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SUMMARY: The experimental work of the present study was carried out at El-Azab Poultry
Research Station, Fayoum, Animal Production Research Institute, Agricultural Research Center,
Ministry of Agriculture, Dokki, Egypt during the period from June to August 2011. Chickens was
initially fed a control diet for four days. A total number of 144 five-day old unsexed broiler (Ross
strain) were divided into six treatments (24 birds each), each treatment contained three replicates of
eight birds each. Three levels of dietary available phosphorus (recommended (R), R-25% available
phosphorus and R-50% available phosphorus) and two levels of dietary phytase (0.00 and 0.10%)
were used in a 3%2 factorial arrangement giving six dietary treatments.

Results obtained could be summarized in the following:

Productive performance: Main effect of level of available phosphorus (AP) was significant
LBW, LBWG, FI and CCR during the period from 5 to 42 days of age, however, insignificantly
affected FC, CPC, GR and PI during the same period. Chicks fed recommended level -25% AP had
higher LBW at 42 days and LBWG during the period from 5 to 42 days of age. Chicks fed
recommended level of AP had the worst CCR value during the from 5 to 42, and those fed R-25% AP
had the best CCR value during the same period. No significant differences were found in FI between
chicks fed phytase supplement diets and those given phytase un-supplement diets during the period
from 5 to 42 days. Inclusion of phytase in broiler diet at 0.1% caused a significant increase in PI
during the period from 5 to 42 days of age. Interaction due to level of AP x phytase level
(experimental treatments) insignificantly affected LBW, LBWG, FC, CPC, CCR, GR and PI during
the period from 5 to 42 days.

Slaughter parameters% and blood constituents: No significant differences were detected
due to level of AP, phytase level and interaction due to level of AP x phytase level on slaughter
parameters% and blood constituents.

Correlation coefficients estimate: Phytase level had significant positive correlation with PI at
the end of experimental period. Regardless of level of AP and phytase level LBW had positive
correlation with LBWG, FI, PI and GR. Significant negative correlation was observed between each of
CPC and CCR with PI and GR. Higher PI is correlated (significant positive) with higher GR at the end
of experimental period. Significant positive correlation was observed between WBCs with RBCs,
hemoglobin (HGB, g/dL) and hematocri (HCT%). Also, RBCs had significant positive correlation
with HGB (g/dL) and HCT% and HGB (g/dL) with HCT%.

Economical efficiency (EEf): EEf values during the period from 5 to 42 days of age
improved in chicks fed all experimental diets as compared with those fed the control diet.

It would be concluded that, a satisfactory broiler performance and economic efficiency
could be achieved by decreasing AP from the recommended level by 50% and supplement these diets
with phytase (genetically, maintain the same performance as that obtained from chicks fed diets
containing recommended level of AP). Besides, using such diets reduces feed cost and P pollution.
Key words: Triticale, available phosphorus, phytase and broiler performance.

INTRODUCTION

Poultry production was one of the fastest growing industries in Egypt and its
improvement is one of the main objectives of both private and public sectors. Feeding

cost is considered the most expensive item in the whole production process. In Egypt,



the traditional feed grains, corn and soybeans are not produced in quantities that make
them available to poultry, so it depends on the use of imported corn and soybeans. The
key for successful process in poultry projects is through maximizing the profit, on the
other hand, minimizing the feed cost could be achieved through the use of
untraditional feed grains, particularly from local producers (by reducing transportation
costs of commodities) or improving utilization of common feeds by using some
additives.

Triticale (X Triticosecale Wittmack), the first successful human-made cereal grain,
was deliberately produced in 1875 by crossing wheat (Triticum sp.) with rye(Secale sp.),
FAO (2013). Triticale is a relatively new feed grains (in Egypt) that is not used to any
great degree in poultry feed (Hermes and Johnson, 2004 and Emam, 2010). Triticale
can grow well in some areas where wheat does not, disease resistance of wheat with
the vigor, hardiness, and high lysine content of rye and some varieties can make more
efficient use of water and soil nutrients. Triticale can provide ecological benefits by
diversifying crop production, reducing pests, protecting and improving soil by
increasing organic matter. Triticale was found to be more efficient than wheat in
utilizing and absorbing nitrogen from the soil, it also produced a 30% higher yield on
acidic soils, and was superior to wheat on copper-deficient soil (Myer and Barnett,
2000 and Emam, 2010). Triticale contains some known and perhaps unknown anti-
nutritional factors (ANFs). The main ANFs in triticale are arabinoxylans, B-glucans,
pentosans and cellulose. All of these have been found in small amounts in triticale, but
at levels much lower than in rye, seem to have no effect on the growth performance of
broiler consuming diets containing triticale grains (Emam, 2010). Dekic ef al. (2012
a), reported that triticale grains are a good source of protein (the protein content of
triticale of 14.0%, which is about 1.64 times the protein of corn) and amino acids
especially lysine (the lysine content of triticale of 0.39%, which is about 1.5 times the
lysine of corn). The energy content 3163 Kcal/kg, which is about 0.94 times the energy
of corn, while, the energy content of modern triticale grains cultivars averages about
95 to 100% of that of maize or wheat for poultry (Boros, 2002 and Van Barneveld,
2002). Also, triticale grains are good source of minerals, especially the available

hosphorus (0.1%, which is about 1.25 times the available phosphorus (AP) of corn),
phosp



calcium (0.05%, which is about 2.50 times the calcium of corn) and copper (8 mg/kg,
which is about 2.67 times the copper of corn), NRC (1994). Because of triticale's
higher lysine and minerals, especially the phosphorus content, producers who mix their
diets using a soybean meal-premix can save 100 Libra (Ib) soybean meal (44%) and 5
Ib dicalcium phosphate per ton of diet over comparable corn-based diets, which gives
further advantage to producers who mix their own diets from "scratch"(Myer and
Barnett, 2000 and Emam, 2010). On the other hand, triticale is worth approximately 4
to 8% more than the purchase price of corn on an equal-weight basis because triticale
not only replaces all of the corn in a typical poultry diet, but also part of the soybean
meal or other protein supplement, as this approach facilitates their incorporation into
least-cost formulations (Varughese et al., 1996 and Emam, 2010). Triticale's vitamin
content is about the same as that of wheat (Michela and Lorenz, 1976). Numerous
studies suggest that triticale successfully replace part of corn, wheat or barley in
animal feed without negative consequences to the impact of domestic animals (Dekic
et al., 2011; 2012a and b). Hermes and Johanson (2004) and Dekic ef al. (2012b),
reported that triticale in the diet of heavy line hybrids and who participated in various
proportions in the mixture for broilers showed no adverse effects on performance traits
of chickens. Because of favorable enzyme composition, triticale grains favorably effect
the intestinal tract of monogastric animals (Dekic ez al., 2012b).

Phosphorus (P) is not only a component of bone but also is an essential mineral
element that plays a vital role in various physiological processes (Soares, 1995). On
the other hand, P plays a critical role in the formation of hydroxyapatite, nucleic acids,
bioactive signaling proteins and phosphorylated enzymes (Berndt et al., 2005). Its is
also the most expensive mineral added to diets due to decreased rock phosphate stores
(Moore et al., 1999). As a result, it is necessary to supplement most mono gastric diets
with P to meet the requirements of that animals especially in the early stages of
development (Viljoen, 2001). Further, poultry production increased from just over
118.8 million birds at the end of 2000 to over 145.6 million birds by the end of 2011 in
Egypt (FAO, 2013); this increase in production resulted in an increase in poultry litter
available for land application. Major ingredients used in poultry feeds are of plant

origin. About two third of the P in these feedstuff is present as phytate P, which is



poorly utilized by poultry (due to low phytase activity found in the digestive tract)
leading to a net excretion of 50% or more into poultry litter (Selle and Ravindran,
2007). These anti-nutritive properties require further investigation, but phytate
probably compromises the utilization of protein/amino acids, energy, calcium and trace
minerals (Shelton er al, 2004) and reduces the activity of pepsin, trypsin, and o-
amylase (Sebastian ez al., 1998). Phytates are associated with other cations such as Ca,
Mn and Zn (Maenz, 2000); Ca, Mg and Cu (Sebastian ez al., 1998); Ca, Mg, Zn, Fe,
K and Cu as well as amino acids (Ravindran et al, 1998). Thus any attempt to
maximize the utilization of dietary P could reduce the feed cost and thus achieve the
underlying objective of reducing the environmental pollution. Many researches
indicated that the best way is adding exogenous phytase to phosphorus availability in
plant feed. Possibly, Warden and Schaible (1962) were the first to show that
exogenous phytase enhances phytate-P utilization and bone mineralization in broiler
chicks. Phytase is a part of enzymes called phosphatases, which are responsible for
catalyzing the hydrolysis of phytate to inorganic monophosphate, free esters of myo-
inositol, and free myo-inositol, making P available for absorption in both plants and
animals (Haefner et al., 2005).

