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ABSTRACT

A totai number of 175, day-old unsexed “Arbor Acres™ broiler chicks were
conducted to study the effects of phytase supplementation on growth performance,
efficiency of energy utilization, carcass characteristics, and tibia measurements of
broiler chicks fed energy-deficient diets. Chicks were divided into five experimental
groups, each of 35 chieks (7 replicates of each group) lo receive one of the five
experimental diets (control, 75 keal ME less than control, 150 kcal ME less than
control, 75 kcal ME less than control + phytase, 150 kcal ME less than control +
phytase). The feeding period was extended for 49 days.

The results obtained are summarized as follows:

1-Broiler chicks fed energy-deficient diets recorded lower values {(P<0.05) of live
body weight; weight galin and depressed feed conversion ratioc and relative
energy efficiency compared to control diet.

2-Addition of phytase to the energy-deficient diets significantly increased live body
weight {(LBW), body weight gain {BWG) and improved feed conversion ratio and
relative energy efficiency.

3-No significant effects were found on percentages of dressing, liver, gizzard, heart,
abdominal fat, total edible parts, breast meat, and thighs meat.

4-Tibia measurements (DTW, TL, TW, TBS and tibia content of ash, Ca and P} of

birds fed the control diet reformulated with phytase did not differ from those of birds

fed energy-deficient or control diets.

in general, it could be recommended that reformulation energy-deficient diets by
phytase supplementation could restore body weight gain and improve feed conversion
ratio.

INTRODUCTION

Real or perceived health benefits and technological advances have
contained to result in change in poultry diet. Interest in the formulation of
poultry diets based on plant derived ingredients (grains, legumes and oil seed
meal) without feedstuffs of animal origin are increasing.

These products contain phytic acid, which has the ability to bind and form
complexes with cations necessary in body function and metabolism. The
body cannot properly use cations that are bound by phytate phosphorus
(Hatten et al., 2001).

Phytic acid {myo-inositol 1, 2, 3, 4, 5, 6 Hexakis) , an inositol with 1 to 6-
phosphodihydrogen phosphate has been considered unavailable to
monogasteric animals because they lack the proper enzyme system to
hydrolyze phytate (Murai ef al., 2002).
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Because, phytate can complex with minerals, starch, protein and
digestive enzymes, it also has anti-nutritional properties (Kies ef al., 2001).
Phytase is an enzyme that hydrolyzes phytate to inosital and inorganic
phosphate (Viveros et al., 2002). Therefore, the use of exogenous phytase to
ameliorate the effect of phytic acid has received increased attention. (Murai et
al, 2002). The value of microbial phytase in the rising phytate-bound
phosphorous (P) and improving P availability of piant ingredient for poultry is
well documented (Coelho and Komegay, 1996).

Current evidence shows that by releasing phytic-acid-bound nutrients,
dietary phytase improves protein digestibility, and dietary nutfritive value in
monogasteric animals (Yi ef al, 1996, Sebastian et al, 1997, Ravindran et
al., 1999b).

Rojas and Scott (1969) found that the metabolizable energy values of
several different types of cottonseed meal were improved by treatment with
phytase obtained from Aspergillus ficcum.

Numbers of studies have demonstrated generally positive effect of
suppiemental phytase on apparent metabolizable energy (AME) of poultry
diets (Farrell and Martin 1998, Ledoux et al., 1999, Namkung and Leeson,
1999, Selle ef &, 1999 and Ravindran ef al., 2000). Most of them used
recommend level of AME of diets supplemented with different levels of
phytase. Accordingly, this study was designed to investigate the effect of
phytase enzyme supplementation on the growth performance of broiler fed
phosphorus adequate and AME- deficient diets.

MATERIALS AND METHODS

The present study was carried out at the poultry Nutrition Research
Farm, Poultry Production Department, Faculty of Agriculture, Ain Shams
University.

Birds and Management:

A total of 175, day-old unsexed “Arbor Acres” broiler chicks were
obtained from commercial hatchery. The chicks were allocated to 35 pens,
each pen containing 5§ chicks; to receive five dietary treatments of corn-
soybean meal-based diet with 7 replicates of each treatment. The birds were
housed in battery brooders in an open house with 23-h constant overhead
flugrescent lighting for 7 weeks. At the end of each experimental peried (21,
37 or 49 days of age), birds were weighed and feed consumption was
recorded for feed conversion calculation.

