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Bacterial or fungal origin phytase enzyme affects the performance and
mineralization of calcium and phosphorus differently in broiler chickens fed deficient
calcium and phosphorous diets
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ABSTRACT
Three Ca-P deficient diets viz., Diet-1 (0.85%, 0.35%), Diet-2 (0.75%, 0.30%) and Diet-3 (0.65%, 0.25%) were
prepared and supplemented with either bacterial or fungal origin phytase enzymes and were compared
with a control diet (1.0% and 0.45%). A total of 280 broiler (Ross 308) chicks were randomly allocated into
7 treatments having 4 replicates of 10 chicks using a completely randomized design. The effect of
bacterial phytase on the growth, FCR and carcass weight was significantly (P < 0.05) higher in chicks
on Diet-1 compared to diet-3 (28 days). Bacterial phytase increased serum minerals (Ca and P) and
tibia ash in diet-1 compared to Diet-3. Tibia Ca was significantly (P < 0.05) higher in the control and
the three diets under bacterial phytase compared to other treatments. On Diet-3, more Ca and P were
reflected in tibial by bacterial phytase but did not support the optimum growth performance of
broiler chicks. In conclusion, the same phytase but of different origins might have specific individual
effects on the growth performance, serum and tibia Ca and P in broilers.
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Introduction

Phosphorus (P) is a key nutrient needed in significant amounts
in poultry diets. It ranks second in terms of dietary importance.
Plants serve as one of the sources of P, specifically in the form of
phytate P. However, this form of P is largely inaccessible to birds
due to the absence of phytase, an enzyme required for its diges-
tion. To fulfil the P dietary needs, typically inorganic P sup-
plements are added to the diets. This practice adds an extra
financial burden to the overall cost of feed. For instance, dical-
cium phosphate, a common source of P, is relatively expensive
(Anawati and Azimi 2020; Walk et al. 2021). The combination of
biological demands on the birds, the increased cost due to sup-
plementation and the growing environmental impact caused by
P in poultry waste highlights the importance of exploring
methods to enhance the availability of phytate P (Saleh 2017).

Phytate P is poorly utilized by monogastric animals
especially chickens due to the lack of micro-flora required to
significantly hydrolyze the phytate molecule. In recent years,
growing public concern over the excessive phosphorus
content in poultry manure has prompted research into strat-
egies to enhance the accessibility of phytate phosphorus.
Phytase, chemically known as myo-inositol-hexaphosphate
phosphohydrolase, is an enzyme that is produced by microor-
ganisms or naturally present in certain plant ingredients.
Phytase can be obtained from a variety of sources (Tanruean
et al. 2021). Phytases either of microbial or fungal origin

added to the feed that cleaves P moieties from phytate and
thus increases the hydrolysis of the phytate molecule (de
Farias et al. 2020; Saleh et al. 2021).

Phosphorus plays a vital role in almost all physiological func-
tions of the body and supports growth and skeletal develop-
ment (Bhadada and Rao 2021). Some skeletal disorders, such
as rickets, osteomalacia and tibial dyschondroplasia, have
been linked to a reduction in bone mineralization and
decreased feed intake of containing deficient P. It revealed
that not only adequate supply of dietary phosphorus is essential
but the biological availability in the diet is of utmost importance
(Pierce 2000). The availability of phytate P is heightened in the
broiler diet after phytase addition. The optimum requirement of
non-phytate P for broiler chickens is 0.45% as recommended by
the NRC (1994). Driver et al. (2005) reported that a deficient diet
in P compensates for the deficiency by increasing their ability to
utilize phytate P when enriched with phytase of broiler diet.
Usually, most of the phytases dephosphorylate phytate com-
plexes at either the 3- or the 6- position. Both bacterial Escher-
ichia coli (E. coli) and fungal Pichia pastoris (P. pastoris)
phytases are enzymatically active at the 6-position. These phy-
tases have been employed in commercial settings to enhance
the utilization of phytate phosphorus by chicks.

Numerous studies demonstrate the effect of phytase either
of fungal or bacterial origin. Some studies (Luciana et al. 2012;
Attia et al. 2020; Saleh et al. 2021) showed that fungal phytase
could improve the overall performance of broiler chickens
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while others (Bilal and Eracg 2003; Dilger et al. 2004; Ravindran
et al. 2006; Jamal et al. 2009; Huyghebaert et al. 2009; Rouhol-
lah et al. 2011) revealed efficacy of bacterial phytase on the
growth performance, phytate digestion and relative phos-
phorus availability. It can be concluded that both bacterial
and fungal origin phytases are efficient sources of phytases;
however, scanty literature is available on their comparative
efficacy in determining the relative P replacement value and
its ultimate effect on the growth performance in broiler chick-
ens. This study investigates the comparative efficacy of bac-
terial (E. coli) and fungal (P. pastoris) origin phytase enzymes
on the growth performance, availability of Ca and P in the
serum and their accumulation in the tibia bones in broiler
chickens fed Ca- and P-deficient diets.

Materials and methods

A standard corn soybean meal diet that served as a control for-
mulated met all the needs of the National Research Council
(NRC 1994) for the broiler chickens (Table 1). Three deficient
levels of Ca (0.85, 0.75 and 0.65%) and P (0.35, 0.30 and
0.25%) were used to formulate the Ca-P-deficient diets (Diet-
1: 0.85%, 0.35%; Diet-2: 0.75%, 0.30%; Diet-3: 0.65%, 0.25%).
These deficient diets were fed with the recommended doses
of either a bacterial (E. coli) or fungal (P. pastoris) origin
phytase and were compared with the corn-soybean meal
basal diet (control). The bacterial phytase was dosed at the
rate of 1000 g/ton (E. coli, Phyzyme XP-TPT, Danisco Animal
Nutrition, Marlborough, Wiltshire, UK) while the fungal

phytase (P. pastoris, PHY5C, Sinobios Industry Co Ltd, China)
was added at the rate of 100 g/ton to get 1000 FTU/kg in the
diets. The term ‘FTU’ stands for ‘Phytase Units,’ and it signifies
the enzyme amount needed to generate 1 μmol of P per
minute from a sodium phytate solution with a concentration
of 5.1 mmol/L, at a temperature of 37°C and a pH of 5.5.

