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Effect of exogenous phytase on egg production and egg quality of
spent hen
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Abstract

The present stucly dctcrmincd. assessed and quantificd the exogenoris phytase on egg procluction antl e_s_g

quality olspent hcns. Ninety laying her.rs (ISA- Brorvn) received iso-energetic and tso-nitrogenous rli-t

suppletlented u,itli 0,0.05.0.i,0.15 and 0.2 % phytase and reared in cages. Each lal-er u.as iiil 1i[)g

feed/day frorn 90 to I 00 rveeks ol agc. At the inception of the study the spcnt hen at the age of 9(l n .'.-ks

had an average egg production 65.2 I 9.ri,. Ph-vtase addition in diet increasccl (p<0.05) egg production

(l .61 , 12.11 , 12.0.1 and 15.87 % higher than control grorlp). egg mass output (5.5. 9.3,1. 7.6-; and 1 l. -l : 
,

hi-el.rer than that of control) and t'eed conr.ersion. bLrt it dicl not alter shell u'erght. shell thrckn.-s5. shif c

indcx. albumen index, Haugh unit, pcr cent yolk and -volk color. It u'as conchrdcd that rerlucerl e.'gs

productionolspentl.rcnatoldcragestosomeextentrr,ighthalcarelationshiptodecreasedl11 3il3filjn tri
phosphor-us. The,decrcascd cgg production in hens at oldcr agcs could be colrected b1'adding applopli.rtc

phytase level in thc cliet. Thus. it may be possiblc to cxtcnd and prolonged productir.e 1if-e ol sp.-nt h.-ns

by supplying exogenoLls phytase in diet. Hou.ever. the eff-ect of availability ol phospholus o1r elrg

production using larger populatior.r fbr a longer period may be performed to confirm tl-re findings trlth.-

current study.

(Key'words: Phytase, egg production. egg quality. prolong the egg laying period)

Introduction

Commercial layer production in Bangladesh

has gained a momentum during 1980 and

1990 and it took the industrial shape

(Chowdhury, 2077) thus we are producing

6600 million pieces of egg representing 60 to

70% of country's total poultry egg

production. In Bangladesh, commercial

layer farming is increasing rapidly during

the last three decades due to increased

demand of eggs. Poultry, specially, leading

species; chicken lay eggs in a specified and

peculiar fashion; egg production sharph

increase to peak fiorl start and then

gradually declined. The success ol lavu'r

farm depends on the level of egg production.

The layer perfonnance deper-rds on genctic

background, nutrition, phl,siolotr-. environ-

ment and management (Bancrjcc. l99l). A
laying hen produce e-q-rrs fbr a nunrber oi'
years, but profitable rearing is obtained np to

the age of 12- 76 rveeks. Akbas et ol. (1917\

repofied decline in egg production aiier peak

with the advance of age of the hens. As the

age increased, egg production and e_q_s
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qLrality sharply increased. but after thc period

of pcak productiolt at about 32 r,ieeks. c-eg

production and e-!I-s qualitl gladually

declined. Hor,\,et,er. the leneth of laying

pcriod is not firecl. It depends on egg

production level of the flock. At oldcr ages.

both egg production ancl dietary phosphorus

(P) utilization are clepressed (Al-Batshan el

ol., 1991). It is not knott t-t lvirether

diminished egg;"ield ;rncl ir-rf'erior egg quality

in older hens could bc attributecl to decrease

availability of P. lt is also not clear uhether

such an age relatcd drminishcd egg

production and egg cpralin' cor.rld be

corrected by suppll,'ing cxo-senous phvtase.

Use of vegetation base founulated cconontic

diet fbr por"rltry contnin a vat iable

concentration (about 50-80 pel ccnt) of P in

the fonn of insoluble complex, phytic acid or

phytate, is not available to chicken

(Eeckhout and De Paepe, 1994). P is one of
the rnajor mineral eletrents required to hcns

and plays a major role in set,eral metabolic

processes. P and Ca are important tbr 1ar er:

(Roland and Gordon. 1996 ) to elrsllre

adequate egg prodr-rction and cggshell

quality. Phytase is hl,droLr-2.-s phvtic acid to

inositol and phosphorrc acrd (Liu e t rzl.. i 998

and Leske and Coon. 1999). making P

availability and many other nutrients to
poultry. Some cereals contain endo-qenous

phytase activity (EeckhoLrt and De Paepe.

