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Abstract

Although phytase has been researched, new enzymes have been produced, leading to different animal 
responses. In this scenario, the present study proposes to evaluate the inclusion of a bacterial phytase 
produced by Escherichia coli in broiler diets based on corn and soybean meal, with or without nutrient 
reductions, on the performance, nutrient digestibility, phosphorus bioavailability, and bone minerals 
of those animals and on the economic viability of this practice. A total of 896 male broiler chickens 
were distributed into 32 experimental units, each housing 28 broilers. The experiment was set up as a 
completely randomized design with four treatments (Positive Control (PC)- diet meeting the nutritional 
requirements of the broiler chickens; Negative Control (NC) with reductions of 100kcal/kg of ME, 
0.14% avP and 0.11% tCa; NC + phytase (500 FTU/kg);  PC + phytase (500FTU/kg)) and 8 replicates. 
Phytase increased (p < 0.05) feed intake and body weight gain and improved feed conversion ratio in 
starter (1 to 21 days) and total (1 to 42 days) phases, respectively, compared with Negative Control 
diet without supplementation. The Negative Control + phytase diet also led to a feed intake similar to 
Positive Control in the starter and total phases. The inclusion of phytase without nutrient reductions 
improved (p < 0.05) feed conversion ratio in the starter phase, compared to Positive Control diet. There 
was an increase (p < 0.05) in the digestibility of dry matter, crude protein and phosphorus and in apparent 
digestible energy in the Negative Control + phytase diet compared to the Negative Control diet. Phytase 
supplementation increased (p < 0.05) the digestibility of crude protein, calcium and phosphorus, and 
apparent digestible energy compared to Positive Control diet. Ash, phosphorus, and calcium contents 
were higher in the Negative Control + phytase diet compared with those observed in the Negative 
Control diet without enzyme (p < 0.05). The Positive Control + phytase diet provided higher ash contents 
(p < 0.05), but calcium and phosphorus deposition was similar to those obtained with Positive Control 
diet. Phytase inclusion allows for a reduction in the diet cost per ton of produced feed. In conclusion, 
dietary supplementation with bacterial phytase produced from Escherichia coli for broiler chickens is 
recommended, as it provided increases in production performance, nutrient digestibility, and energy 
metabolizability and a reduction in the diet cost.
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Resumo

Embora a fitase tenha sido estudada, novas enzimas foram produzidas, levando a respostas animais 
diferentes. Nesse sentido, o presente estudo teve como objetivo avaliar a inclusão de fitase bacteriana 
produzida por Escherichia coli em dietas à base de milho e farelo de soja, com ou sem redução de 
nutrientes sobre o desempenho, digestibilidade dos nutrientes, biodisponibilidade de fósforo, minerais 
ósseos e viabilidade econômica. Foram distribuídos 896 frangos de corte machos em 32 unidades 
experimentais, cada unidade constituída por 28 frangos. O delineamento foi inteiramente casualizado 
com quatro tratamentos (Controle Positivo (CP) - dieta que satisfaz os requisitos nutricionais das aves; 
Controle Negativo (CN) - reduções de 100 kcal/kg EM; 0,14% avP e 0,11% tCa); CN + fitase (500 
FTU/kg); CP + fitase (500 FTU/kg)) e 8 repetições. A fitase aumentou (p < 0,05) o consumo de ração, 
o ganho de peso médio e melhorou a conversão alimentar nas fases inicial (1 a 21 dias) e total (1 
a 42 dias), respectivamente, em comparação com a dieta Controle Negativo, sem suplementação. O 
Controle Negativo + fitase também apresentou consumo de ração semelhante ao Controle Positivo 
nas fases inicial e total. A inclusão da fitase sem redução dos requerimentos nutricionais (Controle 
positivo + fitase) melhorou (p < 0,05) a conversão alimentar na fase inicial, em comparação com a dieta 
Controle Positivo. Houve aumento na digestibilidade de matéria seca, proteína bruta, energia digestível 
aparente e fósforo, respectivamente, em Controle Negativo + fitase em comparação com a dieta controle 
negativo. A suplementação de fitase aumentou a digestibilidade de proteína bruta, energia digestível 
aparente, cálcio e fósforo, em comparação com a dieta de Controle Positivo. Os teores de cinzas, fósforo 
e cálcio foram maiores no Controle Negativo + fitase comparados com os da dieta Controle Negativo, 
sem enzima. No Controle Positivo + fitase observou-se maior teor de cinzas, mas a deposição de cálcio 
e fósforo foi semelhante em relação ao Controle Positivo. A inclusão da fitase permitiu redução nos 
custos da dieta/tonelada de alimento produzido. Em conclusão, recomenda-se a suplementação dietética 
com fitase bacteriana produzida por Escherichia coli para frangos de corte é recomendada, pois houve 
aumento no desempenho produtivo, maior digestibilidade e metabolizabilidade dos nutrientes e redução 
no custo das dietas.
Palvras-chave: Biodisponibilidade. Cálcio. Enzima exógena. Fósforo. Produção avícola.

