
  INTRODUCTION 
  Phytate, the main storage form of P in plant-origin 

feed ingredients, is difficult for monogastric animals to 
digest without phytase (Pallauf and Rimbach, 1997). 
As a consequence, the part of the dietary P not be-
ing utilized by the animals will be excreted, causing 
environmental pollution (Foy and Withers, 1995). In 
addition, phytic acid has the potential to combine with 
amino acids, starch, and other minerals, thereby reduc-
ing their bioavailability (Nolan et al., 1987; Karimi et 
al., 2013). Adding exogenous microbial phytase to diets 
has been considered an effective way to improve the 
availability of P, Ca, Zn, and amino acids (Adeola et 
al., 2004; Dilger et al., 2004). 

  There are several phytase products currently avail-
able, including microbial phytase (Selle and Ravin-
dran, 2007; Rutherfurd et al., 2012) and plant phytase 

(Nyannor et al., 2009). However, phytase products from 
different sources may have varying characteristics such 
as their sensitivity to protease and their optimum pH 
ranges within the gastrointestinal tract (GIT), which 
can affect the ability of phytase to function consistently 
and effectively (Konietzny and Greiner, 2002; Onyango 
et al., 2005). 

  Recently, an Aspergillus niger-derived phytase ex-
pressed in the endosperm of corn has been developed 
(Chen et al., 2008). Our previous studies have demon-
strated that phytase transgenic corn (PTC) is as safe 
as nontransgenic near-isoline conventional corn (CC) 
for laying hens (Ma et al., 2013) and growing pigs (Li 
et al., 2013). However, to develop an innovative way to 
deliver phytase to diets, it is necessary to evaluate the 
efficacy of the new source of phytase before it can be 
introduced to the feed market. In this study, transgenic 
corn-derived phytase (TCDP) was compared with 2 
commercial phytases for the evaluation of their stability 
against proteolytic inactivation as the enzymes passed 
through the GIT of laying hens. Another objective of 
the experiment was to assess the efficacy of TCDP and 
2 other sources (bacterial and fungal) of microbial phy-
tase on the phytate P utilization of laying hens. 
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  ABSTRACT   The residual activities of transgenic corn-
derived and 2 commercial microbial phytases (PA and 
PB) along the gastrointestinal tract (GIT) of laying 
hens were compared to evaluate their relative resis-
tance to hydrolysis in the GIT when added to P-de-
ficient diets. The treatments consisted of a negative 
control (NC) diet containing 0.10 nonphytate P and 
an NC diet supplemented with transgenic corn-derived 
phytase (TCDP), PA, and PB at 500 to 5,000 FTU/
kg of diet, respectively. Seven diets were fed to Hy-Line 
Brown laying hens (n = 504; 8 replicates of 9 hens per 
treatment) for 21 d. At the end of the experiment, the 
hens were killed and digesta samples from the crop, 
proventriculus and gizzard, jejunum, and ileum were 
collected and analyzed for residual phytase activities 
and phytate P content. Phytase activity in the trans-

genic corn was determined to be 8,980 FTU/kg of DM. 
The residual phytase activities along the GIT had in-
creased (P < 0.01) with the addition of TCDP, PA, and 
PB to the NC diets. The TCDP had higher residual 
activity (P < 0.05) in the crop, proventriculus and giz-
zard, jejunum, and ileum as compared with the PA 
and PB activity. There was a decrease (P < 0.01) in 
the phytate P content of the digesta from all sources 
of phytase supplementation in the NC diets. Residual 
phytate P content decreased caudally along the GIT of 
hens. The results of this research indicate that phytase 
expressed in corn is as efficacious as the commercial 
microbial phytases (PA and PB) in P-deficient diets 
for the improvement of phytate P digestibility, which 
would eliminate the need for supplemental phytase and 
corn separately in laying hen diets. 
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MATERIALS AND METHODS

Birds and Feeding Management
This study was approved by the Animal Care and 

Use Committee of China Agricultural University. A to-
tal of 504 healthy Hy-Line Brown laying hens (BW = 
1.97 kg, 60 wk of age) with a mean egg production 
of 87.83% were randomly allocated to 1 of 7 dietary 
treatments with 8 replicates each. Each of the 8 repli-
cates used three 45 cm × 45 cm × 45 cm stainless-steel 
suspended cages containing 3 hens each. Following an 
adaptation period of 3 wk, the birds were fed the treat-
ment diets for 21 d. Laying hens were maintained on a 
16-h light schedule and allowed ad libitum access to the 
experimental diets and water. Room temperature was 
maintained at 25 ± 2°C.