A total of 300 day-old male broiler (Ross 308) chicks were
purchased from the local market. The chicks were brooded
for 7 days on a commercial starter diet in an electrically
heated battery brooder. After brooding, 280 chicks, having
equal body weights, were selected and randomly allocated
into 7 treatment groups with 4 replicates of 10 chicks each.
The experimental design was complete randomized. The
chicks underwent a preconditioning period for 2 days, span-
ning from 5 to 7 days, after which they were provided with
the experimental rations ad libitum. The chicks were raised in
an open-sided house with adequate ventilation and the floor
was covered with sawdust as litter. The house was appropri-
ately illuminated using electric bulbs. Each pen was equipped
with feeders, drinkers and other necessary supplies to ensure
consistent management and environmental conditions. The
experiment spanned 4 weeks, during which the chicks were
fed the experimental diets from 7 to 28 days of age. Vaccination
procedures followed the routine schedule.

The initial average body weight was documented at the
commencement of the experiment, followed by weekly record-
ings of average body weight, feed intake and feed conversion
ratio (FCR) throughout the study.

After the trial, the average body weight and remaining feed
were measured. Subsequently, a minimum of 2 birds per repli-
cate were randomly chosen and processed for slaughter. The
weights of the carcasses and livers were duly recorded. Blood
samples were obtained in dry, sterile test tubes. These blood
samples were then subjected to centrifugation at 3000 rpm
for 2 min. Following centrifugation, the serum was carefully
extracted into designated serum cups, labelled and stored for
subsequent analysis. The samples were analysed to determine
their Ca and P content.

The left tibia from two birds per replicate was selected. The tibia
samples were collected, cleaned to remove any traces of meat and
blood and thenmeticulously placed in appropriately labelled poly-
thene bags. These bags were then stored in a freezer until they
were prepared for analysis. The tibia samples were then analysed
for tibia ash content, calculated on a fat-free dry-weight basis fol-
lowing the procedure outlined by AOAC International (2005).
Additionally, the Ca and P contents per gram of tibia ash were
determined using the AOAC (2005) method.

The dry matter content of both the feed and excreta samples
was assessed by oven drying at 60°C. Subsequently, the samples
were ground to a particle size of 1 mm and then stored in
labelled, clean bottles at room temperature. Metabolic energy
was measured using a bomb calorimeter, while the Kjeldahl
method was employed to determine Nitrogen (N) levels.

Statistical analysis

The concluding data were documented in Microsoft Excel
Worksheets to facilitate organization and basic statistical calcu-
lations. The data underwent the analysis of variance (ANOVA)

Table 1. Composition of the basal and Calcium-Phosphorus-deficient diets1.

Ingredients Control

Ca-P deficient

Diet-1 Diet-2 Diet-3

Yellow corn 54.40 55.86 56.73 57.55
Soybean meal (48%) 30.39 30.02 29.79 29.62
Canola meal (36%) 3.30 3.30 3.30 3.30
Corn Gluten meal (60%) 2.20 2.20 2.20 2.20
Fish meal (60%) 2.50 2.50 2.50 2.50
Vegetable oil 3.00 2.55 2.28 2.01
Molasses 1.00 1.00 1.00 1.00
Limestone 1.27 1.18 1.07 0.96
Dicalcium phosphate 1.26 0.73 0.46 0.19
Common Salt 0.43 0.43 0.43 0.43
DL-Methionine 0.12 0.12 0.12 0.12
Vit:Min premix2 0.12 0.12 0.12 0.12
Analysed composition
CP, % 23.41 23.36 23.32 23.31
ME, kcal/g 3.07 3.07 3.07 3.07
Calcium, % 1.0 0.85 0.75 0.65
Available P, % 0.45 0.35 0.30 0.25
Lys, % 1.26 1.26 1.25 1.25
Met, % 0.53 0.53 0.53 0.53
Met + Cys, % 0.90 0.90 0.90 0.90
Thr, % 0.89 0.89 0.88 0.88
1Control = 1.0% Ca and 0.45% non-phytate phosphorus (NPP); Diet-1 = 0.85% Ca,
0.35% with bacterial/fungal phytase; Diet-2 = 0.75% Ca, 0.30% NPP with bac-
terial/fungal phytase; Diet-3 = 0.65% Ca, 0.25% NPP with bacterial/fungal
phytase.

2Contained the following (per kg of diet) nicotinic acid, 45 mg; thiamine mono-
nitrate, 2.5 mg; vitamin B12 (cobalamin), 13.0 μg; d-calcium pantothenate,
13 mg; d-biotin, 0.12 mg; pyridoxine hydrochloride,4.8 mg; menadione
sodium bisulphate complex, 3.4 mg; folic acid, 5.52 mg; cholecalciferol, 25.7
μg; choline chloride, 222 mg; all-racα-tocopheryl acetate, 12 mg; trans-retinyl
acetate, 1,991 μg; manganese (MnSO4·H2O), 64 mg; ethoxyquin, 130 mg;
zinc (ZnO), 50 mg; iron (FeSO4·7H2O), 35 mg; iodine (ethylene diaminedihy-
droiodide), 0.16 mg; copper (CuSO4·5H2O), 7 mg; selenium (NaSeO3), 0.4 mg.
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utilizing the general linear model (GLM) procedure of the Stat-
istical Analysis System (SAS 2006). Subsequently, Duncan’s mul-
tiple-range tests were employed to differentiate the means. A
probability (P) value equal to or less than 0.05 was deemed stat-
istically significant.

Results

The effect of supplementing different origin phytases either
bacterial or fungal was compared to investigate their efficacy
on the growth performance, retention of Ca and P content in
the blood serum and their accumulation in the tibia bone ash
of broiler chicks.

