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For this study 195 day-old broiler chicks were randomly divided into three treatment groups with five 
replicates in each treatment group having 13 chicks per replicate per pen. Three iso-nitrogenous and 
iso-caloric rations were prepared as: R-I served as control with 0.83% di-calcium phosphate (DCP); R-II 
contained 50% less DCP (0.41%) than R-I and R-III contained R-II plus phytase Quantum® Blue @ 100 
g/ton feed. Daily feed intake and weekly body weight gain per replicate were recorded for 35 days. On 
35th day, blood and tibia bone samples from 5 birds per treatment were collected. Total weight gain and 
dry matter intake in chicks fed rations I, II and III were 1861, 1736 and 2023 gm/bird and 3242, 3284 
and 3265 gm/bird, respectively. The chicks fed R-III got 16.00 and 8.00% higher weight gain compared 
to chicks fed R-II and R-I, respectively. Feed: gain ratio (gm/gm) was found best (P<0.05) in chicks fed 
R-III (1.61) and poorer in chicks on R-II (1.89). The concentration of Ca and P were 10.60, 9.47 and 11.43 
mg/dL and 5.76, 4.91 and 7.11 mg/dL in blood serum and 32.61, 31.36 and 32.83% and 16.57, 15.92 and 
16.60% in tibia bone of chicks fed rations I, II and III, respectively. The total feed cost per unit weight gain 
of broilers fed R-III diet was numerically 14% and 9% less than the broilers fed R-II and R-I, respectively. 
Results suggested that exogenous microbial phytase supplementation to rations having low DCP had 
positive effects on weight gain, feed: gain ratio and economic efficiency in broiler chicks.

INTRODUCTION

After calcium (Ca) the second abundant mineral in 
animal body is phosphorus (P) and majority (80%) 

of the P is found in bones and teeth (NRC, 1994). The 
P is not only essential for bone development, growth, 
health, production and reproduction but it also aids in 
energy metabolism, synthesis of sugars and maintenance 
of acid-base balance in the body. However, the quantity 
and availability of dietary P is vital for growing animals. 
It is well established that phytate is the major source of P 
in plant based feedstuffs. Since birds are unable to produce 
any endogenous phytase, therefore their capability to 
utilize P from phytate is very limited (Woyengo et al., 
2010). 

Phytate is a ubiquitous component of plant sourced 
feed ingredients which encompasses approximately two-
thirds of total plant P (Hughes et al., 2009). In poultry, 
phytate P is normally utilized with availability from 0 to 
50%, depending on age and metabolic adaptation in critical 
circumstances. Therefore, to meet the P requirement, 
generally expensive inorganic P sources are added to 
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poultry diets. This practice leads to non-utilization 
of a large portion of dietary P from feedstuff and its 
excretion in faeces (Hughes et al., 2008; Woyengo et al., 
2010) which ultimately pollutes environment. Recently, 
microbial phytase supplementation in poultry diets has got 
remarkable attention to reduce negative impact of phytate 
P on environment and performance of birds (Ceylan et 
al., 2003; Francesch and Geraert, 2009). Since phytase 
efficiency in the digestive tract is influenced by various 
factors like phytase origin, type of birds and ambient 
temperature etc. Therefore, each phytase preparation 
for poultry must be tested on broilers/layers to ensure 
its efficacy (Hughes et al., 2008; Onyango et al., 2005). 
Information regarding effect of microbial phytase addition 
in broiler chicks’ diet having low DCP is limited. Therefore, 
current study was designed to asses the effect of microbial 
phytase supplementation in broiler chicks fed low DCP 
diets on growth, economic efficiency and P contents in 
serum and tibia bones.