An important part of the carbohydrates that reach the intestine of birds are non
starch polysaccharides (NSP). Non starch polysaccharides are not digested due to the
presence of B-glycosidic bonds between the NSP building monosaccharides what
makes them resistant from degradation by intrinsic digestive enzymes. Exogenous
enzymes capable of degrading NSP in broiler diets based on ‘viscous’ grains,
including wheat and barley (Bedford and Schulze, 1998). Microbial phytase can
chemically hydrolyze 97% of the P from phytate in soybean meal (Nelson et al., 1968).
On the other hand, the beneficial effect of exogenous phytase enzyme on the
productive performance of the bird is mainly related to the release of minerals and
trace elements from complexes with dietary phytic acid, and increase in digestibility
and availability of macro- and micro-elements (Cowieson et al., 2004). Waldroup et
al. (2000) demonstrated that phytase supplementation to low available phosphorus
containing-diet maintained livability and improved growth and feed conversion (FC)

of broiler. Also, Ragab et al. (2013) reported that broilers fed a P-deficient C-SBM



diet with phytase supplementation had improved live body weight gain (LBWG), FC
and performance index (PI) compared with those fed un-supplemented diet, but
differences were not significant.

Therefore, the purpose of the present study was to determine the influence of
reducing dietary phosphate with or without phytase supplementation on growth
performance, mortality rate, carcass parameters, blood serum parameters and

economical efficiency of broiler chicks.

MATERIALS AND METHODS

This study was carried out at the Poultry Research Station, El-Azab, Fayoum,
Egypt during the period from June to August 2011. Chemical analyses were performed
in the laboratories of the Poultry Research Station, Poultry Production Department,
Faculty of Agriculture, Fayoum University. This experiment was conducted to study
the effect of using three levels of AP (recommended (R), R-0.25 and R-0.50%) and
each with two levels (0.00 and 0.10%) of microbial phytase in 3 x 2 factorial
arrangement (giving six dietary treatments) on growth, feed utilization and economical
efficiency of broiler chicks. Accordingly, a total numbers of 144 one-day old unsexed
Ross broiler chickens were initially fed a control diet for four days.

The experimental treatments were as follows:

1. Chicks were fed the control diet (C). 2.C+0.1% phytase. 3.C-25% AP.
4. C-25% AP+ 0.1% phytase. 5.C-50% AP. 6.C—50% AP +0.1% phytase.
At five days of age, birds were divided into six treatments (24 birds each), each
treatment contained three replicates of eight birds each. Chicks were raised in
electrically heated batteries with raised wire mesh floors and had a free access of feed
and fresh water from nipple drinkers (2 nipples/cage) throughout the experiment. The
composition and calculated analysis of the experimental diets (without phytase
supplementation) are presented in Table (1). The experimental diets were
supplemented with minerals and vitamins mixture, DL-methionine and L-Lysine HCI
to cover the recommended requirements according to the strain catalog

recommendations and were formulated to be iso-nitrogenous.



Table 1: Composition and analyses of the experimental diets.

Starter (5-11 days)

Grower (12-23 days)

Finisher (24-42 days)

Con. Con. Con. Con. Con. Con.
Items Comy | 25% | -50% | (Cor | 25% | 50% | (lor) | 25% | -50%
AP AP AP AP AP AP
Triticale, ground 57.00 | 58.00 | 58.00 | 61.00 | 62.00 | 62.00 63.08 | 64.00 64.00
Soybean meal 24.87 | 25.01 |24.85 | 18.20 | 17.88 | 17.69 19.24 | 19.27 19.31
Corn glutein meal 8.44 8.23 8.21 9.86 9.89 9.89 5.89 5.76 5.62
Wheat bran 0.67 0.34 0.88 0.80 0.65 1.17 0.72 0.43 0.83
Calcium carbonate 1.55 1.79 2.04 1.39 1.62 1.83 1.35 1.56 1.77
Sodium chloride 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Vit. and Min. premix ' 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Monocalcium phosphate 1.73 1.13 0.55 1.56 1.00 0.49 1.42 0.90 0.40
Vegetable oil 4.41 4.17 4.14 6.00 5.76 5.73 7.37 7.15 7.14
DL—Methionine 0.27 0.27 0.27 0.17 0.17 0.17 0.11 0.11 0.11
L-Lysine HCI 0.46 0.46 0.46 0.42 0.43 0.43 0.22 0.22 0.22
Total 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 | 100.0 100.0
Calculated analysis’:
Crude protein 23.50 | 23.50 | 23.50 | 22.00 | 22.00 | 22.00 20.00 | 20.00 20.00
Ether extract 5.68 5.44 5.42 7.23 6.99 6.97 8.54 8.31 8.31
Linoleic acid 2.99 2.87 2.85 3.89 3.76 3.75 4.69 4.57 4.56
Crude fiber 3.75 3.76 3.82 3.66 3.67 3.72 3.73 3.74 3.79
Calcium (Ca) 1.00 1.00 1.00 0.90 0.90 0.90 0.85 0.85 0.85
Available phosphorus (AP) 0.50 0.38 0.25 0.45 0.34 0.23 0.42 0.31 0.21
Ca/AP ratio 2.00 2.66 3.93 1.99 2.68 3.92 2.01 2.70 4.05
Methionine 0.69 0.69 0.69 0.59 0.59 0.59 0.48 0.48 0.48
Methionine+Cystine 1.09 1.09 1.09 0.97 0.97 0.97 0.83 0.83 0.83
Lysine 1.44 1.44 1.44 1.25 1.25 1.25 1.05 1.05 1.05
ME, Kcal./Kg 3010.6 | 3010.0 | 3010.0 | 3175.0 | 3175.2 | 3175.0 | 3225.2 | 3225.0 | 3225.0
Cost (£.E./ton) * 2464.4 | 2415.0 | 2380.6 | 2478.1 | 2435.0 | 2404.6 | 2367.0 | 2324.3 | 2293.5
Relative cost ° 100.00 | 98.00 | 96.60 | 100.00 | 98.26 | 97.04 100.00 | 98.20 96.89

T'Each 3.0 Kg of the Vit. and Min. premix manufactured by Agri-Vet Company, Egypt and contains : Vit. A, 12000000 IU; Vit.

D; 2000000 IU; Vit. E, 10 g; Vit. K3, 2.0 g; Vit. B1, 1.0 g; Vit. B2, 5 g; Vit. B6, 1.5 g; Vit. B12,10 mg; choline chloride, 250 g;
biotin, 50 mg; folic acid, 1 g; nicotinic acid , 30 g; Ca pantothenate, 10 g; Zn, 50 g; Cu,10 g; Fe, 30 g; Co, 100 mg; Se, 100 mg;

L, 1 g; Mn, 60 g and anti-oxidant, 10 g, and complete to 3.0 Kg by calcium carbonate.

? Mixture from 75% soybean oil and

25% sunflower oil. * According to NRC, 1994 (except triticale and soybean meal were analysis before start the experiment).
4 According to the local market price at the experimental time.

Phytase used in this study were purchased from Sigma Chemical Co. (Natuphos

3 Assuming the price of the control group equal 100.

500 BASF Corp., Mt. Live, Nj) source also had 10.000 unit active phytase per gram.

Batteries were placed into a room provided with a continuous light (23 h/d up

to 42 days of age) and fans for ventilation. The experimental birds were reared under

similar environmental conditions (open system), and were fed starter diet from five to

11 day, grower diet from 12 to 23 day, and finisher diet from 24 day to the end of the

experiment at 42 day of age (triticale-soy bean meal basal diet).