Dietary Treatments

The nutrient and energy content of PTC has been 
reported previously (Gao et al., 2012). The PTC has 
higher phytase activity and fat content, and lower phy-
tate P content than the CC (Gao et al., 2012). The 7 
dietary treatments consisted of a negative control (NC) 

with 0.10% nonphytate P (NPP), plus a 3 × 2 fac-
torial arrangement with 3 sources of phytase (TCDP, 
PA, and PB) at 500 and 5,000 FTU/kg of diet, respec-
tively. The PA (Natuphos, BASF AG, Ludwigshafen, 
Germany) is a recombinant enzyme from Aspergillus 
niger; PB (Phyzyme, Danisco Animal Nutrition, Carol 
Stream, IL) is a recombinant enzyme from Escherichia 
coli (Kerr et al., 2010). The TCDP was an Aspergil-
lus niger-derived phytase expressed in the endosperm 
of corn. Phytase activity in the PTC was 8,980 FTU/
kg of DM. In the TCDP-supplemented diets, the CC 
was replaced by an equal amount of PTC by weight 
to obtain the desired levels of phytase. All the diets 
were formulated to contain adequate concentrations of 
all nutrients required for laying hens according to the 
NRC (1994) except for P (Table 1). Titanium dioxide 
(Ti, 5.0 g/kg) was added to each diet as an indigest-
ible marker for the calculation of nutrient digestibility 
(Pirgozliev et al., 2007).

Collection and Processing of Samples
On d 21 of the experiments, all the birds were killed 

by intracardial injection of sodium pentobarbitone. Di-
gesta samples from crop, proventriculus and gizzard, 

Table 1. Composition of the diets (as-fed basis) 

Item (%, unless noted)

Treatment1

NC TCDP500 PA500 PB500 TCDP5,000 PA5,000 PB5,000

Ingredient        
 Corn (non-GM2) 62.40 56.16 62.40 62.40 0.00 62.40 62.40
 Phytase transgenic corn 0.00 6.24 0.00 0.00 62.40 0.00 0.00
 Soybean (non-GM) 25.00 25.00 25.00 25.00 25.00 25.00 25.00
 Corn oil (non-GM) 1.20 1.15 1.20 1.20 0.70 1.20 1.20
 Limestone 9.10 9.10 9.10 9.10 9.10 9.10 9.10
 Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30
 dl-Methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20
 Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10 0.10
 Vitamin and trace mineral premix3 1.00 1.00 1.00 1.00 1.00 1.00 1.00
 Titanium dioxide 0.50 0.50 0.50 0.50 0.50 0.50 0.50
 Zeolite powder 0.20 0.25 0.20 0.20 0.70 0.20 0.20
Nutrient level        
 AME4 (MJ/kg) 11.18 11.18 11.18 11.18 11.18 11.18 11.18
 CP4 16.60 16.60 16.60 16.60 16.60 16.60 16.60
 Lysine5 0.78 0.76 0.79 0.79 0.77 0.78 0.77
 Methionine5 0.38 0.37 0.36 0.38 0.37 0.37 0.39
 Methionine + cysteine4 0.66 0.66 0.66 0.66 0.66 0.66 0.66
 Ca5 3.50 3.52 3.51 3.51 3.51 3.51 3.51
 Total P5 0.34 0.33 0.34 0.33 0.34 0.34 0.32
 Phytate P5 0.24 0.23 0.24 0.22 0.22 0.23 0.22
 Nonphytate P5 0.10 0.10 0.10 0.11 0.12 0.11 0.10
 Phytase activity4 (FTU/kg) 0 500 500 500 5,000 5,000 5,000
 Phytase activity5 (FTU/kg) 34 533 512 514 5,094 5,117 5,068

