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SUMMARY

Four similar experiments were conducted with four feed ingredients, mung beans,
sorghum, rice bran and wheat bran. Each experiment was carried out to evaluate the
bioavailability of amino acids of each feed ingredients understudy. Apparent amino
acid availability (AAAA) and true amino acid availability (TAAA) were evaluated
either under thermoneutral (24 °C) or cyclic heat stress (8 hrs at 38 °C and 16 hrs at
24 °C) without or with enzyme supplementation (optizyme at level of 300 mg/kg or
phytase at level of 1500 FTU/kg feed). Forty sixteen month old mature Dandarawi
roosters divided into eight groups of five birds each were used in these experiments.
Force feeding was applied for determining AAAA and TAAA. The results showed
that:

1- The effect of heat stress at 38 °C on apparent and true availability of amino acids
differed according to the feedstuff under study and to the amino acid itself.

2- The impact of enzyme supplementation on amino acids availability tended to be
positive in general.

3- The interaction between thermoneutral conditions and optizyme supplementation
significantly (P<0.05) increased both AAAA and TAAA values in sorghum, rice
bran and wheat bran. Also, phytase supplementation had a similar effect in case
of mung beans. Moreover, enzyme supplementation (optizyme or phytase) under
heat stress significantly increased the values of the overall mean of AAAA and
TAAA of all amino acids of the four feedstuffs under study. The effect of optizyme
was more pronounced than that of phytase.
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INTRODUCTION

Several studies revealed that heat stress has negative effects on poultry
performance. In experiments with laying hens, high constant or cyclic temperature
led to a reduction in egg production and egg quality (Marsden et al., 1987 and Peguri
and Coon, 1991). In broilers, high environmental temperature decreased growth rate
(Howlider and Rose, 1987); weight gain (Cahaner et al, 1993) and feed intake
(Cooper and Washburn, 1998 and Veldkampal ef al., 2000).

Zuprizal et al. (1993) found that true digestibility of amino acids of raw rapeseed
and soybean meal was decreased as the ambient temperature increased from 21 °C to
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32 °C. A 12% reduction in true digestibility of protein value was observed with the
rapeseed meal whereas the reduction was only 5 % with the soybean meal.

Makled et al. (2000) found that cyclic and consistant heat stress depressed
digestibility of amino acids and the depression was higher in wheat bran compared to
corn, soybean meal and sorghum.

On the other hand, Koelkebeck ez al. (1998) found that heat stress generally had
no significant effect on amino acid digestibility except for histidine and lysine
digestibility which was higher during heat stress period compared to the initial
thermoneutral period. So in their study, heat stress showed no adverse effect on
dietary amino acid digestibility in laying hens.

Phytase supplementation improved nitrogen retention in laying hens (Van der
Kils and Versteegh, 1991) and in broiler chickens (Farrell ez al., 1993). The addition
of phytase at level of 900 FTU/kg feed exerted a positive effect on the apparent ileal
digestibility of crude protein as well as lysine, tryptophan, isoleucine and threonine
(Kemme et al., 1995). Attia et al. (2001) reported that amino acids availability were
improved when phytase was added at 1000 FTU /kg feed. The magnitude of
improvement is the highest in corn followed in a descending order by rice polishing
and soybean meal. Wu et al. (2003) found that the use of phytase was beneficial in
increasing nutrient digestibility of wheat for broilers. Ravindran et al. (1999) reported
that improvements in ileal amino acid digestibility generated by phytase were
markedly greater in wheat than maize. Wu et al. (2004) reported that the addition of
microbial phytase was effective in improving the performance of broiler chickens fed
on wheat-based diets. Also, they found that improved performance with enzyme
supplementation was associated with reduced digesta and reduced relative weight and
length of small intestine.

On the other hand, Peter and Baker (2001) concluded that dietary addition of
phytase didn’t improve sulfur amino acid utilization in soybean meal.

Veldkamp et al. (2000) studied the effects of interaction between ambient
temperature and supplementation of synthetic amino acid on performance of
commercial male turkeys. They found that the production performance did not
respond positively to extra supplementation of lysine, methionine and threonine when
subjected to heat stress.

The aim of the present study was to determine the impact of enzyme
supplementation in a single form (phytase) or a mixture form (optizyme) under
thermoneutral or heat stress conditions on amino acids bioavalability of mung beans,
sorghum, rice bran and wheat bran.