The tested raw material was analyzed for moisture, crude protein (CP), ether

extract (EE), crude fiber (CF), ash, nitrogen free extract (NFE)% and metabolizable

energy (ME) Kcal/Kg, by the methods outlined by Association of Official Analytical

Chemists, A.O.A.C. (1990). The determined chemical analysis of triticale grains (the




triticale grains used in the present study were obtained from the Agricultural Research
Center, Ministry of Agriculture, Dokki, Egypt, then grown locally in Fayoum
Governorate (yield, 2010) showed that triticale grains contained, 10.19, 12.51, 0.99,
4.06, 1.85, 70.40% and 2999.95 for moisture, CP, EE, CF, ash, NFE% and ME
Kcal/Kg, respectively (the ME value was calculated according to Janssen, 1989 by
applying the equation:

Triticale MEn(Kcal/kg)=(34.49xCP)+(62.16XEE)+(35.61xNFE). And soy bean
meal contained, 10.10, 42.01, 1.89, 4.47, 2.53, 39.00% and 2230.0 for moisture, CP,
EE, CF, ash, NFE% and ME Kcal/Kg (the ME value was calculated according to
NRC, 1994), respectively.

The vaccination program adopted by recommended requirements according to
standard commercial guidelines. Birds were individually weighed to the nearest gram at
5,11,23 and 42 days of age intervals during the experimental period. At the same time, feed
consumption was recorded and LBWG and FC (g feed/g gain) were calculated. Crude protein
conversion (CPC), caloric conversion ratio (CCR) and growth rate (GR) were also calculated
as follows: GRs5.4=(LBW4—LBW5)/0.5(LBW,4, + LBW5). Performance index (PI) was
calculated according to the equation described by North (1981) as follows: PI = (LBW, Kg/FC)
x100. Accumulative mortality rate was obtained by adding the number of dead birds during
the experiment divided by the total number of chicks at the beginning of the experimental

period (mortality% was within normal limits and not related to treatments studied).

At the end of the finishing period (42 days of age), slaughter tests were
performed using three chicks around the average LBW of each treatment. The birds
were on feed withdrawal overnight (approximately 12h), then individually weighed to
the nearest gram, and slaughtered by severing the jugular vein (Islamic method). After
four minutes bleeding time, each bird was dipped in a water bath for two minutes, and
feathers were removed. After the removal of head, carcasses were manually
eviscerated to determine some carcass traits, dressing% (eviscerated carcass without
head, neck and thighs) and total giblets% (gizzard empty, liver, heart and spleen). The

eviscerated weight included the front part with wing and rear part.



The abdominal fat was removed by hand from the parts around the viscera and
gizzard, and was weighed to the nearest gram. The bone of front and rear were
separated and weighed to calculate meat percentage. The meat from each part was
weighed and blended using a kitchen blender. Also, individual blood samples were
taken from three birds. The biochemical characteristics of blood were determined

colorimetrically, using commercial Kits.

The economic efficiency was calculated as the price of body weight gain—total
costs of raising a broiler as relative to total raising costs which was estimated based
upon local current prices at the experimental time. Statistical analysis of results was
performed using the General Linear Models (GLM) procedure of the SPSS software
(version 16, SPSS Inc., Chicago, IL), according to the follow general model:

Yiji= ptLi+P+LPyte

Where:
Yjjx: observed value p: overall mean
Li: level of AP effect (i: recommended (R), R-0.25 and R-0.50%)
P;: phytase level effect (j: 0.0 and 0.1%)
LPy: interaction of level of AP effect by phytase level effect
¢jx. random error
Treatment means indicating significant differences (P<0.01 and P<0.05) were

tested using Duncan's multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Productive performance: Impact of phytase supplementation to triticale diets
varying in their phosphorus content on live body weight (LBW), LBWG and FI are
shown in Table 2. Data presented in Table (2) indicate the main effects of level of AP
was significant (P<0.01 and P<0.05) for LBW at 23 and 42 days, LBWG during the
periods from 12 to 23 and 5 to 42 days of age and FI during all periods studies (Table
2). Chicks fed recommended level (R) -25% AP had higher LBW at 23 and 42 days
and LBWG during the periods from 12 to 23 and 5 to 42 days of age, while, chicks fed
recommended level of AP had lower values LBW at 23 days and LBWG during the
period from 12 to 23 days of age. Chicks fed recommended level -50% AP had lower
values LBW at 42 days and LBWG during the period from 5 to 42 days of age
(differences between R and R-50% AP were not significant).



Table 2: Effect of phytase supplementation to triticale diets varying in their phosphorus content on live body weight
(LBW, g), live body weight gain (LBWG, g) and feed intake (FI, g).

LBW, g (age/days)

LBWG, g (age period/days)

FI, g (age period/days)

Items

5 | 11 | 23 | 4 511 | 12-23 | 2442 | 5-42 511 | 12-23 | 24-42 | 5-42
Level of AP' (L):
Recommended (R) | 114.84 | 198.57 | 665.3° | 1606.7" | 83.73 | 464.6®° | 903.78 | 1491.8" | 123.44® | 923.66° | 1877.4"® | 2928.1"
R-25% AP 115.63 | 197.25 | 754.9* | 1740.1* | 87.38 | 555.9* | 948.59 | 1619.2* | 128.61"* | 985.21° | 1945.4* | 3057.7°
R-50% AP 114.73 | 196.54 | 709.6"® | 1540.8" | 83.66 | 514.1*" | 793.75 | 1422.2" | 128.64* | 1023.7* | 1777.3® | 2929.6¢"
+SEM” 2.60 6.39 19.62 57.10 3.98 17.42 49.78 | 53.60 0.84 7.26 36.66 36.41
Phytase addition (Ph)%:
0.00 (Un-supplemented) | 114.85 | 196.43 | 669.9° | 1589.5 | 81.58 |473.1° |877.83 | 1470.2 | 125.81" | 932.30° | 1939.4* | 2999.5
0.10 115.28 | 198.48 | 750.0* | 1668.9 | 88.27 |550.0* | 886.25 | 1551.9 | 127.98* | 1022.8" | 1793.9° | 2944.1
+SEM 2.12 5.21 16.34 47.48 3.25 14.31 39.02 | 44.57 0.68 5.93 30.48 30.28
L x Ph% (treatments):
R 0.00 114.17 | 197.53 | 642.9 1555.3 | 83.95™ | 442.8 871.06 | 14453 | 121.01® | 923.21¢ | 2011.5* | 3069.7*
0.10 | 114.79 | 19821 | 682.1 | 16553 |83.42" [ 4839 |932.56 | 1541.8 | 126.64" | 919.71¢ | 1746.3° | 2791.1"
R25% AP 0.00 115.49 | 190.93 | 677.8 1750.3 | 75.44" | 489.9 1029.4 | 1627.2 128.57: 930.79§ 2061.8: 3118.1:
0.10 115.76 | 203.57 | 832.1 1730.0 ] 99.32* | 621.9 867.80 | 1611.3 | 128.64" | 1039.6° | 1829.0 2997.3
R-50% AP 0.00 114.18 | 199.43 | 683.4 1460.2 | 85.25™ | 483.9 729.10 | 1341.7 | 128.64* | 938.50¢ | 1748.0° | 2815.1®
? 0.10 115.27 | 193.64 | 735.8 1621.3 | 82.06™ | 544.2 858.40 | 1502.8 | 128.64* | 1108.9* | 1806.5° | 3044.0*
+SEM 3.67 9.03 27.23 76.14 5.63 24.17 66.37 | 75.81 1.18 10.27 51.85 51.50

a, ...b, and A,.. C, values in the same column within the same item followed by different superscripts are significantly different (at
P<0.05 for a to b; P<0.01 for A to C).

'Available phosphorus

2 Pooled SEM




However, level of AP had insignificant effect on LBW at 5 and 11 days of age
and LBWG during the periods from 5 to 11 and 24 to 42 days. Chicks fed
recommended level of AP had lower FI during the periods from 5 to 11, 12 to 23 and 5
to 42 days and those fed R-50% AP had lower FI during the period from 24 to 42 days,
however, chicks fed R-50% AP had higher FI values during the periods from 5 to 11
and 12 to 23 days of age and those fed R-25% AP had higher FI during the other
periods studied (Table 2).

Inclusion of phytase in broiler diet at 0.1% caused a significant (P<0.01)
increase in LBW at 23 days and LBWG during the period from 12 to 23 days of age.
Numerically, as shown in Table 2, phytase supplementation increase LBW and LBWG
during all experimental periods studied compared with those fed phytase un-
supplement diet (0.0%), however, these did not reach a level of statistical significance
(the improvement in LBW and LBWG may be due to the effect of phytase on the
utilization of minerals affecting growth).

