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Abstract

A total of 360 pullets at 22 weeks of age from two local strains
(Mandarah and Dokki-4) 180 birds each, were used to study the
effect of dietary Avizyme 1500 supplementation on productive and
physiological performance of two local strains of chickens during
early period of laying under summer conditions. The experiment
continued for 12 weeks from 22 up to 34 weeks of age. The birds
were randomly distributed into six treatments each of two
replicates (fifteen of each strain). Two corn-Soybean basal diets
formulated to provide normal ME (2,890 cal/kg) or low ME (2,805
keal/kg) were combined with or without three levels of Avizyme
1500 supplementation (0,1 and 2 g/kg diet).The experimental
treatments were in 2(Stains) x 2 (ME levels) x 3 (Avizyme 1500
levels) factorial design.

- Egg production, egg quality, plasma Ca, P, cholesterol, total
protein, albumin and globulin were studied. The results indicated
that:

Enzyme supplementation had a significant positive effect on
feed conversion and body weight gain. Henéfecl,z,sgo keal/kg diets
supplemented with Avizyme 1500 (L or 2 g/kg of diet) Gave higher
bedy weight gain (BWG) and significantiy improved feed conversion
(FC) as compared with the hens fed 2,890 or 2,805 kecal/kg diets
without enzyme supplementation.

- Enzyme supplementation significantly affected egg
production (EP) in each strain. Mandarah hens laid eggs of greater
weight when fed normal ME diets compared with eggs from the
Dokki-4, which were heavier from hens on the low ME diet. Hens
fed 2,890 kcal/kg diets diets supplemented with Avizyme 1500 (1
or 2 gfkg of diet), showed significant (P< 0.05) increase in egg
weight, egg mass and an improvement in some egg quality
parameters in Mandarah strain compared to Dokki-4 strain.
However, hens fed 2,890 kcal/kg diets performed better than those
fed 2,805 keal/kg diets for egg production and feed conversion.®

- Enzyme supplementation had a significant positive effect on
nitrogen, calcium and phosphorus retention but no effect was
obtained on AME or digesta viscosity.

- Hens of the two strains, fed 2,890 kcal/kg diets
supplemented with Avizyme 1500 (1 or 2 g/kg of diet), showed an
increase in plasma calcium, phosphorus, total protein, albumin and
globulin, but there was a decrease in plasma cholesterol as
compared with other groups. .

- In conclusion, Mandarah and Dokki-4 laying hens fed low ME
diet, whether supplemented or not with Avizyme 1500 performed
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less efficiency for egg production and feed conversion than those
fed the 2,890 kcal/kg diets supplemented with Avizyme
1500.Additionally, it would appear that Mandarah laying hens had
better performance than Dokki-4 laying hens irrespective to energy
or enzyme levels.

INTRODUCTION

High environmental temperature during summer season in Egypt caused highly
detrimental effect on broiler production. Feed consumption, growth rate, mortality and
other economic traits governing the prosperity of the industry are adversely affected
by high ambient temperature. Other consequence of high environmental temperature
is its effects on the development of a specific immune response in the chicken.

Leeson and Summers (1976) reported that, a very high moisture content of a
corn harvest, which necessitated high temperature and retention drying conditions,
reduced ME value of corn by as much as 3% compared to the expected value. More
recently, corn variability and feeding value have been a subject of research focus for a
number of scientific groups. Although the majority of the data suggest that an average
improvement in nutrient utilization of 3 — 5% can be obtained with Avizyme 1500, the
individual responses to addition of the product may be variable. A possible reason for
this effect may be in the feeding value variability of corn/sorghum and soybean meal.
However, other factors such as the microbial proliferation in the gut, which affects
birds performance might also play an important role.

