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ABSTRACT 
The objective of this study was to investigate 
the effects of phytase supplementation on grow- 
th performance, slaughter performance, growth 
of internal organs and small intestine, and se-
rum biochemical indices of broilers. A total of 
360 1-day-old Ross 308 broilers were randomly 
divided into 4 groups with 3 replicates and 30 
broilers per replicate (15 male, 15 female). The 
treatments were fed with basal diet supple-
mented with 0%, 0.01%, 0.02% and 0.03% phy-
tase. The results showed that: 1) Phytase sup-
plementation increased the body weight gain 
and the body weight of Ross 308 broilers (P < 
0.05); 2) Compared with the control group, the 
feed containing 0.02% phytase increased the 
eviscerated carcass ration (P < 0.05); 3) The feed 
supplemented phytase could improve the weight 
of liver (P < 0.05); 4) The phytase supplementa- 
tion was good for the weight and the length of 
small intestine; 5) The phytase supplementation 
which improved the serum phosphorus (P) con- 
sistency and lowered serum calcium (Ca) con- 
sistency was 0.02%. According to the above 
analysis, the feasible supplementation of phy-
tase (enzyme activity for 5000 u/g) in broiler 
dietary was 0.02%. 
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1. INTRODUCTION 

Corn-soybean diets are rich in phytic acid which is not 
available for non-ruminant animals. Most of phytate 

phosphorus is discharged along with excrement. In this 
case, it not only leads to waste of resource, but also in- 
creases the environmental pollution. As a new type of 
feed additive, phytase can improve the decomposition 
rate of phytic acid and its salt and release the phosphorus. 
At the same time, phytase can degrade complex of phytic 
acid salt and protein. So phytase can increase the nutria- 
tion value of the plant feed and decompose the chelate of 
phytic acid salt and trace element [1-3]. 

According to Simons et al. [4], techniques have been 
developed to produce microbial phytase for the diets of 
simple-stomached animals and improve the efficiency of 
phytase-P. The availability phosphorus is increased to 
over 60% and the amount of P in the dropping is decrea- 
sed 50% when microbial phytase is added to low-P diets 
for broilers. Compared with broilers which diets do not 
supplement phytase, the growth rate and feed conversion 
ratio are improved with the low-P diets containing mi- 
crobial phytase. Nagata et al. [5] has reported that phy- 
tase can improve the growth performance and nutrient 
utilization of broilers. 

This study was conducted to evaluate the effects of 
phytase supplementation on growth performance, slaugh- 
ter performance, growth of internal organs and small 
intestine, and serum biochemical parameters of Ross 308, 
then determine the feasible addition of phytase in the 
diets of broilers for optimizing the feed formula and re-
ducing the production cost. 

2. MATERIALS AND METHODS 

2.1. Materials and the Site of Experiment 

The activity of phytase is 5000 u/g. There are not phy- 
tase, calcium and phosphorus in the vitamin-mineral 
premix. The experiment was conducted at the pasture of 
Yangzhou University, Yangzhou, China. 
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2.2. Experiment Design and the Diet of 
Broilers 

The treatments were fed with basal diet supplemented 
with 0%, 0.01%, 0.02% and 0.03% phytase, and were set 
to A, B, C and D respectively. A total of 360 1-day-old 
Ross 308 broilers were randomly divided into 4 groups 
with 3 replicates and 30 broilers per replication (15 male, 
15 female). Chicks were given a free choice access to 
diets and tap water for 42 days. The chicks were fed the 
experimental diets throughout the experimental period. 
There are three phases, 0 to 10, 11 to 24 and 25 to 42 
days of age. Broilers were weighted by pen at 0, 7, 14, 
21, 28, 35 and 42 days of age. Weight gain was deter-
mined as difference between initial weight and final 
weight. Feed intake was estimated by the difference be-
tween feed and leftovers. Feed conversion ratio was the 
relationship between feed intake and weight gain of birds 
in each experimental unit. The gross composition and 
mineral composition of the experimental diets are shown 
in Table 1. 

2.3. Analysis of Biochemical Indicator 

At the 42 days of age, 6 chickens (3 male and 3 female) 
randomly were taken out from every replicate to draw 
blood from wing venous. The blood was offcentered 10  
 
Table 1. Ingredient composition of the control experimental 
diet to test broilers. 