1994) and there may be phytase activity in
the small intcstine ol chicken (Maenz and

Classen, 1998). Researchers attempted to

increase P utihzation through sr,rpplementa-

tion of microbial phytase for incotporation

into poultry f-eed (Cromwell e/ al., 1995).

Hydrolyze phytic acid in plant materials;

thereby release inorganic P available for
absorption in the digestive tract of fowl. The

use ofphytase in layer diets also reduces the

requirements for inorganic P (Gordon and

Roland, 1997:' Carlos and Edwards, 1998

and Um and Paik, 1999) thereby reducing

costs associated with inorganic P. Boling e/

al., (2000) rotted the effects of dietary

available phosphorus (AP) and exogenous

phytase on performance of young and older

laying hens. They concluded that maize-

soybean meal diets containing 0.I5% P (159

mg AP/day) or containing 0.lo/o AP + 300

units of phytase/kg (108mg AP/day)

supported optimal egg production from 20 to

70 weeks of age. A number of researches

used different exogenous phytase in egg type

chicken at younger age. Researchers are

scanty with regard to relations between P

availability and egg production of hen at

older ages. Present study assessed,

quantified and compared the egg production

and egg qualrty of older layers by adding

dietary exogenous phase. Ca and P have a

significant role in the growth and

development of skeleton and other

exoskeleton. In general blood is not a good

reserve ofCa and P. Therefore, source ofca
and P must be maintained during whole life
span without break. Hence current study was

assessed and compared the egg production

and egg quality of older ages as influenced

by exogenous phase.

Materials and Methods

The experiment was conducted for a period

of 70 days from 26 September to 06

December, 20ll at Bangladesh Agricultural
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University (BAU) Poultry Farm and egg

quality determination was performed in the

Poultry Science Laboratory in the

Department of Poultry Science. Phytase was

collected from the dealer of Renata

pharmaceuticals. A total of ninety, 90 weeks

old healthy ISA- Brown layers were

collected from BAU Poultry Farm and

reared in cages for a period of 10 weeks. Six

hens were accommodated in group cage

measuring 13cm x 9cm x 16cm of length,

width and height respectively. Six hens kept

in each cage were considered as at':,

experimental unit (replication).The phytase

was mixed with small: amount of feed and

then thoroughly mixed with total amount of
feed according to phytase level. The basal

diet was formulatbd without supplementa-

tion of Rena-PhyJase-400. However, in other

diets phl.tase was added at 0.05o/o, 0.lo/o

0.15% afi, 0.2o/o (Rena-Phytase-400). Five

diets were stored (for 7 days) separately in 5
gunny bags according to phytase level for

further use. Each hen was allocated 1209

feed/day. Fresh clean drinking water was

made available at all times. During the whole

experimental period, all hens were exposed

to a 76 hours continuous photoperiod

(natural light + artificial light) in an open

sided house. Body weight change, egg

production, egg mass production, egg weight

and feed conversion ratio were calculated.

One egg from each replication of four

treatments was considered during the last

week of experimental period to determine

the egg quality characteristics. Each egg for
quality determination was cleaned by wet

cloth and then numbered by 4E} wooden

pencil immediately afier collection irorr.r

pens according to phytase ler e1. A11 data.

either measured or calcr"rlated u'erc co11e-ctccl

for a Cornpletely Randon-rized Design

(CRD) r.vitlr three replications 1or eacl-r

phytase level. Analysis of variancc u'i'ts

performed to compare all the r.artablr-,s

among the combinations of phvtase 1c\ r-1s

and replictrti on. S i gni fi cant ditl-elen c c s \\. crL-

isolated by calculating Least Sicnitlcant

Difference (LSD). The data lvas analr zecl br

using SPSS-17.0 statistical softu'are progralr.

