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Abstract
Background and Objective: Formulating a balanced diet that would provide the required nutrients is very important for achieving
optimal broiler growth. This study was conducted to determine the optimal calcium to available phosphorus ratio (Ca:AvPi) for feed with
or without corn-expressed phytase (CEP) addition. Materials and Methods: A 35d trial was conducted to determine growth performance,
effects of either decreasing Ca:AvPi ratio as bird ages, without CEP, or increasing Ca matrix credit when feeding  CEP.  A  total  of  1152
one-day-old male broilers were assigned to 6 dietary treatments (Diets A to F) with 16 birds per pen and 12 replicate pens per treatment.
Diets A and B didn’t contain CEP and had 0.5 and 0.45% AvPi in the starter (0-15 day) and grower (16-35 day) feeds, respectively. Diet A
had a decreasing Ca:AvPi from 2:1 in starter to 1.85:1 in grower, whereas Ca:AvPi of diet B was constant at 2:1 for both phases. Remaining
diets contained 3000 FTU kgG1 of CEP. Diet C contained CEP added on top. Diets D to F had 0.12% lower AvPi while Ca was reduced by
0.11, 0.15 or 0.17%, respectively. Results: No differences in growth performance (p>0.05) were observed between birds fed diets A or
B. In general, birds fed CEP had higher early (0-15 and 16-28 day) and overall body weight (BW), body weight gain (BWG) and feed intake
(FI) compared to those fed diet A or B (p<0.05). Overall (0-35 day) feed conversion ratio (FCR) was improved for all CEP-supplemented
diets compared to Diet A. Assigning different Ca matrix values among CEP treatments had no effect (p>0.05) on growth performance of
broilers. Overall FCRs (0-35 day) with all CEP-supplemented diets were better than that of the unsupplemented diet A. Conclusion: Results
demonstrated that adding CEP improved growth performance and reducing Ca:AvPi ratio as the bird aged did not affect performance
for diets without CEP. In addition, with a 0.12% AvPi matrix value, adjusting Ca matrix values between 0.11 and 0.17% did not have a large
effect on animal performance when diets included 3000 FTU kgG1 CEP.
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INTRODUCTION

When formulating broiler diets, the essential minerals
calcium (Ca) and inorganic phosphorus (Pi), cannot be
considered independently as they play a major role in each
other’s homeostasis and both are involved in bone formation1.
Feed ingredients from plant sources are not adequate to meet
requirements for these minerals. Therefore, poultry diets are
usually supplemented with inorganic sources of Ca and Pi2.
However, a significant amount of P stored in plants is present
as phytate, which broiler chickens cannot readily digest3. To
remedy this problem, exogenous phytase enzyme, which is
usually microbial-derived, is included in poultry diets. The
enzyme digests  phytate  in  corn  and  soybean  resulting in
the release of Pi4, Ca and other nutrients5-7. Therefore,
supplementation  of  poultry  diets  with   phytase   reduces
the need to provide mineral supplements to fulfill the Pi
requirement. Moreover, it also provides other benefits; it has
been shown that supplementing poultry diets with phytase
decreased fecal Pi content8 and therefore decreased the
addition  of  Pi  from  fecal  matter  applied  to soil. This helps
in preventing eutrophication of surface waters, a major
environmental concern associated with poultry production9.
Dietary  supplementation  with  phytase   will   also   aid   in
cost reduction of feed compounding, because mineral
supplements commonly used to provide Pi, such as dicalcium
phosphate (DCP), are expensive.

It has been shown that through  genetic  engineering,
corn can express phytase genes derived from microbial
origin10. This development promises advancement in the
animal nutrition industry, because transgenic corn can supply
phytase and partially replace a fraction of the corn commonly
added to feed making the addition of microbial phytase
unnecessary. The mechanism and efficacy of an enzyme’s
activity in making various nutrients available is critical and
many studies have been conducted to reveal the efficacy of
nutrient release from phytate. Studies have shown that the
residual activity of phytase from transgenic corn is higher in
the crop, proventriculus, gizzard, jejunum and ileum sections
of the gastrointestinal (GI) tract of birds11 than that of
microbial derived phytase. A study on feeding transgenic-corn
phytase also showed that the transgenic phytase DNA is
degraded in the GI tract and was not transferred to tissues of
broilers10 is counting a potential concern with transgenic
products. The information derived from phytase studies allows
nutritionists to define compounded diets with greater
precision to meet an animal’s requirements as well as to
prevent nutrient over-formulation and thereby reduce dietary
costs. Calcium can form an insoluble complex with phytate,
making it more difficult for the phytase enzyme to degrade
it12.  Thus,  when  using  feed  formulation software in which a

higher matrix values of Ca are attributed to phytase enzyme,
then less Ca should be supplemented in diets, which might
increase the enzyme efficacy and growth performance.
Furthermore, assuming that a higher matrix value of Ca can be
assigned to CEP indicates that less inorganic source of Ca is
needed for feed manufacturing thus providing the benefit of
saving on feed cost. The purpose of this research was to
compare growth performance of broilers consuming diets
with decreasing Ca:AvPi ratio or constant Ca:AvPi as broilers
grew to market age, as well as testing multiple assigned matrix
values of Ca to CEP enzyme effect on growth performance of
broilers raised to 35 day.