MATERIALS AND METHODS

1. Birds and management

This study was carried out at the Poultry Research Farm, Faculty of Agriculture,
Assiut University, Assiut, Egypt. Four similar experiments were conducted with four
feed ingredients: mung beans, sorghum, rice bran and wheat bran. Each experiment
was carried out to evaluate the bioavailablity of amino acids (apparent amino acid
availability, AAAA and true amino acids availability, TAAA) of each one of the feed
ingredients under study either under thermoneutral or cyclic heat stress; with or
without enzymes supplementation either in a single form (phytase) or in a blend form

(optizyme).
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In each experiment, forty, Dandarawi roosters 16-month old were randomly
assigned into eight groups of five birds each. Group 1 (general control) in which
birds were kept under thermoneutral conditions (24 °C) and received the feed under
study without enzymes supplementation. Group 2 (Control for group 5) was kept
under thermoneutral conditions (24 °C) and received the feed understudy beside
optizyme supplement at 300 mg/kg feed. Group 3 (control for group 6) was kept
under thermoneutral conditions (24 °C) and received the feed understudy beside
phytase supplement at 1500 FTU/kg feed. Group 4 (birds were kept under cyclic heat
stress (8 hrs at 38 °C and 16 hrs at 24 °C) and received the feed understudy without
any enzyme supplementation. Group 5: As group 4, however, birds received the feed
under study beside optizyme supplement at 300 mg/kg feed. Group 6: As group 4,
however, birds received the feed under study beside phytase supplement at 1500
FTU/kg feed. Group 7 was kept fasted for the whole experimental period under
thermoneutral conditions (i.e. fasted control birds). Group 8 was kept fasted for the
whole experimental period under cyclic heat stress (i.e. fasted heat stressed control
birds).

The experiments were conducted using force feeding methodology of Sibbald
(1976). Therefore, the birds were kept individually in cages with plastic trays under
cages to collect the excreta. Each experiment lasted for 18 days according to the
following time table: Day 1, roosters were moved to the experimental chamber in the
afternoon. Day 2 to day 14: adjustment period (feed and water ad /ib.). Days 15 and
16: fasting period (feed off for 30 hrs). Day 16: Funnel force feeding (at the end of
fasting period, birds were fed using funnel and forced with 30 g for mung beans or
sorghum or with 20 g for rice bran or wheat bran). Day 16 to 18: excreta collection
(for 48 hrs, starts just after funnel feeding). All tested materials were forced fed as
alone (100%) or mixed with enzymes under study.

The mentioned above steps were done for groups 1, 2, 3 and 7 under
thermoneutral conditions and for groups 4, 5, 6 and 8 under cyclic heat stress.

The birds were kept for recovery period (14 days) between each two following
experiments.

2. Enzyme preparations

The enzyme preparations used in this study were 1. Microbial phytase which
produced from Aspergillus neiger in a powder produced by Gistbrocades, The
Netherlands and BASF, Germany, at two levels (0 and 1500 FTU/kg. FTU is the
quantity of enzyme required to produce 1 micromol of inorganic phosphorus/min
from 5.1 mmol/L of Na phytate at a pH of 5.5 and a water-bath temperature of 37 °C
(Boling et al., 2000). The 1500 FTU used in the present study equal to 0.3 g
phytase/kg tested material. 2. Optizyme produced by Optivite International LTD,
Main street, Laneham, Retford, Nottinghamshire, DN 22 OVA, England, at two
levels (0 and 0.3 g/kg tested material). Optizyme is a blend of enzymes which
contains  proteases, hemicellulases, cellulases, xylanase, [-glucanase and
amyloglucosidases.

3. Preparation of excreta samples for analysis
Excreta collected at the end of each experiment, was dried in electric oven at 70°C
for 24 hrs. Samples of dried excreta were weighed and ground to pass through a 20-
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mesh sieve, left for 24 hrs in Lab. for moisture equilibrium and stored in glass
containers till analysis.

4. Amino acids determination

Feed and excreta samples were prepared for amino acids determination using
technique of Smith et al. (1965) then amino acid determination were carried out
using Amino Acid Analyzer Model 119 CL. The results obtained were expressed as
percentage (g amino acid/100 g feed).

5. Calculation of bioavailability of amino acid (AAAA and TAAA)

Apparent amino acid availability (AAAA %) and true amino acid availability
(TAAA %) were calculated according to Sibbald (1986) and Mohamed et al. (1991)
as follows:

AAAA % =[(AAi— AAy) / AA;]x 100
Where AA; is the total amount (g) of amino acid of tested material which fed to the
bird and was calculated as follows: AA;-F; x AAP;
Where: F; is feed intake (g).
AAP¢is the amino acid ( %) of fed-tested material.
AA,;is the total amount (g) of amino acid excreted by the fed
tested material birds and was calculated as follows:
AAr = Eny X AAP¢
Where: Eg, is excreta weight (g) voided by test material-fed birds, and
AAP,; is the amino acid % of excreta voided by test material-fed
birds.
TAAA % =[(AA; — (AAes— AAc ) AA;]1x 100
Where :  AA.. is the mean amount (g) of amino acid excreted by the
fasted control birds and was calculated as follows:
AA..=E.x AAP,
Where: E. is the mean excreta weight (g) voided by fasted control birds.
AAP,. is the mean amino acid % of excreta voided by fasted
control birds.