Diets:

Five experimental diets, containing varying levels of ME (kcal/kg) were
formulated. Control diet (1) was formulated to contain the recommended
nutrient requirements of "Arbor Acres". Diets (2) and (3) were similar to
control diet (1} except that diet (2) contained lower ME ievel by 75 Kcal’kg
while diet {3) contained 150 Kcal ME/kg less than control diet (1). Diets (2)
and (3) were suppiemented with 500 FTU phytase/kg diet, resulting diets (4)
and (5), respectively. -
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The birds of the experimental treatments fed starter diets (from 1 to 21
days of age), grower diets (22-37 days of age) and finisher diets (38 to 49
days of age). Feed and water were allowed ad libitum.

The composition of the experimental diets and their calcuiated analysis
are shown in Table (1).

Table {1): Formulation ard calculated anslysis of the experimental diets.

Starter diets Grower diets Finisher diets
Ingredients 0-21d. 22-37 d. {38-49 d.
1 2 3 1 2 3 4 2 3
Yellow com 55,00 | 56.65 | 5830 { 6285 [ 64.55 | 66.25 | 69.45 | 71.35 ! 71.10
Soybeanmeai {(44) | 20.00 | 28.85 | 28.76 | 21.70 | 2155 | 21.35 | 15.90 | 1545 | 18.30
Com ghuten meal 3.50 8.40 8.22 7.80 7.65 7.55 8.50 8.54 5.65
ﬁ_y_oil 3.20 1.80 0.42 3.50 2.10 0.70 2.15 0.66 -
Limestona 1.61 1.61 1.81 1.50 1,50 1.50 1.44 1.44 1.44
Mono Ca phos. 1.60 1.680 1.60 1.58 1.58 1.58 1.45 1.45 1.45
DL, Methionine 0.11 0.11 0.1 0.10 0.10 0.10 0.08 0.08 0.10
L.-Lysing HCI 0.2% 0.25 0.25 0.25 0.25 0.25 0.32 0.32 0,25
NaCl 0.43 043 0.43 0.42 042 0.42 0.41 0.41 0.41
Premix* 0.30 0.30 0.30 0.39 0.30 0.30 0.30 0.30 0.30
Total 100 100 100 100 100 100 100 100 100
alculated analysis**

Crud protein % 23.00 23.0 23 2000 | 2000 | 20.0 18.5 18.5 18.5
ME (Kcalkkg diet) | 3100 3025 | 2950 | 3200 § 3125 | 3050 | 3200 § 3125 § 3050
Calcium % 0.57 0.97 0.97 0.90 0.8 0.90 0.85 0.85 0.85
Av. phosphorus % 0.47 0.47 0.47 0.45 0.45 0.45 0.414 0.41 0.42
Methionine % Q.51 0.51 0.51 (.46 0.46 0.45 0.43 0.43 0.44
Met.+ Cystine 0.92 0.92 0.92 0.82 0.82 (.82 0.77 0.77 0.78
Lysine % 1.20 1.20 1.20 1.02 1.02 1.02 0.94 0.94 0,94
Na % 018 | 018 | 018 | 618 | 0.18 | 018 | 0.18 | 0.18 | 0.18
EE % 570 4.37 3.07 5.96 4.90 .57 5.1 3.70 3.01
CF% 3.35 3.37 3.40 3.00 3.03 3.05 275 2.76 2.93

- Phytase supplemented diets (2) and (3) resulted diets (4) and (5).

*Each 3Kg contains: Vit.A 12,000,000 IU; Vit Dy 2.200,000 1V ; Vit.E 10g; VitK 2g ; Vit
B, 1g;VitB.5g;VitB,1.5g; Vit B,; 10mg ; Niacin 309 ; pantothenic acid 10g ;
Folic acid 1g ; Biotin 50mg ; Choline 300g ; Iron 30g ; lodine 1g ; Zinc 50g ;
Manganese 60g ; Copper 4g ; Selenium 100 mg ; Cobait 100 mg .

** According to Tables of NRC {1994).

Slaughter and bone parameters:

At the end of 7 weeks of age, 7 birds from each experlmental treatment
were randomly selected and slaughtered. The percentage values of dressing,
liver, gizzard, heart, abdominal fat, giblets, total edible parts, breast meat and
thighs meat were calculated as a percent of the live body weight of the
slaughtered bird's sample.