Results

Egg Procluction

Exogenous ph-vtasc can be added to dis-ts ltr

h.,'drolvze ph1'tate in the dige.tir I tmct.

increasing the availabilrtr of phrtate P and

decleasing clietarl'r-reed of inorganic P.

P h1'tase al s o itnpror-es the r-rti I izati o t.t o i tr lltc-t'

minerals that are bound to plant phvtate.

Data in Table 1 shorved that e-eg productiolr

(o/o), egg lnass productior-r and ie ed

conversion were significantl.v diftered tp,
0.01). There were tendency of linear increase

of those three variables r'vith the increase tri
dietary phytase level. Dietarr Pl-rr tase did

not difler among the diets tbr-titled u rth

different levels of dietarv phrtase.

Table I also indicated that there u'ere no

differences in final live r.r'eight, f-eed intake

and egg rveight which could be attributed to

the dietary levels of phytase. Hou,ever. the

Fig. 01 impressed that final live u'eight

tented to be increased between 0 to 0.15 0,

but thereafter diminish at 0.2 %o dietan
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Table L Egg production of spent hens on diff-crent levels of dictary exogenous phytase

Dietarv Phytasc level ('li) Significance

1t

Parameters Over Level
all SE

Control 0.20.10.05 0.15

Initial live rveight
(gr'hen)

Final live rveight
(g1hen)

Live u'eight
gain(grr. )ic1a1'

Ligg Production (%)

Egg n-rass Production
(gtl{eni'da-v)

FC]R

(Feed intaker'Egg

mzrss)

1903.3 +19.2 1925.0+3|i.2 1953.3-39.,+ 1958 3+50.7 1925+38.2

1981.7+.1.,1 2010.0+12.7 2-046.7+39.2 2052.1+52.6 2018+38.2

I . I 3+0.32 1.23+30.1 1.3310.06 I 37+0.03 1 36+0.03

65.tlc+1.6 72.89t11 2 t7.3Eab+2.2 77.25ab+1.0 8l.08tr+3.0

i9.8c=r.8 .+5.-iL1.5 ,+9 r.Ll.i 47.,rb+t.5 52.54+1.7

15.5 NS

16.3 NS

0.06 NS

1.63 +i*

l.)

3.0-iri+0.13 2.65b+0.09 2..+5b=0.06 2.53bc-o.08 2.29 
c+0.08 

0.07

Egg weight (giEgg) 61.0+1.3 62.1-1.1 63._s+0.92 61.5+2.6 64.8+0.21 0.67 NS

Figurcs rvith dillirent supelscript in the sarnc rou'clifTcr srgnilicantlv a1 **- P<0.01 levcl; NS: Non signtlicant

E

(Ll

b :-til -l:i
!
=
L

+ tr+ ,

I :t_L -.i _':
DiEtary Phytase tevel{?,;)

Fig-1 Thr relatianship belrve*n{inal live
rveight [g/hrn) and dirtary phytase lev:l (1,;)

phytase. Egg weight did not dift-er among the

levels of dretary phytase but the Fig. 02

irnplies that egg weight tented to be

increased with the increase of phytase level
up to 0.1 %, depleted at 0.l5 % and again

repleted at 0.20 % dietary phytase.

Egg Quality

The infomation catalogued in Table 2

impressed that dietary phytase had

insignificance relations with egg quality
parameters (p> 0.05). Horvever the both

o o,1 a.2 a.3

Bi<tary Fhytase *eue{:6}

tr€-2 I&e re{atic*rhif ketweenEee wefufrt {c}
atld diet*ry @ase leuel {}6l

signal that those table 02 variables; shell

weight and shell percent tented to be

increased with the increased of dietary
phytase level (p> 0.05) and also indicated
that there was a positive relation between

shell weight and shell per cent. Increasing

phytase level tents to be increased (p> 0.05)

shell thickness. On the other hand dietary
phytase level at higher doses detriment the

