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From the last few years, the inclusion of microbial phytase in 
poultry diets has increased significantly, mainly in response to 
heightened concerns over phosphorus pollution of the 
environment and as cheaper means to make phosphorus 
available to birds from phytate. Phytate is the major form of 
phosphorus, abundantly found in cereal grains, beans and 
oilseed meals used in poultry diet but the monogastric animals 
like poultry birds are unable to utilize this source of phosphorus 
due to lack of endogenous phytase enzyme. To meet the 
phosphorus requirements of poultry birds, inorganic 
phosphates are added to the poultry rations, which lead to the 
problem of environmental pollution as a large amount of 
phosphorus is excreted in the manure. Microbial phytase is used 
as an alternative of this, which has beneficial effects on the 
growth performance, feed efficiency, protein/amino acid 
digestibility, energy utilization, mineral retention, and bone 
growth of broilers due to the direct hydrolytic effects on 
phytate. 
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Introduction 
 Phytate is the major form of phosphorus found in cereal grains, beans and 
oilseed meals fed to poultry (Ravindran et al., 1995). Approximately 61–70% of 
phosphorus found in the poultry diet ingredients is in the form of phytate 
phosphorus (Table 1). But the monogastric animals like poultry are unable to 
utilize this phytate phosphorus, as they lack endogenous phytase, and this results 
in the addition of inorganic feed phosphates to the poultry diets in order to meet 
the phosphorus requirements of poultry (Yu et al., 2004). It is resulting in relatively 
large amounts of phosphorus in the manure that contribute to the environmental 
pollution (Guo et al., 2009). 

Exogenous phytase of microbial origin can be used as an alternative which 
helps to reduce phosphorus excretion in poultry (Yu et al., 2004). The beneficial 
effect of exogenous phytases in poultry rations has been supposed to be due to the 
direct hydrolytic effects on phytate and the subsequent improvement in the 
availability of minerals, amino acids, and energy (Selle and Ravindran, 2007). It has 
also been suggested that phytase in the poultry diets improves gut health as 
indicated by reduced secretions from the gastrointestinal tract (GIT), which 
consequently improves the efficiency of utilization of energy (Oduguwa et al., 2007; 
Pirgozliev et al., 2008). 

The main objective of this current review therefore is to determine the effect of 
dietary phytase feed additives on growth performance, feed efficiency, 
protein/amino acid digestibility, energy utilization, mineral retention, and bone 
growth of broilers. 

 
Table 1. Weighted range of total P and phytate-P concentrations, and proportion 
of phytate-P of total P, in important poultry feed ingredients 

Feed Ingredient Total P (g Kg−1) Phytate-P (g Kg-1) Proportion (%) 
Cereals    
Barley 2.73–3.70 1.86–2.20 59–68 
Maize 2.30–2.90 1.70–2.20 66–85 
Sorghum 2.60–3.09 1.70–2.46 65–83 
Wheat 2.90–4.09 1.80–2.89 55–79 
Oilseed meals 
Canola meal 8.79–11.50 4.00–7.78 36–76 
Cottonseed meal 6.40–11.36 4.9–9.11 70–80 
Soya bean meal 5.70–6.94 3.54–4.53 53–68 
By-products 
Rice bran 13.40–27.19 7.90–24.20 42–90 
Wheat bran 8.02–13.71 7.00–9.60 50–87 

Derived from studies by Nelson et al. (1968), Kirby and Nelson (1988), Eeckhout and De Paepe 
(1994),Ravindran et al. (1994), Viveros et al. (2000), Selle et al. (2003), Godoy et al. (2005), Selle and 
Ravindran (2007). 
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Effect on growth performance 
Since the report of Simons et al. (1990), a lot of research investigations have been 

done to illustrate the effects of various microbial phytases on growth performance 
of poultry. Predictably, the addition of microbial phytase enzyme to diets which 
have inadequate amount of phosphorus has been consistently shown to enhance 
growth performance. In the study of Juanpere et al. (2004) phytase addition (500 
FTU Kg −1) to diets containing 2.7  g Kg −1 total P increased weight gain (35 
g/bird/day versus 34 g/bird/day) and feed efficiency (1.4 versus 1.5) of broiler 
chicks from 7 to 21 days of age. Subsequently, Pirgozliev et al. (2010) reported that 
phytase addition (250 FTU Kg−1) to diets increased weight gain (32.2 g/bird/day 
versus 29.6 g/bird/day) and feed efficiency (1.47 versus 1.52) of broilers. 