Tibia of left leg was removed, cleaned of flesh and all soft tissues. Dry
tibia weight (DTW) and tibia length {TL) and width (TW) were measured using
a caliper as described by Samejima, (1990). Tibia breaking strength (TBS)
was measured using a universal testing machine (Tinuls OQlsen to ting
machine Co.) in Faculty of Engineering, Ain Shams University. Tibia bone
was oven-dried at 80°C until obtaining a constant weight to determine the dry
tibia weight, then ground, dried at 105 °C up to constant weight and ashed in
a muffle furnace at 600 °C for 6-h for conducting the chemical analysis
according to the methods of A.O.A.C (1990). Tibia ash was calculated as a
percentage of dry tibia weight.
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Statistical Analyses:

Data were statistically analyzed using the general linear model (SX,
1992). A simple one-way classification analysis of variance was used
followed by LSD test for testing the significance between means.

RESULTS AND DISCUSSION

Growth performance:

The influence of dietary treatments on broiler performance is summarized
in Table (2). The decrease in ME content of the experimental diets depressed
body weight by 5.7 and 14.9% and impaired feed conversion ratio by 6.9 and
14.1% at 21 days of age for chicks fed diets (2) and (3), respectively.
Howaever, at 37 days of age, body weight depressed significantly (P< 0.05) by
12.1 and 15.8% and feed conversion ratio injured significantly (P< 0.05} by

6.0 and 10.4% for birds fed energy-deficient diets (2) and (3), respectively.

Tabla (2): The effect of dietary treatments on growth performance.

Control <15 Keal -150 Kcat 75 Kcal -150 Kcal
items + phy* + phy*
Diet {1) Diet (2) Diet (3) Diet (4) Diet (5)
Initial weight 436 447 45.4 43.4 45.0
ird) +1.28 +1.15 + 1,80 +1.15 +1.20
(0-21) days of age:
Body weight 6266 a 590.9 ab 5334b 610.6 a 5716 ab
__(g/bird) +13.65 + 24.99 + 16.21 + 23.52 + 25.14
Body weight 583 a 546.2 ab 488 b 567.2a 5268 ab
|_gain {g/bird) +13.56 +24.99 £18.21 x2352 +25.14
Feed intake 907 909 867 905 858
{ {g/ird) + 22.99 + 4448 + 20.12 + 41.01 + 48.45
FCR 1.555d 1.663b 1.728a 1.595¢cd 1.626 be
+ 0.019 + 0.012 + 0.022 + 0.024 + 0.025
{0-37) days of age: ‘
Body weight 1693.7a 1489.2 b 1426.8H 1660.8 a 1536.5 ab
| {g/bied) + 3475 + 57.73 + 29.03 + 75.64 + 67.96
Body weight 1650.1 a 1444.5b 13814 b 16174 a 1491.5ab
gain {g/bird) + 33.83 + 56.92 + 28.11 + 74.78 + 67.25
Feed intake 3263 3026 3015 3279 3134
___(g_blrd_L + 81.46 + 118.99 + 71.05 + 163.20 * 157.0%
FCR 1977 ¢ 2095b 2.183a 2026¢c 20990
+ 0.024 + (.008 + 0.025 + 0.009 +0.020
0-49) days of age:
Body weight 2664.4 a 2391.5b 23152b 2646.2 a 2495.1 ab
ird) + 47.00 + 90.00 + 42.03 + 96.47 + 74.52
Body weight 282082 23880 22608 b 26028 a 2450.1 ab
| gain (g/bird) + 47.00 £ 90.00 $41.15 +96.47 1 74.52
Feed intaks 5481 5218 5227 5534 5422
| _{g/bird) + 94.84 + 206.70 + 70.88 + 192,29 + 187.88
FCR 2.092¢ 2.223b 2304 2.127 ¢ 2211b .
£ 0012 | & 0.009 + 0.020 + 0.007 + 0.019
* Phy = 500 FTU Phytasael kg diet.

Means within the same row with different superscripts are significantly different at

P<0.05.
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In the entire growing period (0-49 days ¢f age) compared to those fed
control diets, the birds fed energy-deficient diets without phytase (diets 2 and
3) had decreased (P<0.05) body weight up to 10.2 and 13.1% and impaired
(P< 0.05) feed conversion ratio by 6.3 and 10.2 %, respectively.