Soybean meal is known for its value as a protein source in poultry diets, but can
have a high degree of variability in its nutritional content. This ‘variability is found not
only in the protein and amino acid composition but also arhong the antinutritional
factors such as trypsin inhibitors and lectins. Several attempts have been made to
increase the nutritional value of soybean meal by adding protease and carbohydrates,
either before or after processing. There are 2 main approaches when considering
incorporation of enzymes into corn-soybean meal type poultry rations. The simplest is
“over the top” addition to an existing formulation to achieve economic improvements
in layer performance. The second approach is to change the feed formulation to
reduce the nutrient content of feed “specified down”, and then add enzymes to
restore the nutritional value of the feed.

The development of Avizyme 1500 (a commercial preparation enzymes) has
been continued since its introduction in 1998 as the first enzyme product specifically
intended for use in corn/sorghum soy-based poultry diets.

Zanella et al. (1999) reported that enzyme (AVI 1500) supplementation to corn/soy
diet produced significant improvement (1.9%) in body weight (BW) and 2.2%
improvement in feed conversion (FC), On the other hand, Ali et al. (2006) indicated
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that feeding hens on Wheat Bran-diet supplemented With 0.1 % Avizyme 1500 (AVI)
improved egg number, egg mass, feed conversion and improved hatchability
percentage compared to the birds fed the control diet.

The objective of the present study was conducted to investigate the effects of
Avizyme 1500 supplementation in corn-soybean meal rations formulated two ME levels
(over top) using 2 local strains. Parameters studied were hen performance, egg
components, and nutrient retention.

MATERIALS AND METHODS

The experimental work of the present study was carried out at Sakha Poultry
Breeding Research Station, Animal Production Research Institute, Agricultural
Research Center, Ministry of Agriculture, Kafr El-Shiekh Governorate. The experimental
period was 12 weeks from 22 up to 34 weeks of age. This work was carried out during
summer season (from June to September).The average ambient temperature ranged
from 30 -38°C, whereas relative humidity ranged between 50 and 65 %. A total of 360
Mandarah and Dokki-4 laying hens were used in this study,180 hens of each strain
were divided equally into six treatments each of two replicates (fifteen birds each).
Two corn-soybean meal basal were formulated, one to provide a normal level of ME
(2,890kcal/kg) and the other with a low ME (2,805 kcal/kg). Each ration was
supplemented with three levels of Avizyme 1500 (0,1 and 2 g/ kg diet).Avizyme 1500
is a multi-enzyme preparation containing amylase 400, xylanase 300, protease 4000
U/g .The experimental diets were formulated to meet National Research Council
(1994) nutrient requirements of laying hens, for phase I the low ME diets were
formulated to provide an energy content 3% the NRC recommendations (Table 1).
Diets were formulated to be iso nitrogenous and equal in essential amino acids,
calcium, and available phosphorus. The experimental treatments were as follows.

- Treatment 1: normal ME diet (2,890 kcal/kg).

- Treatment 2: low ME diet (2,805 kcal/kg ).

- Treatment 3: T1 with Avizyme 1500 (1g/ kg diet).
- Treatment 4: T1 with Avizyme 1500 (2g/kgdiet).

- Treatment 5: T2 with Avizyme 1500 (1g/ kg diet).
- Treatment 6: T2 with Avizyme 1500 (2 g/ kg diet).

Hens of both strains were taken and housed in open system floor pens and
submitted to the same managerial conditions throughout the experimental period.
Feed and water were supplied ad-/ibitum to the hens weighted at 22 weeks of age and
at the end of the experiment (34 wks of age).
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Productive performance and egg production traits

Productive performance was recorded at the beginning (22 wks of age) and at
the end of the experiment (34 wks of age) measuring live bady weight (BW), feed

. intake (FI), feed conversion (FC), egg production (EP), egg weight (EW) and egg mass

(EM). At 34 weeks of age, 120 eggs (20 eggs per treatment) randomly were taken to
measure shell thickness, yolk , albumen percent and Haugh units.
Digesta Viscosity and Nutrient Digestibility