Ingredients 0 to 10 d 11 to 24 d 25 to 42 d

Corn 60.7 65.4 69.3 

Soybean meal 28.9 24.3 20.3 

Corn protein meal 7 5 5 

Vitamin-mineral premix1 1.0 1.0 1.0 

Calcium phosphate secondary 0.4 0.4 0.4 

Limestone 2.0 1.9 1.8 

Soybean oil - 2.0 2.2 

Total 100 100 100 

Calculated value 

ME (MJ/Kg ) 12.59 13.14 13.31 

Crude protein (%) 22.98 19.98 18.46 

Ca ( % ) 0.91 0.86 0.81 

P ( % ) 0.45 0.42 0.41 

Containing by kg of diets: manganese, 10,000 mg; zinc, 7500 mg; copper, 
800 mg; iron, 10,000 mg; iodine, 45 mg; selenium, 44.7 mg; vitamin A, 1 
100,000 IU; vitamin D, 3,360,000 IU; vitamin E, 3600 IU; vitamin K, 3260 
mg; thiamine hydrochloride, 260 mg; riboflavin, 960 mg; DL, calcium 
pantothenate, 1300 mg; nicotinic acid, 8000 mg; sinkaline, 66,000 mg; 
vitamin B1, 22.7 mg; folic acid, 120 mg; pyridoxine hydrochloride, 530 mg; 
biotin, 24 mg. 

minutes at 4500 r/min and got serum for measuring the 
serum biochemical index. Serum levels of Ca, P, alkaline 
phosphatase (ALP), albumin (ALB), total protein (TP) 
and urea nitrogen (BUN) were measured by using the 
automatic biochemical analyzer of beckman coulter of 
unicel D × C 800 and serum level of growth hormone 
(GH) was measured by using the radiation immune in-
strument of γ-911. 

2.4. Mensuration of Slaughter Performance, 
Internal Organs and Small Intestine 

At the 42 days of age, 6 chickens (3 male and 3 female) 
were killed by cervical dislocation, which were taken out 
randomly from each cage and starved overnight. Then, 
the weight of birds and their organs were harvested. Or-
gans analyses included heart, liver, spleen, duodenum, 
jejunum, ileum, cecum and rectum weights and duode-
num, jejunum and ileum lengths. The ileum was defined 
as the region from Meckel’s diverticulum to a point 40 
mm proximal to the ileocecal junction. The jejunum was 
defined was the portion of intestine extending from the 
bile duct enterance to Meckel’s diverticulum.  

2.5. Data Analyses 

All data were recorded on a weekly basis and statisti-
cally analyses were performed using SPSS 17.0 for win-
dows. The data was analysed by analysis of variance 
(ANOVE). The differences between group means were 
separated by LSD multiple range test. In all instances, 
differences were reported as significant at P < 0.05. 

3. RESULT AND DISCUSSION 

3.1. Effects of Phytase Addition on Growth 
Performance of Broilers 

The results of growth performance of broilers are pre-
sented in Tables 2 and 3. Compared with the control 
group broilers, the diet supplemented phytase improved 
the weight of broilers (P < 0.05). From 1-week to 
3-weeks, there was no significant difference among 
group B, C and D broilers (P > 0.05). However, from 
4-weeks to 6-weeks, the weight of group C and D broil-
ers were higher than that of group B broilers (P < 0.05), 
but there was no significant difference between group C 
and D broilers (P > 0.05). Compared with the control 
group broilers, the weight of group C broilers were in-
creased by 22.64% (P < 0.05), 24.47% (P < 0.05), 
23.62% (P < 0.05) in weeks of 4, 5 and 6, respectively. 
So, we concluded that the diets supplemented phytase 
increased the weight of broilers. 

At 42 days of age, the order of daily gain and final 
weight were both C > D > B > A. Results showed no 
significant difference between group C and D broilers on   
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Table 2. Effects of phytase supplementation on weight of broilers (g). 

Attribute Group A Group B Group C Group D 

0w 43.33 ± 4.35 43.04 ± 4.11 43.38 ± 4.30 43.14 ± 5.15 

1w 129.06 ± 1.68a 138.17 ± 2.02b 140.00 ± 2.50b 139.74 ± 2.87b 

2w 300.61 ± 16.80a 344.58 ± 29.13b 356.10 ± 3.15b 352.90 ± 13.06b 

3w 556.33 ± 9.29a 665.00 ± 15.87b 686.44 ± 2.88b 681.67 ± 27.06b 

4w 897.97 ± 18.82a 1023.82 ± 17.03b 1101.23 ± 18.54c 1111.00 ± 24.88c 

5w 1237.22 ± 35.30a 1416.01 ± 41.63b 1540.00 ± 29.31c 1550.75 ± 26.87c 

6w 1674.10 ± 27.78a 1924.15 ± 33.31b 2069.45 ± 24.15c 2054.05 ± 22.01c 

a,b,cMeans within a row with different superscript are significantly different (P < 0.05). 
 
