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Abstract 

To examine the association between phytase and xylanase in diets with nutritional 

adjustments on the metabolizability of feed by broiler diets, 250 chickens were used and 

distributed among five treatments and five replicates of 10 broilers each. The treatments were: 

positive control diet - without phytase or xylanase; negative control diet - with an energy 

reduction of 0.419 MJ/kg, without phytase or xylanase; and three diets containing xylanase 

 

1Part of the thesis presented by the first author to the Universidade Federal de Mato Grosso 

do Sul – UFMS. 
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and phytase and energy reductions of 0.209, 0.419 and 0.628 MJ/kg. For all energy-reduced 

diets, the nutritional matrix of phytase with phosphorus (0.15%), calcium (0.165%) and 

sodium (0.035%) was considered. The energy reduction of 0.628 MJ/kg with inclusion of the 

enzymes resulted in a higher metabolizability of the crude protein, also the apparent and 

apparent corrected metabolizable energy coefficients for nitrogen balance were higher in diets 

with a reduction energy of 0.209 MJ/kg, however had values similar to those obtained in the 

positive control diets and diets with energy reduction of 0.628 MJ/kg containing enzymes. 

The inclusion of phytase (500 FTU/kg) and xylanase (16,000 BXU/kg) in broiler diets, makes 

it possible to reduce metabolizable energy by up to 0.628 MJ/kg, available phosphorus, 

calcium, and sodium, and improve the metabolizability of the nutrients. 

Keywords: Additives, Available phosphorus, Calcium, Carbohydrase, Exogenous enzyme, 

Non-starch polysaccharides, Phytic acid, Sodium 

1. Introduction 

The modern context in which broiler nutrition is studied makes it possible to formulate diets 

containing enzymes that are not endogenously produced by broilers, with the objective of 

improving the metabolizability of nutrients and the utilization of vegetal ingredients acting on 

the breaking of phytates, soluble and insoluble non-starch polysaccharides (NSPs). 

Phytates and NSPs are naturally present in the diet of broilers. It is estimated that the 

bioavailability of phosphorus is approximately 27.6% in corn and 37.3% in soybean meal 

(Rostagno et al., 2017). Similarly, NSP contents range from 8.1 to 9.7% in corn and from 

10.3 to 30.3% in soybean meal (Ruiz et al., 2008; Tavernari et al., 2008). 

Phytase breaks down the insoluble complexes of phytic acid, releasing phosphorus, minerals, 

proteins, amino acids, and starch, therefore allowing their absorption. On the other hand , 

xylanases act in carbohydrate hydrolysis of the plant cell wall, releasing starch and 

encapsulated lipids or nutrients that were captured by the viscosity of the NSPs during their 

passage through the broiler’s gut, improving the action of the endogenous enzymes on these 

nutrients (Cowieson, 2005; Francesch & Geraert, 2009). 

Studies have suggested that the association between phytase and carbohydrases can have an 

additive effect (Cowieson & Adeola, 2005; Schramm et al., 2017) because the efficiency of the 

phytase added to the diet can be reduced by restricted access to the substrate in the presence of 

NPSs. Similarly, the absence or insufficiency of phytase could reduce the action of carbohydrases 

on nutrients that may be complexed into the phytate molecule (Olukosi et al., 2007). 

Phytase supplementation in an isolated manner allows the reduction of crude protein and minerals, 

such as phosphorus, calcium, and sodium, in diets without compromising broiler performance 

(Lelis et al, 2010; Donato et al., 2011; Meneghetti et al., 2011). Although the reduction of 

nutrients is possible because of the higher metabolizability provided by the enzyme, calcium 

should be reduced proportionally to reduce the total phosphorus levels to avoid an increase in 

intestinal pH due to formation of calcium phytate and its interaction with iron, magnesium, and 

zinc and a reduction in phytase activity by high calcium concentrations (Schoulten et al., 2003). 

Similarly, high sodium concentrations may interact with phytate by making endogenous amino 
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acids unavailable and reducing the effect of phytase (Cowieson et al., 2011). 