At 28 wk of age, hens of all groups were fed chromium oxide (0.03%) marked
feed for 5 d, and on the fifth day approximately 400 g of clean excreta (free of feed
and visible feather contaminants) was collected from each treatment groups to
determine nutrient digestibility (calcium, phosphorus and nitrogen) agpcording to
(AOAC, 1994). Analysis for gross energy was by Parr adiabatic oxygen bomb
calorimeter and the energy (AME) values were determined using the following
equation: AME (kcal/kg of diet) = gross energy (GE) of diet — [GE excreta/digest x
(marker diet/marker excreta/digest)]. One hen from each treatment was euthanized
by cervical dislocation, the intestinal tract was removed, and the contents of the tract
from Meckel's diverticulum to the ileal-cecal-colonic junction were collected to
determine digest supernatant viscosity. Approximately 1.5 g of homogenized digsta
sample were collected, immediately placed in centrifuge at 12,700 x g for 5 min for
determination of viscosity. Viscosity was directly measured on 0.5 mL of supernatant
using a Brookfield viscometer, viscosity was expressed in centipoise units (cP).
Blood plasma metabolites

At the end of the experimenf;gl period, six hens per treatment (3 per replicate)
were randomly taken and blood samples (3 ml from wing vein) were collected in a
sterile heparinized centrifuge tubes. Blood pH was determined by pH meter
equipment. The samples were then centrifuged for 10 minutes at 3000 r.p.m and
plasma was separated. Plasma content of ca[c‘iu'rn, phosphorus, total pfotein, albumin
and globulin were determined using the suitable commercial kits according to the
recommendations of the manufacturer. '
Statistical analysis

Data. were subjected to Analysis of variance using SAS (1986), for a randomized
complete block design witha 2 x 2 % 3 factorial arrangement of treatments. The data
were tested for main effects of dietary ME, hen strain, and enzyme supplementation
and for interaction effects.
The following statistical model was used
Yijknl = M + Rl + @i + Bj + vk + (aB)ij + (ay)ik
+ (By)ik + (ay)ijk + eijk!
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where, Yijknl = variable measured, M = overall mean, Rl = Block, d = effect of
dietary ME, Bj = effect of strain, yk = effect of enzyme, (aB)ij = interaction between '
dietary ME and strain, ayik = interaction component for dietary ME and enzyme, (By)jk
= interaction component for strain and enzyme, (afy)ijk = interaction

component for dietary ME, strain, and enzyme, gjknl = random component

RESULTS AND DISCUSSION

Productive performance

Results in Table 2 show that the strain of hen was the only factor to significantly
affect feed intake (FI), with the Dokki-4 consuming 2.9 g more feed per day than the
Mandarah (P < 0.05). The findings in this study support the common theory that
hens respond to a low ME diet with increased consumption to meet their energy needs
(Babcock, 1. S. A. Division of ISA Breeds 2002). The normal ME diet (Table 2)
improved feed conversion from {from 4.15 to 3.52) compared with the reduced ME
ration. The birds fed ME (2,890 kealfkg) diet, followed by ME 2,805 kcal/kg diet
supplemented with Avizyme 1500 had a significant increase on body gain (BWG) and
best feed conversion (FC) compared with those fed control diets throughout the entire
experimental period. Hens of Mandarah strain showed significantly (P< 0.05) higher
BWG and feed conversion (FC) than those of Dokki-4 strain. These differences in BW
between the two strains may be due to the genetic differences. Treatments had
significant (P< 0.05) increase on BW, since BW in all treatments was improved in the
two strains compared with the control groups. Also, the values of BWG and FC were
improved in all birds fed normal ME (2,899 keal/kg) diet supplemented with Avizyme
iSOG at a level of 2g/kg compared with the birds fed low-ME (2,805 kcalfkg) diet
supplemented with Avizyme 1500 at a level of 1g/kg diet and control groups for both
strains, There was significant (P< 0.05) effects of dietary supplementation with
Avizyme 1500 on feed intake (FI), feed conversion (FC), body gain (BWG) between
the birds %ed high level of Avizyme 1500 (2g/kg of diet) which had higher (BWG) and
(FC) compared to control birds.