Weekly and average growth performance

The differences during the first week of the experiment among
the diets did not result in significant changes. During the
second week of the experiment, the bacterial-origin phytase
supplementation was effective in supporting the optimum
growth performance and FCR until Ca and P levels of 0.75
and 0.30%, respectively. The effectiveness of fungal phytase
was lower in Diet-2. Phytases did not demonstrate their
effects in Diet-3 to enhance performance (Table 2). In the
third week, almost clear differences were observed in the
body weight gain and FCR when enriched with phytases. The
improved weight gain and FCR were obtained on Diet-1
enriched with bacterial phytase. In the other Ca- and P-
deficient diets, bacterial origin phytase revealed similar
growth performance as the control. Among the phytases, bac-
terial phytase at each deficient level of Ca and P showed
enhanced growth than fungal phytase. The fungal phytase
below Ca and P levels of 0.85 and 0.35%, respectively was
not efficient to support optimum growth performance. The
performance was gradually declined and was lowest on Diet-
3 fungal supplemented phytase where the Ca and P levels
were reduced up to 0.65 and 0.25, respectively.

The average weight gain and FCR were improved in chicks
on Diet-1 enriched with bacterial origin phase. The supplemen-
tation of bacterial-origin phytase up to 0.75% Ca and 0.30% P in
the diets showed improved weight gain and better FCR in
chicks than fungal-origin phytase. When the Ca and P levels
were reduced to 0.75 and 0.30%, respectively in Diet-2, the
response in weight gain and FCR by supplementing bacterial
origin phytase was similar to the control. The fungal-origin
phytase in this diet (Diet-2) did not support the improved
growth performance. Among the two enzymes used in Diet-
2, the body weight gain was 6.32% higher for the microbial
than fungal-based phytase supplementation. Further decrease
in the levels of Ca and P to 0.65 and 0.25% (Diet-3), respectively
significantly decreased weight gain and supplementation of
both phytases either bacterial or fungal origin was not
effective in ameliorating the growth performance.

The carcass weight showed variations as a function of
different levels of Ca and P with either bacterial or fungal
origin phytase enzyme (Table 3). The R2 of the model showed
that 65% of the variations in the carcass weight were caused
by the diets. The broiler chicks fed Diet-1 irrespective of
enzyme origin revealed similar carcass weight as the control.

Microbial phytase supplementation in Diet-2 helped to get
enhanced the carcass weight. Whilst the fungal based
phytase supplementation at Diet-2 did not ameliorate the
carcass weight. Its effect on the carcass weight of broiler
chicks was pronounced only in Diet-1. There was 4.65%
higher carcass weight for chicks fed microbial than fungal sup-
plemented Diet-2 containing 75% Ca and 67% P of NRC rec-
ommended. The carcass weight was significantly decreased
with the decreasing level of Ca and P in diets. It was lowest
(P < 0.05) when the level of Ca and P in the diets were
reduced below 75% and 67, respectively, of NRC. Fungal
based phytase supplementation in diets having Ca and P
level below 0.85 and 0.35, respectively, was less effective in
improving the carcass weight of broiler chicks. No significant
change was observed in liver weight between the control
and three other diets supplemented with bacterial and fungal
phytase.

Retention of Ca and P in the blood serum and its
accumulation in the tibia bone ash

The chicks fed Diet-1 supplemented with B phytase revealed
the highest Ca and P content of 12.48 and 3.76 mg per
100 ml of blood serum, respectively, while the chicks fed
Diets-3 had the lowest blood serum Ca content of 10.05 and
9.89 mg/100 ml of blood serum. The accumulation of Ca and
P in the blood serum was decreased with the gradual decline
of these mineral in the diets. The differences between
enzyme supplementation were pronounced until the Ca and
P in diets were fed of 85 and 77.8%, respectively of NRC
(1994). Below this level, the enzyme supplementation failed
to show significant differences in the blood serum Ca and P
content.

The enzyme supplementation in different Ca and P level
diets had a significant (P < 0.01) effect on tibia ash, tibia Ca
and tibia P content of broiler chicks. The models adapted had
a strong coefficient of determination for the tibia ash (R2 =
0.81) and tibia P (R2 = 0.80) indicating strong fit of the model.
However, the tibia Ca content accounted for 57% of the
observed variations. The tibia ash contentdecreased with the
decreasing level of Ca and P in the diets and was lowest in
chicks on Diet-3. However, the tibia ash content was similar
as the control in chicks on Diet-1 when enriched with microbial
phytase. A similar effect of microbial phytase was determined
in chicks on Diet-2 but was not enough to make it similar
with the control.

The bacterial phytase was more efficient in increasing the
tibia P content than fungal phytase. The tibia P content was
enhanced in Diet-1 and Diet-2 when enriched with bacterial
rather than fungal phytase. The supplementation of fungal
phytase showed a gradual decline in P content with decreasing
levels of Ca and P in the diets. However, the differences
between the two phytase enzymes on the accumulation of P
content disappeared in chicks on Diet-3 containing 65% Ca
and 56% P of NRC (1994) recommended.

The effect of two different phytase enzymes from bacterial
and fungal origin on blood and tibia calcium and phosphorous
is presented in Table 4. The results showed that blood Ca and P
were significantly (P < 0.05) higher in Diet-1 supplemented with
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Table 2. The effect of different origins of phytase supplementation in calcium and phosphorus deficient diets on the body weight, feed intake and feed conversion ratio of broiler chicks during the first, second and third week of
the experiment.