MATERIALS AND METHODS

Animals and husbandry: All animal usage conformed to The
Guide for Care and Use of Agricultural Animals in Research and
Teaching13 and North Carolina State University approved
Institutional Animal Care and Use Committee protocol. Broiler
chickens were hatched from eggs produced by 62 week old
Ross YPM×708 broiler breeders maintained at the site. A total
of 1,152 males were feather-sexed and placed randomly into
72 floor pens in a  curtain-sided  house  with  16  birds  per
pen. Birds were exposed to 23 h light and 1 h dark for the first
2 weeks, reduced to 20 h light at 14 day and to 18 h light from
15-21 day. After 22 day, only natural light was provided. Initial
brooding temperature was 35EC, then gradually reduced to
27EC by 15 day of age and then held at 27EC until 21 day of
age. From 22 day of age until the end of the experiment,
temperature was maintained at approximately 24EC. Feed and
water were available for ad  libitum  consumption.

Treatments design: A total of 6 treatments (Table 1) were
tested with 12 replicate pens per treatment. All diets were
formulated to meet or exceed National Research Council14

suggested requirements. Corn-expressed phytase (CEP;
Grainzyme®, Agrivida) was included in phytase-supplemented
diets C, D, E and F at the amount of 2 kg of transgenic corn/MT
feed (4 lbs/ton), which amounts to 3000 FTU CEP kgG1 diet. To
include the 2 kg of transgenic corn/MT feed, a simple removal
of an equal amount of standard corn was done, because the
transgenic corn that produces CEP has same nutritional
specifications as standard corn. Consequently, the feed
compounder can use the transgenic corn as a source of
enzyme supplement as well as a basic ingredient in poultry
diets. Treatments A and B were controls having no CEP.
Treatment A had a decreasing Ca to available Pi ratio (Ca:AvPi)
when going from starter (2:1) to grower (1.85:1), while
treatment B had a fixed Ca:AvPi ratio at both feeding phases
(2:1). Treatment C had the same stepped down Ca:AvPi
content between phases as A but was supplemented with CEP 
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Table 1: Experimental diets showing the theoretical Ca:AvPi of diets, formulated percentages of Ca and AvPi and corn-expressed phytase (CEP) matrix value for Ca and
Pi in starter and grower feed

Starter Grower
--------------------------------------------------------------------- --------------------------------------------------------------------------------------
Diet formulation (%) CEP matrix value3 (%) Diet formulation (%) CEP matrix value3 (%)

Treatment Phytase, Theoretical ---------------------------- ---------------------------- Theoretical --------------------------- ---------------------------------
code1 FTU kgG1 Ca:AvPi Ca AvPi2 Ca Pi Ca:AvPi Ca AvPi2 Ca Pi
A 0 2:1 1.0 0.5 NA NA 1.85:1 0.835 0.45 NA NA
B 0 2:1 1.0 0.5 NA NA 2:1 0.90 0.45 NA NA
C 3000 2:1 1.0 0.5 NA NA 2:1 0.90 0.45 NA NA
D 3000 2:1 0.89 0.38 0.11 0.12 2:1 0.79 0.33 0.11 0.12
E 3000 2:1 0.85 0.38 0.15 0.12 2:1 0.75 0.33 0.15 0.12
F 3000 2:1 0.83 0.38 0.17 0.12 2:1 0.73 0.33 0.17 0.12
1A: Descending Ca:AvPi (No CEP), B: Fixed 2:1 Ca:AvPi (No CEP), C: Theoretical 2:1 Ca:AvPi with CEP added on top, D to F: Theoretical 2:1 Ca:AvPi with CEP given matrix
value for Ca and Pi. Pi matrix value is assumed to be fixed but Ca matrix value increasing from diet D to F. 2The basal numbers shown above are the actual formulation
targets without CEP matrix values added