Data presented in Table (2) indicate the main effects of phytase
supplementation on FI of broilers. The results cleared that chicks fed phytase
supplement diets recorded significantly (P<0.05 and P<0.01) higher FI values during
the periods from 5 to 11 and 12 to 23 days than those fed phytase un-supplement diets
(0.0%). Although, no significant differences were found in FI between chicks fed
phytase supplement (0.1%) diets and those given phytase un-supplement diets during
the period from 5 to 42 days. Interaction due to level of AP x phytase level
(experimental treatments) insignificantly (P>0.05) affected LBW and LBWG during
all periods studied except, the period from 5 to 11 days which was significantly
(P<0.05) affected (Table 2).

Interaction due to level of AP x phytase level had significant for FI during all
periods studied (Table 2). Chicks fed R-25% AP un-supplement diets with phytase had
higher FI during the periods from 24 to 42 and 5 to 42 days (differences between R-
25% AP un-supplement diets with phytase and recommended level of AP un-
supplement diets with phytase were not significant), while, chicks fed recommended

level of AP with phytase supplement diets had lower FI values during the same periods.

"



It can be concluded that AP can be reduced from the recommended level by -

50% and supplement these diet with phytase without affecting LBW, LBWG and FI.

Data presented in Table (3) indicate the main effects of level of AP
insignificantly affected FC and CPC during all periods studied, while, level of AP was
significant (P<0.01 and P<0.05) for CCR during the periods from 12 to 23 and 5 to 42
days of age. Chicks fed recommended level of AP had the worst CCR value during the
previous periods, and those fed R-25% AP had the best CCR value during the same
periods. Neither phytase level nor interaction between level of AP with phytase level
had any significant effect on FC, CPC and CCR during all periods studied.
Numerically, results indicated that dietary supplementation with phytase improved FC,
CPC and CCR during all periods studied (this may be partially attributed to
significantly lower FI of phytase supplemented groups and the improved CCR could
be attributed to calories released from hydrolyses of phytate molecule upon phytase
addition), however, these did not reach a level of statistical significance (Table 3).
These results are in harmony with those obtained by Sebastian ef al. (1998) who
reviewed the effect of phytate molecule on protein and energy utilization and its
inhibitory effects on proteolytic and energetic enzymes such as pepsin, trypsin and o-
amylase and concluded that phytase improved protein and energy utilization of
chicken diets. On the other hand, Cowieson et al. (2004) reported that phytate
significantly increased the excretion of total endogenous amino acids in broilers (112
mg/bird/48 h versus 87 mg/bird/48 h), which was ameliorated by phytase. Also,
probably revealing an increase in the ME availability due to NSP-splitting enzyme.
Cell-wall splitting enzymes were reported to improve ME value of cereals containing-

diet i.e. rye, wheat, barley, triticale for broilers and ducklings (Attia et al., 2001).

Impact of phytase supplementation to triticale diets varying in their phosphorus
content on GR and PI are shown in Table 4. Main effects of level of AP was
significant (P<0.01 and P<0.05) for GR and PI during the period from 12 to 23 days of
age (Table 4). Chicks fed recommended level -25% AP had higher GR and PI during
the previous period (differences between R-25% AP and R-50% AP were not

significant).
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Table 3: Effect of phytase supplementation to triticale diets varying in their phosphorus content on feed conversion
(FC), crude protein conversion (CPC) and caloric conversion ratio (CCR).
FC (age period/days) CPC (age period/days) CCR (age period/days)
5-11 | 12-23 [ 24-42 [5-42 |5-11 [12-23 [ 24-42 [542 |5-11 [12-23 [24-42 [5-42

Items

Level of AP' (L):
Recommended (R) 1.60 |2.07 |2.18 1.99 ]0.375|0.454 | 0.436 |0.406 |4.80 |6.56" | 7.04 5.91"

R-25% AP 1.60 | 1.84 |2.16 1.92 ]0.375]0.404 | 0.433 [0.392 |4.33 |5.29° |6.34 5.16"
R-50% AP 1.65 |2.04 241 2.13 |0.3890.449 | 0.482 |0.417 |4.48 |5.87° |7.05 552"
+SEM” 0.10 | 0.08 |0.15 0.08 ]10.02 |0.02 |0.03 0.01 0.21 ] 0.22 0.43 0.19

Phytase addition (Ph)%:
0.00 (Un-supplemented) | 1.67 | 2.04 | 2.36 2.09 ]10.392|0.448 | 0.472 | 0.414 | 4.68 | 6.07 7.14 5.66
0.10 1.56 |1.93 |2.15 1.94 ]0.367 | 0.424 | 0.429 | 0.397 ]14.40 |5.74 6.47 5.40
+SEM 0.08 |0.06 |0.12 0.06 ]0.02 |0.01 |0.02 0.01 0.23 |0.18 0.35 0.15
L x Ph% (treatments):

R 0.00 1.56 |2.19 |2.39 213 10.366 | 0.479 | 0.475 | 0.418 ]4.69 | 6.81 7.77 6.10
0.10 1.64 | 197 |1.97 1.84 ]0.386 | 0.434 | 0.393 | 0.399 ]4.94 | 6.26 6.34 5.75
R-25% AP 0.00 1.84 | 195 |2.07 1.94 ]0.433 | 0.429 | 0.414 | 0.406 | 4.99 | 5.60 6.06 5.31
0.10 1.35 | 1.73 |2.26 1.91 ]0.318 | 0.380 | 0.452 | 0.378 | 3.66 |4.97 6.61 5.01
R-50% AP 0.00 1.62 |2.00 |2.61 2.17 ]10.380 | 0.440 | 0.522 | 0.421 ]| 4.38 |5.75 7.63 5.60
0.10 1.69 |2.08 |2.21 2.08 ]0.398|0.458 | 0.442 | 0.414 ]4.59 |5.98 6.46 5.45
+SEM 0.14 |0.11 | 0.20 0.11 10.03 | 0.02 | 0.04 0.02 0.39 | 0.31 0.60 0.25
a, ...b, and A,.. B, values in the same column within the same item followed by different superscripts are significantly different (at
P<0.05 for a to b; P<0.01 for A to B). 'Available phosphorus  * Pooled SEM
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while, chicks fed recommended level of AP had lower values GR and PI during
the same period. However, no significant differences were detected in GR and PI
during the other periods studied (Table 4). Inclusion of phytase in broiler diet at 0.1%
caused a significant increase in GR (P<0.01) during the period from 12 to 23 days of
age and PI (P<0.05) during the periods from 12 to 23 and 5 to 42 days of age.
Numerically, as shown in Table 4, phytase supplementation to broiler diets improved
PI during all periods studied compared with those fed phytase un-supplement diet, but
differences were not significant (Table 4).

Table 4: Effect of phytase supplementation to triticale diets varying in their
phosphorus content on growth rate (GR) and performance index (PI).

GR (age period/days) PI (age period/days)

Ttems 511 [12-23 [24-42 [542 |5-11 [12-23 [24-42 |5-42

Level of AP' (L):

Recommended (R) 0.529 | 1.07° | 0.779 0.808 | 13.73 | 34.29" | 79.67 44.10

R-25% AP 0.523 | 1.16" | 0.745 0.811 | 14.47 | 43.55" | 86.48 49.73
R-50% AP 0.529 | 1.14" | 0.684 0.787 | 13.36 | 36.74™ | 70.85 42.72
+SEM” 0.02 [0.02 |0.03 0.01 ]0.94 2.35 5.86 2.45

Phytase addition (Ph)%:

0.00 (Un-supplemented) | 0.518 | 1.09°% | 0.754 | 0.795 | 13.16 | 34.87" |73.62 |42.44"

0.10 0.535 | 1.15* | 0.718 0.809 | 14.55 | 41.52" | 84.38 48.60°

+SEM 0.02 [0.02 |0.02 0.01 }0.77 1.93 4.88 2.01

L x Ph% (treatments):