6. Statistical analysis
Statistical analysis for amino acids bioavailability were conducted using the
General Linear Model (GLM) procedure of SAS ( SAS Institute 1987). The factors
tested were enzymes and temperature beside the interaction between enzymes and
temperature. The following model was used:
Yip = p + Ti+ Py + (TP) j +e i -
Where Y = the observation.
p = General mean.
T; = effect due to temperature.
P j = effect due to enzymes supplementation.
TP;; = effect of interaction between enzymes and temperature.
¢ i = the error related to individual observation.
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The significant differences between treatment means were tested by Duncan
multiple range test (Duncan, 1955). While, the significant differences between
interactions were tested by least square differences.

RESULTS AND DISCUSSION

The values of apparent and true amino acid availability of the tested materials
understudy as affected by heat stress, enzymes and their interactions are presented in
Tables 1 to 8.

1. Effect of heat stress on amino acid availability

In regard to the availability of amino acids in mung beans, the results showed that
heat stress didn’t show any significant effect on both AAAA and TAAA values. This
result is in agreement with the results reported by Koelkebeck et al. (1998); however,
it is in a disagreement with the results reported by Makled et al. (2000) who used
different feedstuffs rather from mung beans. Also, heat stress had adverse effects on
apparent availability of some amino acids of mung bean. It significantly (P<0.05)
decreased AAAA of threonine, glutamic acid, proline and glycine while significantly
(P<0.05) increased AAAA of cystine. In regard to TAAA, it significantly increased
the values of cystine, methionine and cystine + methionine.

AAAA values for sorghum were significantly decreased by heat stress, while it
significantly increased TAAA values.

For rice bran, heat stress didn’t affect AAAA, while it significantly increased
TAAA value.

Heat stress significantly (P<0.05) decreased AAAA, while it significantly
increased TAAA values.

Wallis and Blanave (1984) showed that increasing temperature from 21 to 31 C
caused a significant decrease in threonine, alanine, methionine, isoleucine and
leucine digestibility for broilers. Zuprizal et al. (1993) showed that the digestibility of
most amino acids were significantly depressed for broilers exposed to 32 C than 21
C. They also noticed that the effect of heat stress was more pronounced in female
than males when fed either a whole rapeseed meal, dehulled rapeseed meal or
soybean meal diet.

The present results of amino acids availability are in partial agreement with the
results reported by Koelkbeck et al. (1998). They found no adverse effect of heat
stress on dietary amino acid digestibility in laying hens, however, they are in
disagreement with the results reported by Makled et al. (2000).

Heat stress significantly (P<0.05) decreased some apparent availability of amino
acids of rice bran, but it significantly increased most of true amino acid availability in
rice bran except true availability of lysine. The increase in AAAA and TAAA of
some amino acids may be attributed heat stress decreasing the feed passage rate
(Wilson et al. 1980) and that might enhance nutrient absorption.

Similar results were found for AAAA and TAAA of some amino acids in
sorghum. It may be noticed that the true availability of cystine and lysine was very
high compared to their apparent availability. This was because the endogenous output
of the fasted birds under heat stress (control) contained high concentration of amino
acids.



Table 1. Apparent amino acid availability of mung beans

Temperature Enzymes Temperature x Enzymes

Thermon-  Stress P°  Without Optizyme Phytase P’ N x Nx N x Hx Hx Hx P’
Amino acids  eutral (N) (&) W) (OoP) (PH) W oP PH W oP PH
Threonine 69.3% 61.6° * 56.5° 67.6° 7232 * 61.7%  65.0° 8127  514° 701%™ 634" *
Serine 75.4 69.5 NS 68.4 76.4 72.6 NS  728%  743%® 7927  640° 78.5° 66.1° *
Glutamic 86.8° 81.9° * 83.0 86.3 83.8 NS  867% 865%™ 873"  793° 86.1°  80.3" *
Proline 703° 56.6° * 59.7 66.4 64.3 NS 68.0° 69.7%  732%  51.5%  63.0® 55.4° *
Glycine 7352 64.5° * 64.3° 76.2° 66.4° * 71.7° 763%  72.5%  56.8° 76.2%  604° *
Cystine 37.6° 62.0° * 28.0° 60.2° 61.2° * 30.8°  39.4°  425°  252° 81.0° 79.8* *
Valine 77.8 709 NS 69.0 79.6 74.4 NS  77.0°  782a  781° 6l1.1° 80.9*  70.7%® *
Methionine 68.8 68.9 NS 61.6° 75.5% 69.4° * 64.1%  727*  69.6* 592° 78.3° 69.2° *
Isoleucine 76.6 73.4 NS 72.9% 79.92 72.2° * 75.4%  763%  78.0%®  70.5% 83.4° 66.3° *
Leucine 78.1 792 NS 75.1 82.0 78.8 NS 76.9 80.0 773 73.4 84.0 80.2 NS
Tyrosine 71.5 725 NS 69.3° 82.1° 73.6° * 749%®  803%®  772%  637° 84.0%  69.9% *
Phenylala. 80.9 77.7 NS 754 83.3 79.1 NS  794% 803%® 829%® 713" 86.3* 754 *
Histidine 50.6 53.6 NS 43.1° 45.6° 67.6° * 40.6°  418°  69.5*  457° 49.4° 65.9° *
Lysine 82.3 749 NS 76.1 83.7 75.9 NS  80.5* 839 824%® 717%™  835%  694° *
Arginine 77.8 722 NS 72.8 80.9 71.3 NS 77.4 81.9 74.0 68.2 79.4 68.5 NS
Cys + Met. 532° 65.4° * 44.8° 67.8° 65.3° * 475° 560°  56.0°  422° 79.6*  74.5° *
Average 722 693 NS 65.0° 75.0° 7220 * 69.2° 724%™  750°  609° 77.6*  69.2° *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)
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Temperature Enzymes Temperature X Enzymes
Thermon-  Stress P Without Optizyme Phytase P N x Nx Nx Hx H x Hx P