Table 2: Experimental diet composition (starter)
Treatment code1

------------------------------------------------------------------------------------------------------------------------------------------------------
Ingredient (%) A B C D E F
Corn 55.76 55.76 55.56 57.00 57.04 57.14
Soybean meal 48% 34.59 34.59 34.59 34.21 34.36 34.35
Poultry byproduct meal 3.00 3.00 3.00 3.00 3.00 3.00
Poultry fat 2.45 2.45 2.45 1.98 1.90 1.86
Dicalcium phosphate 2.23 2.23 2.23 1.48 1.48 1.48
Limestone 0.64 0.64 0.64 0.79 0.68 0.63
Sodium chloride 0.50 0.50 0.50 0.50 0.50 0.50
DL-Methionine 0.26 0.26 0.26 0.26 0.26 0.26
L-Threonine 0.01 0.01 0.01 0.01 0.01 0.01
Choline chloride (60%) 0.20 0.20 0.20 0.20 0.20 0.20
Mineral premix 0.20 0.20 0.20 0.20 0.20 0.20
Vitamin premix2 0.05 0.05 0.05 0.05 0.05 0.05
Selenium premix3 0.05 0.05 0.05 0.05 0.05 0.05
L-lysine 0.01 0.01 0.01 0.02 0.02 0.02
Coban4 0.05 0.05 0.05 0.05 0.05 0.05
CEP 0.00 0.00 0.20 0.20 0.20 0.20
Calculated nutrient content (%)
Metabolizable energy (kcal kgG1) 2,950 2,950 2,950 2,950 2,950 2,950
Crude protein 22.50 22.50 22.50 22.50 22.50 22.50
Calcium 1.00 1.00 1.00 0.89 0.85 0.83
Total phosphorus 0.84 0.84 0.84 0.71 0.71 0.71
Available phosphorus 0.50 0.50 0.50 0.38 0.38 0.38
Total lysine 1.24 1.24 1.24 1.24 1.24 1.24
Total methionine 0.59 0.59 0.59 0.59 0.59 0.59
Analyzed nutrient content as fed (%)
Crude fat 5.18 5.18 5.22 4.79 4.94 4.79
Crude protein 23.03 23.03 23.31 24.55 23.81 22.89
Crude fiber 1.40 1.40 1.60 1.40 1.50 1.60
Total digestible nutrients 67.88 67.88 66.97 67.44 69.10 67.51
Ash 6.05 6.05 6.27 5.94 5.76 5.47
Calcium 0.93 0.93 1.08 1.03 0.84 0.85
Total phosphorus 0.85 0.85 0.93 0.83 0.76 0.79
1A: Descending Ca: AvPi (No CEP), B: Fixed 2:1 Ca: AvPi (No CEP), C: Theoretical 2:1 Ca: AvPi with CEP added on top, D to F: Theoretical 2:1 Ca: AvPi with CEP given matrix
value for Ca and Pi. Pi matrix value is assumed to be fixed but Ca matrix value increasing from diet D to F. 2Vitamin premix supplied the following per kg of diet: 6,614
IU  vitamin  A,  1,984  IU  vitamin  D3,  33  IU  vitamin  E,  0.02  mg  vitamin  B12, 0.13 mg biotin, 1.98 mg menadione (K3), 1.98 mg thiamine, 6.6 mg riboflavin, 11 mg
d-pantothenic acid, 3.97 mg vitamin B6, 55 mg niacin and 1.1 mg folic acid. 3Selenium premix provided 0.2 mg Se (as Na2SeO3). 4Coban supplied monensin sodium
at 90 mg kgG1 of feed

(no matrix value assignment). Treatments D to F had fixed
Ca:AvPi ratios (2:1) and were supplemented with CEP at both
feeding phases. However, each treatment was assigned a
different Ca matrix value for CEP with Ca and AvPi content in
the diet adjusted accordingly. The CEP matrix value for Pi was

fixed at 0.12% for all treatments, whereas Ca matrix values
were either 0.11, 0.15, or 0.17% at both feeding phases for
treatments D, E and F, respectively. Starter (1-14 day) feed
(Table 2) was crumbled and grower (15-35 day) feed (Table 3)
was pelleted. Feed proximate analysis was determined using
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Table 3: Experimental diet composition (grower)
Treatment code1

------------------------------------------------------------------------------------------------------------------------------------------------------
Ingredient (%) A B C D E F
Corn 62.48 62.12 62.00 63.18 63.41 63.51
Soybean meal 48% 30.02 30.08 30.00 29.88 29.84 29.83
Poultry byproduct meal 1.50 1.50 1.50 1.50 1.50 1.50
Poultry fat 2.10 2.23 2.23 1.77 1.68 1.64
Dicalcium phosphate 2.18 2.18 2.18 1.44 1.44 1.44
Limestone 0.41 0.58 0.58 0.72 0.62 0.57
Sodium chloride 0.50 0.50 0.50 0.50 0.50 0.50
DL-Methionine 0.22 0.22 0.22 0.22 0.22 0.22
L-Threonine 0.01 0.01 0.01 0.01 0.01 0.01
Choline chloride, 60% 0.20 0.20 0.20 0.20 0.20 0.20
Mineral premix 0.20 0.20 0.20 0.20 0.20 0.20
Vitamin premix2 0.05 0.05 0.05 0.05 0.05 0.05
Selenium premix3 0.05 0.05 0.05 0.05 0.05 0.05
L-lysine 0.03 0.03 0.03 0.03 0.03 0.03
Coban4 0.05 0.05 0.05 0.05 0.05 0.05
CEP 0.00 0.00 0.20 0.20 0.20 0.20
Calculated nutrient content (%)
Metabolizable energy (kcal kgG1) 3,000 3,000 3,000 3,000 3,000 3,000
Crude protein 20.00 20.00 20.00 20.00 20.00 20.00
Calcium 0.84 0.90 0.90 0.79 0.75 0.73
Total phosphorus 0.78 0.78 0.78 0.64 0.64 0.64
Available phosphorus 0.45 0.45 0.45 0.33 0.33 0.33
Total lysine 1.10 1.10 1.10 1.10 1.10 1.10
Total methionine 0.52 0.52 0.52 0.52 0.52 0.52
Analyzed nutrient content as fed (%)
Crude fat 4.94 5.13 4.88 4.83 4.73 4.81
Crude protein 20.18 20.02 20.60 19.67 19.76 20.23
Crude fiber 1.60 1.30 1.50 1.70 1.80 1.80
Total digestible nutrients 67.15 67.51 67.35 67.92 67.98 68.42
Ash 5.52 5.86 5.99 5.59 5.25 5.22
Calcium 0.86 1.23 1.00 0.83 0.80 0.86
Total phosphorus 0.83 1.06 0.92 0.74 0.75 0.76
1A: Descending Ca:AvPi (No CEP), B: Fixed 2:1 Ca:AvPi (No CEP), C: Theoretical 2:1 Ca:AvPi with CEP added on top; D to F: Theoretical 2:1 Ca:AvPi with CEP given matrix
value for Ca and Pi. Pi matrix value is assumed to be fixed but Ca matrix value increasing from diet D to F. 2Vitamin premix supplied the following per kg of diet: 6,614
IU  vitamin  A,  1,984  IU  vitamin  D3,  33  IU  vitamin  E,  0.02  mg  vitamin  B12,  0.13 mg biotin, 1.98 mg menadione (K3), 1.98 mg thiamine, 6.6 mg riboflavin, 11 mg
d-pantothenic acid, 3.97 mg vitamin B6, 55 mg niacin and 1.1 mg folic acid. 3Selenium premix provided 0.2 mg Se (as Na2SeO3). 4Coban supplied monensin sodium
at 90 mg kgG1 of feed