Diets1 Phytase2

First Week Second Week Third Week

Weight gain Feed intake
FCR

Weight gain Feed intake FCR Weight gain Feed intake FCR
________ g ________ _______ g _______ _______ g _______

Control – 255.0±4.08 416.50±15.00 1.63±0.08 357.50ab±13.23 547.50±9.57 1.45bc±0.07 464.17bc±8.67 967.59±14.92 2.09b±0.05
Diet-1 B 261.25±24.28 412.75±7.50 1.59±0.15 348.75abc±23.32 548.25±9.60 1.58abc±0.11 527.10a±24.18 972.50±11.23 1.85c±0.10

F 256.25±13.77 411.50±11.90 1.61±0.08 341.25abc±11.09 547.50±8.10 1.61ab±0.03 471.39bc±22.27 966.20±5.24 2.05b±0.11
Diet-2 B 255.00±10.80 412.75±11.09 1.62±0.09 361.25a±24.96 527.50±17.08 1.47c±0.14 477.50b±10.41 953.00±21.98 2.00bc±0.08

F 250.00±13.54 405.25±6.29 1.63±0.09 332.50bc±14.84 536.25±16.01 1.62ab±0.05 446.25c±20.08 960.50±9.57 2.16b±0.08
Diet-3 B 242.50±14.43 400.25±16.01 1.65±0.08 328.75c±8.54 526.25±20.56 1.60ab±0.04 452.22bc±26.72 952.45±24.61 2.11b±0.17

F 256.25±11.09 411.50±11.90 1.61±0.06 326.25c±4.79 546.25±7.89 1.68a±0.03 410.00d±10.80 968.00±7.07 2.36a±0.08
P-value 0.65 0.54 0.98 0.02 0.95 0.04 <0.01 <0.11 <0.01

Means with the same letter in each column are not significantly different at 0.05.
1Control diet contains 1.0% Ca and 0.45% P; Diet-1 contains 0.85% Ca and 0.35% P; Diet-2 contains 0.75% Ca and 0.30% P; Diet-3 contains 0.65% Ca and 0.25% P.
2B = Bacterial phytase; F = Fungal phytase.
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phytase enzyme from bacterial origin. Similarly, the concen-
tration of Ca and P in tibia was also significantly (P < 0.05)
higher in Diet-1 fed with phytase enzyme from bacterial
origin compared to Diet-2 and Diet-3.

Discussion

Dietary feed enzymes, as a supplement, have rapidly expanded
and the poultry industry is becoming increasingly receptive to
its use. Dietary feed enzymes may support digestive processes
for efficient feed utilization (Tahir et al. 2005, 2006, 2008;
Woyengo et al. 2010). This approach may also contribute to
reducing the environmental footprint of poultry production
by minimizing nutrient excretion, especially phosphorus and
nitrogen in the excreta (Selle and Ravindran 2007). However,
the poultry digestive tract lacks or deficient in some of the
enzyme activities necessary to break down specific compounds
in feed. Phytase is mostly absent in the birds, thus dietary phy-
tases of either bacterial or fungal origin are added to the diets
of chickens to liberate P from the phytate molecule (Aksakal
and Bilal 2002). Therefore, phytase is the first successful feed
enzyme developed to improve phytate P utilization and is
now widely used. However, a difficulty of commercialization
exists due to its origin derivation that usually results in incon-
sistent effects of these enzymes.

Bacterial phytase is relatively more active and stable to
hydrolysis in the digestive tract than fungal-based phytase
(Augspurger et al. 2003; Onyango et al. 2005). Onyango et al.
(2005) found higher residual phytase activity in chicks on bac-
teria than fungal-based supplemented phytase. This could be
one of the reasons why microbial phytases have more
influence on the response than fungal-derived phytases
(Igbasan et al. 2000; Selle and Ravindran 2007). These
findings favoured the previous research (Onyango et al. 2005)
where the improved performance of broiler chickens was
attributed to the increased resistance of bacterial phytase to
degradation in the digestive tract. These results were also sup-
ported by Rodriguez et al. (1999) who had shown significantly
more P released from soybean meal using E. coli (bacterial) than
a fungal phytase from Aspergillus niger.

Phytase supplementation increased phytate P utilization in
the diet. Most of the phytases target the higher molecular
weight phytate ester, dephosphorylating the inositol ring
either at the 3- or the 6-position. The phytases used in this
study are 6-position active and are used commercially to

improve phytate P utilization by chicks. The effect of bacterial
phytase on the growth and FCR was pronounced in chicks
when fed Ca and P up to 0.75 and 0.30%, respectively. There
were 6.39% more body weight gains for microbial than
fungal phytase in chicks fed Diet-1. When the levels of Ca
and P in the diets were decreased by 75 and 67% of NRC
(1994), respectively, the body weight gain was 6.32% higher
for the microbial than fungal-based phytase supplementation.
Below this level, both phytases were not effective in ameliorat-
ing the growth performance although the accumulation of P in
tibia ash increased. It can be concluded that the increasing
ability of the birds to utilize the phytate P reflected in the
blood serum and tibia ash (Paik 2003; Mondal et al. 2007)
could not compensate for the response deficiency.

Data from this study indicated that the effects of phytase
were different at each deficient level of Ca and P. Lowering
the level of Ca and P in the broiler diets gradually decreased
weight gain and FCR (Tables 2 and 3). The chick response to
added microbial phytases usually depends on the concen-
tration of Ca and P in the diet (Driver et al. 2005). Broiler
diets deficient in non-phytate P are associated with decreased
gain and feed intake (Taheri and Mirisakhani 2020). The gradual
decrease here in the body weight gain and FCR of broiler chicks
with decreasing levels of Ca and P in the diets could be the
result of this phenomenon.

The exact mode of action exhibiting the effect of microbial
phytases on the carcass weight is not clearly understood.
Phytic acid may form binary protein-phytate complexes in
the gut, thereby impairing their digestibility through changes
in protein solubility or by altering the activity of endogenous
proteases. Phytase supplementation may improve amino acid
utilization, as indicated by several researchers (Gagne et al.
2002; Rutherfurd et al. 2002; Abd-Elsamee 2002) where amino
acid digestibility was significantly greater in the presence of
microbial phytases. The improvement in carcass weight
observed in broiler chickens fed microbial phytase was associ-
ated with improved FCR, which might be due to the increased
utilization of protein and amino acids (Ravindran et al. 2000)
from the phytate protein complex. It was further revealed
from the obtained results that the bacterial phytase (E. coli)
might have alleviated the Ca and P deficiency through the lib-
eration of the phytate complex in diets containing 75% Ca and
67% non-phytate P of NRC (1994). While the chicks fed fungal
phytase met their Ca and P requirements when the diets con-
tained 85% Ca and 78% non-phytate P of NRC (1994)

Table 3. The effect of different origin of phytase supplementation in Ca- and P-deficient diets on the average weight gain, feed intake, feed conversion ratio and
weights of carcass and liver of broiler chickens from 7 to 28 days of the experiment.