Introduction 

The high cost of inorganic phosphate has 
influenced the direction of research and the industry 
to discover alternative sources of phosphorus (P) 
or improve the availability of P, for broilers. The 
phytase enzyme has been highlighted in the nutrition 
of non-ruminants as a tool to reduce the dietary 
inclusion of inorganic P and to decrease nutrient 
excretion through the excreta (WALDROUP et al., 
2000; GRAÑA et al., 2013). With the growth and 
narrowing of an increasingly demanding market in 
terms of sustainability, poultry production has been 
under heavy pressure in the world, which has raised 
the importance of phytase. The phytase market 
generates billions of dollars per year (ADEOLA; 
COWIESON, 2011), creating many jobs directly or 
indirectly.

Corn and soybean meal contain a considerable 
amount of P present in the myo-inositol 
hexaphosphate complex molecule, which is a 
molecule formed by ionizable phosphate (NELSON; 
COX, 2014) that is capable of retaining cations, 
carbohydrates, microminerals, amino acids and 
some digestive enzymes (SEBASTIAN et al., 1998; 
SOHAIL; ROLAND, 1999; RAVINDRAN et al., 
1999; SELLE; RAVINDRAN, 2007; COULIBALY 
et al., 2011). Because broiler chickens do not 
produce endogenous phytase to release this P, the 
association between phytase and cereals generates 
a great potential for the release of these nutrients.

Although phytase has been researched, new 
enzymes have been produced, leading to different 
animal responses. The Escherichia coli-derived 
phytase is a 6-phytase because it hydrolyses the 
myo-inositol molecule at position 6 with a pH 
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around 4.5 (RAGGON et al., 2008). In addition, it is 
highly stable in the gastro-intestinal tract of broilers. 
Proteolytic enzymes do not break phytase in the 
intestinal tract. Moreover, phytase works close to 
the optimal pH of pepsin (AUGSPURGER et al., 
2003; PILLAI et al., 2006). However, its production 
incurs high costs and much water is spent in the 
process (PANDEY et al., 2001). Some studies 
have shown that supplementation with Escherichia 
coli-derived phytase improves performance, 
metabolizable energy, nutrient digestibility, as well 
as bone retention of Ca and P in birds (DILGER 
et al., 2004; ONYANGO et al., 2005; ADEOLA, 
2010; RIBEIRO JUNIOR et al., 2016).

 On these bases, the present study was undertaken 
to examine the inclusion of a phytase produced by 
Escherichia coli in broiler diets based on corn and 
soybean meal, with or without nutrient reductions on 
the performance, nutrient digestibility, phosphorus 
bioavailability, and bone minerals of those animals 
and on the economic viability of this practice.

Materials and Methods

The trial was conducted at the Laboratory of 
Poultry Sciences at the Department of Animal 
Science, Faculty of Agriculture and Veterinary 
Sciences - UNESP, located in Jaboticabal-SP, 
Brazil. All experimental procedures were approved 
by the Ethics Committee on Animal Use (CEUA - 
018760/14).

The broilers were housed in an experimental 
facility, with a tunnel-type system to control the 
environment. Temperature, humidity and air 
exchange were controlled automatically by exhaust 
fans and a climate control system, according to the 
age of the birds (COBB GUIDELINES, 2012). 
During the starter phase, incandescent lamps were 
used as a heating source according to the needs of 
poultry. Shavings litter, nipple drinkers and tubular 
feeders were used in all experimental plots. Infant 
tubular feeders were used until 14 days of age, 
which were then replaced by adult tubular feeders. 

Water and feed were offered ad libitum during the 
entire trial period. The lighting program was set as 
24 h of light daily. All birds were vaccinated with 
the challenge of the region: at the hatchery, against 
Marek and Gumboro diseases, and at 12 days of 
age, against New Castle, via water.

A total of 896 one-day-old Cobb 500 male chicks 
were weighed (46 ± 1 g each) and distributed into 
each treatment with similar mean body weights. The 
broilers were evaluated in a completely randomized 
design with four treatments and eight replicates, 
in which they were allocated to 32 pens (1.0 x 
3.0 m) that housed 28 chicks each. The following 
treatments were tested: Positive Control (PC) - diet 
meeting the nutritional requirements of the broiler 
chickens; Negative Control (NC) - reduction of 
100 kcal/kg of metabolizable energy (ME), 0.14% 
available phosphorus (avP) and 0.11% total calcium 
(tCa); NC + Phytase (500 FTU/kg), and PC + 
Phytase (500 FTU/kg).