Table 3. Effects of phytase supplementation on growth performance of broilers. 

Attribute Group A Group B Group C Group D 

Initial Weight (g) 43.33 ± 4.35 43.04 ± 4.11 43.38 ± 4.30 43.14 ± 5.15 

Final Weight (g) 1674.10 ± 27.78a 1924.15 ± 33.31b 2069.45 ± 24.15c 2054.05 ± 22.01c 

Daily Feed Intake (g) 72.20 ± 10.91 77.05 ± 1.42 83.27 ± 3.59 81.47 ± 4.70 

Daily Gain (g) 38.83 ± 0.66a 44.79 ± 0.79b 48.24 ± 0.23c 47.88 ± 0.23c 

Feed Conversion Ratio 1.86 ± 0.25 1.72 ± 0.00 1.73 ± 0.08 1.70 ± 0.10 

a,b,cMeans within a row with different superscript are significantly different (P < 0.05). 
 
the daily gain and final weight (P > 0.05). However, the 
daily gain and final weight of group C broilers were 
higher than that of group A and B broilers (P < 0.05). 
Compared with control group broilers, the daily gain and 
final weight of group C broilers were increased by 
24.23% (P < 0.05) and 23.62% (P < 0.05) respectively. 
Group B, C and D broilers were all lower than that of 
group A broilers on feed conversion ratio. And group B, 
C and D broilers were higher than that of group A broil-
ers on daily feed gain. However, there was no significant 
difference among four groups of broilers on feed conver-
sion ratio and daily feed gain (P > 0.05). It implied that 
the diets supplemented phytase could improve the grow- 
th performance of broilers. 

As seen in this study, the growth performance was im-
proved. This result was in agreement with Lan et al. [6]. 
Results showed that the diets supplemented phytase did 
not affect the weight of broilers from 1-week to 3-week. 
The quantity of feed intake of broilers was low that 
might be the reason that caused it. From 4-week to 
6-week, results are consistent with those found by Sun 
Hongxuan et al. [7], who dealt with broilers under the 
same conditions. Qi Guangzhou [8] reported that serum 
calcium decreased at the later of growth stage and it was 
possible to influence the function of phytase. On the 
other hand, Chen Qinghua [9] found that the function of 
phytase had something to do with the rate of calcium and 

phosphorus and the rate of 1:1 to 1.4:1 was the best. The 
function of phytase did not increase because the addition 
of phytase was 0.02% meted the needs of zymolyte. 

At the 42 days of age, similar results were obtained by 
Sun Hongxuan et al. [7] who reported that high doses of 
microbial phytase improved the average daily gain of 
broilers. Nagata et al. [10] reported that the protein and 
energy levels in diets containing phytase influenced feed 
intake, weight gain and feed conversion rate of the broil-
ers. It has been shown that phytase could improve the 
availability of phytate P, total P, some other minerals and 
amino acids. Rutherfurd et al. [11], using a low-phos- 
phorus corn-soybean meal diet, reported that the inclu-
sion of a novel microbial phytase into diet greatly in-
creased ileal phytase P and total P absorption and ileal 
threonine, tyrosine, and histidine. Lelis et al. [12] re-
ported that the diets containing phytase could release 
protein, energy, amino acid and digestive enzymes which 
were chelated with phytic acid. These reasons might im-
prove the growth performance of broilers. According to 
the above results, the best addition of phytase supple-
mentation in the diets was 0.02%. 

3.2. Effects of Phytase Addition on  
Slaughter Performance of Broilers 

The results of slaughter performance of broilers are 
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presented in Table 4. The results showed that the evis- 
cerated carcass ratio of group C broilers was higher than 
that of control group broilers (P < 0.05). However, there 
was no significant difference among group B, C, D 
broilers (P > 0.05). The leg muscle ratio of group D 
broilers was higher than that of group A and B broilers (P 
< 0.05), but, there was no significant difference between 
group C and D broilers (P > 0.05). What’s more, breast 
muscle ratio and abdominal fat ratio of broilers had no 
significant difference among four group broilers (P > 
0.05). 