Diets1 Phytase2
Weight gain Feed intake

FCR
Carcass weight Liver weight

__________ g __________ _______ g ______

Control – 1076.67b±8.94 1931.59a±8.84 1.80bc±0.02 883.00ab±13.98 40.75±7.04
Diet-1 B 1137.10a±29.45 1933.50a±16.23 1.70d±0.05 893.63a±23.86 39.88±4.97

F 1068.89bc±35.42 1925.20ab±14.52 1.80bc±0.05 870.13abc±20.65 35.75±4.65
Diet-2 B 1093.75b±38.16 1893.25ab±41.10 1.73cd±0.09 891.75a±20.27 36.50±3.79

F 1028.75cd±36.37 1902.00ab±29.15 1.85b±0.04 852.13cd±14.74 34.13±1.31
Diet-3 B 1023.47d±26.67 1878.95b±52.90 1.84b±0.08 858.25bcd±10.97 38.25±6.02

F 992.50d±13.23 1925.75ab±24.34 1.94a±0.04 835.25d±11.06 35.75±4.65
P-value <0.01 <0.01 <0.01 <0.01 0.47

Means with the same letter in each column are not significantly different at 0.05.
1Control diet contains 1.0% Ca and 0.45% P; Diet-1 contains 0.85% Ca and 0.35% P; Diet-2 contains 0.75% Ca and 0.30% P; Diet-3 contains 0.65% Ca and 0.25% P.
2B = Bacterial phytase; F = Fungal phytase.
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recommended. Fungal phytase below this level of Ca and P in
diets did not help to improve the carcass weight of broiler
chicks. There was 4.65% more carcass weight for bacterial
than fungal phytase in chicks fed diets containing 75% Ca
and 67% non-phytate P of NRC (1994) recommended. It has
been suggested that changes in nutrition by phytases may
change the gastrointestinal tract anatomy and physiology of
broilers (Camden et al. 2001). Broiler producers should know
and consider how feeding dietary phytases of different
origins influences broiler performance.

The accumulation of P in tibia ash by phytases was more
pronounced with chicks consuming diets containing the
lowest level of Ca and P (Diet-3; Table 4). It suggests that phy-
tases at low levels of Ca and P were more efficient in liberating
P from the phytate P molecule. It further supports the hypoth-
esis that the same enzymes but of different origins may have
specific individual effects on the response fed low Ca and P
diets. The enhanced growth performance observed in chickens
fed with phytase is typically attributed to the liberation of min-
erals from the phytate mineral complex, as well as the bird’s
utilization of inositol (Attia et al. 2020) or increased starch
digestibility. However, this situation was not observed in the
present study fed diets containing very low Ca and P levels.
The increase in bone mineralization of chicks fed 65% Ca and
56% P of NRC (1994) did not support the optimum growth per-
formances. It is postulated that some unknown factors other
than the increased phytase liberated Ca and P from the
phytate complex might have negatively influenced the absorp-
tion of proteins and amino acids in chicks fed diets containing
65% Ca and 56% non-phytate P of NRC (1994). It seems that
increased bone mineralization by phytases at this level of Ca
and P in the diet is not a good indicator of improved growth
performance in broiler chicks. Other than Ca and protein,
phytic acid also makes complexes with other minerals such as
Na, K, Mg, Zn, Cu and Fe (Leeson and Summers 2001; Costa
et al. 2008). These minerals are expected to increase during
the hydrolysis of the phytate mineral complex by phytases.
Further research of how the different origin phytases sup-
plemented at low level of Ca and P (65 and 56%, respectively)
influences the utilization of protein and amino acids and its
relationship with the increased minerals content liberated
from the phytate mineral complex should be investigated.

The results here indicated that the Ca and P concentrations
were significantly higher in the presence of microbial than
fungal phytases for the blood serum and tibia ash examined.

Increased mineral (Ca and P) concentration in the blood serum
and tibia ash of broilers fed phytase-supplemented diet gives
evidence of phytate P utilization (Ahmad et al. 2000; Ravindran
et al. 2000; Lim et al. 2001). Mondal et al. (2007) demonstrated
that the addition of microbial phytases to a low P broiler diet
increased tibia ash, Ca and P % significantly. Bone ash and
serum P have been suggested as one of the most sensitive
and dependable methods for assessing the phosphorus require-
ment of poultry. An elevation in calcium content in both tibia ash
and blood serum was anticipated during the hydrolysis of the
Ca-phytate complex by phytase that liberates Ca. To put it differ-
ently, with the heightened availability of P, there was a concur-
rent increase in Ca availability, resulting in deposits in the bones.
These two minerals, calcium and phosphorus, collectively con-
tribute to over 50% of the bone ash content. Interestingly, the
differences between microbial and fungal phytases on bone
mineralization disappeared in chicks fed diets containing 65%
Ca and 56% P of NRC requirements (NRC 1994).

Numerous studies (Dilger et al. 2004; Ravindran et al. 2006;
Zhang et al. 2000; Luciana et al. 2012) demonstrate the effect
of microbial and/or fungal phytase supplementation in Ca
and P-deficient poultry diets but with inconsistent reported
results. Generally, phytase supplementation in poultry diets is
believed to liberate P from the phytate P molecule during its
hydrolysis, which is largely unavailable for utilization by
chicks. Typically, the focus is on diets with a low level of non-
phytate phosphorus but a normal level of calcium, indicating
an imbalance between calcium and phosphorus. However,
the chick’s response to added phytase is strongly influenced
by the levels of both calcium and phosphorus in the diet. It is
worldwide believed that phytase supplementation during the
hydrolysis of phytate P molecule increased the availability of
minerals including Ca for broiler chicks (Jlali et al. 2020;
Majeed et al. 2020), which indicates that Ca needs of the
broiler chicks may also be reduced by phytase supplemen-
tation. Imbalanced level of Ca and P antagonizes each other
in the gut of broiler chickens. When the Ca level was reduced
the performance of broiler chicks improved and bone diseases
were minimized. Therefore, it was envisaged in the present
study that the effect of phytase may bemore fruitful in support-
ing the optimum growth in a reduced balanced Ca and P (a
ratio that precluded the antagonism of each by the other)
than an imbalanced diet. The improved performance and
increased bone mineralization revealed in this study could be
one reason of this phenomenon. This study suggests the use

Table 4. The effect of different origin of phytase supplementation in Ca-and P-deficient diets on the blood serum and tibia bone ash Ca and P contents of broiler
chickens.