Shape index It is evident from that

increasing phltase level tented to be

diminished albumen index between 0 to 0.1 %,

-4438.1x: + 1121x + 1978.4 &-----{= zs zlzr2 + E g333r +

& -/ h -l.lil:l
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which was again, replied with the increase of
phytase up to 0.2 %o dietary phytase. The

yolk indices were almost similar at 0, 0.1 and

0.2 % but it was drastically diminished at

0.05 % level of dietary phytase. The yolk per

cent and Haugh unit were similar and highest

0, 0.1 and 0.2, intermediate on 0.1 and

lowest at 0.05 % of dietary phytase

indicating an irregular trend. All the dietary

phytase levels hindred the yolk color index

with the increase of phytase level.

Discussion

Almost linear increased in egg production

and egg mass production obtained (Table 1)

impressed that the poorer availability of
phosphorus may be arr 'important

determinant of, egg production of
commercial layer at older ages. Moreover, it
implies that,' age related declined egg

production could be corrected by using

exogcnolrs phytase at optimum doscs. Sr,rch a

result is supported by sor.ne othcr

investigates (Lucky, 2010; Hughcs et ul..

2008: Augspurger et q1..2007: Lin et ol..

2003 and Boling er a|.,2000). Lucky (1010)

also noted. increased cgg production and cgu

mass production for supplementation ol
dietarv phytase at 0, 0.05. 0.1 and 0.15 0n.

The rcspective increased of cgg production

nere 11.86.22.2 and 24.58 0/o against those

levels of exogenous phytase coincide uitlt
the results of current study. Slrch a

coincidence of the result obtained agrees

with Lucky (2010). The data also impress.-cl

that; increased prodr"rctivity of lnl'et' sp"'nt

hens rna1, be obtained irrespectiye of gror-rp

sizc. Pror.iding ph.vtase in the diet at 0.0-<.

0.10.0.15 and 0.2 % increasecl egg

production by 7.67, 12.17, 12.04 and 15..t.
0/o respectively. Availability and retention oi
P and Ca are decreased in hens at older ages

(Al-Batshan et o1.,7994). On the othcr hand.

Table2. Egg quality of spent hens (76-82) weeks on different level of exogenous phytase

Dietary Phytase level (%)
SED Siglrt-rcanceVariable 0.05 0. I 0.15 0.2

Shell Weight(g/egg)

Shell (per cent)

Shell thickness (mm)

Shape Index

Albumen Index

Yolk Index

Yolk percent

Haugh Unit

Yolk color Index

6.85 6.96 I .t2 7.30 1 .23 0.3,+ I

0.3s 0.35 0.35 0.36 0.36 0.0i9

0.39 0.40 0.39 0.42 0.43 0.027

14.28 7s.031t.34 69.29 69.17 2.089

0.06 0.06 0.06 0.064 0.07 0.008

0.45 0.44 0.45 0.45 0.45 0.012

0.90 0.88 0.89 0.88 0.89 0.038

12.30 68.20 69.80 12.30 11.s0 5.330

06.33 6.00 6.00 6.00 6.00 1.1 16

NS

NS

NS

NS

NS

NS

NS

NS

NS
+NS, pt0.05' all SED's are against 10 error degrees of freedom
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egg production is also depleted with the

advance of age (Banerjee, 1992). Such

results imply that there may be a relation

between decreased availability of P and egg

production of hens at older ages. The

remarkably higher egg production on

different doses of exogenous phytase gave

an impression that the economic productive

life and egg production of hens can be

extended and prolonged by increased P

availability. The possible relation of phytase,

availability of Ca and P and egg production

has been supported by Francesch et al.,

(2005), Cabuk et al., (2004), Um and Paik

(1999), Gordon and Roland (1998).

Increased feed conversion of hens at

increasing level of phytase obtained (Table

1) is supported by various 'researchers.

Francesch et ,;a1., (2005) reported that

supplementation of microbial dietary

phytase (0," 300 and 600Ukg-1) improved

egg production, egg weight and feed

conversion in layer hens. Phytase

supplementation with 3.0g available Pikg

diet improved (P<0.05) feed conversion.