Chisato et al. [13] reported that chicks receiving diets 
with phytase showed greater weight gain, feed intake 
feed efficiency, energy, P and nitrogen. In this experi- 
ment, the diets supplemented phytase of broilers could 
improve the eviscerated carcass ration and leg muscle 
ration. It was possible that phytase was effective to evis- 
cerate ration carcass ration and leg muscle ration. But, 
phytase could not affect breast muscle ration and ab- 
dominal fat ration of treatments. For example, the addi- 
tion of phytase to low-P diet didn’t affect the abdominal 
fat ration of chicks by Yonemochi et al. [14]. 

3.3. Effects of Phytase Addition on Growth 
of Internal Organs of Broilers 

The results of the growth of internal organs of broilers 
are shown in Table 5. The weight of liver of chicks 
which were fed the diets supplemented phytase exhibited 
significantly higher than that of control group broilers (P 
< 0.05) and there was no significant difference among 
experimental group broilers (P > 0.05). The weight of 
spleen of group D broilers was higher than that of group 
A, B, C broilers (P < 0.05) and there was no significant 

difference among experimental group broilers (P > 0.05). 
What’s more, phytase supplementation did not affect the 
weight of heart (P > 0.05). 

In this current study, the research with the addition of 
phytase to low-P diets was the most [15-17]. The ex-
periment could improve the weight of liver and spleen. 
However, Akyurke et al. [15] reported that the addition 
of phytase to low-P diet of corn-soybean meal did not 
improve the weight of heart, liver and spleen. Attia et al. 
[16] conducted the experiment that using the diet sup- 
plemented phytase (500 FTU/kg) to adjust the available 
P and Ca percentage according to BASF and got the 
similar result. Compared with negative control (contain- 
ing 0.25% NPP), Akyurke et al. [17] found that the diet 
of negative control supplemented phytase could improve 
the weight of heart.  

3.4. Effects of Phytase Addition on Growth 
of Small Intestine of Broilers 

The results of the growth of small intestine of broilers 
intestine are shown in Table 6. The treatments had no 
effect (P > 0.05) on the length of duodenum and ileum 
and the weight of ileum and cecum. The length of jeju-
num of group A broilers was higher than that of group B 
broilers (P < 0.05) and there was no significant differ-
ence among group A, C and D broilers (P > 0.05). Phy-
tase supplementation increased the weight of jejunum 
and rectum (P < 0.05), but there was no significant dif-
ference (P > 0.05) among experimental group broilers. In 
addition, the weight of duodenum of group C broilers 
was higher than that of group A and D broilers (P < 
0.05). 

There were several studies which indicate results that  
 
Table 4. Effects of phytase supplementation on slaughter performance of broilers. 

Attribute Group A Group B Group C Group D 

Eviscerated carcass ration (%) 69.43 ± 2.22a 69.75 ± 2.42a,c 71.45 ± 1.75b,c 70.97 ± 0.77a,c 

Breast muscle ration (%) 22.33 ± 2.55 22.00 ± 1.32 22.11 ± 2.45 22.45 ± 1.92 

Leg muscle ration (%) 19.04 ± 1.70a 18.50 ± 2.62a 20.00 ± 1.93a,c 20.95 ± 1.80b,c 

Abdominal fat ration (%) 2.48 ± 0.75 2.32 ± 0.78 2.34 ± 1.15 3.02 ± 1.33 

a,b,cMeans within a row with different superscript are significantly different (P < 0.05). 
 
Table 5. Effects of phytase supplementation on internal organs of broilers. 

Attribute Group A Group B Group C Group D 

Heart (g) 13.40 ± 3.16 11.81 ± 1.62 12.44 ± 2.11 12.16 ± 2.19 

Liver (g) 37.43 ± 6.98a 45.37 ± 7.61b 44.69 ± 5.90b 45.36 ± 4.38b 

Spleen (g) 2.13 ± 0.52a 2.56 ± 0.62a,c 2.52 ± 0.51a,c 2.78 ± 0.83b,c 

a,
 

b,cMeans within a row with different superscript are significantly different (P < 0.05). 
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the microbial phytase was exploited on the broilers 
[15,17-19]. Some conclusions are in agreement with our 
results, and some researchers did not get the similar con-
clusions. Onyango et al. [20] reported that the diet supple- 
mented phytase could improve the digestibility and feed 
conversion ration. Intestinal tract weight and length 
could be improved by adding the phytase to the feed. For 
example, the basal diet with phytase could improve the 
weight of cecum that was shown by Akyurek et al. [17]. 