Diets1 Phytase2
Blood serum Ca Blood serum P Tibia ash Tibia Ca Tibia P

_____ mg/100 ml _____ ___________% __________

Control – 11.75ab±0.82 3.40ab±0.11 43.98a±0.82 24.16a±0.75 16.98ab±0.49
Diet-1 B 12.48a±0.2 3.76a±0.80 43.05ab±0.90 24.36a±0.78 17.40a±0.48

F 11.56abc±0.97 2.87bcd±0.68 42.02dc±0.74 23.40ab±0.89 15.86d±0.48
Diet-2 B 11.23bcd±0.90 2.99abc±0.60 42.77bc±0.78 24.12a±0.56 16.51bcd±0.42

F 10.45cde±0.98 2.48bcd±0.33 41.32d±0.46 22.64b±0.67 14.69e±0.42
Diet-3 B 10.05e±0.51 2.46dc±0.19 41.51d±0.23 24.04a±0.68 16.80abc±0.39

F 9.89e±0.61 2.11d±0.55 41.31d±0.31 22.44b±0.66 16.16cd±0.34
P-value <0.01 <0.01 <0.01 <0.01 <0.01

Means with the same letter in each column are not significantly different at 0.05.
1Control diet contains 1.0% Ca and 0.45% P; Diet-1 contains 0.85% Ca and 0.35% P; Diet-2 contains 0.75% Ca and 0.30% P; Diet-3 contains 0.65% Ca and 0.25% P.
2B = Bacterial phytase; F = Fungal phytase.
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of balanced reduced levels of Ca and P in broiler diets receiving
phytase supplementation. Furthermore, the enzyme producer
usually recommends the reduction of non-phytate P up to
0.35% (by 0.1%) which accounts for 78% of NRC (0.35% vs.
0.45%) without reducing the level of Ca in the diets.
However, the present results demonstrated that non-phytate
P in the diet could be reduced up to 0.30% (by 0.15%) accounts
for 67% of NRC recommended (0.30% vs 0.45%), if the level of
Ca was also proportionally reduced up to 75% (by 0.25%) of
NRC recommended (0.75% vs. 1.0%).

Conclusion

It was concluded that a diet deficient in calcium and phosphor-
ous at the level of 0.75% and 0.30%, respectively may be sup-
plemented with phytase enzyme from bacterial origin for
enhanced growth performance, carcass weight and tibial
calcium in broilers.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

We extend our appreciation to the Researchers Supporting Project (No.
RSPD2023R833), King Saud University, Riyadh, Saudi Arabia.

Ethics statement

The poultry handling procedures were approved by the insti-
tutional ethical committee (AN/12/2021).

References

Abd-Elsamee MO. 2002. Effect of different levels of crude protein, sulphur
amino acids, microbial phytase and their interaction on broiler chick per-
formance. Egypt Poult Sci J. 22:999–1021.

Ahmad T, Rassol S, Sarwar M, Haq A, Hasan Z. 2000. Effect of microbial
phytase produced from a fungus Aspergillus niger on bioavailibility of
phosphorus and calcium in broiler chicken. Anim Feed Sci Techol.
83:103–114. doi:10.1016/S0377-8401(99)00122-4.

Aksakal DH, Bilal T. 2002. Effects of microbial phytase and 1,25- dihydroxy-
cholecalciferol on the absorption of minerals from broiler chicken diets
containing different levels of calcium. Ind Vet J. 79:446–450.

Anawati J, Azimi G. 2020. Recovery and separation of phosphorus as dical-
cium phosphate dihydrate for fertilizer and livestock feed additive pro-
duction from a low-grade phosphate ore. RSC Adv. 10(63):38640–38653.
doi:10.1039/D0RA07210A.

AOAC. 2005. Official methods of analysis, 18th ed. Arlington, VA: AOAC Int.
Attia YA, Bovera F, Iannaccone F, Al-Harthi MA, Alaqil AA, Zeweil HS,

Mansour AE. 2020. Microbial and fungal phytases can affect growth per-
formance, nutrient digestibility and blood profile of broilers fed different
levels of non-phytic phosphorous. Animals (Basel). 10(4):580. doi:10.
3390/ani10040580.

Augspurger NR, Webel DM, Lei XG, Baker DH. 2003. Efficacy of an E. Coli
phytase expressed in yeast for releasing phytate-bound phosphorus in
young chicks and pigs. J Anim Sci 81:474–483. doi:10.2527/2003.
812474x.

Bhadada SK, Rao SD. 2021. Role of phosphate in biomineralization. Calcif
Tissue Int. 108(1):32–40. doi:10.1007/s00223-020-00729-9.

Bilal T, Eracg E. 2003. Retention of cadmium in the tissues of broiler chicks
by dietary supplemental microbial phytase. Vet Med Czech. 48:199–205.
doi:10.17221/5770-VETMED.

Camden BJ, Morel PCH, Thomas DV, Ravindran V, Bedford MR. 2001.
Effectiveness of exogenous phytase in improving the bioavailabilities
of phosphorus and other nutrients in maize-soya-bean meal diets for
broilers. Anim Sci. 73:289–297. doi:10.1017/S1357729800058264.