Jalal and Scheideler (2001) also reported that

phyase supplementation (p<0.05) improved

feed conversion of laying hens.

Contradicting current results, Van Der Klis
et al., (1997) and Um and Paik (1999)

reported that phytase supplementation to the

diets containing 3.3 and 3.79 available

phosphoruslkg had no beneficial effect on

feed conversion. Similar egg weight noted

on varying levels of ph1'tase

supplementation in the current study (Table

1) is getting support from Liu et al. (2007),

Carlos and Edwards (1998), Jalal and

Scheideler (2001). However, several

previous reports demonstrated that supple-

mentation ofphytase generally enhanced egg

production of chicken coupled with
increased egg weight (Um and Paik, 1999

and Silversides et al., 2006).In this study,

egg shell per cent and egg shell thickness

increased with the increasing level phytase,

althrough no significant differences were

found (Table 2). These results are in agree-

ment with those of Nezhad and Kandi

(2008), Panda et al., (2005), Lim et al.,

(2003) and Roland et al., (2003). Nezhad and

Kandi (2008) also reported that phytase

addition in low available P diets increased

eggshell weight and eggshell thickness.

Panda et al., (2005) reported that the

addition of phytase to corn and soybean

based diets containing 0.12% non-phytate P

improved the egg production and eggshell

quality of layers to the level of those fed

diets containing 0.18 to 0.30oh NPN (Non

Protein Nitrogen). The increased shell

thickness was not reflected as shell hardness

and the exact reason ofhardness is unknown.

The result obtained (Table 2) is in agreement

with the report of Um and Paik (1999). They

suggested the association between eggshell

hardness and thickness was not inevitable.

Shell thickness mainly depends on Ca

aggregations as calcium carbonate, whereas

shell hardness mainly depends on the

texture, composed of Ca carbonate, organic

materials, and trace minerals (Chowdhury

and Smith, 2002; Mabe et al., 2003 and

Nakano et al., 2003). There were no

differences (p>0.05) in shape index,

albumen index, yolk index, per cent yolk;
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yolk color and HU among the levels of
phytase in the cuffent study (Table 2) is

supported by Park et al., (2009) and Um and

Paik (1999).

Conclusion

In conclusion, increased egg production with

the addition of phytase signifies that

decreased egg production at older ages may

be the function of phosphorus unavailability.

It may be possible to extend the production

life of hens by supplementation of exogen-

ous phytase in the diet of older hens. This

study using limited number of layers signals

the possibility to up hold the desirable and

profitable egg production by supplementing

phytase in diet. Studies using larget layet

population of chicken in cluster could be

conducted to confirm the result of this study.

Acknowledgement

The authors gratefully acknowledge

Deparlment of Poultry Science at BAU,

Mymensingh from which data for this study

were obtained.

References

Akbas, Y. Alton O. J. and Kocak, C. 1971.

Effect of hens age on extemal and internal egg

quality traits. Poultry Abstracts,23'. V.

Al-Batshan, H. A. Scheideler, S. E. Black, B.

L. Garlich, J. D. and Anderson. K. E. 1994.

Duodenal calcium uptake, femur ash, and

eggshell quality decline with age and increase

following molt. Poultry Science, 73:

1s90-1596.

Augspurger. N.R.. Webel D.M. ancl Baker" D.H.

2007. An Eschclichia coli phytasc expressccl in

yeast c11'ectivcly replaccs inorganic phospho-

rus fbr finishing pigs and laying hens. Journal

olAnirlrai Sciencc. 85: 1192-l 198.

Banerjee. G.C. 1992. Egg producing catricr

of a laying hen. Poultry. 45-46.

Boling, S.D. Douglas, M.W.. Johnson. \1.L.