MATERIALS AND METHODS

Birds and management
 The research work was carried out at Animal Nutrition 

Program, Animal Sciences Institute, National Agricultural 
Research Centre, Islamabad, Pakistan. One hundred ninety 
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five (195) one day old mixed sex broiler chicks (initial 
mean body weight 43 ± 2 gm) were allocated randomly to 
three dietary treatments, each having five replicates with 
13 birds per replicate. These birds were placed in separate 
battery cages (measuring 120 cm long × 94 cm wide × 
73 cm height). Each cage was equipped with drinker and 
feeder adjusted inside of the cage. Water and experimental 
rations (in mash form) were offered ad libitum. During 
the trail all of the birds were kept under 24 h lighting 
regimens. All chicks were vaccinated against Newcastle 
disease, infectious bursal disease, infectious bronchitis, as 
per recommended schedule in Pakistan.

Table I.- Ingredient and chemical composition (%, 
DM) of experimental diets

Experimental diets (0-35 day)1

Ingredients (%) R-I R-II R-III
Constant ingredients † 98.73 98.73 98.73
Di-calcium phosphate 0.83 0.41 0.41
Phytase (Quantum Blue)2 - - 0.01
Premix 0.45 0.86 0.85
Total 100 100 100
Nutrient composition (as such basis), %
Metabolizable energy, 
Kcal/Kg

2750.61 2750.61 2750.61

Crude protein 20.00 20.00 20.00
Crude fat 3.39 3.39 3.39
Crude fibre 4.33 4.33 4.33
Total ash 5.73 5.73 5.73
Calcium 0.78 0.59 0.59
Total phosphorus 0.46 0.39 0.39
Phytate phosphorus 0.21 0.21 0.21
Common salt 0.39 0.39 0.39
Aflatoxin, ppb 11.44 11.44 11.44

1R-I, positive control diet containing 0.83% di-calcium phosphate (DCP); 
R-II contained 50% less DCP (0.41%) than R-I without phytase and R-III 
contained R-II plus phytase Quantum® Blue.
2According to the producer’s declaration Quantum® Blue contains solid 
forms 5000 FTU/g and it was added to broiler rations @ 100 g/ton.
†Constant ingredients included corn ground 65%; corn gluten meal 
(60%) 1%; soybean meal 22%; fish meal 8%; vegetable oil 0.55%; lysine 
sulphate 0.50%; liquid-methionine 0.30%; threonine 0.08%; marble 
chips 1%; sodium chloride 0.15% and soda bicarb 0.15%.

Dietary treatments and laboratory analysis
Three iso-nitrogenous and iso-caloric rations were 

prepared at Islamabad Poultry Feeds, Islamabad as: 
Commercial ration with 0.83% DCP served as control (R-
I) whereas similar as R-I was formulated but with 50% 

less DCP (0.41%) without (R-II) or with Quantum® Blue 
(6- phytase) supplementation (R-III). The composition of 
rations used during experimentation is given in Table I. 
Phytate P content in all rations was similar i.e., 0.21%. 
According to the producer’s declaration, Quantum® Blue 
contains solid forms 5000 FTU/g and it was added to 
broiler rations @ 100 g/ton. Phytate P of corn grains, corn 
gluten meal 60% and soybean meal were determined by 
Sibbald (1986) technique and diets were also analyzed for 
CP, CF, EE, total ash, Ca and total P according to AOAC 
(1990). Daily feed intake and weekly body weight gain 
(BWG) per replicate per pen were recorded. On 35th day, 
blood and tibia bone samples from 5 birds per treatment 
were collected. The left tibia from each bird was excised 
and stored in sealed plastic bagsat -20ºC until further 
analysis. At the time of analysis, meat and fat were gently 
removed from tibia bones. After overnight drying at 100ºC, 
the bones were extracted in ether for 6 h and burnt to ash 
in a Muffale furnace at 600ºC. The ash from each tibia was 
used for Ca and P analysis according to AOAC (1990). 

Statistical analysis 
All data were presented as means±SE. The data were 

analyzed statistically using the standard procedure of 
analysis of variance technique in completely randomized 
design as described by Steel et al. (1997) by using Minitab 
15 software. For significant differences, means were 
compared using Duncan’s multiple range test at 5% level 
of probability.

