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and LeveL of Inorganj.c PhosÞhorous on Laving Hen

Performancê and PhosÞhorous BaIance. Major Professor:

Dr. W. Guenter.

A 252-day (9 28-day periods) experiment was conducted

to determine the performance of layers fed wheat-barley-soy

or w hea t-ba r I ey-ca nol a diets with (.5 and .6 3* t otal
phosphorous respectively) or without (.4 and .538 total
phosphorous respectively) supplementaL inorganic phosphorous

(.1t) . There were no significant (P).05) dietary effects on

egg production, feed intake, feed efficiency, egg sheJ.I

quality, Haugh Unit scores' body weights or mortality either

overâ11 or within each trinester (84 days each) . Body

weight gain (periods 1-5' 1-9) was significantly affected
(P<.05) by protein source while egg weights (periods 1-3' 1-

9) and nidway and final body weights tended (P<.I0) to

reflect protein source (atways greater for soybean meal).

Three 7-day balance trials were conducted at the
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beginning (IBT/Period 1), midpoint (¡{BT,/Period 5) and end

(FBT,/Period 9) of the experi¡nent to determine the

phosphorous bal-ance of the hens' Young hens were in a

severe phosphorous deficiency (454 mg phosphorous /hen/day\

earÌy in the pre-tria1 (IBT) . rn the MBT and FBT

phosphorous retentions were posi!ive for both protein

sources resulting in increased carcass phosphorous conLent

over the course of Lhe experinent. Phosphorous retentions

wer e aL so positive for both 1eve1s of phosphorous

supplementation but were significanÈ1y greater for the

supplemented hens. The unsuppLenented hens maintained

carcass phosphorous reserves vthile the supplemented hens

increased carcass phosphorous reserves. The phosphorous

reËentions were always greater on egg-days than on non-egg

days. EsLinated phosphorous availabilities ranged from

23.38 to 49.58 for soybean neal diets and 30.68 to 42.02 for

canola rneal di ets .
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IMIRODT'CTION

Phosphorous, when added through inorganic sourcesr can

be a costly factor in commercial layer diets. It is in the

best interests of producers to lower the level of added

inorganic phosphorous (IP) as nuch as possible while slill

maintaining optinun hen performance in order to maximize

pr of i Èabi1 i ty .

Many studies have been conducted in an effort to

deter¡nine dietary total phosphorous (TP) requirements of

caged layers. A review of the Iiterature reveals a wide

rânge of dietary TP studied for maintenance of optimun egg

production, egg specific gravity, egg shell thickness' Haugh

Unit score and various carcass parameters. The literature
review for the Present study deals with reported dietary

phosphorous (P) requirernents and the reasons for the

variability of results obtained. Effects of dietary P Ieve1

on egg production, egg quat i ty and vari.ous carcass

parameters are discussed. A brief discussion on phytin

phosphorous (rr¡ and its availab j.1ity to layers is also

included.

Most of the studies to date have estimated P

requirçment and adequacy on the basis of hen production' egg
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shel1 quality, bone ash and bone P content. More recent

researchers have included data on balance trials to aid in

interpreling the variable requirement results. Dietary TP

requirements det,ermined by these nethods which range from

.39-.64t wiIl be discussed.

The majority of reported studies have been carried out

in the United states or eastern canada where the dietary

composition is predominantly corn-soy. In the Canadian

prairies corn is not as available and Ís ofLen cosL-

prohibitive relative to the other cereal grains' therefore

corn has been replaced by wheat and,/or barley in most

commerciaL tayer diets. Similarly soybean neal (SBM) can be

cost-prohibi tive and begs the use of alt e r nate protein

sources. Canola meal (CM) , a Canadian product, has a higher

P content than SBM but also higher fibre and phytate leve1 s

suggesting lower avaiLability of the P since a higher

percentage is in the forn of PP. Little comparative daÈa is

available for \,restern Canada producers regarding the

availability and utilization of P in wheat-barley-soy and

vrheat-barley-canola diets and the requi rement for
supplenental IP in those diets. Therefore the present study

was designed to investigate:

(a) the effect of Iow level IP supplementation of canola

meal or soybean neal diets on laying hen performance i

(b) the P balance of layers throughout a g-nonth production

cycte t



(c) Lhe performance of layers

soybean meal as protein source

J

fed canol a meal versus

in wheat-barley diets.