Costa FGP, Goulart CC, Figueiredo DF, Oliveria CFS, Silva JHV. 2008.
Economic and environmental impact of using exogenous enzymes on
poultry feeding. Int J Poult Sci. 7(4):311–314. doi:10.3923/ijps.2008.311.
314.

de Farias MRS, Leite SCB, de Vasconcelos AM, da Silva TAG, Leitão AMF, de
Sena TL, Pacheco DB, de Abreu CG, Silveira RMF. 2020.
Thermoregulatory, behavioral and productive responses of laying hens
supplemented with different types and dosages of phytases raised in
a hot environment: an integrative approach. J Therm Biol. 94:102773.
doi:10.1016/j.jtherbio.2020.102773.

Dilger RN, Onyango EM, Sands JS, Adeole O. 2004. Evaluation of microbial
phytase in broiler diets. Poult Sci. 83:962–970. doi:10.1093/ps/83.6.962.

Driver JP, Pesti GM, Bakalli RI, Edwards Jr HM. 2005. Effects of calcium and
nonphytate phosphorus concentrations on phytase efficacy in broiler
chicks. Poult Sci. 84:1406–1417. doi:10.1093/ps/84.9.1406.

Gagne F, Matte JJ, Barnett G, Pomar C. 2002. The effect of microbial phytase
and feed restriction on protein, fat and ash deposition in growing-
finishing pigs. Can J Anim Sci. 82:551–558. doi:10.4141/A01-076.

Huyghebaert G, Bleukx W, Ruyseveldt F, Delezie E, Kwanyuen P, Brake J.
2009. Interaction of calcium and phytate in broiler diets. effects on
apparent prececa digestibility and retention of phosphorus. Poult Sci.
87:448–459.

Igbasan FA, Simon O, Milksch G, Manner K. 2000. Comparative studies of
the in vitro properties of phytases from various microbial origins. Arch
Anim Nutr. 53:353–373.

Jamal M, Omar A, Sabha R. 2009. Effects of phytase on broilers performance
and body status of phosphorus. Hebron Univ Res J. 4:55–66.

Jlali M, Cozannet P, Alleno C, Preynat A. 2020. Evaluation of a multicarbohy-
drase and phytase complex in reduced energy, amino acids, available
phosphorus and calcium diets fed to broilers. Livest Sci. 241:104227.
doi:10.1016/j.livsci.2020.104227.

Leeson S, Summers JD. 2001. Scott’s nutrition of the chicken, 4th ed.
Ontario, Canada: University Books P.O. Box 1326 Guelph.

Lim HS, Namkung H, Um JS, Kang KR, Kim BS, Paik IK. 2001. The effect of
phytase supplementation on the performance of broiler chickens fed
diets with different levels of non-phytate phosphorus. Asian-Aust J
Anim Sci. 14(2):250–257. doi:10.5713/ajas.2001.250.

Luciana DPN, Duarte A, Antonio C, Gomidel GBEM, Maria C, Abreu PD. 2012.
Activity of fungal phytases stored in two ways in response to the period
of storage at room temperature. Ciencia Rural Santa Maria. 42:178–183.
doi:10.1590/S0103-84782012000100029.

Majeed S, Qudsieh R, Edens FW, Brake J. 2020. Limestone particle size,
calcium and phosphorus levels, and phytase effects on live performance
and nutrients digestibility of broilers. Poult Sci. 99(3):1502–1514. doi:10.
1016/j.psj.2019.11.009.

Mondal MK, Panda S, Biswas P. 2007. Effect of microbial phytase in soybean
meal based broiler diets containing low phosphorus. Int J Poult Sci.
6:201–206. doi:10.3923/ijps.2007.201.206.

NRC. 1994. Nutrient requirements of poultry, 9th ed. Washington, DC:
National Academy of Press.

Onyango EM, Bedford MR, Adeola O. 2005. Phytase activity along the diges-
tive tract of the broiler chick. A comparative study of an Escherichia coli-
derived and Peniophora lycii phytase. Can J Anim Sci. 85:61–68. doi:10.
4141/A04-067.

Paik IK. 2003. Application of phytase, microbial or plant origin, to reduce
phosphorus excretion in poultry production. Asian-Aust J Anim Sci.
16:124–135. doi:10.5713/ajas.2003.124.

Pierce J. 2000. Phytase produation pollution in T. P Lyosn and D.J.A coleed.
concepts in poultry science. Nottigham, UK: Nottigham University Press.

Ravindran V, Cabahug S, Ravindran G, Selle PH, Bryden WL. 2000. Response
of broiler chickens to microbial phytase supplementation as influenced
by dietary phytic acid and nonphytate phosphorus levels. II. Effects on
apparent metabolisable energy, nutrient digestibility and nutrient reten-
tion. Br Poult Sci. 41:193–200. doi:10.1080/00071660050022263.

Ravindran V, Morel PCH, Partridge GG, Hruby M, Sands JS. 2006. Influence of
an Escherichia coli-derived phytase on nutrient utilization in broiler

JOURNAL OF APPLIED ANIMAL RESEARCH 675

https://doi.org/10.1016/S0377-8401(99)00122-4
https://doi.org/10.1039/D0RA07210A
https://doi.org/10.3390/ani10040580
https://doi.org/10.3390/ani10040580
https://doi.org/10.2527/2003.812474x
https://doi.org/10.2527/2003.812474x
https://doi.org/10.1007/s00223-020-00729-9
https://doi.org/10.17221/5770-VETMED
https://doi.org/10.1017/S1357729800058264
https://doi.org/10.3923/ijps.2008.311.314
https://doi.org/10.3923/ijps.2008.311.314
https://doi.org/10.1016/j.jtherbio.2020.102773
https://doi.org/10.1093/ps/83.6.962
https://doi.org/10.1093/ps/84.9.1406
https://doi.org/10.4141/A01-076
https://doi.org/10.1016/j.livsci.2020.104227
https://doi.org/10.5713/ajas.2001.250
https://doi.org/10.1590/S0103-84782012000100029
https://doi.org/10.1016/j.psj.2019.11.009
https://doi.org/10.1016/j.psj.2019.11.009
https://doi.org/10.3923/ijps.2007.201.206
https://doi.org/10.4141/A04-067
https://doi.org/10.4141/A04-067
https://doi.org/10.5713/ajas.2003.124
https://doi.org/10.1080/00071660050022263


starters fed diets containing varying concentrations of phytic acid. Poult
Sci. 85:82–89. doi:10.1093/ps/85.1.82.