Studies show that the inclusion of xylanase could reduce the metabolizable energy level by 

up to 0.419 MJ/kg in diets, not changing broiler’s performance compared to diets without 

enzymes that meet the requirement of metabolizable energy because xylanase can increase 

the metabolizability of energy (Nian et al., 2011; Stefanello et al., 2016). 

Thus, new research should be carried out to evaluate the association between xylanase and 

phytase enzymes on metabolizable energy levels in broiler diets, because of the individual 

action of each enzyme that could increase the reduction of energy levels in diets.  

Therefore, the objective of this study was to evaluate the inclusion of phytase and xylanase in 

broiler diets with reduction of metabolizable energy, phosphorus, calcium, and sodium on the 

metabolizability coefficients of nutrients and the metabolizable energy of diets in the initial 

period of rearing. 

2. Material and Methods 

The study was conducted at the Experimental Laboratory in Avian Science of the Faculty of 

Veterinary Medicine and Animal Science of the Federal University of Mato Grosso do Sul, 

under the approval of the Committee on Ethics in the Use of Animals (CEUA/UFMS), 

protocol number 737/2015. 

A total of 250 one-day-old male broilers of Cobb 500 lineage were distributed among a 

completely randomized design with five treatments and five replicates of 10 broilers per 

experimental unit. The broilers were standardized by weight (± 10% of the average weight of 

the experimental unit) so that all experimental units had similar weights. 

Broilers were housed in twenty-five 2.5 m2 cages in a conventional shed with fiber-cement 

roofing and earthen floor. Wood shavings (untreated wood chips) were used as bedding 

material; the bed was considered new, as it had not been used previously. Cages were 

equipped with brood heaters, trough feeders and automatic poultry drinkers. Feed and water 

were provided ad libitum. The lighting program adopted was 24 h of light (natural + artificial) 

daily.  

Thermal conditions in the poultry house were monitored using a temperature and humidity 

sensor at 07h00 and 17h00. The following mean values were obtained: average temperature: 

24.5ºC, minimum temperature: 20.8 ± 0.7ºC, maximum temperature: 28.3 ± 0.9ºC; air 

relative humidity: 66% ± 7%. 

The experimental treatments consisted of a positive control diet fully meeting the nutritional 

requirements, without phytase or xylanase; a negative control diet with a metabolizable 

energy (ME) reduction of 0.419 MJ/kg, without phytase or xylanase; and diets with ME 

reductions of 0.209, 0.419, and 0.628 MJ/kg, with phytase and xylanase. For all 

energy-reduced diets, the nutritional matrix of phytase the reductions of 0.15% P, 0165% Ca 

and 0.035% Na were considered. 

The phytase used in the experiment was derived from the microorganism Escherichia coli, 
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while xylanase was derived from Tricoderma reesei. Their respective inclusion levels were 

fixed at 75 g/t (500 FTU/kg) and 100 g/t (16000 BXU/kg). Both enzymes were acquired from 

commercial enterprises. 

Experimental diets were based on corn and soybean meal and were formulated to meet the 

nutritional requirements of broilers as proposed by Rostagno et al. (2011) (Table 1) except for 

metabolizable energy, available phosphorus, calcium, and sodium. 

The metabolizability trial started on the 14th day of age and consisted of three days of 

adaptation to the experimental diets and five days of partial collection of excreta. Titanium 

dioxide (TiO2) was used as an indicator with the inclusion of 0.5% in substitution of inert  in 

the experimental diets. 

For the collection of excreta, in each experimental unit, the bed of the boxes was completely 

covered by double-sided canvas (150 μm) to avoid bed entry and contamination of the 

samples. Excreta were collected twice a day (8 and 16 h), to avoid fermentation, by scraping, 

discarding diet residues, feathers or any contaminating material. At each collection time, the 

canvas with excreta were replaced by clean canvas and the samples were placed in plastic 

bags previously identified and stored in a freezer (-10°C) until the end of the collection 

period. 