1NC = negative control diet; TCDP500 = transgenic corn-derived phytase at 500 phytase units (FTU)/kg of diet; PA500 = commercial phytase 
source A (Natuphos, BASF AG, Ludwigshafen, Germany) at 500 FTU/kg of diet; PB500 = commercial phytase source B (Phyzyme, Danisco Animal 
Nutrition, Carol Stream, IL) at 500 FTU/kg of diet; TCDP5,000 = transgenic corn-derived phytase at 5,000 FTU/kg of diet; PA5,000 = commercial 
phytase source A at 5,000 FTU/kg of diet; PB5,000 = commercial phytase source B at 5,000 FTU/kg of diet. One phytase activity unit (FTU) is defined 
as the quantity of enzyme that releases 1 μmol of inorganic P per minute from 1.5 mM sodium phytate at pH 5.5 at 37°C.

2GM = genetically modified.
3Provided per kilogram of diet: vitamin A, 12,200 IU; vitamin D3, 4,125 IU; vitamin E, 30 IU; vitamin K, 4.5 mg; thiamine, 1 mg; riboflavin, 8.5 

mg; calcium pantothenate, 50 mg; niacin, 32.5 mg; pyridoxine, 8 mg; biotin, 2 mg; folic acid, 5 mg; vitamin B12, 5 mg; manganese, 80 mg; iodine, 1 
mg; iron, 60 mg; copper, 8 mg; zinc, 80 mg; selenium, 0.3 mg.

4Calculated values.
5Determined values.
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jejunum, and ileum were harvested and pooled per rep-
licate. The jejunum is the section extending from the 
distal end of the duodenal loop to Meckel’s diverticu-
lum, and the ileum is defined as that portion of the 
small intestine extending from Meckel’s diverticulum to 
a point approximately 40 mm proximal to the ileo-cecal 
junction. The digesta samples were frozen immediately 
after collection and subsequently lyophilized. Dried di-
gesta samples were ground to pass though a 0.5-mm 
sieve and stored at −20°C before chemical analysis. 
Samples of diets and digesta were assayed for DM, phy-
tase activity, phytate P, and Ti.

Chemical Analysis
The diets and digesta samples were analyzed ac-

cording to the standard methods for moisture (method 
930.15; AOAC International, 2000) and P (method 
985.01; AOAC International, 2000). Phytase activity in 
the diets and digesta samples were determined accord-
ing to the method of Engelen et al. (2001). One phy-
tase activity unit (FTU) is defined as the quantity of 
enzyme that releases 1 μmol of inorganic P per minute 
from 1.5 mM sodium phytate at pH 5.5 at 37°C. The 
phytate P content of the samples was determined ac-
cording the method described by Rounds and Nielsen 
(1994) using high-performance liquid chromatography 
(LC-20AD, Shimadzu Corp., Kyoto, Japan). The Ti 
content in the samples was analyzed using the proce-
dure of Myers et al. (2004). Intestinal phytase activity 
and phytate P content based on DM intake were con-
verted according to the following equations (Nyannor 
et al., 2009):

digesta phytase (FTU/kg of DM intake) =  

digesta phytase (FTU/kg of DM digesta)  

× Ti (diet, %)/Ti (digesta, %);

digesta phytate P (g/kg of DM intake) =  

digesta phytate P (g/kg of DM digesta)  

× Ti (diet, %)/Ti (digesta, %),

where Ti (diet, %) and Ti (digesta, %) are the concen-
trations of Ti in the diet and digesta, respectively.

Statistical Analyses
All the data were subjected to a one-way ANOVA 

procedure, and the means were separated using Fish-
er’s least significant difference multiple range test (SAS 
Institute Inc., Cary, NC). With the exception of the 
NC group, the means of the 6 phytase supplemental 
groups were analyzed as a 3 × 2 factorial arrangement 
(phytase source × phytase supplemental level) using 
the GLM procedure in the SAS software (SAS Institute 
Inc., Cary, NC). The model included the main effects 
of the phytase source and phytase supplemental level 

as well as the phytase source × phytase supplemental 
level interaction. Preplanned orthogonal contrasts were 
carried out to determine 1) NC vs. diets with phytase, 
2) diets with TCDP vs. diets with PA and PB, and 3) 
diets with PA vs. diets with PB. Effects were consid-
ered significant when P < 0.05.