The comprehensive view of the effects of phytase enzyme on the growth 
performance of the broiler chicks is described in Table 2. This suggest that addition 
of phytase enzyme in the broiler feed greatly enhances the growth rate of growing 
chicks and the weight gain rate also increases by increasing the amount of phytase 
enzyme per kilograms of feed. 

 
Table 2. The effect of phytase supplementation (0–12,000 FTU Kg−1) on growth 
performance of broiler chicks  

Phytase (FTU Kg−1) Growth Performance 
Weight Gain 

(g/bird) 
Feed Intake 

(g/bird) 
Feed Conversion 

Ratio (g/g) 
0 287 381 1.32 
375 399 490 1.23 
750 424 505 1.19 
1500 459 548 1.19 
6000 494 580 1.17 
12000 515 595 1.15 

Adapted from Shirley and Edwards (2003) & Selle and Ravindran (2007). 

Effect on protein/amino acid digestibility 
The level to which phytase produces improvements in protein/amino acid 

digestibility in broiler is unpredictable and this topic remains controversial. The 
observed variability appears to arise from a number of factors including:  

(i) the choice of inert marker used in digestibility assays,  
(ii) differences between ingredient types,  
(iii) dietary levels of Ca and non-phytate-P and some evidence suggests that  
(iv) Dietary electrolyte balance may be involved. 

A number of studies have reported improvements, although to varying limits, 
in the coefficient of apparent ileal digestibility (CAID) of amino acids following 
phytase addition to broiler diets. In many studies the inert markers selected 
include chromic oxide (Kornegay, 1996; Sebastian et al., 1997; Kornegay et al., 1999; 
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Namkung and Leeson, 1999; Zhang et al., 1999; Camden et al., 2001; Dilger et al., 
2004; Onyango et al., 2005), acid insoluble ash (Ravindran et al., 2000, 2001; Selle et 
al., 2003) and titanium oxide (Rutherfurd et al., 2004; Ravindran et al., 2006).  
 

Table 3. Comparative summary of the effects of phytase on coefficient of 
apparent ileal digestibility (CAID) of essential amino acids depending on inert 
dietary markers

 

Amino acid 
Acid insoluble ash or titanium 

oxide 
 Chromic oxide 

CAID Response (%)  CAID Response 
(%) 

Arginine 0.846 3.48  0.904 1.03 
Histidine 0.784 4.64  0.856 1.63 
Isoleucine 0.786 4.28  0.836 2.55 
Leucine 0.786 4.77  0.867 1.44 
Lysine 0.825 3.96  0.878 1.08 
Methionine 0.899 1.75  0.907 0.55 
Phenylalanine 0.798 4.62  0.865 1.22 
Threonine 0.738 6.55  0.784 2.29 
Tryptophan 0.783 4.57  0.838 0.59 
Valine 0.775 4.97  0.834 1.99 
Mean 0.802 4.36  0.857 1.44 

Derived from the studies Kornegay (1996), Sebastian et al. (1997), Kornegay et al. (1999), Namkung and 
Leeson (1999), Zhang et al. (1999), Camden et al. (2001), Dilger et al. (2004), Onyango et al. (2005), 
Ravindran et al. (2000), (2001), Selle et al. (2003), Rutherfurd et al. (2004), Ravindran et al. (2006). 

 
In another study (Selle et al., 2009), the effect of enzyme treatments on the 

apparent ileal digestibility of amino acids in wheat based feed was estimated. 
Dietary P level had no effect on the digestibility of amino acids. Individually, 
phytase increased the ileal digestibility of arginine, histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, threonine, aspartic acid, glutamic acid, glycine, 
proline and serine from 2.5% to 12.8%. 

 
Effect on Energy Utilization 

The possibility that supplementary phytase has a positive impact on energy 
utilization in poultry has considerable practical implications. Early studies 
involving dephytinised feed ingredients showed that phytate negatively influences 
energy utilization in broilers (Rojas and Scott, 1969; Miles and Nelson, 1974).  

Exogenous phytase has consistently increased AME of broiler diets based on 
wheat and/or sorghum in many studies. (Ravindran et al., 1999, 2000, 2001; Selle et 
al., 1999, 2001, 2003, 2005).These studies and several other researches (Driver et al., 
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2006; Farrell et al., 1993; Kocher et al., 2003; Namkung and Leeson, 1999; Shirley and 
Edwards, 2003) are summarized in Table 4.  