Amino acids  eutral (N) (S) W) (OP) (PH) W opP PH W oP PH

Threonine 73.9 71.7 NS 62.2° 76.6° 79.6° * 663  69.7™  858°  580° 83.6™ 73.3° *
Serine 78.6 76.5 NS 72.4° 82.6° 77.7%® * 76.0%  77.5% 824"  687°¢ 87.7° 73.1% *
Glutamic 88.3 86.3 NS 85.6 89.1 873 NS  88.1%  g80% 888® 830° 90.2° 85.8% *
Proline 73.4 74.1 NS 69.1 78.1 77.0 NS 73.1%®  748%  783®  65.1° 81.4° 75.8% *
Glycine 77.0 74.4 NS 70.3° 82.3° 74.6% * 753%  798% 760" 65.3¢ 84.8° 73.1% *
Cystine 62.9° 87.3° * 51.9° 83.0° 90.5° * 56.1¢ 64.7°  678°  47.69  101.2°  113.1% *
Valine 79.7 79.4 NS 73.2° 85.3° 80.2% * 789%®  802%®  80.1%®  67.5° 90.4° 50.3%® *
Methionine 73.8° 83.7° * 69.5° 86.8° 79.7° * 69.1¢  77.7%  746°  69.9° 9592 85.3° *
Isoleucine 78.6 82.5 NS 77.5° 85.7° 78.5% * 77.4° 78.4° 80.1°  77.6° 93.0° 77.0° *
Leucine 80.1° 88.5° * 80.1 87.2 85.7 NS  789° 82.0° 793  813* 923° 920° NS
Tyrosine 793 80.6 NS 73.0° 88.1° 78.7° * 76.7%  820°  79.0%*  69.3° 940° 78.4% *
Phenylala. 82.4 82.7 NS 78.3 86.3 83.1 NS  81.0* 818" 844 756° 90.8° 81.8% *
Histidine 58.4 63.3 NS 50.6° 54.9° 77.0° * 483° 49.5° 772%  53.0° 602" 76.8% *
Lysine 83.4 79.5 NS 78.2 87.3 78.7 NS  81.6® 852 835% 748" 89.6° 74.0% *
Arginine 79.6 78.4 NS 75.5 85.6 74.9 NS 79.2° 83.7% 758  72.6° 87.5° 751% NS
Cys + Met. 68.3° 85.5° * 69.9° 84.6° 77.3° * 722%  787° 753" 76.6° 90.4° 79.2° *
Average 79.3 76.8 NS 71.2°¢ 82.3° 80.3° * 737° 770 795°  68.6¢ 88.2° 81.0° *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)
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Table 3. Apparent amino acid availability of sorghum grains