RESULTS

Phytase Activity and Phytate P Content  
in the Diets

The analyzed phytase activity and phytate P content 
in the diets are shown in Table 1. A low level of phytase 
activity was found in the NC diet. Analyses of phytase 
activities in the phytase-supplemented diets exhibited 
the expected values. All the diets had similar phytate 
P contents.

Residual Phytase Activities in the Digesta
The residual phytase activities in the digesta are 

shown in Table 2. Phytase activity was barely detect-
able in the GIT of hens fed the NC diets. The supple-
mentation of all sources of phytase to the NC diets 
significantly (P < 0.01) increased residual phytase ac-
tivity in the GIT contents of laying hens, showing 72 
to 75, 31 to 36, and 31 to 35% of additional phytase 
activity, respectively, as detected in the crop contents 
of hens when 500 to 5,000 FTU/kg of TCDP, PA, and 
PB was added to the NC diets (Table 2). The changes 
in residual phytase activities in the proventriculus and 
gizzard of hens fed PA and PB was more drastic than 
those fed the TCDP-supplemented diets (P < 0.01). 
Approximately 28 to 38, 14 to 18, and 16 to 17% of the 
original phytase activities were found in hens fed 500 
to 5,000 FTU/kg of TCDP, PA, and PB, respectively. 
Only 2 to 8% of their initial activities were still present 
by the time the digesta had reached the ileum.

Although residual phytase activities (based on DM 
intake) in the digesta from the crop (P > 0.05), proven-
triculus and gizzard (P > 0.05), jejunum (P > 0.05), 
and ileum (P > 0.05) of hens fed PA and PB-supple-
mented diets were not different from each other, those 
from the TCDP-supplemented diets showed consis-
tently higher phytase activities in the crop (P < 0.05), 
proventriculus and gizzard (P < 0.05), jejunum (P < 
0.05), and ileum (P < 0.05) than those fed the PA- and 
PB-supplemented diets (Table 2). Generally, residual 
phytase activity in the 2 commercial microbial phytase-
supplemented diets decreased more quickly than that of 
TCDP as the digesta moved distally along the GIT of 
laying hens.

Phytate P Content in the Digesta
There was a significant decrease (P < 0.01) in the 

residual phytate P content in the digesta of hens fed 
diets supplemented with all sources of phytase (Table 
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3). Furthermore, the phytate P content in the digesta 
decreased (P < 0.05) as the digesta moved from the 
crop to the ileum. There were approximately 48 to 
62% of dietary phytate P hydrolyzed when the digesta 
reached the proventriculus and gizzard of hens fed di-
ets supplemented with all sources of phytase at 500 
to 5,000 FTU/kg (Figure 1). Further down the GIT, 
approximately 79 to 87% of the dietary phytate P was 

hydrolyzed when the digesta reached the ileum of hens 
fed diets supplemented with 500 to 5,000 FTU/kg of 
phytase from all sources (Figure 1).

Although the phytate P content in the crop of hens 
fed 500 FTU/kg of TCDP-supplemented diets was 
higher (P < 0.05) than those fed the 500 FTU/kg of 
PA- or PB-supplemented diets, the phytate P content 
in the proventriculus and gizzard, jejunum, and ileum 

Table 2. Phytase activities in diets and digesta of laying hens fed with or without added phytase from various sources (on a DM 
intake basis) 

Item
Phytase 
source

Phytase level 
(FTU/kg)

Phytase activity in digesta (FTU/kg, DM intake basis)

Diet Crop
Proventriculus 
and gizzard Jejunum Ileum

Diet1
 NC — 0 38 43e 23d 20d 12d

 TCDP500 TCDP 500 599 429c 170c 91c 48c

 PA500 PA 500 575 208d 82cd 47d 36c

 PB500 PB 500 577 203d 97cd 51d 38c

 TCDP5,000 TCDP 5,000 5,729 4,315a 2,155a 876a 156a

 PA5,000 PA 5,000 5,744 1,803b 1,036b 593b 135b

 PB5,000 PB 5,000 5,704 1,756b 975b 574b 125b

Pooled SEM  319 165 73 12
Source of variation (P-value)  
 Main effect of phytase source  <0.01 <0.01 <0.01 <0.05
 Main effect of phytase level  <0.01 <0.01 <0.01 <0.01
 Source × level  <0.01 <0.01 <0.01 0.37
 NC vs. diets with phytase <0.01 <0.01 <0.01 <0.01
 Diets with TCDP vs. diets with PA and PB <0.01 <0.01 <0.01 <0.01
 Diets with PA vs. diets with PB 0.18 0.58 0.44 0.64

a–eMeans within a column with no common superscripts differ significantly (P < 0.05).
1NC = negative control diet; TCDP500 = transgenic corn-derived phytase at 500 FTU/kg of diet; PA500 = commercial phytase source A (Natuphos, 