Overall, phytase supplementation increased AME by an average of 0.36 MJ kg−1 

DM (or 2.8%) over the non-supplemented controls. The percentage responses in 
AME following phytase supplementation are negatively correlated with the energy 
density of the control diets. While the data show that phytase positively influences 
energy utilization in broilers, the lack of a convincing rationale detracts from the 
reliability of this proposition. 

In phytase experiments, wheat may be pre-pelleted separately to abolishthe 
intrinsic phytase activity as it might reduce responses of microbial phytase (Selle 
and Ravindran, 2007). This approach was practiced in one study (Selle et al., 2001), 
in which phytase did not enhance energy utilization. 
 
Table 4. Effects of phytase supplementation on energy utilization (AME or 
AMEn) in broiler chickens 

No. Diet type AME (MJ Kg−1 DM)      Response Phytase (FTU Kg− 1) 
Control Phytase MJ Kg−1DM % 

1. Maize–Soy 12.49 12.62 0.13 1.0 
2. Sorghum  12.80 13.10 0.30 2.3 
3. Wheat 14.88 14.96 0.08 0.5 
4. Wheat (pre-pelleted) 14.20 14.10 -0.10 -0.7 
5. Wheat–Sorghum 2.3 g Kg− 1  13.33 13.52 0.19 1.4 
6. Wheat–Sorghum 4.5 g Kg− 1  12.67 13.38 0.71 4.6 
7. Wheat–Sorghum blend 14.22 14.55 0.33 2.3 
8. Barley per se 12.36 12.69 0.33 2.7 

Derived from the studies Driver et al. (2006), Farrell et al. (1993), Kocher et al. (2003), Selle et al. (2001), 
Ravindran et al. (1999; 2000; 2001). 

Effect on Mineral Retention 
The microbial phytase supplementation of broiler diets has very significant 

beneficial effects on the mineral retention. Studies show that increasing the level of 
supplemental phytase would increase the retention of Ca (up to 9%), P (up to 10%) 
and Zn (up to 16%) (Brenes et al., 2003). This effect is summarized in Table 5. 
Effect on Bone Growth 

Phytase supplementation to low-AP diets significantly affected tibia weight, 
tibia ash and calcium content in tibia ash of broiler chicks. Brenes et al., (2003) 
reported that phytase supplementation increased tibia ash (up to 4%), and Ca (up 
to 2%), P (up to 1%) and Zn (up to 4%) contents in tibia ash, while Mg 
concentration was not affected by phytase supplementation. The effects of phytase 
supplementation on tibia characteristics of chicks are summarized in Table 6. 
 

24,000, Apergillus niger 
750, Apergillus niger 
Mean of two phytase 
600, Apergillus niger 
400 + 800, Apergillus niger 
400 + 800, Apergillus niger 
500, Apergillus niger 
700, Apergillus niger 
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Table 5. Effects of dietary levels of microbial phytase on calcium, phosphorus, 
magnesium, and zinc retention in broiler chicks from 0 to 3 weeks of age 

Mineral PHY(U/Kg) Plasma Level (mg/dL) 
Calcium 0 0.64 
 200 0.66 
 400 0.67 
 600 0.70 
Phosphorus  0 0.61 
 200 0.63 
 400 0.65 
 600 0.66 
Magnesium  0 0.37 
 200 0.37 
 400 0.39 
 600 0.39 
Zinc  0 0.24 
 200 0.25 
 400 0.28 
 600 0.28 

Adopted from Brenes, et al., 2003. 

Table 6. Effects of phytase on bone characteristics of broiler chicks at day 21 and 
day 42  

Phytase 
(U/Kg) 

Day 21 Day 42 

Tibia 
weight 
(mg) 

Tibia 
ash 

(g/Kg) 

Bone mineral Tibia 
weight 
(mg) 

Tibia 
ash 

 

Bone mineral 

Ca 
 

P 
 

Ca 
 

P 
 

0 1021 300 320 180 3362 360 330 160 

500 1351 360 330 170 5503 400 330 160 

1000 1339 380 330 170 6013 430 340 160 
Adapted from Guo et al. (2009). 

Conclusion 
The current review suggested that phytase supplementation had some positive 

effects on the growth performance, feed efficiency, protein/amino acid 
digestibility, energy utilization, mineral retention, and bone growth of broilers 
during the whole growth period. 

 
 
 

(g/Kg) (g/Kg) (g/Kg) (g/Kg) (g/Kg) 
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