AOAC official methods; crude fat was determined using ether
extraction, AOAC official method 920.39 (A)15, crude protein
was determined using AOAC Official Method 990.0316. Crude
fiber was determined using AOAC official method 978.1017.
Total digestible nutrients (TDN) was calculated as the sum of
digestible protein, nitrogen free extract, crude fiber and fat.
Ash content was determined following AOAC official method
942.0518, while Ca and P were determined following AOAC
official method 968.0819. Feed particle size distribution was
analyzed at both feeding phases for each treatment using
ASAE Standard S31920. The average geometric diameters for
the starter diets A, B, C, D, E and F were 876, 876, 876, 807, 867
and 850 µm respectively and 577,  546,  548,  460,  383  and
445 µm for grower treatments A, B, C, D, E and F, respectively.

For the treatments that contained CEP, analyzed phytase
activity averaged 3309 FTU kgG1 for crumbled  starter  and
3043 FTU kgG1 for pelleted grower.

Data collection: Chickens and feed were weighed by pen on
day 1, 15, 28 and 35. Pen temperature and mortality were
checked twice daily and feeders were shaken once per day to
14 day and twice per day thereafter.

Data analysis: Data were analyzed by one way ANOVA using
the general linear model procedure of SAS21 with pen as the
experimental unit. Means were separated using the Least
Significant Difference Procedure. Differences between means
were separated using the LS means method and significance
was reported at a probability level of p#0.05.
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RESULTS AND DISCUSSION

Generally, birds fed diets with CEP had improved growth
performance. The body weight (BW), cumulative feed intake
(FI) and body weight gain (BWG) at 15, 28 and 35 day were
higher (p<0.05) for birds consuming a diet supplemented with
CEP (diets C, D, E and F) compared to those consuming either
unsupplemented (control) diets (A and B) (Table 4). The one
exception was with diet E for which FI during 0-28 day was
equivalent to that with diet B and the overall 35 day FCR which
was lower with diet E compared with diets A and B. There
were no significant difference (p>0.05) among the diets
supplemented with CEP in terms of FI, BW, BWG, or FCR. Birds
fed diet F, which had the highest assumed matrix value for Ca
(0.17%), had 1%  higher  mortality  (p<0.05)  during  the  first
14 days when compared to the other treatments but that
effect disappeared after switching to the grower diet. In
general, the overall mortality rate in this experiment was less

than 3%. Furthermore, there were no differences in FI, BW,
BWG, FCR, or mortality as broilers grew to market age between
birds consuming a diet without CEP but with decreasing
Ca:AvPi ratio (starter to grower) and those consuming a diet
without CEP but with constant Ca:AvPiratio (diets A and B).
One of the main functions of supplementing with phytase

enzyme is to degrade phytate to make Pi more available.
However, as can be seen from the formulation tables (Table 2
and 3), birds consuming diet C were provided adequate Pi
(AvPi was formulated to be same as diet B, not including
matrix value), whereas AvPi supplementation was reduced in
the other diets with CEP inclusion to account for the AvPi that
is assumed to be available due to CEP. In previous studies, it
has been shown that supplementing Pi-deficient diets with
phytase improved bird growth performance22-26. Improved
growth performance with  phytase  addition  was attributed
to increasing Pi availability thereby fulfilling the birds’
requirement.  However,   little   is   known   about   benefits   of

Table 4: Least-square means for feed intake (FI), body weight (BW), body weight gain (BWG), feed conversion ratio (FCR) and mortality of broiler males raised to 35 day
Treatment code1