Wang. X. Parsons. C.M. Koclkebeck. K.\\-.

and Zimrnerman" R. A. 2000. The eliects of

dietary available phosphor-r-rs 1evels and

phytasc on pertbrmance of Youn-u ancl old.'r'

iaying hens. Poultry Science. 79: 2l-1-l.-1(l

Cabuk. M.. Bozkurt. N'{. K1'rkpl . F. aud

Ozkul. H. 200:1. Ettect of phrtas"

suppleilentation of diets u ith ditterent iei eis

olphosphorus or.t pcrfonnancc iind egg clualitr

of lavins hens rn hot clitnatic condittons. South

Afi'ican Joumal of Animal Science. -1-l: 13-1-.

Carlos. A.B. and Edwards. H.M. 1998. The eftect

of 1.25-dihydroxycholicalciferol and pl.r1 tase

on the natural phytate phosphonrs utilizatrorl

by iaying hens. Pouitry Science. 77: S50-E5S.

Chou'dhury, S.R. and. Smith. T.K. 1001. Dietan.

interaction of 1.4-diamurobutane {prttrescine)

and calciurr-r on eg,eshell c1ua1rt1' attci

pcrfortnancc in laf ing hens. Poultrl Sciettc'-.

81 : 8:1-91.

Chorvdhury, S.D. 201 1. Commercial PoLrltlr'

Fanning in Bangladesh: The Rollins tears ol
farmers and its conseqtlences. Ser enth

lntemational Poultry shorv and serrit.rar'. 01-01 .

Cromu,ell, G.L., Coffey, R.D.. Palker. G.R..

Monegue J.J. and Randolph, .T.H. I 995.

Elficacy of a recombinant-delived ph1'tasc in

improving the bioavailability of phospholus in

com-soybean diets for pigs. Joumal ol Anit.nal

Scicnce. 73: 2000-2008.



Exogenous Phytase on egg production and egg quality 15

Eecl<hout. W. and De Pacpe, M. 19921. Total

phospl.rorus. phytatc phosphoms ancl phytasc

activity in plant feedstulil. Animal Fccd

Se ie nce and Teclrrrol,rgr. -1-: l0-io.

Francesch. M.. Broz. .1. ancl BrufaLr. J. 2005.

Ettects of an erperir.nental phytase on

perfbnr"rancc. cgg c1ualit,v. tibia ash content and

phosphorus bioavailability in laving hcns fcd

ol1 maize- or barlcy-based cliets. British

Poultrl' Scicncc ;16: 340-348.

Gorcion. R.W. and Roiand. S.R. l99lJ. Inf-luencc

ol supplemental on calcium and phospholus

utilization in layrng hens. Poultn, Science" 77:

290-294.

Gordon. R.W. and Roland. Sr. D.A. 1991 .

Performance of cornrnercial laying hens fbd

various phosphorus lcvels. u,ith ancl ."r,ithor-rt

supplcmcntal ph1,t:rse. Poultry Science" 76:

1112- 1111.

Huglies, A.L.. Dal"riva. J.P.. \\-r'att C.L. and

Classen" H,L. 200E. Thc ctficacy ol cllLantun.t

phytasc in a tbrt_v-u.eek production trial r-rsing

white leghorn la1-in_e hens f'ed com-sovbcan

n-real-based diets. PotLltrv Science. 87:

1156-1161.

Jalal. M.A. and Scheideler. S.E. 2001.

Eft-ect of supplementation ol tu'o diff'erent

sources of phytasc on egg production

parameters in laying hens and nutrient

digestibility. Poultry Science, E0: 1463-147 1.

Leske" N.J.K.L. and Coon. C.N. 1999. A

bioassay to determine the effect of phytase on

phytate phosphorus hydrolysis and total

phosphorus retention of feed ingredients as

deterniined with broilers and laying hens.

Poultry Science, 78: 1 151-1 1 57.

Lim, H.S.. Namkung, H. and Paik, L K. 2003.

E,fIects of phytase supplementation on the

perfon.nance. egg qualily' and phospholus

excretior.r of laying hens f'ed dillerent levels ol
dietary calcinm and non phytate phclsphorus.

Poultry Science, 82: 92-99.