LITERÄTT'RE RE,I¡IETI

I. Dietarv Phosphorous Reaui reDent of Laying Eens

to tlainÈain optinun Egg Production

In the past 21/2 decades' ¡nany studies have been

carried out in an effort to determine what level of dietary

P is required for optimum egg production. The results have

been varied as shown in Table I !¡ith the recommended dietary

total phosphorous requirement ranging from .265 to .705t.

As the diets used in these studies differed in basal

ingredients (e.g. wheat vs. barley vs. corn) it would be

beneficial to conpare Lhem expressing requirements on Èhe

basis of dietary available phosphorous (AP), thereby

el iminating differences due to variabl e ingr edi ent P

availability. The data rePorted in Table I reveal AP

requirenents ranging from .16 to .45t.

Another factor to be taken into account when comparing

these studies is that of feed intake which is dependent on

such factors as ambient temperaturer dietary energyr rate of

egg production and strain of bird. To el ininate differences

in feed intake between experinents, P requirements can be

expressed in terms of mg P/hen/day (ng P/h/d). Table I

shows bhaÈ the recomnended daily P intake of layers ranges



TabIe 1. LlberaUure Survev of Dielarv Phosphorous
Reconnendallons for Lavlng Hens to l4aintaln optinun
Production.

Recomnended PhosDhorous Level s

lJãlter and AlUken
Slngsen et aL.
Crowley eþ aI.

Hlnners eb al.
Waldroup et al.

SalEan e! a1.

Ðavldson and Boyne
Danron et aI.
Relchnann and Connor
Grlngs et a1.

carlich
Guenter
Mikâel1an and SeIl

>'4 >'35
.413 .31
. 385 .345
.265 .225
,T 05
.54 .302
.40 .162
.6
.3
.55
.43
.45
,42 .19
.39 .19
.28

.49 .26
.16

Eã

.4
.25
.3

.41 1 .2

.4

1962
1962
1963a4

b
c

1963
1967 a

b
1969a

b
197 0
1974
1977
1977 a

b
1979
1980
1981 a

b

643
>46 1

434
396
,2?

5i;
3zt
609

508
438
\02
350

¿{t)

386
> 403

326
355
,::

252

'?'_

272

1;;

':1

Kllngenslth and Hes¿er 1982
sald and Sullivan 1982
Waldroup aod Hellwlg 1982
Kllngensllh and Hester 1983
Dilworth and Day 1983
Mlles et aI. 1983
Junquelra et â1. 1984
Sald et al. 1984a

u

noland and Farner 1986a
b

¡
noush eb al.
Scheldeler and SeII

517
555
500
384
307
798
714
546 354

4;; -:
.6
.5

E

.32

.33

.70

.54 .351986
1986 .56-.39 .\-.2 614-405 \39-202

SeII et al. 198? ,7-,t16 .45-.25 711-47\ 457-250

'47(32)3.27( 18) 485(24) 290( 13)

1 TP = total Phosphorous
2 AP : Avallable Phosphorous as deterBined by author
3 Average based on the ntEber of observatl'ons i.n brackels
4 a b c d refers bo trials reported !¡ilhln each paper.
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from 235 to 798 ng Tp/h/ð or 155 to 457 ng AP/h/d.

The great variation in the results has been suggested

to be due to such factors as strain of bird (Ingram et aL.'

1976¡ Naj ib and s ul1iv an, 1978), time of chick hatch

(Bletner et al ., I977), dietary salt leve1 (choi et aI .'
1980), form of feed (Summers et al ., ]-976), age of bird and

level of egg production (Crowl ey et a1 .' 1963)' stage of

production (Klingensmith and Hester, 1983), proport!.on of

organic vs. inorganic P (WaIdroup et a1 ., I976a) and P

source (Said et aI ., 1984).

Most of the studies reported used single phase P

feeding, however more recently a step-dolrn phase feeding of

P has been investigated. The results of the two types of

prograns will be discussed separately, in each case

highlighting the differences in experinentati.on contributing

to the variability of recommendations.

À. single Phase P Feedinq

Owings et al . (1977) fed layer diets contâining .42,

.5f or .608 TP and found no differences in egg production.