BASF AG, Ludwigshafen, Germany) at 500 FTU/kg of diet; PB500 = commercial phytase source B (Phyzyme, Danisco Animal Nutrition, Carol 
Stream, IL) at 500 FTU/kg of diet; TCDP5,000 = transgenic corn-derived phytase at 5,000 FTU/kg of diet; PA5,000 = commercial phytase source A 
at 5,000 FTU/kg of diet; PB5,000 = commercial phytase source B at 5,000 FTU/kg of diet. One phytase activity unit (FTU) is defined as the quantity 
of enzyme that releases 1 μmol of inorganic P per minute from 1.5 mM sodium phytate at pH 5.5 at 37°C.

Table 3. Phytate P content in diets and digesta of laying hens fed with or without added phytase from various sources (on a DM 
intake basis) 

Item
Phytase 
source

Phytase level 
(FTU/kg)

Digesta phytate P (g/kg, DM intake basis)

Diet Crop
Proventriculus 
and gizzard Jejunum Ileum

Diet1
 NC — 0 2.72 2.22a 1.98a 1.64a 1.54a

 TCDP500 TCDP 500 2.60 2.05b 1.34b 0.71b 0.53b

 PA500 PA 500 2.66 1.90c 1.36b 0.72b 0.57b

 PB500 PB 500 2.50 1.86c 1.33b 0.69bc 0.54b

 TCDP5,000 TCDP 5,000 2.46 1.69d 0.91c 0.58d 0.34c

 PA5,000 PA 5,000 2.60 1.70d 0.99c 0.60cd 0.36c

 PB5,000 PB 5,000 2.52 1.63d 1.02c 0.57d 0.33c

Pooled SEM  0.05 0.08 0.08 0.09
Source of variation (P-value)
 Main effect of phytase source  <0.01 0.27 0.31 0.08
 Main effect of phytase level  <0.01 <0.01 <0.01 <0.01
 Source × level  0.08 0.28 0.98 0.40
 NC vs. diets with phytase <0.01 <0.01 <0.01 <0.01
 Diets with TCDP vs. diets with PA and PB <0.01 0.08 0.80 0.17
 Diets with PA vs. diets with PB 0.07 0.78 0.07 0.08

a–dMeans within a column with no common superscripts differ significantly (P < 0.05).
1NC = negative control diet; TCDP500 = transgenic corn-derived phytase at 500 FTU/kg of diet; PA500 = commercial phytase source A (Natuphos, 

BASF AG, Ludwigshafen, Germany) at 500 FTU/kg of diet; PB500 = commercial phytase source B (Phyzyme, Danisco Animal Nutrition, Carol 
Stream, IL) at 500 FTU/kg of diet; TCDP5,000 = transgenic corn-derived phytase at 5,000 FTU/kg of diet; PA5,000 = commercial phytase source A 
at 5,000 FTU/kg of diet; PB5,000 = commercial phytase source B at 5,000 FTU/kg of diet. One phytase activity unit (FTU) is defined as the quantity 
of enzyme that releases 1 μmol of inorganic P per minute from 1.5 mM sodium phytate at pH 5.5 at 37°C.

2926 GAO ET AL.



of hens fed the TCDP diet was similar (P > 0.05) to 
those fed the 2 commercial microbial phytase-supple-
mented diets.