R 0.00 0.530 | 1.04 | 0.779* | 0.801 | 14.17*" | 31.90 69.05 39.92
0.10 0.528 | 1.09 | 0.778™ | 0.815 | 13.28™ | 36.68 90.28 48.29
R-25% AP 0.00 0.487 | 1.13 0.829:‘) 0.811 | 11.66" | 36.41 88.63 47.41
0.10 0.558 | 1.19 | 0.660 0.812 | 17.27" | 50.70 84.33 52.06
R-50% AP 0.00 0.538 | 1.09 0.653"b 0.771 13.6332 36.29 63.17 39.98
0.10 0.520 | 1.18 | 0.715™ | 0.802 | 13.09" | 37.18 78.53 45.45
+SEM 0.03 |0.03 | 0.04 0.02 ]1.33 3.27 8.29 3.37
a, ...b, and A,.. B, values in the same column within the same item followed by different superscripts are
significantly different (at P<0.05 for a to b; P<0.01 for A to B). Available phosphorus 2 Pooled SEM

Interaction due to level of AP x phytase level had insignificantly (P>0.05)
affected GR and PI during all periods studied except, GR during the period from 24 to
42 days and PI during the period from 5 to 11 days which were significantly (P<0.05)
affected (Table 4). Numerically, as shown in Table 4, all dietary treatments improved
PI during the overall period studied compared with those fed control diet (but
differences were not significant) and faster growth was associated with more efficient

utilization of feed in phytase fed groups.
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It can be concluded that AP can be reduced from the recommended level by -
50% and supplement these diet with phytase without affecting performance. Similar
results were reported by Sohail and Roland (1999) who studied the effects of three
levels of phytase (0, 300, and 600 phtase units (FTU)/kg) in broilers fed two levels of
AP (0.225 and 0.325%).

They reported a decrease in LBW and FI in broilers fed the 0.225%P diet and
the inclusion of phytase regardless of level negated the effects on growth and bone
variables. Further, Singh and Khatta (2003) who reported that addition of microbial
phytase to low P broiler diets significantly improved the LBWG, FI and FC and that
improvement was dependent on the level of phytase added. Similarly, Cowieson et al.
(2006) and Ravindran et al. (2006) reported that supplementation of microbial
phytase to P-inadequate diets enhances performance. Moreover, Ragab et al. (2013)
studied the effects of three levels of AP (0.0,-25% AP and —50% AP) with two levels
of phytase supplementation (0.0 and 0.1%) in broilers diets. They reported improve in
LBW, LBWG, FC and PI compared with those fed un-supplemented diet, but
differences were not significant. In this respect, Musapuor et al. (2006) reported that
dietary phytase caused a significant improvement in FI and FC. The present results
disagree with the findings of Mulyantini et al. (2004) who showed that phytase
supplementation to broiler diets did not show any changes in performance. Also,
Denbow et al. (1995) reported that FC was unaffected by phytase addition. However,
Broz et al. (1994) found that inclusion of phytase (125, 250 or 500 FTU/kg) in broiler
diets increased growth rate and FI, but had no effect on FC. Likewise, Angel et al.
(2005) reported that broilers fed very low level of dietary P had depressed LBWG and
even with an excess activity of supplemental phytase, LBWG was not equivalent to
controls with NRC-recommended P levels (NRC, 1994) in their diets. Also, Peter and
Baker (2001) and Augspurger and Baker (2004) finding that phytase was found to
have no effect on protein utilization by using purified diets.

Slaughter parameters%: As shown in Table 5, no significant differences due
to level of AP on slaughter parameters%, except, carcass weight after evisceration

(P<0.05) and dressing which were significantly (P<0.01) affected.
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Table S: Effect of phytase supplementation to triticale diets varying in their phosphorus content on some
slaughter parameters%o.

Live Slaughter parameters%o
Items body Total | Abdominal | Breast | Rear Breast Rear (v:s?ericgilllsts
w?gg)ht giblets fat bone | bone meat meat after Dressing | Bursa | Thymus
evisceration

Level of AP' (L):
Recommended (R) 1613.8 | 4.85 1.69 13.57 | 16.47 | 86.43 83.53 | 64.46" 69.31" [0.07 |0.35
R-25% AP 1879.5 | 4.65 1.57 13.62 | 14.73 | 86.38 85.27 | 63.59" 68.24" | 0.13 | 0.46
R-50% AP 1719.5 | 4.67 | 1.86 14.10 | 15.43 | 85.90 84.57 | 61.40" 66.07° | 0.13 | 0.42
+SEM” 65.40 0.17 |0.28 0.58 |0.72 | 0.58 0.71 0.56 0.50 0.03 | 0.05
Phytase addition (Ph)%:
0.00 (Un-supplemented) | 1643.2° | 477 | 1.47 14.01 | 15.71 | 85.99 84.30 | 62.87 67.64 0.09 | 0.43
0.10 1841.0" | 4.67 | 1.95 13.52 | 15.38 | 86.48 84.62 | 63.43 68.10 0.12 | 0.40
+SEM 53.40 0.14 |0.23 0.47 |0.58 |0.47 0.58 0.46 0.41 0.02 | 0.04
L x Ph% (treatments):
R 0.00 1518.0 | 4.89 1.95 14.02 | 16.08 | 85.38 83.52 | 64.14 69.22 0.07 | 0.36

0.10 1716.5 | 4.82 1.41 13.02 | 16.75 | 86.98 83.25 | 64.38 69.20 0.07 | 0.34
R-25% AP 0.00 1823.5 | 4.46 1.45 13.83 | 14.52 | 86.17 85.48 | 64.08 68.54 0.10 | 0.51

0.10 1935.5 | 4.83 1.69 13.41 | 14.94 | 86.59 85.06 | 63.11 67.94 0.16 | 0.41
R-50% AP 0.00 1568.0 | 4.98 | 0.99 14.09 | 16.41 | 85.91 83.59 |59.99 64.97 0.12 | 0.40

0.10 1871.0 | 4.36 |2.73 14.12 | 14.45 | 85.88 85.55 | 62.80 67.16 0.14 | 0.45
+SEM 92.49 0.24 |0.39 0.82 | 1.01 | 0.82 1.01 0.79 0.71 0.04 | 0.07

a, ...b, and A,.. B, values in the same column within the same item followed by different superscripts are significantly different (at
P<0.05 for a to b; P<0.01 for A to B). 'Available phosphorus > Pooled SEM
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It can be concluded that, chicks fed recommended level of AP had higher values
carcass weight after evisceration and dressing% (differences between R and R-25%
AP were not significant). Chicks fed recommended level -50% AP had lower values.
Neither phytase level nor interaction between level of AP with phytase level had any
significant effect on slaughter parameters% (Table 5). Similarly, Ebrahimnezhad et al.
(2008) and Ragab et al. (2013) reported that supplementation of diet with phytase had
no effect on liver, spleen and abdominal fat relative weight. However, Pillai ez al.
(2006) reported that broilers fed P deficient diets supplemented with phytase had
increased breast and leg yield when compared to broilers fed the P adequate diet.
Differences in dressing and front parts paralleled the variations in chicks body weight
as larger birds produce carcasses of higher dressing percentage compared to lean birds
(Attia et al, 2001). Kornegay et al. (1998) found that microbial phytase restored

breast meat yield to the level of the positive control group.

Blood constituents: As shown in Table 6, no significant (P>0.05) differences
were detected in blood constituents due to level of AP, phytase level and interaction
due to level of AP x phytase level. Numerical improvements in white blood cells count
(WBCs), red blood cells count (RBCs) hemoglobin (HGB, g/dL), hematocrit (HCT%),
mean corpuscular hemoglobin (MCH) and mean corpuscular volume concentration
(MCHC%) were frequently observed when phytase was added and all experimental
treatments improved WBCs (P>0.05) during the period from 5 to 42 days of age as
compared with control diet however, these did not reach a level of statistical
significance. In this regard, Ragab et al. (2013) reported that broiler chicks fed diet
un-supplemented with phytase had higher values of hemoglobin and RBCs, (lower
values of MCV and MCH), while, those fed diet supplemented with 0.1% phytase had
lower values of hemoglobin and RBCs (higher values of MCV and MCH).