The Positive Control diets were formulated to 
meet the nutritional requirements of broilers based 
on the recommendations of the Brazilian Tables for 
Poultry and Swine (ROSTAGNO et al., 2011). Table 
1 describes the control diets and their nutritional 
compositions for the starter (1-14 days), grower 
(15-28 days) and finisher (29-42 days) phases. The 
phytase was produced by bacteria of the genus 
Escherichia coli (Phytafeed GR 5000G), by the 
Pintaluba Group (Reus, Spain).

Broilers and orts were weighed at 21 and 42 
days of age. The following performance parameters 
were evaluated: feed intake, body weight gain, 
feed conversion ratio and viability. Mortality was 
recorded daily and was used to adjust the total 
number of broilers to determine feed intake and feed 
conversion ratio (SAKOMURA; ROSTAGNO, 
2016).

Nutrient digestibility was determined based on 
the ileal digestibility, using a source of silica, (Celite) 
as a marker, which was added to all experimental 
diets at 14 days of age at 1%. At 21 days of age, ten 
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broilers from each experimental unit were chosen 
at random and slaughtered by electronarcosis 
followed by exsanguination. Immediately after 
slaughter, the ileum was exposed by an abdominal 
incision, and a segment of 20 cm, which ends at 4 

cm from the ileocecal junction, was removed and 
its contents were collected in a plastic container 
identified by treatment and replicate. The broilers 
were stimulated to consume feed four hours before 
slaughter to collect ileum intestinal contents. 

Table 1. Composition and calculated nutritional values of Positive Control (PC) and Negative Control (NC) diets.

Ingredient (%)
1 to 14 days 15 to 21 days 22 to 42 days

PC1 NC2 PC1 NC2 PC1 NC2 
Corn 52.215 55.831 57.862 61.477 62.330 65.964
Soybean Meal 45% 41.293 40.587 34.489 33.783 30.957 30.230
Soy Oil 2.865 0.500 2.911 0.546 3.460 1.089
Limestone 0.807 1.018 0.848 1.059 0.770 0.981
Dicalcium Phosphate 18,5 1.707 0.942 1.563 0.798 1.223 0.458
Salt 0.431 0.429 0.426 0.425 0.399 0.397
DL-Methionine 99% 0.289 0.285 0.308 0.304 0.260 0.256
L-Lysine 98% 0.155 0.169 0.293 0.307 0.377 0.399
L-Threonine 98% 0.038 0.040 0.100 0.102 0.064 0.066
Mineral vitamin Premix 3 0.200 0.200 0.200 0.200 0.160 0.160
Market4 - - 1.000 1.000 - -
Total 100 100 100 100 100 100

Nutritional level (%)
Metabolizable Energy (kcal/kg) 3000 2900 3050 2950 3170 3070
Crude protein (%) 23.63 23.63 21.20 21.20 20.00 20.00
Calcium (%) 0.881 0.771 0.841 0.731 0.717 0.607
Available phosphorus (%) 0.436 0.296 0.401 0.261 0.335 0.195
Phytic phosphorus (%) 0.240 0.244 0.227 0.232 0.224 0.228
Sodium (%) 0.215 0.215 0.210 0.210 0.198 0.198
Potassium (%) 0.916 0.914 0.808 0.806 0.757 0.754
Digestible Methionine + cystine (%) 0.915 0.915 0.876 0.876 0.804 0.804
Digestible Methionine (%) 0.611 0.609 0.598 0.595 0.536 0.534
Digestible Lysine (%) 1.271 1.271 1.217 1.217 1.101 1.101
Digestible Threonine (%) 0.826 0.826 0.791 0.791 0.715 0.715
Digestible Tryptophan (%) 0.271 0.269 0.234 0.231 0.215 0.213

1PC = positive control (diet meeting the nutritional requirements of the broiler chickens); 2NC = negative control (reduction of 
100 kcal/kg ME; 0.14% avP and 0.11% tCa); 3 Folic acid 437.5mg; Pantothenic Acid 6250 mg; Biotin 44 mg; Butylated hydroxyl 
toluene100 mg; Niacin 18750 mg; Selenium 187.5 mg; Vitamin A 4687500 IU; Vitamin B1 1250 mg; Vitamin B12 7500 mgc; 
Vitamin B2 3125 mg; Vitamin B6 1750 mg; Vitamin D3 1187500 IU; Vitamin E 17500 IU; Vitamin K3 940 mg; Manganese 44 g; 
Zinc 40.65 g; Iron 31.25 g; Copper 6250 mg; Iodine 625 mg; 4 Source of silica - Celite (100% SiO2). (Diets with phytase inclusion 
contained 100g/t (500FTU/kg).  
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After collection, the digesta was frozen for later 
analysis. It was later thawed at room temperature 
and the samples were homogenized, weighed again, 
frozen and lyophilized at a temperature of -80°C 
for 72 h. After that, they were ground through an 
A11 basic analytical mill (IKA) and then sent to 
laboratory for analysis along with samples of the 
experimental diets. 