---------------------------------------------------------------------------------------------------------------------------------
Age period (day) A B C D E F SE2 p-value
FI (g birdG1)
Day 0-15 613B 625B 663A 659A 652A 653A 8 0.0001
Day 0-28 2268C 2306BC 2428A 2390A 2372AB 2399A 24 0.0001
Day 0-35 3544B 3587B 3740A 3705A 3685A 3721A 25 0.0001
Day 16-28 1655C 1681BC 1766A 1731AB 1720AB 1747A 19 0.0010
Day 29-35 1276B 1281B 1312A 1315A 1313A 1322A 10 0.0010
BW (g birdG1)
Day 0 47 47 47 47 47 47 0.3 0.7430
Day 15 498B 505B 542A 539A 535A 538A 6 0.0001
Day 28 1652B 1663B 1755A 1738A 1730A 1751A 16 0.0001
Day 35 2420B 2445B 2592A 2561A 2569A 2565A 16 0.0001
BWG (g birdG1)
Day 0-15 451B 459B 495A 493A 488A 491A 6 0.0001
Day 0-28 1605B 1616B 1708A 1692A 1683A 1703A 16 0.0001
Day 0-35 2373B 2398B 2545A 2514A 2522A 2518A 15 0.0001
Day 16-28 1154B 1157B 1213A 1199A 1195A 1213A 12 0.0010
Day 29-35 768B 782B 837A 822A 839A 815A 11 0.0001
FCR (g:g)
Day 0-15 1.3592 1.3651 1.3400 1.3393 1.3361 1.3338 0.012 0.2860
Day 0-28 1.4136 1.4278 1.4215 1.4133 1.4076 1.4109 0.009 0.5960
Day 0-35 1.4925ab 1.4983a 1.4775bc 1.4758bc 1.4667c 1.4758bc 0.007 0.0300
Day 16-28 1.4350 1.4517 1.4558 1.4425 1.4367 1.4400 0.010 0.6580
Day 29-35 1.6542A 1.6425AB 1.5967C 1.6100BC 1.5933C 1.6192ABC 0.013 0.0100
Mortality (%)
Day 0-15 0.00b 0.00b 0.50ab 0.00b 0.00b 1.50a 0.4 0.0300
Day 0-28 1.00 0.00 1.00 0.00 1.50 0.50 0.5 0.3040
Day 0-35 1.50 0.50 2.00 0.50 2.50 2.60 0.8 0.2960
Day 16-28 1.00 0.00 1.00 0.00 1.60 0.50 0.5 0.3040
Day 29-35 0.50 0.50 0.50 1.00 0.50 0.50 0.6 0.9780
a-cMeans in a row within each variable that lack common superscript differ significantly (p#0.05). A-CMeans in a row within each variable that lack common superscript
differ significantly (p#0.01). 1A: Descending Ca:AvPi (No CEP), B: Fixed 2:1 Ca:AvPi (No CEP), C: Theoretical 2:1 Ca:AvPi with CEP added on top, D to F: Theoretical 2:1
Ca:AvPi with CEP given matrix value for Ca and Pi. Pi matrix value is assumed to be fixed but Ca matrix value increasing from diet D to F. 2SE: Standard error for n = 12
pens
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adding the enzyme to a Pi adequate diet. Nelson et al.24 found
that BWG of birds fed a Pi-deficient diet supplemented with
phytase tended to be greater than that of birds  fed  a
phytase-supplemented diet with adequate Pi. However,
Nelson et al.24 and dos  Santos  et  al.27  demonstrated that
birds fed positive control diets supplemented with phytase
exhibited better FCR than positive control without addition of
the enzyme. In the current trial, CEP supplementation to an
adequate Pi diet resulted in greater BW and FI compared to
the same diet without CEP. Within the broiler industry,
adoption of ‘superdosing’ (1500 FTU kgG1 or  higher) of
phytase is increasing because of the improved bird
performance observed as  compared  to  standard dosing
(500-1000 FTU kgG1)28,29. In this case, the addition  of phytase
in adequate diet would be considered as superdosing of
phytase.
Phytate is considered an anti-nutritional  factor  that

forms  insoluble   complexes  with  various  minerals and
amino acids making them unavailable30,31 in addition to
reducing Pi availability32.  Phytate also binds  with  enzymes
and increases mucin secretion which increase exogenous
losses33,34. Increased mucin secretion indicates that phytate
may be an irritant in the gut causing reduced appetite.
Phytate has also been known to upregulate the expression of
somatostatin and down regulate expression of ghrelin35

resulting in reduced appetite. One of the possible reasons, in
this study, for greater FI by the birds consuming diets
supplemented with phytase may be attributed to lower
phytate in the gut. The FCRs among treatments were largely
the same being better than controls, which is in agreement
with other reports36,37, who demonstrated a phytase effect on
BW and FI but not on FCR. Simons et al.26 reported improved
feed efficiency with 1500 FTU kgG1 phytase supplementation.
However, utilizing multifactorial analyses of phytase feeding
trial data, Rosen38 argued that feed efficiency response to
phytase had been declining over recent years due to
concurrent improvement in broiler strains, feeds and
management techniques.
As mentioned earlier, there was no difference in growth

performance among diets assigned different CEP Ca matrix
values. It was expected that diets with a higher inclusion of
inorganic Ca due to a CEP low matrix value would have poor
performance parameters compared to other diets. Earlier
phytase  studies  have  shown  phytate precipitation, caused
by Ca through formation of insoluble Ca-phytate complexes,
are  less  accessible  to  phytase39.  There  is  possibility  of
direct depression of phytase enzyme activity in response to
excessive Ca competition for the active sites on the enzyme40.