Correlation coefficients estimate: As shown in Table 7, phytase level had
significant positive correlation with PI (P<0.01) at the end of experimental period.
Regardless of level of AP and phytase level« LBW had positive correlation with
LBWG, FI, PI and GR (P<0.01). Whereas, LBW negatively correlated with each of
FC, CPC and CCR (P<0.01). Also, LBWG had positive correlation with FI, P and GR

(P<0.01), however, correlation coefficient of negative nature was observed among

\RY%



LBWG and FC, CPC and CCR (P<0.01). Results showed that correlation coefficient of

positive nature was observed among FI with GR, whereas, relationship between FC

with CPC and CCR was positive (P<0.01). Significant negative correlation was

observed between each of CPC and CCR with PI and GR (P<0.01). Higher PI is

correlated (significant positive) with higher GR (P<0.01) during the over all period, as

illustration in Table

7.

Table 6: Effect of phytase supplementation to triticale diets varying in their
phosphorus content on some blood parameters.

r{hitg b]:edd Mean Mean rMeanl v
(10%mm®%) | (10%mm®) Mcy) (MCH) ppg (MCHC)%
Level of AP' (L):
Recommended (R) 14.55 |2.43 10.90 35.70 146.75 | 44.83 30.55
R-25% AP 15.20 |2.43 11.13 37.03 153.00 | 45.90 30.05
R-50% AP 13.95 | 2.28 10.33 34.05 149.25 | 45.15 30.23
+SEM” 1.18 0.14 0.67 1.97 1.43 0.63 0.45
Phytase addition (Ph)%:
0.00 (Un-supplemented) | 13.63 | 2.28 10.28 34.17 149.83 | 45.07 30.07
0.10 15.50 | 2.48 11.28 37.02 149.50 | 45.52 30.48
+SEM 0.96 0.11 0.55 1.63 1.17 0.51 0.37
L x Ph% (treatments):
R 0.00 12.48 | 2.35 10.72 35.09 145.00 | 45.75 30.75
0.10 16.60 | 2.49 11.05 36.35 146.50 | 44.50 30.40

o 0.00 14.45 | 2.28 10.55 35.20 155.00 | 46.50 30.00
R-25% AP 0.10 15.95 | 2.58 11.70 38.85 151.00 | 45.30 30.10

o 0.00 13.95 | 2.19 9.55 32.25 147.50 | 43.55 29.50
R-50% AP 0.10 13.95 | 2.37 11.10 35.85 151.00 | 46.75 30.95
+SEM 1.67 0.19 0.95 2.82 2.02 0.88 0.64

TAvailable phosphorus ? Pooled SEM

Table 7: Correlation coefficients between live body weight (LBW), live body weight gain

(LBWGQG), feed intake (FI), feed conversion (FC), crude protein conversion (CPC),
caloric conversion ratio (CCR), performance index (PI), growth rate (GR), level of
available phosphorus (LAP) and phytase% of broiler fed phytase supplementation to
triticale diets varying in their phosphorus content.

Items LBW | LBWG | FI FC CPC CCR PI GR
LAP -0.128 | -0.134 0.006 0.191 0.092 -0.176 -0.075 -0.196
Phytase% | 0.181 | 0.186 -0.091 -0.217 -0.161 -0.164 0.294* 0.175
LBW 0.999%* | 0.464** | -0.902%* | -0.792** | -0.807** | 0.945%* | 0.832%*
LBWG 0.461%* | -0.906** | -0.787** | -0.802** | 0.941%* | 0.854**
FI -0.104 -0.191 -0.224 0.231 0.384**
FC 0.829%* | 0.817** | -0.903** | -0.819**
CPC 0.945%* | -0.830%* | -0.705**
CCR -0.837%* | -0.684**

YA




PI | [ 0.722%¢ |

** Correlation is significant at the 0.01 level. ~ * Correlation is significant at the 0.05 level

As shown in Table 8, WBCs had significant positive correlation with RBCs,
HGB (g/dL) and HCT% (P<0.05). Also, RBCs had significant positive correlation with
HGB and HCT% (P<0.01), HGB (g/dL) with HCT% (P<0.01). Significant positive
correlation was observed between MCH and MCHC% (P<0.01).

Table 8: Correlation coefficients between white blood cells count (WBC), red blood
cells count (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), level of available phosphorus (LAP) and
phytase % of broiler fed phytase supplementation to triticale diets varying in
their phosphorus content.

Items WBC | RBC HGB HCT MCV | MCH | MCHC
LAP -0.114 | -0.272 | -0.204 -0.196 0.282 | 0.094 | -0.167
Phytase% | 0.434 | 0.427 0.434 0.415 -0.046 | 0.159 | 0.262
WBC 0.653* | 0.596* 0.660* 0.066 | 0.061 | 0.059
RBC 0.964** | 0.971** | -0.114 | 0.207 | 0.385
HGB 0.972** | 0.045 | 0.459 | 0.535
HCT 0.123 | 0.338 | 0.324
MCV 0.571 | -0.226
MCH 0.668*

** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.

Economical efficiency (EEf): Results in Table 9 showed that, EEf values
during the period from 5 to 42 days of age improved in chicks fed all experimental
diets as compared with those fed the control diet. Chicks fed diet containing
recommended level of AP supplemented with 0.1% phytase had the best economical
and relative efficiency values being 1.949 and 125.14%, respectively followed by
chicks fed diet containing -25% AP supplemented with 0.1% phytase (1.921 and
123.36%, respectively) then chicks fed diet containing -25% AP unsupplemented with
phytase (1.871 and 120.12%, respectively) as compared with those fed the control diet
(the lowest corresponding values, being 1.557 and 100.00%, respectively). The relative
efficiency varied between 100.00% to 125.14%, which is of minor importance relative
to other factors of production. These results are in harmony with those obtained by
Bosch ef al. (1998) who utilized a Virginia farm as a model for investigating the
economic benefits of incorporating phytase in poultry diets. They reported $1,435 in

economic gains associated with the inclusion of phytase to turkey diets, due to
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increased sale of lower P litter that could be applied to farmland and to the reduction in
dietary P supplementation. However, the optimal level of phytase is unknown because
P equivalency of phytase can be affected by many factors such as dietary
concentrations of phytate P, Ca and non phytate phosphorus, phytase inclusion levels,
the source of exterior phytase and the level of endogenous phytase in the ingredients

(Selle and Ravindran, 2007).

It would be concluded that, a satisfactory broiler performance and economic
efficiency could be achieved by decreasing AP from the recommended level by 50%
and supplement these diets with phytase (genetically, maintain the same performance
as that obtained from chicks fed diets containing recommended level of AP). Besides,
using such diets reduces feed cost and P pollution.

Table 9: Effect of phytase supplementation to triticale diets varying in their
phosphorus content on economical efficiency (EEf).

Level of available phosphorus (AP) | Recommended (R) R-25% AP R-50% AP
Phytase addition % 0.00 0.10 0.00 0.10 0.00 0.10
aj 0.1210 | 0.1266 | 0.1286 | 0.1286 | 0.1286 | 0.1286
b, 246.44 | 249.04 | 241.50 | 244.10 | 238.06 | 240.66
a; x bi=¢; 29.821 | 31.538 | 31.050 | 31.401 | 30.624 | 30.959
a, 0.9232 1 0.9197 ]0.9308 | 1.0396 |0.9385 | 1.1089
b, 247.81 | 250.41 | 243.50 | 246.10 | 240.46 | 243.06
a; X bx=c; 228.78 | 230.30 | 226.65 | 255.85 | 225.68 | 269.53
a3 2.0115 | 1.7463 | 2.0618 | 1.8290 | 1.7480 | 1.8065
b; 236.70 | 239.30 | 232.43 | 235.03 |229.35 |231.95
a3 X bs=c; 476.13 | 417.89 | 479.23 | 429.87 |400.90 |419.01
(c1+c2+€3)=Ctotal 734.72 | 679.73 | 736.92 | 717.12 | 657.20 | 719.50
d 1.4453 | 1.5418 | 1.6272 | 1.6113 | 1.3417 | 1.5028
e 1300.0 | 1300.0 | 1300.0 | 1300.0 | 1300.0 | 1300.0
d x e=f 1878.9 | 2004.3 | 2115.4 | 2094.7 | 1744.2 | 1953.6
f- Ctotal =8 1144.2 | 1324.6 | 1378.4 | 1377.6 | 1087.0 | 1234.1
Economical efficiency (g/ Cota) | 1.5573 | 1.9487 | 1.8705 | 1.9210 | 1.6540 | 1.7153
Relative efficiency (r) 100.00 | 125.14 | 120.12 | 123.36 | 106.21 | 110.15
a;, 2, and a; .......average feed intake (Kg/bird) during the periods of starter, grower and finisher,
respectively.

by, b;and b; ...... price / Kg feed (P.T.) during the periods of starter, grower and finisher, respectively
(based on average local market price of diets during the experimental time).