The dry matter, gross energy, nitrogen, 
phosphorus, calcium, and acid insoluble ash (AIA) 
contents of the samples of digesta and diets were 
determined. Nitrogen was analyzed by the Kjeldahl 
method, while dry matter (final drying), calcium and 
phosphorus were determined by nitric-perchloric 
digestion (SILVA; QUEIROZ, 2009). For the 
determination of gross energy, the samples were 
pelleted and subjected to combustion in the bomb 
calorimeter. For the calculations of digestibility, 
AIA, the indigestible fraction present in diets and 
digesta was determined. 

The digestibility of dry matter, crude protein, 
calcium and phosphorus and the apparent digestible 
energy were calculated based on the analysis of 
diets and ileal digesta, according to Sakomura and 
Rostagno (2016).

At 21 days of age, two birds from each 
experimental unit were sampled and their tibias were 
removed, placed in labeled plastic bags according to 
the pen and frozen. Once thawed, the tibias were 
stripped, identified and dried in a ventilated oven 
at 100ºC for 24 h. The excess fat was removed by 
immersing the tibias in ethyl ether until the total 
disappearance of fat. They were then dried in a 
ventilated oven again at 100°C for 24 h. After that, 
the tibias were individually weighed on a precision 
scale and ground through a ball mill to determine 
the ash, calcium and phosphorus contents (SILVA; 
QUEIROZ, 2009).

Phosphorus bioavailability was calculated using 
the standard curve concept. To establish the standard 
curve, the intake of supplemental phosphorus (ISP) 
in Positive control and Negative control treatments 

was calculated according to the following equation: 
[ISP (g) = {(Feed Intake (g) x Supplemental dietary 
Phosphorus (%))}/100]

Supplemental phosphorus was considered null 
in the most limiting treatment (Negative Control) 
and 0.14% for Positive Control, which was the 
difference in avP between Negative Control and 
the other treatments. The ISP was associated with 
the responses of performance (body weight gain) 
and bone-related (ash and phosphorus) variables 
to construct the standard curve. The results of 
performance and bone-related variables of the 
treatments with phytase addition were confronted 
with their respective standard curve to determine 
the total released phosphorus (RP) in grams. The 
equation below was used to obtain the nutritional 
matrix (bioavailability) of avP (BP) of the phytase 
enzyme, considering the feed intake (FI) of the 
broiler and the released phosphorus: BP (%) = {RP 
(g)/FI (g)} x 100].

A cost analysis of the diets was performed to 
determine the economy of including phytase at 
different levels. For these calculations, were used 
data of phosphorus bioavailability, body weight 
gain and the dicalcium phosphate cost (Y = (4.865 
x A) - (I x B), where Y is the economic response 
in US$/t; A is the cost per kilogram of dicalcium 
phosphate; I is the inclusion of the enzyme in 
kilograms per ton and B is the cost of kilograms 
of phytase). Considering the bioavailability of 
phosphorus calculated based on the tibia P, we have 
the following equation: Y = (6.270 x A) - (I x B). 
The amount of inorganic dicalcium phosphate which 
could be replaced by phytase inclusion (100 g/t, 500 
FTU/kg) in the diet, based on the bioavailability 
found for this phytase inclusion, was calculated via 
linear equations taking into account the cost of the 
enzyme and of phosphate, as well as their addition, 
to obtain the best economic profit. The costs of 
dicalcium phosphate and enzyme (Phytafeed GR 
5000G) were quoted in the first quarter of 2015, as 
US$ 0.50/kg and US$6.00/kg, respectively.
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Data were analyzed by the general linear 
models procedure of SAS (2002). The errors in the 
statistical models were normally and independently 
distributed with constant variance. The viability 
variable was adjusted by ASEN (SQUARE ROOT 
(%VIABILITY/100). Means were tested by the 
Student Newman Keuls - SNK multiple-range test 
at 5% of significance. 

Results

Performance

The positive control and negative control diets 
affected (p <0.05) feed intake, body weight gain and 
feed conversion ratio in the starter and total phases 
(Table 2). However, there was no effect (p <0.05) 
on viability. The reduction of ME, Ca and P led to 
decreases of 8.6 and 5.6% in feed intake, 12.3 and 
9.9% in body weight gain, while feed conversion 
ratio increased by 5 and 8 points in the starter and 
total phases, respectively, in comparison to positive 
control diet. 

Table 2. Effect of bacterial phytase produced by Escherichia coli on broiler performance. 