These results agreed with the findings of Jamroz et a/. (1992) who reported that
Avizyme 1500 enzyme addition improved body weight gain and feed conversion.
Egg production

Data presented in Table 3 show that egg production (EP), egg weight (EW) and
egg mass % were significantly (P< 0.05) affected by dietary.ME level. ~Mandarah
strain had a higher production rate of 51.4 % compared with 47.4 % for the Dokki-4
strain (P< 0.05). Hens fed normal ME diet achieved significantly (P< 0.05) greater
egg weight, egg mass and egg production % than those fed diets with low-ME. The
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average of egg production (%) for birds fed the narmal ME diet during the entire
experimental period was 50.3%. It was higher by about 3% than that attained by
those fed the low ME diet. Avizyme 1500 had significant (P< 0.05) effects on egg
production and egg mass compared to unsupplemented diets during the whole
experimental period. As for the whole experimental period, using Avizyme 1500 gave
higher egg production traits specially Mandarah strain with using the normal ME
(2,890 keal/kg) diet compared with other treatments. Egg production % was
significantly (P< 0.05) affected by enzyme supplementation with advantage over.the
control during the entire experimental period. Hens fed normal ME (2,890 kcalfkg) diet
supplemented with Avizyme 1500 (2g /Kg) had an average egg production of 57.2 %
compared to 48.2% for control birds. The obtained results agree with the findings of
Sohail et af. (2003) and Scheideler et a/. (2005) showed improved FI, egg production,
and egg mass, especially among varying laying hen strains.

Besides, A 3-way interaction of strain x dietary ME x enzyme showed significant
{P<D.015) effect on egg weight , egg mass and egg production %. Hens fed normal ME
(2,890 keal/kg) with or without supplements of Avizyme 1500 significantly surpassed
those fed the low ME (2,805 keal/kg) diet in egg weight, egg mass and egg production
%.Even though the beneficial effect of these dietary supplements was more
pronounced on the performance of hens fed the low ME, they still performed
significantly less than their counterparts fed the normal ME as shown in Table 3.

Egg quality

Data presented in Table 4 show significant differences between treatments in
some egg quality parameters. Percentages of egg albumen differed significantly
among the various diets or strains (Table 4).Yolk percentage increased in eggs from
hens fed the normal ME compared with reduced ME diet (29.2 vs. 27.2, P< 0.05).
Percentage yolk was also affected by strain of hen, being greater in eggs from the
Mandarah (28.9) vs. Dokki-4 eggs (27.5) (P< 0.05). Shell percentage showed a
significant strain x ME x enzyme interaction at P< 0.05 (Table 4).Using dietary
supplementation with Avizyme 1500 at a level of (lor 2g /kg diet) in the diets of
Mandarah and Dokki-4 laying hens significantly increased yolk index %, shell thickness
and Haugh unit (Table 4). However, the egg quality parameters did not differ in the
control groups of the two strains. Also, the results in Table 4 show that there were
significant (P<0.05) differences in quality traits of eggs due to the effects of dietary
supplementation with Avizyme 1500. Eggs from Mandarah hens had a higher Héugh
unit compared with eggs from Dokki-4 hens (72.7 vs. 69.3, P< 0.05). A strain x ME
interaction showed a significant (P< 0.05) effect on Haugh units with Mandarah eggs
having greater values when laid by hens fed the normal ME ration. Hens fed normal
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ME (2,890 kcal/kg) diet supplemented with Avizyme 1500 (2g /kg) achieved greater
egg quality parameters than those fed the same diet supplemented with (1g/kg) of
Avizyme or those fed control diets. Several investigators reported a beneficial effect of
dietary supplementation with Avizyme on egg shell quality (Graham and Aman 1991).
Digesta viscosity and nutrient digestibility ’