Temperature Enzymes Temperature X enzymes
Thermon-  Stress P’ Without Optizyme Phytase P’ N x Nx Nx Hx Hx Hx
Amino acids  eutral (N) S) W) (OP) (PH) w oP PH w oP PH P’
Threonine 38.4° 293% NS 29.1 36.3 36.2 NS  333%  414°? 405° 249° 31.2°  31.8° *
Serine 493° 35.8° * 34.4° 48.5° 44.8? * 435° 509 53.4%° 252° 46.1*  36.2° *
Glutamic 67.2° 54.0° * 57.5 63.4 60.8 NS 659 685° 67.2° 49.1° 582%  545° *
Proline 70.5 67.2 NS 60.4° 76.2° 69.8° * 64.7%  76.1% 70.6% 56.1°¢ 763%  69.0%° *
Glycine 39.5 38.0 NS 35.8 40.1 40.5 NS 34.9 39.6 442 36.7 405 36.8 NS
Cystine 472 53.8 NS 38.3° 48.9° 64.2° * 32.8° 550" 53.7° 438%  427%  747° *
Valine 68.9° 55.1° * 52.6° 67.8° 65.7° * 64.5°  86.2% 66.5° 429° 854%  704° *
Methionine 72.4 66.2 NS 53.7°¢ 85.82 68.4° * 66.4%  769° 72.4° 38.8° 67.7%  589% *
Isoleucine 73.1° 51.7° * 477° 72.7° 66.8° * 693*  73.9° 76.0° 46.0° 715%  57.6° *
Leucine 76.5 71.8 NS 65.2° 78.6° 78.5° * 70.6%  763% 82.5° 59.8° 80.8%  74.6° *
Tyrosine 45.8 52.8 NS 48.1° 58.5° 41.4° * 494  56.7° 31.4° 46.9° 603"  51.3° *
Phenylala. 70.0 62.8 NS 58.0° 70.5° 70.6° * 66.7%  69.4° 739° 493° 716  67.4° *
Histidine 416 445 NS 38.5° 46.1° 44.5° * 34.8%  45.0° 45.0° 422° 473%  439%® *
Lysine 33.0° 37.0° * 30.5° 37.3° 37.2° * 256°  36.5° 36.7° 35.3° 38.1°  37.7° *
Arginine 61.2 54.4 NS 41.6° 70.4° 61.4° * 485°% 6987 652° 34.8° 71.0* 575 *
Cys + Met. 59.8 60.0 NS 46.0° 67.3° 66.3° * 48.6°  70.6° 60.1° 434° 64.1°%  725° *
Average 61.2 54.4 NS 41.6° 70.4° 61.4° * 485°  69.8° 65.2° 34.8° 71.0*  57.5% *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)
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Temperature Enzymes Temperature X Enzymes

Thermon-  Stress P°  Without Optizyme Phytase P’ N x N x Nx Hx Hx H x P’
Amino acids  eutral (N) S W) (OP) (PH) W OP PH W OP PH
Threonine 54.6° 68.1° * 54.5° 68.0° 61.6% * 495°  57.7%  567% 5950 78.4° 66.4% *
Serine 71.5° 64.1° * 58.0° 77.0° 68.4° * 583° 657>  68.2° 57.6° 88.3° 68.6° *
Glutamic 74.4 78.6 NS 74.6 76.9 77.9 NS 732 7570 7470 76.1° 78.1° 81.5° *
Proline 74.7° 83.7° * 71.1° 86.1° 80.5° * 68.9¢  80.4° 749> 732° 91.8% 86.1%° *
Glycine 52.4° 79.2° * 65.3 62.0 70.0 NS  747°  524%®  570®  83.0° 71.7° 83.0° *
Cystine 81.9 85.1 NS 67.5°¢ 78.5° 104.4° * 67.5° 89.7°  884°  89.5° 4544 12032 *
Valine 73.7 78.5 NS 66.8° 81.8° 79.8° * 712%  727%  772%  623° 91.0* 82.4%® *
Methionine 78.6 83.0 NS 66.8° 94.1° 81.5° * 70.7° 9250 72.7° 629" 95.7° 90.4° *
Isoleucine 80.3 84.2 * 70.2° 87.2° 89.3° * 76.5%  81.1° 83.2%  63.9° 93.3% 95.4° *
Leucine 81.4° 78.1° * 82.3° 91.4* 95.6" * 755> 813%®  874® 890 101.5° 103.8° *
Tyrosine 51.9° 82.4° * 65.1° 78.1° 58.3° * 554° 628>  375% 747" 93.4° 79.2° *
Phenylala. 75.0 81.6 NS 70.9° 80.4° 83.6" * 717°  745°  789°  702° 86.3° 88.2° *
Histidine 60.7° 71.4° * 61.5° 69.1° 67.5° * 53.9° 64.0° 64.1° 69.1% 74.2° 70.8% *
Lysine 44.9° 74.0° * 61.2° 49.1° 67.9° * 3755  485°  48.7% 505" 87.2° 84.8° *
Arginine 67.6° 79.1° * 56.6° 87.1° 76.4* * 549°  762°  71.6°  583° 98.0° 81.1° *
Cys + Met. 65.5° 81.1° * 66.1° 78.1° 75.8° * 592° 724° 648%™  729° 83.7° 86.7° *
Average 67.7° 54.4° * 66.9"° 77.1° 77.5° * 622°  71.7° 694" 716" 82.5° 85.0° *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)
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Temperature Enzymes Temperature X enzymes

