diets than on soya
oil-containing diets. There was no interaction between the effect of fat source and
. enzyme supplementation on BWG and FCR. The fat source did not affect the
DM of excreta, but significantly affected the viscosity of excreta (P < 0.001) and
digesta (P<0.05).

The fat source did not affect APD significantly, but its effect on fat digestion
was highly significant (P<<0.001). As much as 54.5% of dietary lipids were
undigested and excreted on the unsupplemented tallow-containing diet in
comparison with only 24.1% on the unsupplemented soya oil-contatning diet.
This was reflected in significantly lower OMR, metabolizability of energy and
AME,, of the tallow-containing diet.
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TABLE 2
Effect of rye level and enzyme supplementation on organic matter retention (OMR), apparent protein digestibility (APD) and apparent fat
digestibility (AFD)} in %, and AME,, in MJkg DM of the diet containing 8,5% added mixed fat. Experiment 1

Rye level, Enzyme OMR APD AFD AME,, AME, /GE AME,, AME, - AME,,
% of diet -+ % % % MJ/kgDM % MJkg DM MlJ/kg DM
0 - 74.6 85.3 91.5 15.63 74.8 15.63 0
0 + 74.4 86.8 90.6 15.67 74.7 15.63 0.04 (0)*
15 - 70.5 84.9 83.6 1471 70.6 15.22 —0.51 (-3.3)*
15 + 72.7 86.3 91.5 15.09 72.9 15.22 -0.13 (-0.8)*
30 - 69.0 84.1 82.8 14.35 9.0 14.80 -0.45 (- 3.0)*
30 + 73.0 85.7 87.5 15.06 72.6 14,80 0.26 (+1.8)*
45 - 63.3 83.2 74.7 13.16 63.6 14.38 -1.22 (-8.5)*
45 + 70.1 84.1 83.3 14.63 709 14.38 025 (+ 1.7y
Pooled SEM 0.65 0.57 1.10 0.13 0.63
Source of variation Probability
Rye 0.001 0.001 0.00] 0.001 0.001
Enzyme 0.001 0.01 0.001 0.001 0.001
Rye x enzyme 0.001 NS 0.001 0.001 0.001
Rve level Main effect means
0 74.5% 86.0* 91.0* 15.65* 74.7*
15 71.58 85.6M8 87.4% 14,898 7178
30 71.08 84.978 85.1% 14.71° 70.8"
45 66.7C 83.7" 79.0% 13.90° 67.2¢
Enzyme
Unsupplemented 69.4* 84.4° 83.1% 14.474 69.5%
Supplemented 72.58 35.7% 88,18 15.118 72.8"

— AME,, experimentally obtained value; — AME,, predicted value calculated as follows:
AME,_ (M)/kg DM) = 15.63 — a (14.77 - 12.01) ~ where a = level of rye in diet
* in parcntheses % of AME,,
main effect means in column with diflferent superscripts signicantly different at: a, b - P<0.05; A, B, C - P<0.001
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TABLE 3
Body weight gain (BWG) in g, feed conversion ratio (g feed/g BWG), weight of liver (% of BW), DM
of exerela (%), viscosity of exerela and digesta (eP). Experiment 2

Dictary treatment ) Viscosity, cP
BWG, FCR, Liver,  Excrela
Fat source Enzyme g gle % BW DM, % cxcreta  digesta
-+
Sova oil - 730 2.06 2.64 26.4 30.3 498
Lard - 690 2.07 2.67 26.8 130.4 46.2
Tallow - 681 233 2.83 274 287.7 30.7
Mixed fat' - 712 212 2.70 26.2 92.6 41.2
Soya otl + 783 1.76 272 28.2 29.0 16.5
Lard + 804 1.83 2.7 278 30.8 17.9
Tallow + 717 1.93 2.80 26.8 274 20.5
Mixed fat’ + 765 1.81 2.62 293 231 16.4
Pooled SEM 18 0.05 0.18 0.48 27.7 2.7
Source ol variation Probability
Fat NS 0.001 NS NS 0.001 NS
Enzyme 0.001 0.001 NS 0.001 0.001 0.001
Fat x enzyme NS NS NS 0.05 0.01 0.001
Main cffect means
Fat source
Soya oil 755 1.91* 2.68 27.3 4an.84 0.8
Lard : 748 1.95% 2.69 27.3 86.1% 311
Taliow 726 215" 2.82 27.1 172.0° 25.6
Mixed fat' - 734 1.98% 2.66 217 61.7* 28.8
Enzyme
Unsupplemented 703* 2154 2.72 26.7%  140.3° 4134
Supplemented 7838 1.83" 2.7 28.0% 2768 17.8%