Results in Table (5) show that enzyme supplementation had a significant
positive effect on nitrogen retention (P < 0.05) with an increase of nearly 4%. Cone ef
al. (1994) suggested that xylanase treatment improves nitrogen solubility in soybean
meal by causing cell-wall degradation, leading to release proteins, as well as by some
proteolytic activity in the crude enzyme preparation. Energy level of the diet (ME) had
a significant effect on nitrogen retention, normal ME diets showed better
protein use than reduced ME diets (53.8 vs.48.6%). Excreta calcium retention was
significantly (P< 0.05) affected by enzyme supplementation, which increased from
29.8 to 37.5% with enzyme supplementation (Table 5). Strain and dietary ME had
were effect on calcium and phosphorus retention. Wyatt (1992) postulated that cell
wall disruption and the release of cell-bound nutrients might be the mechanism of
improvement in digestibility values associated with addition of feed enzymes. An
enzyme x ME interaction was also significant (P< 0.05), and hens on the
unsupplemented normal ME diet showed higher levels of phosphorus retention
compared with hens on the reduced ME diets. Hens fed normal ME (2,890 kcal/kg)
diet supplemented with high-Avizyme 1500 (2g /kg) achieved higher levels of
nitrogen, calcium and phosphorus retention than those fed the same diet
supplemented with (1g/kg) of Avizyme or those fed control diets. Dietary energy levels
had the anly significant effect on AME (Table 5), AME was higher for hens fed the
normal ME diet than for those on the reduced ME diet (4.36 vs. 3.43, P< 0.05).
Enzyme supplementation did not improve AME in excreta or ileum, contrary to the
results found for mature roosters by Rotter ef a/ (1990). Gut viscosity measurements
did not show any differences among the various diets or strains (Table 5). The
findings of the present study are in agreement with those of Marsman ef al. {1997),
who reported that chime viscosity was not altered by addition of enzymes (protease
and carbohydrase) to soybean meal.

Plasma parameters

The data in Table 6 show that Mandarah and Dokki-4 laying hens fed normal ME
(2,890 keal/kg) diet supplemented with Avizyme 1500 at a level of 1 or 2g/kg diet had
significantly increased plasma calcium, phosphorus, total protein, albumin, globulin
and decreased plasma cholesterol compared to those fed the low ME (2,805 kcal/kg)
diet or control group at the end of the experimental period. In this connection, EL-
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Husseiny et al. (1994) cleared that harmful effect on total protein was observed by
feeding laying hens on radicel. Hens fed normal ME (2,890 kcal/kg) diet supplemented
with high-Avizyme 1500 (2g/kg) increased plasma total protein, albumin, and globulin,
while plasma cholesterol was decreased, than those fed the same diet supplemented
with 1g/kg of Avizyme or those fed control diets (Shakmak, S., 2003).

In conclusion, the present study indicated that the strain of hen had the most
significant effect on EP parameters, with the Mandarah hens consuming lower feed
but larger eggs than the Dokki-4 hens. Strain affected ﬂhen response to ME level of the
diet and enzyme supplementation. Enzyme supplementation improved apparent
nutrient nitrogen, protein, calcium and phosphorus retention. It is worthy to note that
using Avizyme 1500 (1g /kg) of diets improved the productive performance and
physiological response compared with control group, but with lower degree of success
than the high level- Avizyme 1500 (2g /kg). Such improvement was more pronounced
on Mandarah laying hens than Dokki4 laying hens under the conditions of the present
study. 3
Table 1. Composition and calculated analysis of the basal diet.

- Normal ME
Ingredients (Control) Reduced ME
Yellow corn 56.7 58.1
Soybean meal 44% 27.7 276
Tallow 34 3.0
Corn oil 1.0 -
Di-caldum phosphate 1.8 1.9
Limestone 7.2 7.2
Oyster shell 1.5 15
Salt (NaCl) 0.34 0.39
DL-Methionine 0.11 0.11
Trace minerals 0.1 0.1
Vitamin premix? 0.05 0.05
Total 100.00 100.00
Calculated analysis: ’
ME (Kcal / Kg) 2890 2805
Crude protein% 17.0 17.0
Calcium, % . 3.8 3.8
Available P., % 0.44 0.44
Lysine, % 0.90 0.95
Total sulfur amino acids, % 0.66 0.66

1Trace mineral premix provided per kilogram of diet: Mn, 88 mg, Cu, 6.6 mg, Zn, 88 mg, Se,
0.30 mg.