Treatment
Feed Intake (g) Body Weight Gain (g) Feed Conversion Ratio (g/g) Viability (%)1

Starter (1 to 21 days)
PC  2 1224 A 959 A 1.276 B 99.78
NC  3 1119 B 841 C 1.332 D 99.55
NC + Phytase 1197 A 916 B 1.307 C 99.78
PC + Phytase 1222 A 974 A 1.255 A 99.78
SEM4 20 19 0.017 0.05
p-value <0.0001 <0.0001 <0.0001 0.8871

Total (1 to 42 days)
PC 2 4954 A 3156 A 1.570 A 99.31 
NC 3 4675 B 2845 B 1.650 C 99.26 
NC + Phytase 4942 A 3083 A 1.603 B 97.92
PC + Phytase 4912 A 3158 A 1.555 A 100.00 
SEM 4 104 68 0.011 0.09
p-value 0.0001 <0.0001 <0.0001 0.2288

1 Mortality. Adjusted by ASEN (SQUARE ROOT (%mortality/100)); 2 PC = positive control (diet meeting the nutritional 
requirements of the broiler chickens); 3 NC = negative control (reduction of 100kcal/kg ME; 0.14% avP and 0.11% tCa); 4 SEM = 
Standard error of the means. A-D Different letters in the same column differ by the SNK test (p <0.05).

Supplementation with Escherichia coli phytase 
in the diet with nutrient reduction increased (p <0.05) 
feed intake and body weight gain and improved 
feed conversion ratio in all phases. Phytase addition 
increased feed intake by 7.0 and 5.7%, body weight 
gain by 8.9 and 8.4% and improved feed conversion 
ratio by 2 and 5 points in the starter and total 
phases, respectively, compared to negative control 

diet without phytase supplementation. The negative 
control + phytase treatment also provided a similar 
feed intake to positive control in the starter and total 
phases, and body weight gain also did not differ in 
the total phase. Phytase supplementation without 
nutrient reductions (Positive control + phytase) 
significantly affected (p <0.05) feed conversion 
ratio in the starter phase. Feed conversion ratio was 
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improved by 2 points compared to positive control 
diet without phytase supplementation.

Digestibility

Apparent digestible energy and P digestibility in 
negative control were lower compared to the results 

obtained with positive control treatment (Table 3). 
However, the digestibility of Ca was higher. There 
was a reduction of 113 kcal/g in the digestibility 
of energy (dry matter basis), a 5.3% decreased in 
the coefficient of P digestibility and an increase 
of 17.3% in Ca digestibility in negative control 
compared to positive control diet.

Table 3. Effect of supplementation with bacterial phytase produced by Escherichia coli on nutrient digestibility in 
broilers at 21 days.

Treatment DM (%) 1 CP (%) 2 ADE (cal/g DM) 3 Ca (%) 4 P (%) 5

PC6 95.55 AB 82.50 B 3376.5 A 54.82 C 60.97 B

NC7 95.32 B 82.59 B 3263.8 B 64.33 A 57.75 C

NC6 + Phytase 95.90 A 83.99 A 3387.6 A 64.76 A 68.34 A

PC7 + Phytase 95.80 A 84.60 A 3450.9 A 59.11 B 68.58 A

SEM 1 0.54 1.14 59.25 3.14 2.16
p-value 0.014 0.0003 <0.0001 <0.0001 <0.0001

1 Dry Matter Digestibility; 2 Crude Protein Digestibility; 3Apparent Digestible Energy (dry matter basis); 4 Calcium Digestibility; 5 

Phosphorus Digestibility. 6 PC = positive control (diet meeting the nutritional requirements of the broiler chickens); 7 NC = negative 
control (reduction of 100 kcal/kg ME, 0.14% avP and 0.11% tCa); 8 SEM = Standard error of the means. A-C Different letters in the 
same column differ by the SNK test (p <0.05).

Inclusion of Escherichia coli phytase in the 
negative control diet increased (p <0.05) dry matter 
digestibility, crude protein digestibility, apparent 
digestibility energy (dry matter basis) and P 
digestibility. However, there was no effect (p <0.05) 
on Ca digestibility. The digestibility coefficients of 
dry matter, crude protein and P increased by 0.6%, 
1.7% and, 18.3%, respectively while apparent 
digestible energy rose by 123 kcal/g (dry matter 
basis) compared to negative control diet. The 
negative control + phytase diet also increased the 
digestibility of crude protein, Ca and P compared to 
the positive control diet. Escherichia coli phytase 
supplemented without nutrient reductions increased 
the digestibility of crude protein (0.3%), Ca (7.8%) 
and P (12.5%) and apparent digestible energy (dry 
matter basis) (70 kcal/g) compared to positive 
control diet.

Minerals in the tibia

The reduction of ME, Ca and P in the negative 
control diets was sufficient to ensure a low 
deposition of ash, Ca and P in the tibia of the 
broilers (p <0.01) (Table 4). Ash, P and Ca were 
higher (p <0.01) in the negative control + phytase 
treatment group when compared to those of the 
group fed negative control diet without phytase, but 
they were similar to those of positive control group. 
The positive control + phytase group showed higher 
ash contents, but Ca and P deposition was similar to 
that of positive control treatment.