RESULTS AND DISCUSSION

Growth performance 
Results regarding effects of microbial phytase 

(Quantum® Blue) supplementation to diets having low 
di-calcium phosphate (DCP) on growth performance in 
broiler chicks are given in Table II. The results showed 
that dietary DCP levels (0.83% and 0.41%) with or without 
Quantum® Blue supplementation did not influence feed 
intake and feed: gain ratio in chicks however, body weight 
gain (BWG) reduced significantly (P<0.05) on diet with 
0.41% DCP without Quantum® Blue (R-II) compared to 
those fed diet with 0.83% DCP (R-I) or diet with 0.41 % 
DCP plus Quantum® Blue (R-III) up to 21 days of age. 
Whereas, feed intake in chicks fed diets having 0.41 % 
DCP without (R-II) or with Quantum® Blue (R-III) 
improved significantly (P<0.05) during 22-35 days of 
age and overall feeding period (1-35 days)  compared 
to those fed diet having 0.83% DCP (R-I) however, 
difference between R-II and R-III was non-significant 
(P>0.05). Our results are partially supported by Boling-
Frankenbach et al. (2001) who reported that dietary  
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Table II.- Effects of phytase supplementation on growth performance of broiler chicken

Treatment
BWG, g/bird/period (days) FI, g/bird/period (days) FCR, g Feed/g BWG (days)

1-21 22-35 1-35 1-21 22-35 1-35 1-21 22-35 1-35
R-I 650a 1211ab 1861ab 1216 2026b 3242b 1.87 1.67a 1.74a

R-II 625b 1111b 1736b 1219 2065a 3284a 1.95 1.86b 1.89b

R-III 665a 1358a 2023a 1209 2056a 3265a 1.82 1.51a 1.61a

SEM 24 75 119 22 27 33 0.18 0.16 0.15
P level 0.05 0.04 0.03 0.38 0.04 0.04 0.08 0.03 0.04

a, bMeans with different superscript letters within rows are significantly different (P<0.05), BWG, body weight gain; FI, feed intake; SEM, standard error 
of mean. For detail of treatments, see Table I.

phytase supplementation did not affect feed intake during 
first 21 days of age whereas others reported improvement 
in feed intake (Cabahug et al., 1999; Denbow et al., 1995). 
The reason for these contrasting results might  be due to 
number of factors i.e. phytase source (type and phytate 
content), and dietary characteristics (processing, Ca: P 
ratio) etc. (Ravindran et al., 1995). 

Quantum® Blue supplementation to low DCP 
(0.41%) diet (R-III) resulted in improved (P<0.05) BWG 
as well as best feed: gain ratio in chicks during 22-35 days 
of age and overall feeding period (1-35 day) compared to 
chicks fed R-II, however, both rations did not differ from 
R-I diet. The lowest growth rate in broiler chicks fed diet 
R-II was may be due to lower availability of dietary P from 
phytic acid molecules of feedstuffs.  But when Quantum® 
Blue added to diet with low DCP (R-III),  presumably it 
liberated more P from phytic acid molecules of feedstuffs 
to satisfy the chicks requirement and ultimately improved 
BWG and feed: gain ratio that were comparable to 
those fed positive control diet (R-I) having 0.83% DCP. 
Similar findings were observed by Bozkurt et al. (2006) 
who reported comparable or even better growth rate 
and FCR in broilers fed diets with low-P plus microbial 
phytase than those fed the standard P diets. Viveros et al. 
(2002) explained that microbial phytase supplementation 
in poultry diets increases P availability, consequently 
improves growth performance and minerals (Ca, P, Mg 
and Zn) utilization in chicks. Better growth in phytase 
supplemented chicks may also be due to some positive 
effects of enzyme on utilization of metabolizable energy 
in chicks (Ravindran et al., 2001). 