2Vitamin premix provided per kilogram of diet: vitamin A, 6,600 IU, cholecalciferol, 2,805 1U,
vitamin E, 10 IU, vitamin

K, 2.0 mg, riboflavin, 4.4 mg, pantothenic acid, 6.6 mg, niacin 24.2 mg, choline, 110 mg,
vitamin B12, 8.8 mg, ethoxyquin,1.1 mg.
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Table 2. Effect of dietary treatments on feed intake, egg production, feed conversion,

and body weight gain .

Diet
e Feed intake Feed conversion body
weight gain
ME Enzyme (9)!
Strain and diet (g/d) (feed/g egg) @
Mandarah (M
1 2890 0 95.6 4.05 210.2
2 2890 1 98.5 317 225.6
3 2890 2 94.8 2.89 2414
4 2805 0 97.9 5.32 187.1
5 2805 1 94.2 3.64 198.5
6 2805 2 96.7 3.56 206.7
Dokki-4 (D-4)
1 2890 0 101.2 4.39 178.6
2 2890 1 103.3 3.50 185.4
3 2890 2 97.4 3.15 1928
4 2805 0 99.5 6.10 165.2
5 2805 1 96.1 3.79 170.3
6 2805 2 98.2 346 182.3
+SEM 0.87 0.03 16.23
Diet average
1 2890 0 98.4 2.24 194.4
= R 2890 1 9.1 2.09 2055
3 2890 2 95.2 196 2171
4 2805 0 100.9 242 176.2
5 2805 1 98.7 221 181.4
6 2805 2 97.5 2.10 194.5
Strain average
M 96.3 3.61 211.6
D-4 99.4 4.10 179.1
ME average
2890 96.6 3.52 205.7
2805 99.1 4.15 185.0
Enzyme average
0 99.6 4.96 185.3
1g 914 3.52 | 194.9
29 96.3 3.00 205.8
Statistical
probabilities
Main effects
St]am Kk >k *k
ME *k *% *k
@E mg *k *k *k
Interaction effects
ME x enzyme NS NS NS
Strain xME NS NS NS
. Strain xenzyme NS NS NS
Strain xME xenzyme NS NS NS

1Avizyme 1500, Finnfeeds International, Marlborough, England.
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Table 3. Effect of dietary treatments on egg production, egg weight and egg mass.

Diet
e Egg production Egg weight Egg mass
ME Enzyme (g)
Strain and  diet (%) {a) (g hen/g feed)
Mandarah (M
1 2890 0 48.3 50.5 26.2
2 2890 1 52.6 528 3L3
3 2890 2 57.2 56.3 34.6
4 2805 0 4.7 48.8 21.5
5 2805 1 50.2 49.2 275
6 2805 2 54.5 52.2 30.2
Dokki-4 (D-4)
1 2890 0 45.1 47.3 23.7
2 2890 1 47.4 49.7 28.8
3 2890 2 51.3 51.9 305
4 2805 0 43.8 45.1 18.2
5 2805 1 46.5 46.2 26.2
6 2805 2 50.2 50.6 273
+SEM 0.73 0.63 0.82
Diet average
1 2890 0 46.7 489 24.9
2 2890 1 50.0 50.9 30.1
3 2890 2 57.6 54.1 328
4 2805 0 44.5 46.9 19.8
5 2805 1 50.2 50.1 268
6 2805 2 53.9 50.2 28.7
Strain average
M 51.4 517 28.6
D-4 474 48.5 25.8
ME average
2890 503 51.3 29.0
2805 48.3 48.3 25.3
Enzyme average
0 45.5 47.9 224
1g 49.2 49.5 28.2
29 53.6 52.7 30.9
Statistical probabilities
Main effects
Sham *% *k *k
ME *%k *% *k
Enzyme *% *h *E
Interaction effects
ME x enzyme NS NS NS
Strain xME NS NS NS
Strain xenzyme . NS s NS
Strain xME xenzyme b NS ok