I soya oil and tallow in proportion 1:1
main effect means in column with different supcrscripts signicantly different at: a. b — P<0.05;
A, B -P<0.001

Enzyme supplementation rvesulted in a significant increase of BWG
(P<0.001), decrease of FCR {P<0.001), increased DM of excreta (P <£0.001)
and decreased (P <0.001) viscosity of excreta and digesta (P<0.01). A highly
significant (P <0.001) increase in OMR, AFD and APD, AME, values and
metabolizability of energy had been noted for all basal diets. It should be stressed
that the reaction of individual birds to tallow in the diel was variable, the highest
variation in all of the measured and calculaled paramcters was observed in the
group fed the tallow-containing diet. Supplementation with the enzyme prepara-
tion reduced the between-bird variation in the tallow-fed group, as well asin the
remaining groups.

A significant fat x enzyme interaction was observed on DM (P<0.03) of
excreta (enzyme supplementation lowered the DM of droppings in birds fed the
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TABLE 4
Effect of fat source and cnzyme supplementation on organic matter retention (OMR), apparcnt
protein digestibility (APD), and apparent fat {AFD)} digestibility (in %}, and on AME, value (MJ/kg
DM) of the diets condaining 30% of rye and 6% of added fat. Experiment 2

DPictary treatment

OMR APD AFD AME, AME,/GE
Fat source Enzymc % % %o MIkg DM %
-+
Soya oil - 64.5 838 759 13.53 64.9
Lard - 66.4 85.6 66.4 12.86 64.0
Tallow - 60.0 85.2 45.5 12.28 58.8
Mixed fat' - 64.6 86.3 61.7 13.02 64.3
Soya oil + 71.6 85.7 24.8 14.69 71.3
Eard + 69.7 8S.7 77.7 13.80 68.3
Tallow + 69.2 6.1 63.1 13.90 67.6
Mixed fat' + 71.4 86.5 73.9 14.76 70.6
Pooled SEM 1.08 0.39 1.82 0.20 (.99
Source of variation Probahility
Fat 0.003 0.003 0.001 0.001 0.001
Enzyme 0.001 NS 0.001 0.001 0.001
Fat x enzyme NS NS NS NS NS
Main cffcet means
Fat source
Soya oil 68.3" R4.8° R0.6% 14,144 68.34
Lard 68.1" 85,7 72.38 13.36% 66.34F
Tallow 64.4° 85.8%" 54.2¢ 13.03° 63.0%
Mixed fat' 67.8¢ 86.4" 67.4" 13,8448 67.34
Enzyme
Unsupplemenied 63.7 85.4* 61.7 12.88* 62.94
Supplemented 70.48 §6.0° 7498 14278 69.4%

'soya ¢il and tallow in proportion 1:1
main effect means in column with different superscripts signicantly different at: a, b — P<0.05;
A B C-P<0.001

tallow-containing diet, increased the DM of droppings in the remaining groups),
on viscosity (P<0.05) of excreta (the effect was more evident on the tallow- and
lard-containing diets) and on viscosity (P<0.05) of digesta (the effect was
numerically tower on the tallow-containing diet). No significant fat x enzyme
interaction was noted on OMR, APD and AFD or on the AME value of diets.

DISCUSSION

The metabolizable energy value of rye 1s lower (12,00 MJ/kg DM) than of
wheat (14.75 MJ/kg DM), according to the European Table of Energy Values of
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Poultry Feedstuffs (1989). When wheal 1s substituted by rye, considerable
amounts of fat should be added to adjust the energy content of the diet to the
requirement of broiler chickens. However, the results of Experiment 1 (Table 2)
show that such a strategy may not be satisfactory, even if the cost of rye and fat
would be beneficial, because the efficiency of fat utilization in rye-containing
diets is considerably lower. The metabolizable energy value (AME,,) of an
unsuppiemented diet containing 11.5% mixed fat (8.5% added) decrcased
substantially as the rye level increased {Table 2). The AME,, of the unsupplemen-
ted 45% rye-conlaining diet was 16% lower than of the unsupplemented wheat
diet. This is close to the results presented by Friesen et al. (1991) who showed that
substitution of 40% wheat by rye reduced the AME, of the diet by as much as
14.7; 50% rye inclusion by as much as 16.7%.