Ca and P contents in serum and tibia 
The concentration of Ca and P in serum and tibia 

bones of experimental birds are given in Table III.  In 
blood serum and tibia bones, Ca and P contents were 
comparable between R-I and R-III but both were higher 
(P<0.05) than in R-II, presumably due to the added 

phytase that liberated P from phytic acid molecules to 
satisfy the broilers’ requirement for deposition of Ca and 
P in bones. This result is consistent with previous reports 
that phytase supplementation improved bone strength and 
mineralization in chicks fed low P diets (Dilger et al., 
2004; Woyengo et al., 2010). Supplementation of diets 
with microbial phytase derived from Aspergillus niger 
increases availability and retention of phytate P and Zn in 
chicks as measured by ash content of bone (Ahmad et al., 
2000; Qian et al., 1995; Sebastian et al., 1996). 

Table III.- Effect of phytase supplementation on 
calcium and phosphorus concentrations in blood 
serum and tibia bones

Treatment
Blood serum Tibia bone, % of DM

Ca 
(mg/dL)

P 
(mg/dL)

Ca % of 
ash

P % of 
ash

R-I 10.60ab 5.76b 32.61a 16.57a

R-II 9.47b 4.91b 31.36b 15.92b

R-III 11.43a 7.11a 32.83 a 16.60a

SEM 0.81 0.53 0.53 0.34
P level 0.01 0.02 0.04 0.04

For statistical details and treatment groups, see Table II.

Economic efficiency
Feed cost of live weight gain mainly relies on cost of 

feed and efficiency of feed utilization by animals (Nair et 
al., 2004). In this study, rate of one Kg of commercial diet 
was Rs. 46; Quantum® Blue Rs. 3000 and of DCP was Rs. 
80. The maximum feed cost incurred per unit weight gain 
was recorded in broilers fed R-II diet (Rs. 84.10) followed 
by chicks on R-I (Rs. 80.04) and  R-III (72.13) diets 
indicating that chicks on R-I and R-II ate more and gain 
less weights (Table IV). The total feed cost per unit weight 
gain of broilers fed R-III diet was numerically 14% and 
9% less than the broilers fed R-II and R-I, respectively. 

Phytase Supplementation to Broiler Chicks Fed Low Di-calcium Phosphate 349
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Table IV.- Feed cost of live body weight gain in broilers.

Parameters
Treatments1

R-I R-II R-III 
Feed conversion ratio 1.74 1.89 1.61 
Cost of per kg feed (Rs.) 46.00 44.50 44.50 
Cost of phytase (Rs.) - - 0.30 
Cost of per kg feed + phytase (Rs.) 46.00 44.50 44.80 
Cost of feed per kg live weight gain 
(Rs.) 

80.04 84.10 72.13 

For details of treatment groups, see Table II.
Per kg cost of commercial diet was Rs. 46; Quantum® Blue Rs. 3000; 
Di-calcium phosphate Rs. 80. 

 CONCLUSION 

It is concluded from results that supplementation of 
phytase (Quantum® Blue) to diet containing low DCP 
had positive effects on body weight gain; feed: gain ratio 
and economic efficiency as compared to chicks fed non-
phytase supplemented diets.

ACKNOWLEDGEMENT

The authors would like to acknowledge the Islamabad 
Poultry Co. Pvt. Ltd. Rawalpindi for preparation of 
experimental diets for this study. 

Statement of conflict of interest
The authors have no conflict of interest.

REFERENCES

Ahmad, T., Rassol, S., Sarwar, M., Haq, A. and Hasan, 
Z., 2000. Effect of microbial phytase produced 
from a fungus Aspergillus niger on bioavailability 
of phosphorus and calcium in broiler chicken. 
Anim. Feed Sci. Technol., 83: 103-114. https://doi.
org/10.1016/S0377-8401(99)00122-4

Association of Official Analytical Chemists (AOAC), 
1990. Official methods of analysis, 16th Ed., 
Washington, DC, USA. 