Thermon-  Stress P’ Without Optizyme Phytase Nx Nx Nx Hx H x Hx P’
Amino acids  eutral (N) (S) W) (OP) (PH) W oP PH W oP PH
Threonine 309° 27.2° * 2220 319° 33.0° * 23.6° 344%  347%° 208" 294°  31.3° *
Serine 34.0 34.0 NS 30.3° 3550 36.2°¢ * 29.1° 36.4°  364°  315° 347  359° *
Glutamic 48.7 50.6 NS 37.8° 5482 56.6° * 36.4° 52.4°%  574%  392° 521 5570 *
Proline 573% 44.0° * 38.1¢ 632° 50.8° * 55.7° 60.0®°  562° 2049  663*  454° *
Glycine 39.8 39.4 NS 274° 40.4° 51.0° * 28.89 375° 531  260% 433°  49.0°  *
Cystine 67.9° 75.8° * 62.5°¢ 70.2° 82.9° * 57.6° 720%  741%  673° 685" 91.8* %
Valine 36.4° 499° * 299° 490° 50.5% * 28.8° 37.4% 429 310"  60.6°  582° *
Methionine 58.7° 423° * 427° 50.2° 58.7° * 54.0° 59.0°  63.1*  313°  414%  543? *
Isoleucine 64.0° 58.1° * 53.6°¢ 69.8° 58.8° * 62.6° 682%  613°  446° 713* 583" *
Leucine 70.0° 59.5° * 553" 713° 67.6° * 64.0° 71.7%  743*  46.6°  709° 609 =
Tyrosine 53.8 56.8 NS 39.1°¢ 69.8° 56.9° * 38.3°¢ 727%  504°  39.8%  67.0°  63.5% *
Phenylala. 60.6° 48.6° * 39.9° 64.1° 58.8° * 51.4° 66.4* 620%™ 283° 618" 557%®  *
Histidine 39.2° 47.0° * 39.3° 449°¢ 451° * 37.3° 39.8° 403  413°  499°  499° *
Lysine 43.6° 51.2% * 26.2° 58.1° 5792 * 25.0° 53.1%  52.6* 273°  63.0°  63.2% *
Arginine 54.9 57.8 NS 39.1° 67.9° 62.0° * 441 62.0°  58.6* 342° 733%  655% *
Cys + Met. 63.3 59.1 NS 52.5°¢ 60.2° 70.8° * 55.8°¢ 655®  68.6°  493°¢  549°  730°  *
Average 50.5 49.5 NS 38.7° 55.9° 55.1° * 423° 547°  559%  352°  584°  57.1°% *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)



Table 6. True amino acid availability of rice bran

Makled et al.

Temperature Enzymes Temperature X enzymes
Thermon-  Stress P’ Without  Optizyme  Phytase P’ Nx Nx Nx H x H x Hx 3

Amino acids  eutral (N) S) W) (OP) (PH) W oP PH W o°P PH

Threonine 44.0° 58.5° * 42.7° 57.5° 53.6° * 367 475° 478°  487°  766°  593° *
Serine 45.4° 61.7% * 48.6° 57.6° 54.5° * 405° 479%  479Y  566°  674°  61.0° *
Glutamic 55.5° 73.7° * 53.8° 67.5° 72.6° * 432°  592°  642°  645°  757°  81.0° *
Proline 63.0 66.0 NS 52.3°¢ 76.3° 65.0° * 614°  657°  619° 431° 869°  68.1° *
Glycine 47.7° 64.8° * 45.6° 54.0° 69.2° * 36.7° 454  61.0°  544°  625°  774% *
Cystine 72.4° 84.7° * 67.6¢ 79.9° 88.1° * 62.1¢  764° 786" 73.1° 834° 976" *
Valine 419° 76.8° * 46.1° 65.1° 66.7° * 343¢ 429 483%  579°  874*  851% *
Methionine 70.3° 84.9° * 73.4° 76.4° 83.1° * 65.6°  70.6%  747% 812%™ 822  915% *
Isoleucine 69.0° 83.4° * 69.2° 84.0° 75.4° * 676  732°  663% 709 948"  84.6° *
Leucine 74.4 83.1 NS 70.6 82.8 82.9 NS  684° 762%™ 787" 728 894"  87.1° *
Tyrosine 58.7° 80.8° * 52.8° 85.7° 70.7° * 4339 77.6°  553°  624° 938 8617 *
Phenylala. 65.3 68.7 NS 53.7° 74.6° 72.7° * 568"  71.8% 674%™  506°  774%  78.0° *
Histidine 52.5° 69.9° * 57.5° 62.9° 63.3° * 507°  532°  537°  642%  726° 729° *
Lysine 48.3° 73.1° * 383" 73.7° 70.0° * 208°  579°  573°  469° 89.6°  828° *
Arginine 59.8° 76.8° * 50.7° 80.7° 73.6° * 49.0° 669%™  635°  523°  945% 836 *
Cys + Met. 59.0° 74.9° * 59.5° 65.2° 76.1° * 51.1°  580° 67.8°  67.8° 724%™  844* *
Average 57.7° 73.1° * 54.8° 71.9° 70.7° 497°  621°  61.7° 599  81.6*  79.1° *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)
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Table 7. Apparent amino acid availability of wheat bran