Bioavailability of phosphorus

The P bioavailability for body weight gain 
(BWG), feed conversion ratio (FCR) and tibia 
mineral deposition (ash and P) were calculated 
considering two increasing levels of P in the diets 
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(Positive control = 1.71 g and Negative Control 
= 0). The fitted regression equation for BWG was 
Y = 840.58 + 5.99 X, where “X” is the amount 
of phosphorus (g). For FCR, The fitted regression 
equation was Y = 1.33 - 0.03X, where “X” is the 
amount phosphorus (g). For bone ash, the fitted 
regression equation was Y = 35.59 + 1.63X, where 

“X” is the amount phosphorus (g). The regression 
equation fitted for tibia P was Y = 68.69 + 3.98X, 
where “X” is the amount phosphorus (g). The 
linear regressions for BWG and tibia P had higher 
coefficients of determination (R² = 0.93 and 0.60). 
Results pertaining to P bioavailability are shown in 
Table 5. 

Table 4. Effect of supplementation with bacterial phytase produced by Escherichia coli on the tibia of broilers at 21 
days.

Treatment Ash (%) Phosphorus (mg/g of bone) Calcium (mg/g of bone)
PC 1 38.35 B 75.93 A 137.25 A

NC 2 35.21 C 67.64 B 129.83 B

NC + Phytase 38.71 B 74.20 A 138.10 A

PC +Phytase 40.72 A 77.16 A 142.68 A

SEM 3 1.44 2.89 6.16
p-value  <0.0001  <0.0001  0.0059

1 PC = positive control (diet meeting the nutritional requirements of the broiler chickens); 2 NC = negative control (reduction of 100 
kcal/kg ME, 0.14% avP and 0.11% tCa); 3 SEM = Standard error of the means. A-B Different letters in the same column differ by the 
SNK test (p <0.05).

Table 5. Means and standard error of total phosphorus released by bacterial phytase produced by Escherichia coli 
(RP), phosphorus bioavailability (PB), coefficient of variation (CV) and coefficient of determination (R2) of broilers 
receiving 500 FTU phytase.

Variable RP (g) PB (%) CV (%) R2 p-value
BWG (g) 1.078 ± 0.261 0.090 ± 0.020 1.93 0.93 < 0.0001
FCR (g/g) 0.769 ± 0.387 0.070 ± 0.031 1.42 0.70 0.0007
Ash (%) 1.913 ± 1.080 0.160 ± 0.090 3.91 0.52 0.0082
P (mg/g) 1.384 ± 0.755 0.116 ± 0.063 4.14 0.60 0.0031

BWG = body weight gain; FCR = feed conversion ratio; P = phosphorus. 

Cost analysis

One of the advantages of using phytase in the 
diet for broiler chickens is the financial aspect. Thus, 
an economic evaluation was carried out to quantify 
how much can be saved by reducing dicalcium 
phosphate and supplementing phytase, based on the 
results of P bioavailability. The body weight gain 
and tibia P variables showed consistent values (with 
higher R²) for performance and bone parameters, 
respectively.

Considering the costs of the sources of inorganic 
phosphorus and phytase and the inclusion (A= U$ 
0.50; B= U$ 6.00 and I = 0.1 kg/t (500 FTU)), it was 
possible to save US$ 1.83 per ton of produced feed. 
In view of the expenses of the sources of inorganic 
phosphorus, phytase and the inclusion (A= U$ 0.50; 
B= U$ 6.00 and I = 0.1 kg/t (500 FTU)), it was 
possible to save US$ 3.72 per ton of produced feed.
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Discussion

To check the efficiency of phytase used in diets 
with nutrient reduction on broiler performance, one 
must first prove that dietary reductions affect bird 
performance. Subsequently, the included phytase 
should be evaluated to determine the responses 
to the deficient diet and the diet that meets the 
requirement of the broilers. Nutrient reductions 
(ME, tCa and avP) in the negative control diet were 
significant for impairing broiler performance. 
Thus, it was possible to observe the responses 
to the use of Escherichia coli phytase on broiler 
performance. Broiler chickens fed deficient diets 
showed decreased feed intake and body weight 
gain. Reductions in ME are usually compensated by 
an increased in feed intake (LEESON et al., 1996; 
HAHN-DIDDE; PURDUM, 2014). However, the 
reduction of P acts in the opposite way, reducing 
the feed intake of broilers (VIVEIROS et al., 2002; 
LELIS et al., 2012; ROUSSEAU et al., 2012; LEE 
et al., 2017). When broilers are fed P-deficient diets, 
their serum concentrations of triiodothyronine (T3), 
tetraiodothyronine (T4) and growth hormone (GH) 
decrease (PARMER et al., 1987). In this sense, low 
levels of GH in P-deficient diets may be directly 
related to the development of the bird, since a bird 
that presents lower levels of this hormone will have 
its body weight gain reduced, which explains the 
lower feed intake.