Boling-Frankenbach, S.D., Peter, C.M., Douglas, 
M.W., Snow, J.L., Parsons, C.M. and Baker, D.H. 
2001. Efficacy of phytase for increasing protein 
efficiency ratio values of feed ingredients. Poult. 
Sci., 80:1578–1584. https://doi.org/10.1093/
ps/80.11.1578

Bozkurt, M., Cabuk, M. and Alcicek, A. 2006. The 
effect of microbial phytase in broiler grower diets 
containing low phosphorous, energy and protein. 

Poult. Sci., 43: 29-34. https://doi.org/10.2141/
jpsa.43.29

Cabahug, S., Ravindran, V., Bryden, W.L. and Selle, 
P.H. 1999. Response of broilers to microbial 
phytase supplementation as influenced by dietary 
phytic acid and non-phytate phosphorus levels. 
I. Effects on broiler performance and toe ash 
content. Br. Poult. Sci., 40: 660-666. https://doi.
org/10.1080/00071669987052

Ceylan, N., Scheideler, S.E. and Stilborn, H.L. 2003. 
High available phosphorus corn and phytase in 
layer diets. Poult. Sci., 82: 789-795. https://doi.
org/10.1093/ps/82.5.789

Denbow, D.W., Ravindran, V., Kornegay, E.T. and Hulet, 
R.M. 1995. Improving phosphorous availability 
in soyabean meal for broilers by supplemental 
phytase. Poult. Sci., 74: 1831-1842. https://doi.
org/10.3382/ps.0741831

Dilger, R.N., Onyango, E.M., Sands, J.S. and Adeola, 
O. 2004. Evaluation of microbial phytase in 
broiler diets. Poult. Sci., 83: 962-970. https://doi.
org/10.1093/ps/83.6.962

Francesch, M. and Geraert, P.A. 2009. Enzyme complex 
containing carbohydrases and phytase improves 
growth performance and bone mineralization of 
broilers fed reduced nutrient corn-soybean based 
diets. Poult. Sci., 88: 1915-1924. https://doi.
org/10.3382/ps.2009-00073

Hughes, A.L., Dahiya, J.P., Wyatt, C.L. and Classen, 
H.L. 2008. The efficacy of Quantum phytase in a 
forty-week production trial using White Leghorn 
laying hens fed corn-soybean meal-based diets. 
Poult. Sci., 87: 1156-1161. https://doi.org/10.3382/
ps.2007-00505

Hughes, A.L., Dahiya, J.P., Wyatt, C.L. and Classen, 
H.L. 2009. Effect of Quantum phytase on nutrient 
digestibility and bone ash in White Leghorn laying 
hens fed corn-soybean meal-based diets. Poult. 
Sci., 88: 1191-1198. https://doi.org/10.3382/
ps.2008-00233

Nair, P.V., Verma, A.K., Dass, R.S. and Mehra, U.R. 
2004. Growth and Nurtrient utilization in buffalo 
calves fed Ammoniated wheat straw supplemented 
with sodium sulphate. Asian-Aust. J. Anim. Sci., 17: 
325-329.

NRC. 1994. Nutrient requirements of poultry. 9th Ed. 
National Academy Press. Washington DC, USA.

Onyango, E.M., Bedford, M.R. and  Adeola,  O. 2005b. 
Phytase activity along the digestive tract of the 
broiler chick: A comparative study of an Escherichia 
coli-derived and Peniophora lycii phytase. Can. J. 
Anim. Sci., 85: 61-68. https://doi.org/10.4141/A04-

M.I. Anjum et al.