In the present experiment the AME, values of unsupplemented rye-
containing diets were lower than predicted (calculated according to the AME,
values of wheat and rye laken from the European Table of Energy Values of
Poultry Feedstuffs, 1989), The gap between metabolizable energy predicted and
determined experimentally (AME, — AME ) widened as the rye level increased;
however, when the rye diets were supplemented with an enzyme preparation
containing xylanase and f-glucanase, the AME of the diets increased and the
determined AME,, values were higher than AME (Table 2).

The reduction in AME,, of diets and poorer performance of chickens
accompanying increased dietary inclusion of rye has been reported previously, as
have the benefits of adding xylanase to rye-based diets (Campbell et al., 1983;
Peltersson and Aman, 1988; 1989; Groot Wassink et al., 1989; Pctiersson et al.,
1991; Friesen et al., 1991,1992).

There is a considerable body of evidence that non-starch polysaccharides
(NSP) present in rye and wheat may impair the digestion of nutrients (Antoniou
et al., 1981; Fengler et al., 1988; Choct and Annison, 1992; Friesen et al., 1992).
The chemical structure of NSP of wheat and rye is partly similar (Fincher and
Stone, 1986), however, their physical properties are quite different, the most
pronounced congern gel-forming property and water holding capacity, which are
higher in rye. Most of the antinutritive activities of NSP, which directly affect
bird performance, have been ascribed to viscosity created in the digestive tract by
the soluble NSP fraction (Ward and Marguardt, 1983; Pawlik et al,, 1990;
Pettersson et al., 1991; Bedford and Classen. 1992).

The viscosity of digesta depends on the molecule size and structure of ingested
soluble NSP, as well as on their concentration {Bedford and Classen, 1992;
Annison,1995). The exact mechanism of the antinutritive activity of NSP is still
not well understood. It is suggested that high viscosity slows passage, makes
proper reflux and mixing of digesta more difficult, slows the rate of diffusion of
feed substrates, digestive enzymes and their products and reduces transport of
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nutrients to the mucosal surface. Molecules of NSP in solution can present
charged, weakly hydrophobic and weakly hydrophilic surfaces. They may
associale with surfaces of food particles, ipid mucelles or the glycocalyx surface
of the gut (Johnson, 1992; Annison, 1995).Viscous polysaccharides might also
complex directly with digestive enzymes and reduce their activity (Ikeda and
Kusano, 1983).

In the present study, increasing the rye content of diets cansed a significant
decrease in the digestion of protein and a highly significant decrease in the
digestion of fat {Table 2). It seems that high digesta viscosity affects the complex
process of fat digestion in particular. Ingested fals should first be emulsified in
the prescnce of conjugated bile salts and then subjected to the hydrolytic action
of pancreatic lipase in the presence of colipase and pancreatic phospholipase A.
The products of lipolysis — unsaturated long chain fatty acids, medium chain free
fatty acids, monoglycerides and phosphohpids form mixed micelles with
conjugated bile salts. The hydrophobic cores of these mixed micelles have the
ability to solubilize the long chain saturated fatty acids, diglycerides, fat soluble
vitamins and cholesteryl esters, Micelles are transported to the mucosal surface
and pass through the brush border membrane, leaving bile salts in the gut lumen.
The main site of lipid absorption in fowls is the duodenum and jejunum, bile salts
are absorbed in the jejunum and ileum (Scott at al., 1982; Annison, 1983;
Krogdahl, 1985; Johnson, 1992).

Asthe rye conlent in the dielincreased, Lhe soluble, viscous NSP content in the
digesta also increased, as did the flow of undigested organic matter to the ileum,
which in turn may cause proliferation of detrimental microflora, able to
decomjugate bile aads (Annison, 1995). Binding of bile acids by gel-forming
soluble dietary fibres, as well as excessive bacterial bile acid deconjugation, may
lead in turn to poor fat solubilization, as free bile acids are not active in a micelle
formation (Campbell et al.,1983; Nagengast,1992).