3.5. Effects of Phytase Addition on Serum 
Biochemical Parameters of Broilers 

Assay of biochemical indicator from blood serum is 
shown in Table 7. Compared with the control group 
broilers, the diets supplemented phytase increased (P < 
0.05) the serum phosphorus, which was similar to results 
by Dendow et al. [21]. There was no significant differ-
ence (P > 0.05) between group C and D broilers on se-
rum phosphorus and it was possible that the addition of 
0.02% phytase meted the needs of broilers. Serum Ca 

decreased with phytase increasing in diets. Serum Ca of 
group C and D broilers were higher than that of group A 
and D broilers (P < 0.05). Regarding to the serum alka-
line phosphatase, albumin, total protein, urea nitrogen 
and growth hormone of broilers receiving phytase, there 
was no significant difference (P > 0.05) among treatment 
groups broilers (Table 7). 

Peng Ying et al. [22] got the same results when they 
studied the effects of phytase on the performance and 
calcium and phosphorus metabolism of AA broilers by 
supplementing phytase in low P diets. Serum calcium 
decreased along with the used of serum phosphorus, and 
the high concentration of serum was not beneficial to the 
use of phytase. 

4. CONCLUSION 

According to the above analysis, the results of group C 
broilers were optimal. Consequently, the optimum adding 
levels of dietary phytase (enzyme activity for 5000 u/g) 
was 0.02% which was made up by nutrient standard 

 
Table 6. Effects of phytase supplementation on small intestine of broilers. 

Attribute Group A Group B Group C Group D 

Duodenum length (cm) 26.50 ± 2.36 24.64 ± 2.87 26.50 ± 2.92 24.83 ± 3.09 

Jejunum length (cm) 63.06 ± 8.09a,b 61.47 ± 4.63a 63.86 ± 7.27a,b 66.94 ± 5.70b 

Ileum length (cm) 68.2 ± 7.20 61.79 ± 7.09 62.57 ± 7.09 66.11 ± 5.75 

Duodenum weight (g) 5.93 ± 0.90a 6.52 ± 1.36a,c 7.58 ± 1.27b,c 6.32 ± 1.29a 

Jejunum weight (g) 11.94 ± 1.88a 15.42 ± 3.26b 16.02 ± 1.39b 15.49 ± 4.02b 

Ileum weight (g) 12.24 ± 1.64 12.32 ± 2.92 13.78 ± 2.24 14.05 ± 3.58 

Cecum weight (g) 5.31 ± 0.80 5.00 ± 1.06 5.86 ± 1.54 5.78 ± 1.35 

Rectum weight (g) 2.03 ± 0.49a 2.36 ± 0.42a,c 2.80 ± 0.70b,c 2.74 ± 0.33b,c 

a,b,cMeans within a row with different superscript are significantly different (P < 0.05). 
 
Table 7. Effects of phytase supplementation on serum biochemical parameters of broilers. 

Attribute Group A Group B Group C Group D 

Ca (mmol/L) 2.96 ± 0.53a 2.80 ± 0.52ab 2.51 ± 0.39b 2.49 ± 0.45b 

P (mmol/L) 1.19 ± 0.44a 1.63 ± 0.46b 1.95 ± 0.29c 2.20 ± 0.46c 

ALP (U/L) 2449.35 ± 786.44 2863.69 ± 2151.20 3345.69 ± 2913.45 2204.65 ± 1161.02 

ALB (g/L) 18.69 ± 1.82 20.13 ± 2.69 19.53 ± 2.16 19.85 ± 2.64 

TP (g/L) 31.34 ± 5.87 34.14 ± 6.91 33.08 ± 5.26 33.24 ± 4.97 

BUN (mg/L) 0.33 ± 0.14 0.41 ± 0.12 0.39 ± 0.15 0.41 ± 0.13 

GH (ng/ml) 0.60 ± 0.08 0.60 ± 0.06 0.63 ± 0.06 0.63 ± 0.11 

ALP, alkaline phosphatase; ALB, albumin; TP, total protein; BUN, urea nitrogen; GH, growth hormone. a,b,cMeans within a row with different superscript are 
ignificantly different (P < 0.05). s 
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of flesh chicks. From this research, proper phytase sup-
plementation could increase the broilers growth; I rec-
ommend that the influence of phytase supplementation in 
meat quality of broilers could be investigated in further 
study. 
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