Liu. 8.L.. Rafiq. A.. Tzcng, Y.M. and Rob. A.

1 998. The induction and characterization ol
ph-v-tase ancl be1,ond. Enzyme Microbiolo-ey

Technology. 22 115-124.

Liu. N.. Liu, G.H.. Li, F.D., Sands. J.S. Zhang.

S. Zhen-o A.J. and Ru. Y.J. 2007. Eflicacy of
phytases on egg procluction and nutrient

digcstibilitv in laycrs ftcl rccluccd phosphorus

dicts. Poultr'1: Sciencc. 86: 2337-23;12.

Luck-v. N.J. 2010. Ef1'ects of dietary exogenous

phytase on laying perfbrmance at advance

sta-qe. M.S. Thesis, Departrnent of Poultry

Scicnce. Bangladcsh Agricultural Universitl,,

M_vmensingh-2202, Bangladesh.

Nlabe. 1.. Rapp. C.. Bain. NI.M. and Nys, Y.

2003. SLrpplclncntation of a com soybean

rneal diet u'ith manganese. copper. and zinc

flom olganic or inorglnic sources irnprores

cggshell qualitl, in aged laying Lrens. Poultry

Sciencc" 82: 1903-l 91 3.

Nlaenz. D.D. and Classen. H.L. 1998. Phytase

activit-v rn thc sma11 intestinal brush border

membrane of the chicken. Poultry Science, 77:

5 5 7-5 63.

Nakano, T. lkawa, N.l. and Ozimek. L. 2003.

Chemical composition of chicken eggshell and

she1l membranes. Poultry Science, 82

510-514

Nezhad. Y.E. and Kandi. J.G.G. 2008. The

ellccts of combination ol ethylenediamin-

etetraacetic acid and microbial phytase on the

egg quality characteristics in laying hens.

Journal of Animal and Veterinary Advances.

t(2)..2r3 - 2t6.



76 Bashar et al.

Panda. A.K.. RanTa Rao, S.V.. Ra1u, \4.V.L.N.

and Bhanja, S.K. 2005. Etfcct of lnicrobial

pl.rytase on productictn perfbmance tll Whrtc

Lcghorn layers f'ed on a dict 1or'v in uon phytate

phosphonis. British Poultrl' Scicnce. 46(4):

461 - 469.

Palk. K.W.. Rhee. A.R.. Urn. J.S. and Paik. l.K.

2009. Effect of dietary available phosphorus

and organic acids on the perforr.r.rance ar-rc1 egg

quality of la1,ing hens. Applied Poultry

Research. l8: 59t3-604.

Roland Sr. D.A. Sohail. S.S. and Br-vant. M.M.

2003. lnf'luence of dietary tat otr econouic

returns ol commercial Leghor-ns. Journal oi'

Appiied Poultry Rcsearch. 12: 356-361.

Roland, D.A.. and Gordon. R.W. 1996.

Metabolism and role ol phosphorus. calcium

and vitarnin D3 in layer rtr.rtritiotl. Journal of

Applied Poultiy Rescarch. I 25-136.

Silversidcs. F.G." Scott. T.A.. Kon er. D.R.

Afihanlanesh. N'I. and Hrtrbl'. N'I. 2006. -\

study on the interaction clt x1'lanase anci

phytase enzylres in [,heat-based diets fed to

commercial ',vhite ancl brotvt.r egg laf ing hens.

Poultry Science. 85: 297-305.

Um. J.S. and Paik. l.K. 1999. Eltects of

n'ricrobial phytase sttpplementatiol.t otl egu

productiou. eggshell qnality and t'uineral

relerrtion of laying hens f'ed dilferent levels o1-

phosphorus. Poultry Science. 78: 75-i9.

Van der K1is. .T.D. Velsteegh. H..\.J . Sitrot.ts.

P.C.M. and Kies. A.K. 1997. The etiicacl of

ph-vtase in cclrn-so1'beatr tneal-based diets 1br'

laf ing hens. Poultr'-v Sciencc. 76: 1535-I5ll.