Enzyme preparations containing xylanase and f-glucanase, which were
specifically targeted against cell-wall non-starch polysaccharides (NSP), im-
proved the fat and (o a lesser extent) protein digestibility, retention of organic
maller and metabolizability of energy of the rye-containing diets (Table 2). The
difference between metabolizable energy predicted and obtained experimentally
(AME, - AME,,) diminished (Table 2). In a previous experiment (Smulikows-
ka, 1995) a 9% increase in AME, value of a rye diet due to enzyme
supplementation was accompanied by a 4% increase in protein digestibility and
26% increase in fat digestibility. Also in Pettersson and Aman’s (1989) study, an
8% increase of the AME,, value of a wheat-rye diet due to enzyme supplemen-
lation was accompanied by a 6% increase in protein digestibility and 29%
increase in fat digestibility. Annison (1995) concluded that improvement in the
AME of cereal diets due to enzyme addition should be ascribed to improvement
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in nuirient (starch, protein, tats) digestibility and retention but not due to NSP
itself becoming available to the chicken as a substantial energy source.

The excretion of watery and sticky droppings, observed when rye diets are fed,
results in increased litter moisture (Marquardt et al.,, 1994) and creates
management problems and additional hazards for birds. The supplementation of
rye-hased diets with an enzyme containing xylanase and fS-glucanase was
reported to reduce the occurrence of sticky droppings (Pettersson and Aman,
1989; Pettersson el al., 1991) and water content in excreta (Marquardt et al.,
1994}. The results of this study demonstrate {Table 3) that thc amount of water in
excreta diminished significantly after enzyme supplementation, but was not
aftected by the fat source in the diet,

The viscosity of excreta of birds fed unsupplemented diets depends, however,
on the degree of saturation of the added fat, droppings of birds fed the mixed fat-,
lard-, or tallow-containing diets were 80, 160 and 470% more viscous than of
birds fed the soya oil-containing diet. The presence of substantial amounts of
undigested saturated fats, conmected with viscous NSP may delay the movement
of digesta. Under these conditions, more insoluble NSP may became solubilized
in the last parts of the digestive tract due to the action of bacterial enzymes,
adding to the viscosity and stickiness of excreta. Ddnicke et al., (1993) reported
that in 28-day-old birds fed rye and tallow-containing unsupplemented diets,
viscosity in the jejunum was 100% higher, and in the tleum 240% higher than on
rye and sova oil-containing diets. In the present study, the viscosity of digesta and
excreta after enzyme supplementation diminished significantly and did not
depend on the source of added fat (Table 3). Also Dénicke et al. (1995) showed
that after enzyvme supplemeniation the source of fat in a rve-containing diet had
no effect on viscosity of digesta.

It was proved that both viscosity of excreta as well as presence of substantial
amounts of undigested fat, which have an adverse effect on litter conditions, may
increase the frequency of breast blisters and hock burns in broilers (Cooke and
Raine, 1987). So enzyme supplementation, diminishing this adverse effect of
dicts fortified with animal fat, may have additional beneficial effects on
production.

The substitution of soya oil by lard, mixed fat or tallow in the unsupplemented
diet did not affect protein digestibility, however, fat digestibility decreased by 10,
14 and 30 percentage points, respectively. The supplementation of these diets
with carbohydrases caused, on average, a 21% increase of AFD, the extent of
improvement depends on degree of saturation of the added fat. Fat digestibility
in birds ted enzyme supplemented diets containing soya oil increased by 12%, m
birds fed diets containing tallow by 39% in comparison to the unsupplemented
dicts. The observed increase in AFD and OMR was correlated with better
metabolizability of energy and a higher AME, valtue of the diets (Table 4).
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Tallow, due to the specific arrangement of saturated and unsaturated fatty
acids on the glycerol motety of the triglyceride molecule (a high proportion of
palmitic and stearic acid is distributed throughout positions 1- and 3- of the
triglyceride) is poorly digested and absorbed by poultry (Scott et al., 1982). Both
palmitic and stearic fatty acids are nonpolar and cannot form mixed micelles
spontaneously, but can be solubilized only by mixed micelles formed from
unsaturated fatty acids and conjugated bile salts. Several investigators have
reported that tallow is better absorbed in the presence of vegetable oil, which was
confirmed in the present study. It also seems that the process of tallow digestion
and absorption is particularly susceptible te the disturbances caused by the
presence of viscous NSP in digesta.