Nutrient reductions in the negative control 
treatment also increased feed conversion ratio 
compared to the positive control diets. In this case, 
in addition to having a decline in their growth, 
the animals became less efficient in utilizing the 
diet. With the addition of the phytase, there was a 
significant improvement in feed conversion ratio, 
recovering some of the lost performance. Therefore, 
the Escherichia coli phytase was effective in 
releasing nutrients and improving performance. 
Adedokun et al. (2004), Dilger et al. (2004), 
Onyango et al. (2005) and Ribeiro Junior et al. 
(2016) showed a positive effect on body weight gain 
and feed intake with the inclusion of Escherichia 

coli phytase in diets with P reduction. Ahmad et 
al. (2000) and Rousseau et al. (2012) attributed the 
better performance of broilers fed diets with phytase 
inclusion to increased feed intake. In the current 
study, the improved performance of broiler chickens 
fed diets with phytase inclusion can be explained by 
their higher feed intake and also better digestibility.

Evaluating digestibility is essential to assess 
the efficiency of phytase on nutrient availability. 
The digestibility of P was 18.34% higher with the 
addition of Escherichia coli phytase, which elevated 
the bioavailability of P, as shown in Table 5. Thus, 
phytase was efficient in breakdown the phosphorus-
phytic acid complex, releasing minerals and 
making them available for absorption, increasing 
feed intake (SANTOS et al., 2008). The increase in 
feed intake seen in the negative control + phytase 
treatment resulted in a 8.84% higher body weight 
gain compared to negative control treatment, from 
1 to 42 days. Other studies have also demonstrated 
greater body weight gain stemming from increased 
feed intake from the addition of phytase to the diet 
(COWIESON et al., 2011; LIU et al., 2014).

The Escherichia coli phytase supplemented 
without nutrient reduction was able to act on the 
phytate molecule, releasing the nutrients and 
improving the digestibility of crude protein, Ca and 
P compared to the positive control treatment. Thus, 
the positive control + phytase diet improved feed 
conversion ratio without affecting body weight gain 
compared to positive control treatment. According to 
Walk et al. (2014), improvements in feed conversion 
ratio may be attributed to the breakdown of phytate 
and to the utilization of inositol utilization phytase. 
Other studies have also shown that phytase inclusion 
in broiler diets improves the ileal digestibility of P, 
amino acids, protein and ME (RUTHERFURD et 
al., 2004; SANTOS et al., 2008; COWIESON et 
al., 2017). Our results corroborate those presented 
by O’Connor-Dennie and Emmert (2012) who also 
observed an improvement in feed conversion ratio 
after adding phytase to P-deficient diets. However, 
Ahmad et al. (2000) reported increased body weight 
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gain but no effects on the feed conversion ratio of 
broilers supplemented with phytase without nutrient 
reduction. 

Phytase supplementation is more effective in 
P-deficient diets than in P-sufficient diets for broilers 
(WATSON et al., 2006; KARIMI et al., 2011; 
SANTOS et al., 2013). This assertion was confirmed 
in the present study. In diets with reductions of 
ME, tCa and avP phytase promoted more benefits 
compared to its addition in the diet formulated 
according to the broiler’s requirement. However, 
the inclusion of Escherichia coli phytase without 
nutrient reduction also proved to be efficient.

It is important to consider that regardless of how 
phytase is being used, an improvement in nutrient 
digestibility and bioavailability leads to decreased 
excretion to the environment, reducing soil and 
water contamination. The inclusion of Escherichia 
coli phytase in positive control diet improved 
the digestibility of Ca, but it was higher when 
phytase was supplemented in negative control diet. 
Because the calculation of digestibility considers 
what has been consumed and not absorbed, its 
utilization efficiency may have been higher due 
to the nutrient reduction. In another hypothesis, 
suggested by De Kort et al. (2009), the formation 
of insoluble complexes between Ca and phosphate 
can be reduced by decreasing the concentration 
of Ca, which would improve the digestibility of 
both minerals. Ravindran et al. (2008) observed 
an improvement in the digestibility of Ca and P 
in diets with microbial phytase. In the current 
study, phytase also improved the digestibility of 
these minerals when it was supplemented without 
nutrient reduction. With the inclusion of phytase in 
negative control diet, we noticed improvements in 
the digestibility of P, but not for Ca. Sebastian et 
al. (1996) and Powell et al. (2011) also reported no 
increases in the digestibility of Ca. It is known that 
one of the factors that influence the bioavailability 
of minerals are the interactions that occur between 
them (BREMNER; BEATTIE, 1995; COZZOLINO, 
2007). Some authors have reported an increase in 