The inclusion of 500 FTU phytase/kg diet improved body weight and feed
conversion ratic at 21, 37 and 49 days of age, for birds fed diets reformulated
by phytase supplementation (diets 4 and 5, respectively). Overall body weight
was improved (up to 10.7 and 7.8%) and feed conversion ratio {(up to 4.3 and
4.0 %} for birds fed energy-deficient diets reformulated by phytase (diets 4
and 5) in comparison with those fed deficient-energy diets (diets 2 and 3)
without phytase.

The observed performance responses may reflect the improvement in
AME by phytase supplementation. Kies ef al. (2001) reported that, AME
increased when 500 FTU/kg was included ir: the diets. Namkung and Leeson
{1999) showed increased in AME content of the corn-soy diet from 11.87
MJ/kg in control group to 12.15 MJ/kg with 1200 FTU phytase/kg diet. As
reported by Ravindran et al. (2001} the improved performance may reflect the
release of P, available amino acids, and energy by the added phytase. Kies
et al. (2001) reported that inclusion of phytase in diets not limited in available
phosphorus content results in improvement in weight gain and feed
conversion ratio this might be due to an improvement in utilization of energy,
probably by an increase in digestibility or metabolizability of energy. It is
necessary to notice that feed consumption was not affected significantly
{P>0.05) at any stage by levels of ME or addition of phytase.

Energy utilization (MEU) and energy efficiency (MEE}:

The effect of ME level and phytase supplementation on energy utilization
(MEU) and energy efficiency (MEE) are presented in Table (3). Data of the
main effects indicated that the decrease of ME content in the experimental
diets, decreased energy intake and depressed MEU (the amount of energy
required to produce one gram of body weight gain), MEE (the amount of body
weight gain per 1000 Kcal ME) and reiative MEE at different experimental
stages {21, 37 and 49 days of age). However, phytase supplementation to
the low energy diets (diets 4 and §) improved MEU, MEE and relative MEE
compared to the birds fed energy-deficient diets (2 and 3) and nearly to those
fed control diet (diet 1).

Concerning body weight gain, the birds fed diets containing different
levels of low ME diets without phytase supplementation (diets 2 and 3) had
decreased body weight gain at 21, 37 and 49 days of age (Table 3).

The more pronounced of decreasing body weight gain were observed
during grower period (22-37 days of age) to represent 15.8 and 16.3% for
chicks fed low energy diets {2) and (3), respectively, Compared with those
fed low energy diets (diets 2and 3), phytase supplemented diets (4 and 5)
increased body weight gain during different experimental periods. The best
improvement in body weight gain was achieved during grower period (22-37
days of age) to be 16.9 and 8.0% compared with those fed low energy diets
(2 and 3) without phytase and was the same as those fed control diets,
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Table (3): The effect of dietary treatments on metabolizable energy
utilization (MEU) and metabolizable energy efficiency