Table 1. Percentage composition and calculated values of the experimental diets for broilers 

in the initial phase (8 to 21 days of age) 

Ingredients, g/kg 
Positive 
control 

Negative 
control 

Reduction of metabolizable energy 
(MJ/kg) with phytase and xylanase 

0.209 0.419 0.628 

Corn, 7,88% 581.6 581.6 581.6 581.6 581.6 

Soybean meal, 46% 347.5 347.5 347.5 347.5 347.5 

Soy oil 26.2 14.8 20.5 1,48 0,91 

Dicalcium phosphate 14.9 6.7 6.7 6.7 6.7 

Calcitic limestone 9.1 10.1 10.1 10.1 10.1 

Common salt 5.0 3.9 3.9 3.9 3.9 

Min-vit¹ supplement 4.0 4.0 4.0 4.0 4.0 

DL- Methionine 3.1 3.1 0,31 0,31 0,31 

L- Lysine HCl 2.7 2.7 2.7 2.7 2.7 

L- Threonine 0.8 0.8 0.8 0.8 0.8 

Inert 5.2 24.7 18.8 24.5 30.2 

Xylanase 0.0 0.0 0.1 0.1 0.1 

Phytase 0.000 0.000 0.075 0.075 0.075 

 Calculated values 

Metabolizable energy 
(MJ/kg) 

12.77 12.35 12.56 12.35 12.14 

Crude protein, g/kg 212.0 212.0 212.0 212.0 212.0 

Arginine dig., g/kg 13.1 13.1 13.1 13.1 13.1 

Lysine dig., g/kg 12.2 12.2 12.2 12.2 12.2 

Methionine+cystine 
dig., g/kg 

8.9 8.9 8.9 8.9 8.9 

Threonine dig., g/kg 7.9 7.9 7.9 7.9 7.9 
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Tryptophan dig., g/kg 2.4 2.4 2.4 2.4 2.4 

Calcium, g/kg 8.4 6.8 6.8 6.8 6.8 

Potassium, g/kg 8.1 8.1 8.1 8.1 8.1 

Phosphorus disp., g/kg  4.0 2.5 2.5 2.5 2.5 

Chlorine, g/kg 3.3 2.7 2.7 2.7 2.7 

Sodium, g/kg 2.1 1.7 1.7 1.7 1.7 

¹Levels per kg of diet of the initial mineral-vitamin supplement: 450.75 g methionine; 65.25 g 

choline; 2,750,000 IU Vitamin A; 500,000 IU Vitamin D3; 4,000 IU Vitamin E; 375 mg 

Vitamin K3; 300 mg Vitamin B1; 1,125 mg Vitamin B2; 500 mg Vitamin B6; 4,000 mcg 

Vitamin B12; 8,750 mg Niacin; 2,300 mg Pantothenic Acid; 100 mg Folic Acid; 15 mg Biotin; 

7,500 mg Iron; 2,250 mg Copper; 15 g Manganese; 15 g Zinc; 250 mg Iodine; 62.5 mg 

Selenium; 2500 mg Avilamycin; 10 g Nicarbazin; 3,750 mg Senduramycin. 

Subsequently, the corresponding samples from each experimental unit were homogenized and 

two aliquots (± 800 g) were taken for analysis. The samples were submitted to pre-drying in a 

forced ventilation oven (55°C) for 72 h and processed in a ball mill to analyse the contents of 

dry matter, nitrogen, phosphorus, and ethereal extract (Silva & Queiroz, 2006). Crude energy 

was determined by burning the sample in a calorimetric pump. 