Rye diets fortified with tallow have often been used to prove the beneficial
effect of enzyme supplementation on the AME,, value of rye-containing diets
(Fengler and Marquardt, 1988, Friesen et al., 1992; Marquardt et al., 1994}, It
has been also demonstrated that the performance of rye-fed birds was better
when the diet contained unsaturated fats as opposed to saturated fats (Antoniou
and Marquardt, 1982; Ward and Marquardt, 1983). The results of this study, as
well as findings of Didnicke ¢t al. (1995) and Schutte ¢t al. (1993), proved that
degree of saturation of added fat plays a crucial role in the effective utilization of
rye-based diets or poor quality wheat diets by broiler chickens. Partial
solubilization of viscous NSP gels by added enzyme preparations, allowing
betier access of digestive enzymes 1o the substrates and undisturbed process of
mixed micelle formation, may diminish the difference in utilization of diets
containing unsaturated and saturated fats.

CONCLUSIONS

It may be concluded that both the rye level and the degree of saturation of
added fat may greatly affect utilization of nulrienils in rye-conlaining diets.
Supplementation with an enzyme preparation containing xylanase and
B-glucanase is particularly advisable if rye-containing diets are fortified with
animal fat, since it may greatly enhance the retention of fat and organic matter
and metabolizability of energy. This effect is associated with a reduction in the
viscosity of digesta and excreta,
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STRESZCZENIE

Wplyw zyta, rodzaju tuszezu oraz uzupelniania enzymami na wykorzystanie skladnikéw pokarmowych
i energie metaboliczna mieszanck, lepkosc tresei jelit oraz wyniki produkceyjne kurczat brojlerow

Przeprowadzono 2 doswiadczenia na 272 kogutkach brojlerach w celu zbadania wplywu poziomu
#yta, rodzaju dodawanego thuszczu oraz uzupelniania preparatami enzymatycznymi zawicrajacymi
ksylanazgi f-glukanaze na wartosé odzywcezg mieszanck z udziatem zyta i dodatkiem 8,5% (Dosw. 1)
lub 6% (Dosw. 2} ttuszezu,
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W doswiadczeniu 1| zwigkszenie udziatu zyla w mieszance zawierajace] 11,5% Utuszezu surowego
spowodowalo wysoce istoine (P < 0,001} obnizenie pozornej strawnosci biatka ogdlnego (APD),
ttuszczu surowego (AFD) i retencil masy organicznej (OMR) mieszanek. W nastepstwic tego wartosé
energii metabolicznej (AME,) micszanki ¢ zawartosci 45% zyia byla nizsza o §8,5% od obliczonc;.
Uzupelnienie mieszanek preparaiem enzymatycznym spowodowato wysoce istotne (P <0001}
zwickszenie pozornej strawnoéci sktadnikow mieszanek rzawierajacych Zyto. AME, mieszanki
o rawartodci 45% Zyta byla wyzsza o 1,7% od obliczonej.

W doswiadczeniu 2 w mieszance zawierajgcej 30% zyta zastapienie oleju sojowego tuszezami
o zwickszonym udziale nasvconych kwasdow thiszczowych {(smalcem, micszaning oleju sojowego
i toju 1:1 lub lojem) spowodowalo wysoce istotne {P<0,001) obnizenie AFD, istoine (P <0,05)
obnizenie OMR i APD. AME, mieszanki zawierajgcej 16j byta o 1,28 M1/kg SM mniejsza od AME,
mieszanki z olejem sojowym. Kurczeta otrzymujace mieszanke nathuszezang lojem gorzej rosty
izuzyty o 13% wigeej paszy na g przyrostu masy ciata. Stopicn nasycenia dodawanego thiszezu nie
mial wplywu na lepkosc iresci jeliia cienkiego, lecs istotnie zwigkszat lepkosé odchoddw.

Uzupednienie mieszanek preparatem enzymatycznym spowodowalto wysoce istotne (P <0,001)
zmmiejszenie lepkosel tredci jelita cienkiego 1 odchoddw oraz zwigkszenie pozornej strawnosei
sktadnikéw mieszanek i ich energii metabolicznej, co spowadowalo, ¢ kurczeta przyrosty o 10%
wiceey 1 zuzyly o 15% mnic) paszy na g preyrostu niz kurczeta zZywione mieszankami nieuzupel-
nionymi. Roznica miedzy AME, mieszanki nieuzupetnionej i uzupelnionej enzymem byla najwigk-
sza (1,65 MJ/ kg SM) przy nathuszezaniu lojem.

Wryniki obydwoch doswiadcezen wskazwa, ze dodatek preparatow enzymatycznych jest niezbed-
ny przy slosowaniu mieszanek zawierajacych duzo 7yta, zwlaszcza pdy do nathuszezania stosuje sig
nasycone tluszcze zwierzgce.