¢,cand ¢; ....... feed cost (P.T.) during the periods of starter, grower and finisher, respectively.

Total feed cost (P.T.) = c¢ota = (c1HC2HC3)

Average LBWG (Kg/ bird) d

Price / Kg live weight (P.T.) Cirrernnnrnronans (according to the local market price at the experimental time).

Total revenue (P.T.)=d x e=f

Net revenue (P.T.) = - ¢ =8

Economical efficiency = (g/ Ctal) ceeeeeeeeese....(N€t revenue per unit feed cost).

Relative efficiency | (assuming that economical efficiency of the control group (1) equals 100).



REFERENCES

A.O0.A.C. (1990). Association of Official Analytical Chemists, Official Methods of
Analysis. 15™ Edition, Washington, D.C, USA.

Angel, R., W.W. Saylor, A.S. Dhandu, W. Powers, and T.J. Applegate (2005). Effects
of dietary phosphorus, phytase and 25-hydroxycholecalciferol on performance
on broiler chickens grown in floor pens. Poult. Sci., 84: 1031-1044.

Attia, Y. A., S. A. El-Rhaman, and E. M. A. Qota (2001). Effects of microbial phytase
without or with cell-wall splitting enzymes on the performance of broilers fed
marginal levels of dietary protein and metaboilzable energy. Egypt. Poult. Sci.,
21: 521-547.

Augspurger, N. R., and D. H. Baker (2004). High dietary phytase levels maximize
phytate-phosphorus utilization but do not affect protein utilization in chicks fed
phosphorus- or amino acid-deficient diets. J. Anim. Sci., 82: 1100-1107.

Bedford, M. R., and H. Schulze (1998). Exogenous enzymes for pigs and poultry.
Nutr. Res. Rev. 11:91-114.

Berndt, T. J., S. Schiavi, and R. Kumar (2005). Phosphatonins and the regulation of
phosphosrus homethesis. Am. J. Physiol. Renal Physiol., 289: F1170-F1182.

Boros, D. (2002). Physico-chemical quality indicators suitable in selection of triticale
for high nutritive value. In Proceedings of the 5th International Triticale
Symposium, E. Arseniuk and R. Osiski, Eds., Radzikow, Poland, 1: 239-244.

Bosch, D. J., M. Zhu, and E. T. Kornegay (1998). Net returns from microbial phytase
when crop applications of swine manure are limited by phosphorus. J. Prod.
Agric., 11:205-213.

Broz, J., P. Oldale, A. H. Perrin-voltz, G. Thychen, J. Schulze, and C. S. Nunes (1994).
Effects of supplemental phytase on performance and phosphorus utilization in
broiler chickens fed a low phosphorus diet without addition of inorganic
phosphorus. Br. Poult. Sci., 35:273-280.

Cowieson, A.J., T. Acamovic, and M.R. Bedford (2004). The effects of phytase and
phytic acid on the loss of endogenous amino acids and minerals from broiler
chickens. Br. Poult. Sci., 45: 101-108.

Cowieson, A. J., T. Acamovic, and M. R. Bedford (2006). Supplementation of corn—
soy-based diets with an Escherichia coli-derived phytase: effects on broiler
chick performance and the digestibility of amino acids and metabolizability of
minerals and energy. Poult. Sci., 85: 1389-1397.

Dekic, V., M. Milovanovic, M. Staletic, and V. Perisic (2012 a). Triticale
implementation in non-ruminant animal's nutrition. Proceedings of IV
International Symposium of Livestock Production, 9-12 September, Struga,
Republic of Macedonia, Macedonian Journal of Animal Science, Vol. 2, No. 1,
41-48.

Dekic, V., S. Mitrovic, V. Radovic, V. Dermanovic, and T. Pandurevic (2012b):
Applicability of triticale in the diet of broiler chickens. Proceedings. 47rd
Croatian and 7rd International Symposium on Agriculture, 13.-17. Februar,
Opatija, Croatia, p. 664-668.

AR



Dekic, V., S. Mitrovic, M. Milovanovic, N. Djuric, B. Kresovic, A. Tapanarova, V.
Djermanovic, and M. Mitrovic (2011). Implementation of triticale in nutrition
of non-ruminant animals. African Journal of Biotechnology. 10: 5697-5704.

Denbow, D. M., V. Ravindran, E. T. Kornegay, Z. Yi, and R. M. Hulet (1995).
Improving phosphorus availability in soybean meal for broiler by supplemental
phytase. Poult. Sci., 74: 1831-1842.

Duncan, D.B. (1955). Multiple range and multiple F tests. Biometrics, 11: 1-42.

Ebrahimnezhad, Y., M. Shivazad, R. Taherkhani, and K. Nazeradl (2008). Effects of
citric acid and microbial phytase supplementation on performance and phytate
phosphorus utilization in broiler chicks. J. Poult. Sci., 45: 20-24.

Emam, R. M. S. (2010). A study of substituting yellow corn by triticale grains on
productive performance of two broiler strains. Ph.D. Thesis, Fac. Agric.,
Fayoum University, Egypt

Food and Agriculture Organization of the United Nations, FAO (2013).
http://faostat.fao.org/.

Haefner, S., A. Knietsch, E. Scholten, J. Braun, M. Lohscheidt, and O. Zelder (2005).
Biotechnological production and applications of phytases. Appl. Microbiol.
Biotechnol., 68: 1-10.

Hermes, J. C., and R. C. Johnson (2004). Effects of feeding various levels of triticale
var. bogo in the diet of broiler and layer chickens. J. Appl. Poult. Res., 13: 667—
672.

Janssen, W. M. M. A. (1989). European Table of Energy Values for Poultry
Feedstuffs. 3rd ed. Beekbergen, Netherlands: Spelderholt Center for Poultry
Research and Information Services.

Kornegay, E. T., Z. Zhang, and D. M. Denbow (1998). Influence of microbial phytase
supplementation of a low protein/amino acid diet on performance, ileal
digestibility of protein and amino acids, and carcass measurements of finishing
broilers, in: M. B. Coelho and Kornegay, E. T. Eds., Phytase in Animal
Nutrition and Waste Management, 2nd rev. Edn., BASF Cooperation, Mount
Olive, NJ.

Maenz, D. D. (2000). Enzymatic characteristics of phytases as they relate to their use
in animal feeds. In: M.R. Bedford and G.G. Partridge (eds). CABI, The United
Kingdon, pp: 61-84.

Michela, P., and K. Lorenz (1976). The Vitamins Of Triticale, Wheat, and Rye. Cereal
Chemistry 53: 853-861.

Moore, P. A., T. C. Daniel, and D. R. Edwards (1999). Reducing phosphorus runoff
and improving poultry production with alum. Poult. Sci., 78: 692-698.

Mulyantini, N. G., A. Kumar, J. Sands, and W. L. Bryden (2004). The efficacy of
phytase in corn soybean meal based broiler diets. Asia Pac. J. Clin. Nutr.
Suppl.: S91.

Musapuor, A., M. Afsharmanesh, and H. M. Shahrbabak (2006) Use of microbial
phytase for decrease of pollutant due to environmental poultry excreta
phosphorus. Int. J. Agri. Biol., Vol. 8, No. 1: 35-37.

Myer, R. O., and R. D. Barnett (2000). Triticale grain in swine diets. Is AS37, one of a
series of the Animal Sciences Department, Florida Cooperative Extension

Yy



Service, Institute of Food and Agricultural Sciences, University of Florida.
EDIS Web site at http://edis.ifas.ufl.edu.

National Research Council, NRC (1994). Nutrient Requirements of Poultry. 9th
revised edition. National Academy Press. Washington, D.C., USA.

Nelson, T.S., T.R. Shieh, R.J. Wodzinski, and J.H. Ware (1968). The availability of
phytate phosphorus in soybean meal before and after treatment with mold
phytase. Poult. Sci.,47:1842-1848.

North, M. O. (1981). Commercial Chicken Production Manual, 2nd Edition. AVI
Publishing Company Inc, USA.