Additionally, due to a more basic intestinal pH associated with
elevated dietary Ca, reduced levels of soluble minerals might
interfere with mineral absorption41.
These observations are in contrast to results reported by

Sebastian et al.25, who suggested that low Ca availability in
diet (0.60%) associated with supplemental phytase resulted in
better growth performance when compared with high Ca
availability (1.25%) in phytase-supplemented diets. The Pi was
kept constant at 0.3% for both Ca levels. The 1.25% Ca level is
greater than the requirement of broilers14 and excessive Ca
intake with a larger Ca:AvPi ratio is known to cause kidney
damage42 and increased incidence of leg abnormalities43.
Kidney damage  can  lead  to  calcification  of soft tissues
where excess Ca can precipitate44. High  Ca:Pi  ratio would
have also reduced Pi availability14. These factors have led to
poor performance due to high Ca consumption in the
Sebastian et al.25 trial, while low Ca with phytase have resulted
in optimum Ca level for birds leading to better performance.
High matrix values of CEP could cause a lower requirement for
supplemental Ca. The Ca requirement according to National
Research Council14 should be 0.8-1.0% depending on age and
gender but the 0.76-0.90% Ca level is recommended by the
Cobb 500 broiler performance and nutrition supplement
guide45. The Ross  nutrient  specification  guide46  specifies
0.68-0.96% depending on the age of bird. Based on current
findings, it is possible that either phytase was releasing Ca as
assumed, or it was releasing less Ca, which was not supported
by the growth performance of broilers, since Ca requirement
is closer to what Driver et al.47 suggested it to be (0.625% Ca)
to maximize BWG and FCR. Another reason for  the lack of
BWG difference, across different Ca matrix values observed in
current trial, could have been from smaller variations in matrix
values.
The goal of this experiment was to compare growth

performance between decreasing Ca:AvPi ratio and constant
Ca:AvPi as broilers grew to market age. There were no
differences among decreasing or constant Ca:AvPi ratios,
which means that low ratios can be utilized without affecting
broiler growth performance. This indicates that a Ca:AvPi ratio,
lower than the current standard, can be used for optimized
growth performance as suggested by Driver et al.47. However,
in order to observe significant differences in performance,
greater variation of matrix ratio needs to be applied, which
can be addressed in future trials. Moreover, measuring phytate
P content in feed could allow for measuring the matrix in
relation to phytate P instead of available P. As of now, the CEP
has not been extensively investigated, however, it offers a
sustainable option that is capable of improving nutrient
utilization in monogastrics.
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CONCLUSION

The results of this experiment allowed us to conclude that
supplementation of the CEP increased BW and FI without a
consistent effect on FCR when with or without including Ca
(and Pi) matrix values. Furthermore, decreasing the Ca:AvPi
ratio in grower phase produced the same result as a fixed ratio
of 2:1, which might indicate that a lower Ca:AvPi than the
standard Ca:AvPi (2:1) can be used as broilers grow to market
age. Also, assigning different matrix values to phytase did not
affect performance of birds fed diets formulated according to
Ross nutritional guidelines. Greater variation in matrix values
might be necessary in order to achieve a significant response.

SIGNIFICANCE STATEMENT

This study explored the use of a feed additive expressed
in corn. Phytase is widely used in monogastric nutrition,
having the ability to incorporate the enzyme in diets by simply
adding corn to the feed could simplify feed manufacturing. In
addition, based on the matrix values investigated, it is possible
to reduce the inclusion rate of inorganic P by assigning a
higher matrix value for the CEP without negatively affecting
performance.

ACKNOWLEDGMENTS

The authors thank Dr. Marilyn Mayer for her insightful
comments that improved the quality of this manuscript.

REFERENCES

1. Kebreab,  E.  and  D.M.S.S.  Vitti,  2005.  Mineral metabolism.
In: Quantitative aspects of ruminant digestion and
metabolism, Dijkstra, J., J.M. Forbes and J. France, (Eds.). CAB
International, Canada, pp: 469-486.

2. Adedokun, S.A. and O. Adeola, 2013. Calcium and phosphorus
digestibility:   Metabolic   limits.   J.    Applied    Poult.    Res.,
22: 600-608.

3. Angel,  R.,  T.J.  Tamim,   A.S.   Dhandu   and  L.E.   Ellestad,
2002. Phytic acid chemistry: Influence on phytin-phosphorus
availability  and  phytase  efficacy.   J.    Applied    Poult.    Res.,
11: 471-480.

4. Coelho, M.B. and E.T. Kornegay, 1996. Phytase in animal
nutrition and   waste   management: a BASF reference
manual. 2nd  Edn.,  BASF  Corp.,  Mount  Olive,  New  Jercy,
USA Pages: 728.