DISCUSSION
The pH ranges in the crop, proventriculus and giz-

zard, jejunum, and ileum of poultry are reported to be 
4 to 5, 2.5, 5.8 to 5.9, and 6.3 to 6.4, respectively (Den-
bow, 2000; Simon and Igbasan, 2002). Previous studies 
have revealed that the catalytic activity of a particular 
phytase is affected by its pH profile at various sites 
along the GIT (Konietzny and Greiner, 2002; Onyango 
et al., 2005). The pH optimum for phytase activity from 
Escherichia coli is 4.5 (Igbasan et al., 2000; Onyango et 
al., 2005) and that from Peniophora lycii is 4.0 to 4.5 
(Augspurger et al., 2003). Chen et al. (2008) show that 
Aspergillus niger phytase retains only 25% of its origi-
nal pH 5.9 activity when assayed at pH 3.0. Adeola et 
al. (2004) found that the P-releasing ability of an Esch-
erichia coli-derived phytase drops rapidly above a pH 
of 6. In addition, dietary phytase is susceptible to pro-
teolytic enzymes at various sites along the GIT (Simon 
and Igbasan, 2002). In chickens, the residual phytase 
activities in the digesta of chicks fed an Escherichia 

coli phytase-supplemented diet was higher than that 
of those fed a Peniophora lycii phytase-supplemented 
diet (Onyango et al., 2005). This finding suggests that 
Escherichia coli phytase is more resistant to hydrolysis 
in the GIT of chicks compared with Peniophora lycii 
phytase (Onyango et al., 2005).

Phytase Activity in Digesta
In the present study, the residual activities of phytase 

from 3 different sources increased in the GIT of hens 
fed NC diets containing the phytase additions. This is 
not surprising. Nyannor et al. (2009) reported that the 
addition of phytase to chicks’ diets increases residual 
phytase activity in the digesta of their GIT in a way 
similar to that found in our study of laying hens.

Although the phytase activities in the TCDP-sup-
plemented diets were similar to those of the 2 com-
mercial microbial phytase-supplemented diets, the re-
sidual phytase activities in the digesta of hens fed the 
2 microbial phytase-supplemented diets were much re-
duced by the time the digesta had reached the ileum. 
The residual phytase activity in the digesta of hens 
fed the TCDP-supplemented diet maintained a much 
higher level. Denbow (2000) and Onyango et al. (2005) 

Figure 1. Degradation rate (%) of phytate P in digesta of laying hens fed with or without added phytase from various sources. NC = negative 
control diet; TCDP500 = transgenic corn-derived phytase at 500 FTU/kg of diet; PA500 = commercial phytase source A (Natuphos, BASF AG, 
Ludwigshafen, Germany) at 500 FTU/kg of diet; PB500 = commercial phytase source B (Phyzyme, Danisco Animal Nutrition, Carol Stream, IL) 
at 500 FTU/kg of diet; TCDP5,000 = transgenic corn-derived phytase at 5,000 FTU/kg of diet; PA5,000 = commercial phytase source A at 5,000 
FTU/kg of diet; PB5,000 = commercial phytase source B at 5,000 FTU/kg of diet. One phytase activity unit (FTU) is defined as the quantity of 
enzyme that releases 1 μmol of inorganic P per minute from 1.5 mM sodium phytate at pH 5.5 at 37°C.
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demonstrated that phytase may be hydrolyzed by pro-
teolytic enzymes in the GIT unless they are resistant to 
such hydrolysis. This may suggest that TCDP is more 
resistant to hydrolysis in the GIT than the 2 microbial 
phytases. The TCDP is expressed in the endosperm 
of corn (Chen et al., 2008), unlike microbial phytase, 
which is exposed in the diets. It may be that less TCDP 
is hydrolyzed by proteolytic enzymes due to the protec-
tion provided by undigested PTC particles in the GIT 
of laying hens. Therefore, TCDP might act for a longer 
period of time within the GIT than the 2 microbial 
phytases.

Phytase activities of the digesta taken from the crop, 
proventriculus and gizzard, jejunum, and ileum of lay-
ing hens fed a PA-supplemented diet were found to be 
similar to those fed a PB-supplemented diet. This may 
suggest that the 2 microbial phytases exhibit similar 
proteolytic stability against pepsin and pancreatin in 
the GIT. Contrary to the results of the current study, 
Igbasan et al. (2000) demonstrated that Escherichia 
coli phytase exhibits a higher residual activity than As-
pergillus niger phytase after incubation with hen pro-
ventriculus and gizzard digesta supernatants in an in 
vitro trial. This may due to the differences between an 
in vivo and in vitro experiment. The catalytic activity 
of phytase is affected by the pH, protease, and temper-
ature profiles of various reaction systems (Konietzny 
and Greiner, 2002; Onyango et al., 2005).