The metabolizability coefficients of dry matter (DMMC), phosphorus (PMC), crude protein 

(CPMC), ethereal extract (EEMC), apparent metabolizable energy (AME), corrected apparent 

metabolizable energy for nitrogen retention (AMEn) of excreta, and retention of nitrogen per 

day were determined. Nutrient metabolizability (partial excreta collection method) was 

calculated using the titanium indigestibility factor, used as an indicator, by the formulas: 

Excreta indigestibility factor (IF): 

IF = [TiO2] of the diet/[ TiO2] of the sample (excreta);  

In which: [TiO2] concentration of titanium dioxide; 

Metabolizability coefficient (MC): 

MC = (% of the nutrient in the diet) - (% of the nutrient in excreta × IF)/ (% of the nutrient in 

the diet) 

In which: IF corresponds to the excreta indigestibility factor; 

AME and AMEn values were determined by the formulas:  

AME (MJ/kg of dry matter) = EB of the diet - (EB of excreta * IF of excreta);  

AMEn (MJ/kg of dry matter) = EB of the diet - [(EB of excreta * IF of excreta) + 8.22 * 

(NB)];  

NB = nitrogen balance = N of the diet - (N of excreta * IF of excreta). 

The data were submitted to an analysis of variance (ANOVA) and the means were compared 

by the Tukey test, as well as by orthogonal contrasts using the Scheffer test, both at the 5% 

probability level. The analyses were performed using the SAS statistical program (University 
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version). The contrasts tested were: 

C1-treatment with reduction of 0.419 MJ/kg of ME, phosphorus, calcium and sodium, with 

phytase and xylanase versus treatment with reduction of 0.419 MJ/kg of ME, phosphorus, 

calcium, and sodium, without phytase and xylanase, indicating the effect of enzymatic 

supplementation on the reduction of 0.419 MJ/kg of ME; 

C2 - positive control versus other treatments, which demonstrated the effect of the reduction 

of ME, phosphorus, calcium, and sodium in relation to the positive control diet; 

C3 - positive control versus treatments with reductions of 0.209, 0.419, and 0.628 MJ/kg of 

ME, phosphorus, calcium, and sodium, with phytase and xylanase, indicating the effect of the 

reduction of ME, its nutritional adjustments and the enzymatic supplementation in relation to 

the diet positive control. 

3. Results  

Reduction of metabolizable energy, phosphorus, calcium, and sodium, associated with 

inclusion of phytase and xylanase, influenced (P<0.05) the nutritional metabolizability 

coefficients of broiler diets at 21 days (Table 2).  

In diets containing 12.56 and 12.14 MJ/kg the use of the enzymes increased (P<0.05) the 

DMMC. The positive control diet obtained the worst (P<0.05) DMMC. Conversely, broilers 

fed with 12.35 MJ/kg of ME, with and without supplementation of enzymes, presented 

intermediate values for this coefficient. 

Table 2. Nutrient metabolizability coefficients and apparent metabolizable energy (AME) 

contents, corrected apparent metabolizable energy for nitrogen retention (AMEn), and 

nitrogen balance (NB) of diets for 21-day age broilers 

Metabolizable 
energy in diets 

(MJ/kg) 
Enzymes 

Variables1 

DMMC 
(%) 

PMC 

(%) 

CPMC 

(%) 

AME 

(MJ/kg) 

AMEn 

(MJ/kg) 

NB 

(g/day) 

12.77* Without 52.19c 27.97b 52.82c 13.56abc 12.87ab 1.69 

12.35** Without 55.41b 26.34b 52.49c 13.34c 12.66b 1.42 

12.56 With 60.36a 43.04a 57.23ab 13.92a 13.15a 1.60 

12.35 With 56.78b 41.0a 55.02bc 13.45bc 12.71b 1.54 

12.14 With 60.70a 45.13a 59.59a 13.78ab 12.97ab 1.69 

Mean  57.08 36.69 55.43 3251.13 3073.85 1.59 

CV (%)3  2.89 7.09 3.98 1.69 1.62 1.59 

P-value4  <0.001 <0.001 0.001 0.004 0.009 0.400 

  Orthogonal contrast 2 

C1  0.203 <0.001 0.084 0.477 0.729 0.574 
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C3  <0.001 <0.001 0.008 0.627 0.987 0.663 

C3  <0.001 <0.001 0.001 0.221 0.512 0.578 

*Reduction of 0 MJ/kg - positive control; **Reduction of 0.419 MJl/kg without enzymes - 

negative control; 

1DMMC: dry matter metabolizability coefficient; PMC: phosphorus metabolizability 

coefficient; CPMC: crude protein metabolizability coefficient; 

2C1: 12.35 MJ/kg with phytase and xylanase × 12.35 MJ/kg without phytase and xylanase; 

C2: positive control x other treatments; C3: positive control diet x diet 12.56, 12.35, and 

12.14 MJ/kg with reduction P, Ca and Na with phytase and xylanase; 

3CV = coefficient of variation; 4Means followed by distinct letters in the column differ by the 

Tukey test (P<0.05); 3P< 0.05 is significant by the Scheffer test. 