5. Biehl, R.R. and D.H. Baker, 1997. Microbial phytase improves
amino acid utilization in young chicks fed diets based on
soybean meal but not diets based on peanut meal. Poult. Sci.,
76: 355-360.

6. Farrell, D.J. and E. Martin, 1993. Feed enzymes in poultry
nutrition : recent advances. Proceeding of Recent Advances
in Animal Nutrition, 1993 Livestock Library, 266-276.

7. Yi, Z., E.T. Kornegay and D.M. Denbow, 1996. Effect of
microbial phytase on nitrogen and amino acid digestibility
and nitrogen retention of turkey poults fed corn-soybean
meal diets. Poult. Sci., 75: 979-990.

8. Waldroup,  P.W.,  J.H.   Kersey,   E.A.   Saleh,   C.A.   Fritts   and
F. Yan et al., 2000. Nonphytate phosphorus requirement and
phosphorus excretion of broiler chicks fed diets composed of
normal or high available phosphate corn with and without
microbial phytase. Poult. Sci., 79: 1451-1459.

9. Correll,  D.L.,  1998.  The  role  of  phosphorus  in  the
eutrophication of receiving waters: A review. J. Environ. Qual.,
27: 261-266.

10. Lu, L., J. Guo, S. Li, A. Li, L. Zhang, Z. Liu and X. Luo, 2015.
Influence of Phytase Transgenic Corn on the Intestinal
Microflora   and  the  Fate  of  Transgenic  DNA  and  Protein
in   Digesta   and   Tissues   of   Broilers.   PLoS   ONE,
10.1371/journal.pone.0143408

11. Gao, C.Q., C. Ji, L.H. Zhao, J.Y. Zhang and Q.G. Ma, 2013.
Phytase transgenic corn in nutrition of laying hens: Residual
phytase activity and phytate phosphorus content in the
gastrointestinal tract. Poult. Sci., 92: 2923-2929.

12. T.C.  Taylor,  2005.  The  availability  of  the  calcium  and
phosphorus  of  plant  materials for animals. Proc. Nutr. Soc.
24: 105-112.

13. FASS., 2010. Guide for the Care and Use of Agricultural
Animals in Research and Teaching. 3rd Edn., Federation of
Animal Science Societies, Champaign, IL., USA.

14. NRC., 1994. Nutrient Requirements of Poultry. 9th Edn.,
National Academy Press, Washington, DC., USA., ISBN-13:
9780309048927, Pages: 155.

15. AOAC,  2006.  Official  methods  of  analysis Proximate
Analysis and Calculations Crude Fat (CF) - item 17. 17th Edn.,
Association of Analytical Communities, Gaithersburg,
Maryland.

16. AOAC, 2006. Official methods of analysis Proximate Analysis
and Calculations Total Nitrogen or Crude Protein (CP) - item
76. 17th Edn., Association of Analytical Communities,
Gaithersburg, Maryland.

17. AOAC, 2006. Official methods of analysis Proximate Analysis
and Calculations Crude Fiber (CFiber) - item 4. 17th Edn.,
Association of Analytical Communities, Gaithersburg,
Maryland.

18. AOAC, 2006. Official methods of analysis Proximate Analysis
and Calculations Ash Determination (Ash) - item 51. 17th
Edn., Association of Analytical Communities, Gaithersburg,
Maryland.

19. Kershaw, K.A., 1964. Quantitative and Dynamic Ecology.
Edward Arnold, Londan.

336



Int. J. Poult. Sci., 19 (7): 330-337, 2020

20. ASABE., 2008. Method of determining and expressing
fineness of feed materials by sieving. ANSI/ASAE S319.4.
American Society of Agricultural and Biological Engineers
Standards.

21. SAS., 2017. SAS user’s guide, statistical. Version 9.4, SAS
Institute Inc., Cary, NC, USA.

22. Broz, J., 1992. Effects of supplemental phytase on
performance and phosphorus utilization in broiler chickens
reared until market weight. Proceedings of 19th World's
Poultry Congress, 19-24 September 1992, 435-437.

23. Cowieson, A.J. and O. Adeola, 2005. Carbohydrases, protease
and phytase have an additive beneficial effect in nutritionally
marginal diets for broiler chicks. Poult. Sci., 84: 1860-1867.

24. Nelson, T.S., T.R. Shieh, R.J. Wodzinski and J.H. Ware, 1971.
Effect of supplemental phytase on the utilization of phytate
phosphorus by chicks. J. Nutr., 101: 1289-1293.

25. Sebastian, S., S.P. Touchburn, E.R. Chavez and P.C. Lague,
1996. The effects of supplemental microbial phytase on the
performance and utilization of dietary calcium, phosphorus,
copper and zinc in broiler chickens fed a corn-soybean diets.
Poult. Sci., 75: 729-736.

26. Simons, P.C.M., H.A.J. Versteegh, A.W. Jongbloed, P.A. Kemme
and P. Slump et al., 1990. Improvement of phosphorus
availability by microbial phytase in broilers and pigs. Br. J.
Nutr., 64: 525-540.