In the current study, the residual phytase activities of 
phytase additions from all sources decreased caudally 
as the digesta moved along the GIT. Approximately 
72 to 75% of the original TCDP activity was detected 
in the crop contents, 28 to 38% of the original TCDP 
activity was detected in the proventriculus and gizzard 
contents, 14 to 15% of the original TCDP activity was 
detected in the jejunum contents, and only 3 to 8% of 
the original TCDP activity was detected in the ileum 
contents of hens fed 500 to 5,000 FTU/kg of TCDP. 
Similar results are reported by Onyango et al. (20005) 
in which about 78% of the initial phytase activity was 
detected in the digesta taken from the crop of chicks fed 
diets to which 1,000 FTU of Escherichia coli-derived 
phytase/kg had been added, and 49% of initial phytase 
activity was detected in the digesta of the proventricu-
lus and gizzard. These results indicate that the crop, 
proventriculus, and gizzard have higher additional phy-
tase activity than the lower GIT of laying hens.

Phytate P Content in Digesta
For hens, both TCDP and the 2 commercial micro-

bial phytases are more active in the crop, proventricu-
lus and gizzard than in the small intestine. There is a 
highly significant positive influence of phytase supple-
mentation on phytate P hydrolysis. As a result, a large 
proportion of the phytate P is hydrolyzed by the time 
the digesta reaches the small intestine of hens fed di-
ets supplemented with 500 to 5,000 FTU/kg of phy-
tase from all sources. The present study shows an ap-

proximately 79% initial phytate P hydrolysis with diets 
supplemented with 500 FTU/kg of phytase by the time 
the digesta reaches the ileum. The 5,000 FTU/kg of 
phytases respond well to phytate of the diets, and show 
about 86% initial phytate P hydrolysis in diets supple-
mented with phytase from all sources by the time the 
digesta reaches the ileum. These results suggest that 
phytate P hydrolysis increases at the phytase supple-
mental level within the range of the experiment. Shirley 
and Edwards (2003) found approximately a 58% origi-
nal phytate P hydrolysis with 750 FTU/kg of phytase 
compared with an 85% original phytate disappearance 
with 6,000 FTU/kg of phytase.

Interestingly, although the residual TCDP activity in 
the crop contents was higher than that of the PA and 
PB, the phytate P concentrations in the crop of hens 
fed 500 FTU/kg of a PA or PB diet was much reduced. 
The phytate P contents in the crop content of hens 
fed 500 FTU/kg of a TCDP diet maintained a much 
higher level. However, there were no differences in the 
concentrations of phytate P by the time the digesta had 
reached the proventriculus and gizzard and lower GIT 
of hens fed 500 FTU/kg of a TCDP-, PA-, and PB-
supplemented diet. Differences in expression systems 
might affect the releasing rate of the enzyme. Because 
TCDP is a corn-based phytase, it may need to be re-
leased from the grain matrix, whereas the microbial 
phytases do not. Further down the GIT, the surface 
area of the PTC is increased by grinding in the proven-
triculus and gizzard (Netherwood et al., 2004; Ma et 
al., 2013), which may further expose the TCDP protein 
in the lower GIT and hydrolyze more phytate P.

To our surprise, approximately 25 to 31% of dietary 
phytate P was further hydrolyzed in the small intestine 
of hens fed diets supplemented with 500 to 5,000 FTU/
kg of phytase from all sources. This may suggest that 
a hen’s small intestine is also an important site for the 
action of phytase. Due to the higher stability of the 
TCDP against proteolytic inactivation, it has the po-
tential to act during the passage along the lower GIT of 
hens. In addition, the microbes in the GIT might make 
some contribution to the phytate P hydrolysis.

In conclusion, the results indicate that residual phy-
tase activity in the GIT of laying hens increases with 
the addition of phytase to diets. The phytase expressed 
in corn is as efficacious as the 2 microbial phytases (PA 
and PB) in improving phytate P digestibility in low-P 
laying hens’ diets. Therefore, as an innovative way of 
delivering phytase to nonruminants to improve phytate 
P digestibility, PTC will allow animal feed producers 
to eliminate the need to purchase phytase and corn 
separately and then to combine them, which will save 
time and labor.
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