Rodriguez E, Porres JM, Han Y, Lei XG. 1999. Different sensitivity of recom-
binant Aspergillus nigerphytase (r-PhyA) and Escherichia coli pH 2.5 acid
phosphatase (r-AppA) to trypsin and pepsinin vitro. Arch Biochem
Biophys. 365:262–267. doi:10.1006/abbi.1999.1184.

Rouhollah N, Hosseini SM, Farhangfar H. 2011. Effect of citric acid and
microbial phytase on serum enzyme activities and plasma minerals
retention in broiler chicks. Afr J Biotechnol. 10:13640–13650.

Rutherfurd SM, Chung TK, Moughan PJ. 2002. The effect of microbial
phytase on ileal phosphorus and amino acid digestibility in the
broiler chickens. Br Poult Sci. 43:598–606. doi:10.1080/0007166022
000004516.

Saleh AA. 2017. Influence of Escherichia coli 6-phytase supplementation on
performance and egg quality in Hi-Sex laying hens fed phosphorus
deficient diets. Egypt Poult Sci J. 37(4):1105–1117. doi:10.21608/epsj.
2017.5382.

Saleh AA, Elsawee M, Soliman MM, Elkon RY, Alzawqari MH, Shukry M,
Abdel-Moneim A-ME, Eltahan H. 2021. Effect of bacterial or fungal
phytase supplementation on the performance, egg quality, plasma bio-
chemical parameters, and reproductive morphology of laying hens.
Animals (Basel). 11(2):540. doi:10.3390/ani11020540.

SAS Institute. 2006. SAS user’s guide: statistics. Version 9.1.3 ed. Cary, NC:
SAS Inst. Inc.

Selle PH, Ravindran V. 2007. Microbial phytase in poultry nutrition: a
review. Anim Feed Sci Technol. 35:1–41. doi:10.1016/j.anifeedsci.2006.
06.010.

Taheri HR, Mirisakhani L. 2020. Effect of citric acid, vitamin D3, and high-
dose phytase on performance of broiler chicken fed diet severely

limited in non-phytate phosphorus. Livest Sci. 241:104223. doi:10.
1016/j.livsci.2020.104223.

Tahir M, Saleh F, Ohtsuka A, Hayahsi K. 2005. Synergistic effect of cellulase
and hemicellulase on nutrient utilization and performance in broilers fed
a corn-soybean meal diet. Anim Sci J. 76:559–565. doi:10.1111/j.1740-
0929.2005.00304.x.

Tahir M, Saleh F, Ohtsuka A, Hayahsi K. 2006. Pectinase plays an important
role in stimulating digestibility of a corn-soybean meal diet in broilers. J
Poult Sci. 43:323–329. doi:10.2141/jpsa.43.323.

Tahir M, Saleh F, Ohtsuka A, Hayashi K. 2008. An effective combination of
carbohydrases that enables reduction of dietary protein in broilers:
importance of hemicellulase. Poult Sci. 87:713–718. doi:10.3382/ps.
2007-00340.

Tanruean K, Penkhrue W, Kumla J, Suwannarach N, Lumyong S. 2021.
Valorization of lignocellulosic wastes to produce phytase and cellulolytic
enzymes from a-thermophilic fungus, thermoascus aurantiacus SL16W,
under semi-solid state fermentation. J Fungi. 7(4):286. doi:10.3390/
jof7040286.

Walk CL, Romero LF, Cowieson AJ. 2021. Towards a digestible calcium
system for broiler chicken nutrition: a review and recommendations
for the future. Anim Feed Sci Technol. 114930. doi:10.1016/j.anifeedsci.
2021.114930.

Woyengo TA, Slominski BA, Jones RO. 2010. Growth performance and nutri-
ent utilization of broiler chickens fed diets supplemented with phytase
alone or in combination with citric acid and multi carbohydrase. Poult
Sci. 89:2221–2229. doi:10.3382/ps.2010-00832.

Zhang Z, Kornegay BET, Radcliffe JS, Denbow DM, Veit HP, Larsen CT. 2000.
Comparison of genetically engineered microbial and plant phytase for
young broiler. Poult Sci. 79:709–717. doi:10.1093/ps/79.5.709.

676 B. AHMAD ET AL.

https://doi.org/10.1093/ps/85.1.82
https://doi.org/10.1006/abbi.1999.1184
https://doi.org/10.1080/0007166022000004516
https://doi.org/10.1080/0007166022000004516
https://doi.org/10.21608/epsj.2017.5382
https://doi.org/10.21608/epsj.2017.5382
https://doi.org/10.3390/ani11020540
https://doi.org/10.1016/j.anifeedsci.2006.06.010
https://doi.org/10.1016/j.anifeedsci.2006.06.010
https://doi.org/10.1016/j.livsci.2020.104223
https://doi.org/10.1016/j.livsci.2020.104223
https://doi.org/10.1111/j.1740-0929.2005.00304.x
https://doi.org/10.1111/j.1740-0929.2005.00304.x
https://doi.org/10.2141/jpsa.43.323
https://doi.org/10.3382/ps.2007-00340
https://doi.org/10.3382/ps.2007-00340
https://doi.org/10.3390/jof7040286
https://doi.org/10.3390/jof7040286
https://doi.org/10.1016/j.anifeedsci.2021.114930
https://doi.org/10.1016/j.anifeedsci.2021.114930
https://doi.org/10.3382/ps.2010-00832
https://doi.org/10.1093/ps/79.5.709

	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Weekly and average growth performance
	Retention of Ca and P in the blood serum and its accumulation in the tibia bone ash

	Discussion
	Conclusion
	Disclosure statement
	Ethics statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