(MEE).
Traatments
item Control -T5Kcal | -150 Kcal | -7T5Keal | -150 anl
+ phy + phy
_ Diet(1) | Diet(2) | Diet(3) | Diet(4) | Diet(5)
-21 days of age
y weight gain {g/bird) 583 a 546 ab 488 b 567 a 527 ab
+1356 | +24.99 +16.21 +23.52 £2514
- : 507 900 867 305 858
fFeed intake (g/bird) £2299 | +44.48 +20.12 £ 41,01 £ 4845
- - 2808 a 2750 ab 3565 b 2738ab | 2530 ab
Energy intake (kcalbird) +7208 | +134.60 459,33 £12404 | +14021
= T %82b 507 a 510a 3836 2800
M +0.06 +0.04 +0.06 £0.07 £ 0.07
- 307.80a | 198600 | 396.40b | 207602 | 208.80a
£260 | £1.45 £2.48 +2.08 +3.14
slative MEE 00 | 9572 3451 98 60 10048
2-37 days of age:
e 0672 8686 395D 1050 a 965D
Body weight gain (glbind) +24.50 +48.08 + 39,64 +57.48 +54.40
: 2357 2117 2149 2374 2376
eed intake (g/bird) 26585 | +10432 | 8003 | +£13238 | +13813
- . 75422 5616 ab 8554 b 7479ab | 6941 ab
nergy intake (kealbird) | 51067 | ya2s02 | +24409 | +41368 | +42113
EU 7076 7382 7452 7.06 5 718 ab
+0.14 +0.07 £0.09 £0.04 £ 0.06
— 141803 | 135600 | 136.15b | 141608 | 139.30 ab
£269 +1.23 +1.60 +£0.79 +1.20
alative MEE 160 5.63 36.02 99.86 98.23
s o of
: - §71ab 907 ab 888D G852 550ab
ody weight gain (g/bird) | 5 59 +51.05 +27.57 £20.25 +18.07
) 217 3192 2211 2755 2288
Feed intake (g/bird) £37.65 | s£11280 | +4559 £59.79 + 5164
- : 7096 5833 6745 7620 6833
Energy intake (kcal/bird) 124 + 358 +139 + 180 £91
ey 7.328b 7592 762a 7130 7.14b
£0.07 +0.12 £0.12 +0.07 £0.10
o 136.80ab | 131000 | 131.80ab | 140305 | 140.30a
+1.29 £2.04 £2.39 +118 +1.96
Relative MEE 100 56,42 .35 102.56 102.56
0-49 days of age:
—— 26313 47D 22706 26033 3450 ab
Body weight gain (ghird) | . 750 | L9000 £41.15 +96.47 £ 74,52
- 5481 5218 5337 5534 5422
Feed intake (g/bird) +9484 | +20670 | + 7088 | x 10229 | = 187.88
: 17450a | 16200ab | 15860b | 17180ab | 16300 8b
Enargy intake (kcalibird) £302 + 647 + 216 +618 + 536
- 666D 6.90a 5992 6500 6850
+0.02 +0.03 + (.05 +0.02 + 0.08
- 150308 | 144906 | 143105 | 15150a | 150404
£0.88 +0.50 £1.15 +0.50 £1.11
olative MEE 100 96.41 5.21 160.79 100,06
*Phy = 500 FTU Phytasel kg dieL.
Means within the same row with different superscripts are significantly different at
P<0.05.
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It seems that phytase supplementation could decrease the deleterious
effect of energy deficient diets for broiler especially during the grower period
(22-37 days of age). Moreover, chicks may require extra levels of phytase
especially during finisher period. Ravindran et al. (1999a) with broiler diet
based on wheat and sorghum found that the AME content was improved from .
13.06 MJ/kg up to 13.35 MJ/kg in-group supplemented with 500 FTU/kg. The
strong improvement of AME was achieved by increasing phytase
supplementation to 750 FTU, being 13.51 MJ/kg. The magnitude of response
to added phytase was related to the levels of ME and phytase
suppiementation. The greatest response occurred at 2950 to 3100 kcal
ME/kg with 500 FTU/kg phytase supplementation. Ravindran ef al. (2001)
observed significant improvements in AME with phytase addition.

The effect of phytase in improving the growth performance or AME of
chicks fed low or deficient-energy diets may be due to improvement in starch
digestibility or amylase activity. Phytic acid negatively correlated with blood
glucose response, which infers that phytate reduces carbohydrate
digestibility, or inhibit amylase activity (Yoon et al, 1883). This probably
inhibit the activity of pancreatic a-amylase in addition to salivary a-amylase,
so, the reduced digestion of starch by these enzymes may by a deleterious
factor in diet high in cereal grains, legumes and cil seeds (Keuckles and
Betschsrt, 1987).

Carcass Characteristics:

Neither different ME levels nor phytase supplementation had an influence
on the carcass or other parameters percentage (Table 4).

Table (4): The effect of dietary treatments on carcass characteristics of
broiler chicks.

Control | -75 Kcal | -150 Kcal |-75 Kcal| -150 Kcal

itoms Diet (1) | Diet(2) | Diet (3} D:«Srz) JI:th(yS) s
;gnv;l:ig}gid;'aughte’ed 2700 | 2304 | 2408 | 2087 | 2477 | -
Carcass % fo27| so12 | 2015 | 2023 | 1008 | M
Liver % c003 | s003 | +001 |+ 00| +001 | NS
Gizzard % Jos | soor | s002 | +002 | soo01 | NS
Heart % £002 | 2001 | s001 | +001 | 2001 | NS
Giblats % :6?37 tad?gg 136%3 136%7 ¢36§g1 NS
Toledbiepartste | 1 R | R L NN | sacs | NS
pbdominal fate Jous | soos | sa0s | so02 | seos | NS
Breast meat % c00r | s018 | 2018 | 2008 | so1a | NS
TR ARG AR A AR AL