Peter, C. M., and D. H. Baker (2001). Microbial phytase does not improve protein-
amino acid utilization in soybean meal fed to young chickens. J. Nutr.
131:1792-1797.

Pillai, P. B., T. O'Connor-Dennie, C. M. Owens, and J. L. Emmert (2006). Efficacy of
an Escherichia coli phytase in broilers fed adequate or reduced phosphorus diets
and 1ts effect on carcass characteristics. Poult. Sci., 85:1737-1745.

Ragab, M. S., H. M. Abdel Wahed, E. M. Omar, and W. H. A. Mohamed (2013).
Impact of citric acid and phytase supplementation on performance of broiler
Egyptian J. Nutrition and Feeds (in press).

Ravindran, V., W. L. Bryden, S. Cabahug, and P. H. Selle (1998). Impact of microbial
phytase on the digestibility of protein, amino acids and energy in broilers. Pages
156-165 in: Proceedings of the Maryland Nutrition Conference for Feed
Manufactures, Baltimore, M.D.

Ravindran, V., P.C.H. Morel, G.G. Partridge, M. Hruby, and J.S. Sands (2006).
Influence of an E. coli-derived phytase on nutrient utilization in broiler starters
fed diets containing varying concentrations of phytic acid. Poult. Sci., 85: 82—
89.

Sebastian, S., S. P. Touchburn, E. R. Chavez, and P. C. Lague (1998). Implications of
phytic acid and supplemental microbial phytase in poultry nutrition: A review.
World’s Poult. Sci., 54: 27-47.

Selle, P. H., and V. Ravindran (2007). Microbial phytase in poultry nutrition. Anim.
Feed Sci. Technol., 135: 1-41.

Shelton, J. L., L. L Southern, L. A. Gaston, and A. Foster (2004). Evaluation of
nutrient matrix values for phytase in broilers. J. Appl. Poult. Res., 13: 213-221.

Singh, P.K., and V.K. Khatta (2003). Effect of phytase supplementation on the
performance of broiler chickens fed wheat based diets. In. J. Anim. Nutr., 20:
57-62.

Soares, J. H. (1995). Phosphorus bioavailability. In: Ammerman, C.B., D.H. Baker,
and A.J. Lewis (Eds). Bioavailability of nutrients for animals. Academic Press,
New York, pp. 257-294.

Sohail, S. S., and D. A. Roland (1999). Influence of supplemental phytase on
performance of broilers four to six weeks of age. Poult. Sci., 78: 550-555.

Van Barneveld, R. J. (2002). Triticale: a guide to the use of triticale in livestock feeds.
Kingston, Australia, Grains Research Development Corporation.12 pp.

Varughese, G., W. H. Pfeiffer, and R. J. Pena (1996). Triticale (Part 1): A successful
alternative crop. Cer. Foods World, 41: 474-482.

Yy



Viljoen, J. (2001). Utilisation of feed phosphates: Fact or confusion? Afma matrix.
December: pp. 24-27.

Waldroup, P.W., J.H. Kersey, E.A. Saleh, C.A. Fritts, F. Yan, H.L. Stilborn, R.C.
Crum, and V. Raboy (2000). Nonphytate phosphorus requirements and
phosphate excretion of broiler chicks fed diets composed of normal or high
available phosphate corn with and without microbial phytase. Poult. Sci., 79:
1451-1459.

Warden, W.K., and P.J. Schaible (1962). Preliminary investigations concerning
utilization of phytin phosphorus by the chick. Poult. Sci. 41, 1692 (Abstract).

=) paild

D58 gdl) (ya u\w@w\ Jus Al du\:- s Bl Cppandl) (5 g 14 s siadl) FEWA R
s - gl Z\M‘e— Gl gl eﬂﬁ- el 48

Gl 38 50 — Gl gaadl 2BV Sgmy dgaa — a5l Coally ol gall Ggay Adase (8 4 el o) el o

LY e Vo)) daud Gehaee | ) s el e 3l DA @by peae — Ballde) )3l 55 5 — duel )5l
c_mé\u\}ucajj;m(uu}Jd)ua)u.m)mu)&S\ii@‘)ye.:}‘\_uu.d\mgéseb\iod.d}e).\).a:
J)s.u}sl\wu_a\_\}muj_\em\ (J)SA/).\U: A)u\J)SAMJ\JLA\W&MdS(dAW/)Ua Yi)k_\JA\a.A
@ (%) 5 ) S8l o G siasns (Tl pshush 2 00mp glia shu g+ YO0 (((p) 42 sl g sinall)) il
.M\léﬁjamigcdyaaﬂ\‘xvu&c:u)ﬁ
Dkl Lg.\hdma.\.d\cal.ul\ua.\a.he.a\g

‘L‘AS‘?““AMUJ}@"JL‘J“‘@A\M‘UJ}&CM‘JPJQ‘GMLE}M)“L’JM ‘_,ALHY‘ G‘JY\\
@F&m&;dwﬁhg\dmu&e}uﬁuceﬁ (A DQA::).\QJ\ AA 43l Jo g el cd)SLd\ e 12zl)
MH}A\U:.CL.A\”M}QJ\ %Yo sle 313l CuSUSH (a9 £Y-0 (e 8 8l JOIR) anaal) 55 (A 8303
O Laiw 48dal) B gatl 3.1 ¢)a.u\ CL\A\ J}M}ﬂ“w@g‘éﬂ‘ Lﬁj:‘““j‘d}& LBSN:&LB\'J}_A\ caustsl] <
s £Y-0 OABJE\dm%ﬁual\@)ﬂsgusw\gwﬂ\qscmupjﬂ\w%w_&;3\@\@5\3&3}
).\.\.\é\.@.d\g_'q\.md\).\cj\g_'ql.ma@)u:‘;so\h&d\u_uS\_\Sﬂd)SLd\g\hﬂ\muu&)mu\jj\j;\didm US-‘ej
@L\_\Y\ 1) d.o\:_.oé‘u).\umb)é\ Cantl) L;)\A.ad.a)\aj).\.ua%~ Y ddl) Lgd\ 5 £Y-0 (il A
g_ajua\:ud\) il gy g8 gall djmwdsuud;\mﬂgjmy'bg\ d\.&u&\?} o5 £Y-0 e Byall PIA
dm;@u\}u..\_\}):\”dﬁ}}.\agus‘jg\dd\dg)x&m"?umj\ UJ}@DJL“)”}@M?“AM u‘)}én(:’\z\.\:j‘)ﬂ\
A5 ¢Y.o L’JA::).\SJ\ dj;@l.\d?\g\d‘ﬁ\&\a.a}}qﬂ\

dSu_ud;\A.;ﬂ}\)mﬂ\})}m)d\d)mwdyd)myhd\dm uS.aeJ eﬁ‘ul.u&nj@aﬁ‘ul&.a.\'

o)ﬁsj\ LL@J@@L\JY‘ 1Ay LJA\M&AQ_\A‘}ALE‘WLLUJ‘ J)s.u)sl\ d‘)iumla.u)\ hl—ﬁ)‘}“ d.dl.i.dﬁ)d”3
&&f&%kb)‘@l\w\u)}h‘)\M‘}CM‘)}M}S}‘&JS&WUQ)L.\M 3 Ao il
(I J::L}.:JY\ IS Ly | gelll Jazag @Lu‘ﬁ\ 1) Jalaa g d}S\.A}\ el S @J\ ?.m;j\ SBY) oJ\,Ul\ Jara
10 Jalee et daii )l ki) el Jaleas saill Jane ae d8Uall g (45l Jysad 3eUS (e DS (g Ly sinas
u;fd)mlab)\gw‘eﬁ\&h\‘)sam@)\ L)Q\Bﬂdhﬂ\dm?mydwkb)\@uy‘
Yo S st o s

Al B e Funy i) EMY S e 5l3acal) CSUSH dunnll g Lol 80 i sdpsluaiiy) splisl)o

A e e e e )

s sl Ao (ol Aa 5 Apaliai) 3 US Gual s Gaanill g ol o)l Juadl Gaial ay 43) Uit ¢Say

@Ol e 3laxal) qsus&\dmg\i‘y\w@ujf;) Ol Ala) ae 4y aagall (g glall e 900 S L)
By o3l S5 (el 35 a3 alasiad o ) ALaYL (2B i il e Mol (5 siaall e 4 giaal
s il

Y¢