Temperature Enzymes Temperature X Enzymes
Thermon-  Stress P°  Without Optizyme  Phytase P Nx Nx Nx H x H x Hx
Amino acids  eutral (N) S) (W) (OP) (PH) w orP PH w oP PH P
Threonine 55.7° 45.6° * 0 40.7° 64.4° 46.9° * O 470°  655% 54.6° 343° 63.3% 392° *
Serine 54.7 52.0 NS 449" 65.0° 50.1° * o 450°  64.3° 54.6%  44.8° 65.6°  45.7° *
Glutamic 76.9 74.6 NS 73.5% 77.6° 76.3° * 741 77.9 78.9 72.968.5% 772 73.7 NS
Proline 65.8 70.0 NS 652 68.6 69.8 NS 62.0° 659%® 695*  33.8° 71.3° 70.3° *
Glycine 55.5 49.5 NS 413° 63.8° 52.3° * 0 489° 628" 548" 296° 64.9°  499° *
Cystine 47.7 42.8 NS 32.8° 53.7° 48.7° * 0 360° 564  49.7°  314° 50.9° 478° *
Valine 66.4° 55.3° * 479°¢ 73.7 61.1° * o 645%  672° 67.5% 49.7° 79.6* 54.5° *
Methionine 5922 55.7° ko 44.1° 68.9° 59.3° *  584°%  591° 60.1°  435° 78.8° 58.5° *
Isoleucine 79.4° 59.9° * o 61.2° 78.5° 69.2% *790°  79.8*  794°  39.1¢ 77.6* 58.7° *
Leucine 74.6° 58.8° *  550° 78.0° 67.0° * o 712% 761 76.6%  373° 79.8° 57.4°¢ *
Tyrosine 59.7° 54.2° * o 44.4° 72.5° 53.9° * 0 515° 641" 633° 4519 80.9°  44.4¢ *
Phenylala. 70.7° 59.9° * 559 75.5° 64.4° * 0 66.6° 716%™ 73.8%  483% 794" 550°¢ *
Histidine 50.0 52.6 NS 42.7° 56.4° 40.5° * o 42.1°  64.6°  433°  350° 51.8°  576° *
Lysine 55.6 48.6 NS 36.4° 60.3 59.6° *377°  633*  657%  68.0° 57.3%  535% *
Arginine 65.6° 74.0° * 6400 79.6° 65.8° * 0 60.1°  73.0°  63.7° 93.6° 86.2°  67.9° *
Cys + Met. 53.3 492 NS 384° 61.3° 54.0° * o 472% 577 549° 54.9° 53.1° *
Average 62.4° 56.9° *49.9°¢ 69.1° 59.0° ¥ 561°  674° 624> 455¢ 70.7%  55.6° *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)



Table 8. True amino acid availability of wheat bran

Makled et al.

Temperature Enzymes Temperature X enzymes
Thermon-  Stress P’ Without Optizyme Phytase P’ N x Nx Nx Hx Hx Hx y

Amino acids  eutral (N) S W) (OP) (PH) W OoP PH W OoP PH

Threonine 65.7 69.5 NS 56.3° 84.2° 62.5° * 57.0°  755°  64.6°  55.6°  924°  60.5° *
Serine 63.4° 73.2° * 58.9° 81.9° 64.2° * 53.8°  73.1° 634%™  64.1°  90.6° 649" *
Glutamic 80.7° 87.5° * 82.4 84.6 85.2 NS  724% 817%™ 82.6%® 87.0° 87.6*  87.8° *
Proline 70.4° 87.6 * 76.6 79.1 81.2 NS  66.6° 705% 741°  86.6°  87.7° 88.4° *
Glycine 63.5° 752° * 59.8° 77.5° 70.7° * 56.9°  708% 628" 62.6° 843"  788* *
Cystine 67.6° 70.3° * 56.3° 78.4° 722° * 5639 767%  69.9° 5629 744  802% *
Valine 71.1 78.1 NS 61.7°¢ 87.3° 74.8° * 69.1°  723°  719°  542°  1023* 777 *
Methionine 74.1° 96.4° * 75.4° 89.7° 90.6° * 733%  739°  750° 774  106.2°  105.4° *
Isoleucine 84.4 85.4 NS 76.9° 92.8% 84.9% * 84.0° 848" 848"  69.9° 101.2*  85.1° *
Leucine 80.3° 89.1° * 74.8°¢ 92.7% 86.6° * 76.9¢  81.8° 822° 727% 103.6* 91.0° *
Tyrosine 64.4° 77.2° * 57.6° 87.7° 67.0° * 562°  68.6°  68.1°  589°  106.6°  66.0° *
Phenylala. 76.4 81.3 NS 70.7°¢ 86.7* 79.2° * 0 724%  774%  796°  69.0°  96.1° 789" *
Histidine 76.0° 89.8° * 68.8° 88.2° 72.3° * 68.5°  909°  69.7° 855  89.0° 94.8% *
Lysine 60.6 72.0 NS 493" 77.0° 72.6° * 42.7° 684%™ 707%™ 559%™ 856"  74.4% *
Arginine 69.5° 88.9° * 73.0° 89.6" 74.8° * 64.0° 769%™ 67.6°9 821" 1024* 82.1° *
Cys + Met. 71.3 71.1 NS 67.6° 79.6° 75.5° * 65.1°  80.0*  689° 609° 793"  73.1° *
Average 71.1° 81.4° * 66.6°¢ 85.1% 759" * 649¢  762°  723°  694°  941°  80.0° *