Regarding the contrasts, reductions of metabolizable energy, phosphorus, calcium, and 

sodium improved (P <0.05) DMMC by 11.7%, compared to the positive control diet (C2 

contrast) and 13.6% with the inclusion of the enzymes (C3 contrast). All groups fed with 

enzymatic supplementation, obtained a higher (P<0.05) PMC in relation to the diets without 

enzymatic supplementation (positive control diet and negative control diet)In the present 

study, there was an effect (P<0.05) for the C1 contrast analysis only for PMC, for which a 

55.6% improvement was observed in the diets containing phytase and xylanase with 12.35 

MJ/kg of metabolizable energy. -Via contrast C2, the PMC which improved (P<0.05) by 

39.0% with reductions of metabolizable energy, phosphorus, calcium, and sodium. Phytase 

and xylanase supplementation improved PMC (P<0.05) by 53.9% (C3 contrast). 

The CPMC was 12.8% higher (P<0.05) in diet with 12.14 MJ/kg of metabolizable energy 

containing phytase and xylanase compared to the positive control diet. Also, it was 13.5% 

higher compared to the negative control diet and did not differ (P>0.05) from the 

metabolizability obtained for the diet containing 12.56 MJ/kg of metabolizable energy and 

enzymes and adjusted nutritionally. The CPMC of the diet containing 12.35 MJ/kg of 

metabolizable energy was intermediate in relation to the other diets. Regarding the contrasts, 

reductions of metabolizable energy, phosphorus, calcium, and sodium (C2 contrast) improved 

(P<0.05) CPMC by 6.2%. Phytase and xylanase supplementation improved the crude protein 

metabolizability by 8.4% (C3 contrast).The AME and AMEn values from diets with 12.56 

MJ/kg of metabolizable energy containing enzymes and nutritionally adjusted were higher 

(P<0.05) compared to that of the other diets and were similar (P>0.05) to the positive control 

diet and the diet with 12.14 MJ/kg of metabolizable energy containing enzymes. AME and 

AMEn values of the positive control diet did not differ (P>0.05) from the values of the diet 

with 12.35 MJ/kg containing enzymes. 

Despite the positive effect of the energy level reduction of the diet when associated with 

phytase and xylanase on CPMC, there was no effect (P>0.05) of the evaluated treatments on 

nitrogen retention by the broilers. 

No significant effects on AME and AMEn values in all tested contrasts (P>0.05) showed that 
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the reduction of metabolizable energy, phosphorus, calcium, and sodium, containing phytase 

and xylanase, did not affect the energy utilization of the ingredients by broilers and they were 

identical to those of the positive control treatment.  

4. Discussion 

The results show that in the diets containing -lower (12.14 MJ/kg) and - higher (12,56 MJ/kg) 

metabolizable energy, the use of the enzymes were efficient for nutrient utilization by the 

better DMMC, because this coefficient reflects nutrient metabolizability and its increase 

indicates greater absorption (Barbosa et al., 2008). The positive effect of the action of the 

enzymes, especially phytaseon the absorption and better utilization of phosphorus can be 

observed by the PMC in all groups fed with enzymatic supplementation. 

PMC improvement was caused by the hydrolysis of the phospho-ester bonds of the phytate 

molecule, mainly in the upper portion of the gastrointestinal tract in the acid medium 

(proventriculus and gizzard) (Augspurger et al., 2003), composed of sequential reactions of 

dephosphorylation, producing smaller molecules of myo-inositol phosphate esters and 

inorganic phosphors suitable for absorption (Bedford & Partridge, 2010). In addition, as the 

levels of minerals in the diet decreased, broilers had the capacity to increase the retention of 

these nutrients for physiological maintenance (Ravindran et al., 2001). 