“Phy = 500 FTU Phytase/ Kg diet ** Significance.
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The results of carcass characteristics indicated that phytase
supplementation did not significantly affect carcass percentage. These results
agree with the finding of Scheideler and Ferket (2000) who reported that
phytase supplementation had no effect on total carcass yield

Tibia Measurements:

The results of DTW, TL, TW, TBS and tibia content of ash, Ca and P.
at 49 days of age are shown in Table (5). The different dietary treatments had
no significant effect on tibia measurements. The absence of significant
influe ce of energy-deficient phytase supplementation on tibia measurement
indicated that the diets contained adequate amounts of nonphytate P to
support bone mineralization and that the observed performance response
were independent on P effects of the enzyme. Ravandran et al. (2001)
confirmed this conclusion.

_ The statue of bones especially, leg bones (tibia and femur) may have a
direct impact on the quality of the poultry meat produced {Orban et al., 1999).

Table (5) The effect of dietary treatments on tibia measurements (dry
tibia weight (DTW), tibia length (TL), tibia width (TW} and
tibia breaking strength (TBS) of broiler chicks.

Control | 75 A0 | T5Kcal | -1S0Keal |
Items Kcal Kcal + phy + phy 5
Diet(1) | Diet(2) | Diet(3) | Diet(4) | Diet(5)
DTW w75 | s058 | w008 | sone | soqr | S
i s050 | 2038 :%.3;9 +090 to40 | NS
™ 04 | 4005 | s00s | a0 | soop | NS
T8S 038 g 1:105'181 :10?124 ;of."zi NS
Ash % 208 204 :c?.'c% w01 102 NS
Catotash | oo | 0% | s | som | sonr | NS
Pwotash | o5 | ow | some | s | som | NS

D
* Phy = 500 FTU Phytase/ kg diet.
** Significance.

Economic efficiency:

Simple calculations of economic efficiency for broiler chicks fed the
experimental diets are shown in Table (6). Feeding energy-deficient diets (2
and 3) decreased total feed cost, total income, net revenue and economic
efficiency values compared to the control diets. However, the addition of 500
FTU phytase/kg diet (diets 4 and §) improved the economic values than
energy-deficient diets. These results are due to the improvement of broiler
performance fed energy-deficient diets reformulated by phytase.

in conclusion, the effect of phytase supplementation on metabolizable
energy, which is the most costly nutrient in poultry feed, is of high importance
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to the nutrients as well as for the least-cost-formulations. Reformulating
energy-deficient diets with 500 FTU phytase/kg restored BWG lost when the
energy-deficient diets had been fed. Moreover, Phytase supplementation to
plant protein diets could alleviate the adverse effect of energy-deficient diets.

Table (6): The effect of dietary treatments on economic efficiency (EE)
of broiler chicks.

Treatments
Control | -75 Kcal | -150 Keal | -75 Keal | -150 Keal
+ phy + phy
Diet (1} { Diet (2) Diet (3 Digt (4} Diet (5)

Item

Feed intake (g/bird):

Starter 907 909 867 905 858
Grower 2357 2117 2149 2374 2276
Finisher 2217 2192 2211 2255 2288
[Feed price (L.E/kg):
tarter 1.493 1.450 1.407 1.463 1.420
rower 1.420 1.376 1.333 1.389 1.346
inisher 1.344 1.298 1.268 1.311 1.281
ood cost (L.E/bird):
Starter 1.354 1.318 1.220 1.324 1.218
Grower 3.346 2.913 2.864 3.298 3,063
Finigsher 2.979 2.844 2.804 2.955 2.931
Total 7.679 7.075 6.888 7.577 7.212
LBW (g/bird) 2664.4 | 23915 2315.2 2646.2 2495.1

Feed cost /kg LBW (L.E) | 2.882 2,958 2.975 2.363 2.890
[Total income {L.E/bird) 15.086 | 14.349 13.891 15.877 14.971
Net revenue (L.E/bird) 8.307 7.279 7.003 8.300 7.759

EE 1.082 | 1.028 1.017 1.095 1.76
Relative EE 100 9501 93.99 101.2 99.45
*Phy = 500 FTU Phytase/ kg diet.
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