27. T. T. dos Santos, S. Srinongkote, M. R. Bedford, C. L. Walk 2013.
Effect of high phytase inclusion rates on performance of
broilers fed diets not severely limited in available phosphorus.
Asian-Australas. J. Anim. Sci., 26: 227-232.

28. Campasino,   A.,   T.   York,   C.   Wyatt,   M.R.   Bedford  and
W.A. Dozier, 2014. Effect of increasing supplemental phytase
concentration in diets fed to Hubbard×Cobb 500 male
broilers from  1  to  42  days  of  age.  J.  Applied  Poult. Res.,
23: 705-714.

29. Pieniazek, J.,  K.A.  Smith,  M.P.  Williams,  M.K.  Manangi and
M. Vazquez-Anon et al., 2016. Evaluation of increasing levels
of a microbial phytase in phosphorus deficient broiler diets
via live broiler performance, tibia bone ash, apparent
metabolizable energy and amino acid digestibility. Poult. Sci.,
96: 370-382.

30. Cabahug, S., V. Ravindran, P.H. Selle and W.L. Bryden, 1999.
Response of broiler chickens to microbial phytase
supplementation as influenced by dietary phytic acid and
non-phytate phosphorus contents. I. Effects on bird
performance and toe ash. Br. Poult. Sci., 40: 660-666.

31. E. Humer, C. Schwarz and K. Schedle, 2014. Phytate in pig and
poultry nutrition. J. Anim. Physiol. Anim. Nutr., 99: 605-625.

32. Woyengo,    T.A.    and    C.M.    Nyachoti,    2012.   Review:
Anti-nutritional effects of phytic acid in diets for pigs and
poultry-current knowledge and directions for future research.
Can. J. Anim. Sci., 93: 9-21.

33. Choct, M., Y. Dersjant-Li, J. McLeish and M. Peisker, 2010. Soy
oligosaccharides and soluble non-starch polysaccharides: A
review of digestion, nutritive and anti-nutritive effects in pigs
and poultry. Asian-Australas. J. Anim. Sci., 23: 1386-1398.

34. Kunckles,   B.E.,   D.D.   Kuzmicky,   M.R.   Gumbmann    and
A.A. Betschart, 2006. Effect of  myoinositol phosphate esters
on in  Vitro  and  in  vivo   digestion  of  protein. J. Food Sci.,
54: 1348-1350.

35. Liu, N., Y.J. Ru, F.D. Li, J.P. Wang and X.Q. Lei, 2009. Effect of
dietary phytate and phytase on proteolytic digestion and
growth regulation of broilers. Arch. Anim. Nutr., 63: 292-303.

36. Bahadoran, R., A. Gheisari and M. Toghyani, 2011. Effects of
supplemental microbial phytase enzyme on performance and
phytate phosphorus digestibility of a corn-wheat-soybean
meal diet in broiler chicks. Afr. J. Biotechnol., 10: 6655-6662.

37. Onyango, E.M., M.R. Bedford and O. Adeola, 2005. Efficacy of
an evolved Escherichia coli phytase in diets of broiler chicks.
Poult. Sci., 84: 248-255.

38. Rosen, G., 2003. Microbial Phytase in Broiler Nutrition. In:
Recent Advances in Animal Nutrition, Garnsworthy, P.C. and
J. Wiseman (Eds.). Nottingham University Press, Nottingham,
UK., pp: 105-117.

39. Wise, A., 1983. Dietary factors determining the biological
activities of phytate. Nutr. Abst. Rev. Clin. Nutr., 53: 791-806.

40. McCuaig, L.W., M.I. Davies and I. Motzok, 1972. Intestinal
alkaline phosphatase and phytase of chicks: Effect of dietary
magnesium, calcium, phosphorus and thyroactive casein.
Poult. Sci., 51: 526-530.

41. Shafey, T.M. and M.W. McDonald, 1991. The effects of dietary
calcium, phosphorus and protein on the performance and
nutrient utilization of broiler chickens. Poult. Sci., 70: 548-553.

42. Cortina, M. and A. San Gabriel, 1972. Exceso de carbonato
calcico en aves en crecimiento. An. Inst. Nac. Invest. Agrar.,
Ser. Prod. Anim.

43. Ougra, Y., 1981. Leg abnormality associated with dietary
excessive calcium carbonate in broiler chicks. National Inst.
Anim. Health Q., 21: 141-147.

44. Siller, W., 1981. Renal  pathology  of  the  fowl:  A  review.
Avain Pathol, 10: 187-262.

45. Cobb, 2018. Cobb500 broiler performance and nutrition
supplement. Cobb500™

46. Aviagen, 2014. ROSS 308 broiler: Nutrition specifications.
http://en.aviagen.com/assets/Tech_Center/Ross_Broiler/Ro
ss308BroilerNutritionSpecs2014-EN.pdf.

47. Driver, J.P., G.M. Pesti, R.I. Bakalli and H.M. Edwards Jr., 2005.
Calcium requirements of the modern broiler chicken as
influenced  by    dietary    protein    and    age.    Poult.    Sci.,
84: 1629-1639.

337