By adding phytase (500 FTU/kg) to the diet containing 12.37 MJ/kg of metabolizable energy 

for 25-day-old broilers, Lelis et al. (2010) observed a 29.5% improvement in the phosphorus 

metabolizability coefficient compared to the diet with the same energetic level and without 

added enzymes. Similar results were obtained by Fukayama et al. (2008) when broilers (1- to 

20-days-old) were supplemented with phytase (1000 FTU) in diets containing 12.31 MJ/kg of 

metabolizable energy compared to balanced diets with 12.56 MJ/kg of metabolizable energy 

and without phytase. 

In this study, the protein metabolizability was possibly favoured by the reduction of corn and 

soybean NSPs promoted by xylanase, as well as the hydrolysis of phosphorus-protein/amino 

acid bonds by phytase, which supports the worst values (P<0.05) obtained for broilers fed 

with the positive and negative control diets. 

The additive effect of phytase and xylanase on DMMC, CPMC, and AME of broilers was 

also observed by Schramm et al. (2017) when they added phytase (1,000 FTU/kg) in corn and 

soybean meal diets containing xylanase (150 BXU/kg). In addition, the use of enzymatic 

complexes consisting of carbohydrases can improve protein metabolizability from 3.3 to 

7.1% (Novak et al., 2008; Li et al., 2010), with direct effects on weight gain and efficiency 

improvements (Yu & Chung, 2004; Jia et al., 2009). 

It is estimated that corn (7.9% crude protein) and soybean meal (46% crude protein) present 

approximately 0.18 and 0.38% of phytophosphorus, respectively (Rostagno et al., 2017). 

However, CPMC increases can be mainly attributed to the reduction of energy expenditure 

during digestion, with the production of endogenous amino acids, thus providing more energy 

for other metabolic processes. 
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The higher AME and AMEn values resulting from diets with 12.56 MJ/kg metabolizable 

energy containing enzymes and nutritionally adjusted is possibly due to lower nutrient 

wastage than other diets, which can be confirmed by the highest values obtained from 

CMMC and CPMC for this treatment. 

In relation to the analysis of contrasts, improved metabolizability in DMMC, PMC and 

CPMC can be attributed to the nutrient utilization efficiency by the broilers. By reducing 

phosphorus, calcium, sodium, and metabolizable energy, the amount of nutrients may have 

approached the actual requirement of the broiler, being optimized with the enzymes. It is 

known that the closer the supply of nutrients to the actual requirement of the broiler, the 

greater the use of the nutrients. Similar results were also obtained by Cowieson & Adeola 

(2005) when evaluating 200 mg of an enzyme complex (200 BXU of xylanase, 400 U of 

amylase and 4000 U of protease) and 200 mg of phytase (1000 FTU/kg) for broilers in the 

growth phase. 

The significant effect on contrast analysis (C1) for PMC, suggest that there was better use of 

the phosphorus in the diet with the use of phytase and xylanase, with a possible reduction of 

environmental impact by the excretion of this mineral, in the diet containing 12.35 MJ/kg of 

metabolizable energy was used in the diets. 

The lack of effect of the contrasts analyzed for AME and AMEn demonstrated a synergistic 

action of the enzymes because each enzyme acts on different substrates. In addition, the 

reduction of energy favoured the enzymatic action, because enzymatic supplementation may 

not provide an increase in energy and metabolizability of the nutrients in balanced diets 

(without reducing the energy level) (Barbosa et al., 2014). 

5. Conclusion 

The inclusion of phytase (500 FTU/kg) and xylanase (16,000 BXU/kg) in the diets of broilers 

in the initial period of rearing allows the reduction of the metabolizable energy by up to 0.628 

MJ/kg, 0.15% of the available phosphorus, 0.165% of calcium, and 0.035% of sodium, and 

improves the metabolizability of nutrients. 
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