a,b,... Means within a row within each effect with no common superscript are significantly different (P< 0.05)
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Moreover, heat stress decreased the overall mean of the apparent amino acid
availability in wheat bran except ariginine which significantly increased. On the
opposite, heat stress increased significantly (P<0.05) the overall mean of true amino
acid availability of wheat bran. This was due to high correction of amino acids output
from the fasted birds. The result of wheat bran is in disagreement with the result
reported by Koelkbeck et al. (1998) and Makled et al. (2000).

In general, the effect of heat stress was more contradictory. Whereas it decreased
AAAA values, it seemed to increase the general values of TAAA.

2. Effect of enzyme supplementation on amino acid availability

Enzyme supplementation significantly (P<0.05) increased both AAAA and
TAAA. These results are in agreement with those obtained by Kornegay et al.
(1999); Ledoux and Firman (1999) and Attia et al. (2000). On the other hand, they
are in disagreement with the results of Boling ef al. (2000 and 2001); and Peter and
Baker (2001).

The results showed that enzyme (optizyme or phytase) supplementation improved
the overall mean of apparent amino acid availability of all amino acids in the four
feedstuffs understudy.

From the results presented herein, it can be noticed that the positive effect of
phytase supplementation on true availability of cystine was more pronounced than
the effect of optizyme supplementation in all feedstuffs understudy except wheat
bran.

The mean availability of all amino acids was improved by enzymes
supplementation in all feedstuffs under study and the effect of optizyme
supplementation was more pronounced in case of apparent availability of amino acids
in wheat bran and true availability of amino acids in mung beans and wheat bran.

However, the apparent and true availability of lysine in mung beans; glutamic
acid in mung beans, sorghum and wheat bran; glycine in sorghum; leucine in mung
beans; phenylalanine in mung beans; proline in mung beans and wheat bran; and
arginine in mung beans didn’t improve with enzyme supplementation.

The reported improvement in amino acid availability by phytase supplementation
is in agreement with the results reported by Kornegay (1996); Yi et al. (1996);
Sebstian et al. (1997); Revindran ef al. (1998 and 1999).

Generally, the obtained results showed that there is evidence concerning the
capacity of phytic acid to binding protein/amino acids and the ability of enzymes to
release bound nutrients by hydrolyzing phytic acid and the inhibition of reduction in
enzyme activity due to the formation of phyate-enzymic protein complexes
(Ravindran, et al. 1995). Also, hydrolyzing phytic acid by phytase supplementation
may inhibit the chelation of calcium ions, which are essential for the activity of
trypsin and a—amylase (Liener, 1989).

The improvements occurring in apparent availability with phytase
supplementation may also reflect the reduced endogenous amino acid losses resulting
from the amelioration of the anti-nutritional effects of phytic acid. Microbial phytase
disrupted the cell wall, in a manner similar to that of endogenous xylenase enzymes.
The cell wall disruption would cause a better diffusion or enhanced contact between
digestive enzymes, substrate and digestion end-products (Petterson and Aman, 1988).
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The improvement in AAAA and TAAA due to optizyme supplementation is
probably due to its effect on NSPs and cell wall and protein digestion. Each enzyme
in optizyme acts a role in protein digestion and xylenase as a component of optizyme
acts by reducing the antinutritive effects, and by reducing the viscosity of ingesta
(Bedford and Morgan, 1996).

The interaction between thermoneutral conditions and phytase supplementation
significantly increased both AAAA and TAAA values. Moreover, the interaction
between heat stress and enzymes supplementation (optizyme or phytase) significantly
increased both AAAA and TAAA values in the feedstuffs understudy.

In general, it may be concluded that the effect of heat stress at 35 °C on apparent
and true availability of amino acids was contradictory and differed according to the
feedstuff understudy and to every amino acid by itself. The impact of enzymes
supplementation on amino acids availability was positive in general. This influence
may be more effective at higher levels of enzymes supplementation than those used
in this study (1500 FTU phytase or 0.3 g optizyme/kg feed). Therefore, more studies
may be necessary to approve this hypothesis.
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