the apparent ileal digestibility of P by reducing the 

tCa:avP ratio in broiler diets or simply reducing the 
concentrations of Ca (PLUMSTEAD et al., 2008; 
WALK et al., 2012a; ADEOLA; WALK, 2013). The 
significant increase in P digestibility resulting from 
the use of Escherichia coli phytase can be explained 
by the breakdown of the phytate structure, releasing 
molecules of P. Although there are other ions 
associated with the phytate molecules such as Ca, 
Mg, Fe and Cu, their proportion is lower than the P 
molecules, which in turn reduces the tCa:avP ratio. 
Manangi and Coon (2008) observed that broilers 
have a better ability to utilize non-phytate P using a 
low tCa:avP ratio, due to an increase in endogenous 
phytase (APPLEGATE et al., 2003) or a reduction 
of dicalcium phosphate precipitation in the small 
intestine (WALK et al., 2012b).

Evaluating the efficacy of phytase on mineral 
deposition in the tibia is a measure of great 
relevance, because the bone tissue has the largest 
amount of these nutrients which can be used to 
determine its efficiency of utilization for deposition. 
In the current study, increased mineral availability 
and digestibility was evidenced by the ash, Ca and 
P content in the tibias of the broilers. According to 
Sakomura and Rostagno (2016), bone deposition 
should be the key item in the study of the efficacy of 
phytase, since the highest concentration of minerals 
is present in the bones of the animal. If the tibia 
is mineralized, this indicates that the mineral was 
available and used by the animal. The mineral Ca 
and P contents in the tibia are in line with the animal 
performance and diet digestibility results observed 
in our study.

The lowest levels of minerals found in the tibia 
of the broilers fed the negative control diets can be 
explained by the P deficiency, which reduces the 
rate of bone matrix formation and delays the onset 
of mineralization (BAYLINK et al., 1971). Parmer 
et al. (1987) evaluated low levels of P in broiler 
diets on bone parameters and found that P-deficient 
diets significantly reduced the amount of bone ash, 
as well as the length and width of the bone.
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The inclusion of Escherichia coli phytase in the 
negative control diet increased the concentration of 
ash, Ca, and P in the bones, similarly to the result 
obtained with the positive control diet. Ahmad et 
al. (2000) also found similar values of ash, Ca and 
P in the tibias of broilers receiving treatments with 
reduced Ca and P, using phytase, compared with 
treatments without nutrient reduction. Rutherfurd 
et al. (2012) reported an increase in the tibia ash 
content in broilers fed P reduced diets with phytase. 
O’Connor-Dennie and Emmert (2012) used phytase 
(500 FTU/kg) derived from Escherichia coli 
and found an increase in tibia ash and a P release 
of at least 0.083%. Ribeiro Junior et al. (2016) 
supplemented diets with three levels (250, 500 and 
1000 FTU/kg) of Escherichia coli-derived phytase 
and observed of 80, 103, and 164% in tibia ash 
weight and 128, 198, and 330% in tibia P content, 
respectively.

In an experiment with phytase inclusion without 
nutrient reduction, Ahmad et al. (2000) observed 
an increase in the concentration of all minerals 
compared to the control diet. This was not observed 
in the current study, where higher levels of ash were 
only obtained with the positive control treatment. 
However, according to Jiang et al. (2013), the 
mineral content in the tibia is closely related to the 
concentration of avP. Thus, phytase released the P 
present in the phytate molecule.

Escherichia coli phytase also improved P 
bioavailability. Based on the evaluated performance 
and bone-related variables, body weight gain and 
tibia P best represented the bioavailability. These 
were used to determine the economic viability. 
Although the bioavailability of P calculated from 
bone ash is the most widely used parameter, the bone 
P variable showed a better fit. Although ash was not 
used in the calculations of economic viability in 
the current study, this parameter is correlated with 
the amount of P in the bones. Pillai et al. (2006) 
found an R2 of 0.72 and a bioavailability value of 
0.16% for P calculated based on the tibia ash of 
broilers using phytase derived from Escherichia 

coli. In our study, we found the same results. Based 
on the bioavailability values of 0.090% for body 
weight gain and 0.116% for tibia P, we determined 
the minimum cost of dicalcium phosphate (kg) 
using phytase. If the price of dicalcium phosphate 
is higher than US$0.12 and US$0.10/kg, according 
to body weight gain and tibia P, respectively, it is 
viable to use supplementation with Escherichia coli 
phytase.

Conclusion

Dietary supplementation with phytase produced 
from Escherichia coli for broiler chickens is 
recommended, as it increases the production 
performance, nutrient digestibility and energy 
metabolizability of those broilers and lowers the 
diet cost.
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