https://doi.org/10.1016/S0377-8401(99)00122-4
https://doi.org/10.1016/S0377-8401(99)00122-4
https://doi.org/10.1093/ps/80.11.1578
https://doi.org/10.1093/ps/80.11.1578
https://doi.org/10.2141/jpsa.43.29
https://doi.org/10.2141/jpsa.43.29
https://doi.org/10.1080/00071669987052
https://doi.org/10.1080/00071669987052
https://doi.org/10.1093/ps/82.5.789
https://doi.org/10.1093/ps/82.5.789
https://doi.org/10.3382/ps.0741831
https://doi.org/10.3382/ps.0741831
https://doi.org/10.1093/ps/83.6.962
https://doi.org/10.1093/ps/83.6.962
https://doi.org/10.3382/ps.2009-00073
https://doi.org/10.3382/ps.2009-00073
https://doi.org/10.3382/ps.2007-00505
https://doi.org/10.3382/ps.2007-00505
https://doi.org/10.3382/ps.2008-00233
https://doi.org/10.3382/ps.2008-00233
https://doi.org/10.4141/A04-067


351                                                                                        Phytase Supplementation to Broiler Chicks Fed Low Di-calcium Phosphate 351

067
Qian, H., Kornegay, E.T. and Denbow, D.W. 1995. 

Utilization of phytate phosphorus and calcium as 
influenced by microbial phytase, vitamin D3 and 
the calcium: total phosphorus ratios in broiler diets. 
Poult. Sci., 74: 126-131.

Ravindran, V., Kornegay, E.T., Potter, L.M., 
Ogunabameru, B.O., Welten, M.K., Wilson, J.H. 
and Potchanakorn, M. 1995. An evaluation of 
various response criteria in assessing biological 
availability of phosphorus for broilers. Poult. Sci., 
74: 1820-1830. https://doi.org/10.3382/ps.0741820

Ravindran, V., Selle, P.H., Ravindran, G., Morel, 
P.C.H., Kies, A.K. and Bryden, W.L. 2001. 
Microbial phytase improves performance, apparent 
metabolizable energy, and ileal amino acid 
digestibility of broilers fed a lysine-deficient diet. 
Poult. Sci., 80: 338-344. https://doi.org/10.1093/
ps/80.3.338

Sebastian, S., Touchburn, S.P., Chavez, E.R. and Lague, 
P.C. 1996. The effects of supplemental microbial 
phytase on the performance and utilization of 

dietary calcium, phosphorus, copper and zinc in 
broiler chickens fed corn-soyabean diets. Poult. Sci., 
75: 729-736. https://doi.org/10.3382/ps.0750729 
https://doi.org/10.3382/ps.0751516

Sibbald, I.R. 1986. The TME system of feed evaluation: 
methodology, feed composition data and 
bibliography. Tech. bull. 4th ed. Anim. Res. Centre, 
Res. Branch, Agric. Ottawa, Ontario. Canada.

Steel, R.G.R., Torrie, J.H. and Dickey, D.A. 1997. 
Principles and procedures of statistics. A 
biochemical approach. 3rd. Ed. McGraw Hill Book 
Co. Inc. NY, USA.

Viveros, A., Centeno, C., Brenes, A., Canales, R. and 
Lozano, A. 2000. Phytase and acid phosphatase 
activities in plant feed-stuffs. J. Agric. Fd. Chem., 
48: 4009-4013. https://doi.org/10.1021/jf991126m

Woyengo, T.A., Slominski, B.A. and Jones, R.O. 2010. 
Growth performance and nutrient utilization of 
broiler chickens fed diets supplemented with 
phytase alone or in combination with citric acid 
and multi-carbohydrate. Poult. Sci., 89: 2221-2229 
https://doi.org/10.3382/ps.2010-00832

View publication statsView publication stats

https://doi.org/10.4141/A04-067
https://doi.org/10.3382/ps.0741820
https://doi.org/10.1093/ps/80.3.338
https://doi.org/10.1093/ps/80.3.338
https://doi.org/10.3382/ps.0750729
https://doi.org/10.3382/ps.0751516
https://doi.org/10.1021/jf991126m
https://doi.org/10.3382/ps.2010-00832
https://www.researchgate.net/publication/322585633