1Avizyme 1500, Finnfeeds International, Marlborough, England.
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Table 4. Effect of dietary treatments on egg quality.
Diet
= Albumen  Yolk Shell Yolkindex  Shell  Haugh unit
ME Enzyme (g)
Strain and _diet (%) (%) (%) (%) thickness(mm) (%)
Mandarah (M
1 2890 0 53.4 26.2 8.41 43.4 0.40 71.6
2 2890 1 58.8 318 8,58 46.5 0.42 73.1
3 - 2890 2 623 324 B.97 49.5 0.44 75.3
4 2805 0 51.2 25.7 8.29 427 035 69.8
5 2805 1 54.1 28.1 8.52 44.3 0.37 72.4
6 2805 2 56.3 29.7 8.60 45.8 0.39 739
Dokki-4 (D-4)
1 2890 0 529 26.3 8.59 42.5 0.36 67.4
2 2890 1 55.7 28.9 8.65 454 0.39 707 7
3 2890 2 56.2 30.2 8.92 46.2 0.40 723
4 2805 0 50.1 25.1 8.21 41.1 0.31 66.5
5 2805 1 53.5 27.1 8.49 43.2 0.35 68.8
6 2805 2 54.6 27.5 8.51 44.5 0.36 69.9
+SEM 0.78 0.44 0.18 0.63 1.23 141
Diet average 2890 0
1 2890 1 53.2 26.3 8.5 429 0.38 69.5
2 2890 2 57.2 30.2 8.7 459 0.40 71.9
3 2805 ] 59.4 31.3 8.9 47.8 0.42 738 .
4 2805 1 50.7 25.4 8.2 41.9 0.33 68.1
5 2805 2 53.8 27.8 8.5 43.7 0.36 70.6
6 55.6 28.6 8.6 45.1 0.38 71.5
Strain average
M 56.1 289 8.6 45.4 0.39 72.7
D-4 53.9 27.5 8.6 43.8 0.36 69.3
ME average
2890 56.4 29.2 8.7 45.6 0.40 71.7
2805 535 27.2 8.4 43.6 0.35 70.2
Enzyme average
0 51.9 25.6 8.4 424 0.35 68.8
1ig 55.2 29.0 8.6 44.8 0.38 713
29 57.7 30.1 8.7 46.5 0.40 729
Statistical
probabilities
Maln eﬁeds *k *% *¥ *k EEd *%
Shain 0k *% *k ok *k *k
ME *k *% *k *k *k *%
Enzyme
Interaction
Eﬁects *% Ns NS *% *H Ns
ME X enzy[ne *k NS *% Ns ** el
Strain xME *k *ox NS #k sok NS
Strain xenzyme dok *k ke *k ok *k
Strain xME
Xenzyme

1Avizyme 1500, Finnfeeds International, Marlborouagh, Fnaland
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Table 5. Effect of dietary treatments on digest viscosity and nutrient digestabiltiy.

Diet
----- — Nitrogen Ca Ph AME Viscosity
ME  Enzyme (g)’
Strain and _diet - (%) (%) (%) (keal/kg) (cP)
Mandarah (M
1 2890 0 53.7 383 26.2 4.23 231
2 2890 1 54.2 43.6 283 442 243
3 2890 2 56.2 46.8 31.7 4.61 2,68
4 2805 0 47.6 254 19.8 3.19 2,52
5 2805 1 50.4 29.7 20.2 3.56 2,21
6 2805 2 51.2 322 244 361 2.46
Dokki-4 {D-4)
1 2890 0 51.2 321 229 4.11 2.21
2 2890 1 529 38.9 246 331 245
3 2890 2 54.6 41.2 27.3 4.49 2.51
4 2805 0 438 235 17.5 3.22 2.30
5 2805 1 48.1 26.7 19.4 345 2.29
6 2805 2 50.4 298 21.8 3.56 2.28
+SEM 1.13 3.69 2.36 24.52 0.35
Diet average 2890 0
1 2890 1 524 35.2 24.5 4.22 2,26
2 2890 2 53.6 41.1 264 4.40 244
3 2805 0 554 44.0 294 4.60 2.59
4 2805 1 45.7 24.5 18.6 3.20 241
5 2805 2 49.2 28.2 19.8 3.50 225
6 . 50.8 31.0 23.1 3.60 2.37
Strain avera
M 52.2 36.0 25.1 3.93 244
D4 50.2 320 222 3.85 234
_ME average
2890 538 40.1 26.6 4.36 243
2805 48.6 278 20.5 3.43 2.34
Enzyme average = . v
0 49.1 29.8 21.6 3.68 0.35
1g 514 347 231 3.93 0.38
29 53.1 37.5 263 4.10 0.40
Statistical
probabilities
1 Main effects-
_.Strain hid * * NS NS
ME ** *x ok *% NS
Enzyme ' *k *x *x *x ok
Interaction effects
ME x enzyme e ** *% NS NS
Strain XME NS NS % NS NS
Strain xenzyme "I ns ok NS NS NS
Strain XxME xenzyme NS i NS NS NS

1Avizyme 1500, Finnfeeds International, Marlborough; England.
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Table 6. Effect of dietary treatments on some plasma parameters.
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1Avizyme 1500, Finnfeeds International, Marlborough, England.

Diet
———— Calcium Phosphorus  Cholesterol ~ Total protein Albumin Globulin
ME  Enzyme (9)' C
Strain and_diet (mg/dl) (mg/dl) (mg/dl) df) (g/dD) (g/di)
Mandarah (M
1 2890 0 12.61 6.34 145.2 6.11 233 3.79
2 2890 1 15.32 7.41 112.9 7.59 3.74 3.85
3 2890 2 17.27 9.36 98.5 8.34 4.16 4.18
4 2805 0 9.43 3.25 173.5 4.21 181 240
5 2805 1 10.51 4.26 i34.4 563 229 3.3¢4
6 2805 2 11.49 5.32 115.6 6.71 3.15 3.56
Dokki-4 (D-4) *
1 2890 0 11.56 5.30 153.1 5.83 234 3.41
2 2890 1 12.28 6.31 124.4 6.12 3.01 312
3 2890 2 14.26 7.33 115.5 7.32 373 3.59
4 2805 0 7.13 3.18 1715 4.31 1.98 233
5 2805 1 9.14 3.51 142.8 4.89 211 271
6 2805 2 10.16 4.30 123.4 6.23 271 3.52
+SEM
Diet average
1 2890 0 12.15 5.82 149.2 5.97 2.29 3.60
2 2890 1 13.80 6.86 118.2 6.86 3.36 3.49
3 2890 2 15.87 8.35 107.0 7.83 3.95 3.89
4 2805 0 8.28 3.22 172.5 4.26 1.89 237
5 2805 1 9.85 3.89 138.5 5.26 220 3.03
6 2805 2| 1226 4.81 119.5 6.47 2,93 3.54
Strain average
M 12.76 5.94 130.1 6.43 291 3.52
D4 10.79 3.98 138.5 5.77 2.65 3.11
ME average
2890 13.92 6.84 1250 6.88 321 3.67
2805 9.64 4.94 143.5 5.31 2.34 2.97
Enzyme average
0 10.16 4.61 160.8 5.12 211 2.98
1g 11.81 5.37 128.6 6.00 2.79 3.25
29 13.93 6.57 113.4 7.15 3.44 371
Statistical "
probabilities
Main effects
Strain hid o NS o NS NS
ME *% *% *¥ *% *% *¥
EM *x *% *% *¥ *% %
Interaction effects
ME x enzyme % NS NS NS NS NS
Strain xME NS NS NS NS NS NS
Straln xenzyme NS NS NS NS NS NS
Strain XME xel NS NS e NS NS NS
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