The basal diet was a corn-soy diet supplemented with
defluorinated rock phosphate. These authors estimated AP at

.l9E for the 1or,, P diet (ÀP consisting only of non-phytin P)

resulting in an intake of 198 ng AP/h/ð. In â subsequent

trial using similar diets but older hens for a shorter time

period the AP requirenent was conf ir¡ned to be .19t in part
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(.09t) being supplied by IP. Hens on the .198 AP diet (.39t

TP) consumed about 196 mg AP (402 mg TP) daily at production

levels ranging from 64 to 742. The authors suggested that a

diet containing no IP was inadequate for maintaining egg

production.

The above recommendaÈions were sornevhat 1owêr than

those reporÈed earlier by Crowley et aI . (1963) . In a

series of 3 studiês evaLuating P requirement using corn-soy

diets, these authors suggested in their first trial that

caged layers required no more than .41t dietâry TP (.31* AP

assuning 508 availability of PP) or 326 ng AP/h/ð. In Lhe

second study' a dietary TP level of .385t was found to be

adequate (.35t ÀP) which supplied 355 nS AP/h/d. In the

last study they concluded, similar to Owings et aL. (7977) t

that no more than 200-213 ntg AP/h/d was required to rnaintain

performance. The different P requirements reported in the

three studies could possibly be explained by the age of the

birds and the leve1 of egg production. In the first studyf

the hens were on test fron the 7th to the 13th months of

production incl-usive and produced at a rate of 65t whereas

in the second study, hens were younger (first to llth months

of production inclusive) and produced aL a rate of 70t. The

third study enployed hens during their 7th to 12th ¡nonths

with production ranging from 49 to 56t. The trend was for

dietary AP requirement to increase (213-326-355 ng eP/h/d)

as level- of production increased (56-65-703).
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Other studies have recommended higher dietary P leveIs

for laying hens. Walter and Aitken (1962) fed a wheat-soy

diet containing .48 TP supplemented with dicalcium phosphate

to give TP levels of .4, .5, .6 and .7t (.t6, .26,.36 and

.468 ÀP based on the assunption that 308 of the plant P and

1008 of the aninal and dicaLcium phosphate P was available) .

cal ciun Ì,ras maintained at 1.5t with oystershell be ing
provided free choice. Over the 308 day trial the .4t TP

diet did not naxinize egg production ('722) conpared to the

.6 and .78 diets (77t egg production) with the .53 diet
yielding inter¡nediate production (75t) . It \,ras concluded

that an AP level of .368 in the diet (.6C TP) corresponding

to an average daily P intake of 386 ng AP/h/d was sufficient
to naintain optimun egg production (77t) while an AP level

of .l6t in the diet (.4t TP) corresponding to an average

daily P intake of 163 ng AP/h/d hras inadequate.

Junqueira et aL. (1984) reported that a level of .3t TP

in a corn-soy diet vras inadequate for egg production

relative to .68 TP in the same diet supplemented with
dicalciu¡n phosphate. Since no TP levels between .3 and .6å

were tested it is not possible to conclude that .6t TP was

the nini¡nu¡n requirenent. Lâyers on the .6t TP diet consumed

597 and 517 mg IP/h/A in the first and second trials
respectively.

RoIand and Farmer (1986) investigated corn-soy diets

containing â range of .3 to 1.5å TP fed to ÐekaLb XL hens at
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48 and 60 weeks of age. Daily TP intakes of 288 and 3L9

mg,/h did not maintain egg Production relative to intakes of

714 and 810 mg,/h respectively.

Most of the other studies listed in Table I indicated

dietary TP requirements to fa11 between .2658 (Crowley et

¿1 ., 1963) and .7t (Roland and Farmer, 1986) depending on

various experinental conditions and procedures employed.

Level of egg production is one factor vThich seens to

affect the dietary P requirenent. Singsen et al . (1962)

concluded that the dietary TP requirenent in a corn-soy di'et

was greater than .4t (AP level of .35t) corresponding to an

average daily AP intake of 403 mg. The relatively high hen-

day egg production 1eve1 of 82E over this 280-day trial
could be responsible for this high dietary AP requi rement.

Simitarly, waldroup eL aI . (1967) reported that corn-soy

diets with .34t TP could not suPporL even very low levels of

production (50t) and required .28 supPlenental IP to support

a normal rate of production (7 4Z) in one trial and .068

supplenental IP in a second study (75t production). The

authors did not suggest reasons for the difference in their

results. In a later study salman et al . (1969) concluded

that a corn-wheat-soy diet with '.3t TP suPPorted adequate

egg production. It should be noted however that these birds

in their first six ¡nonths of lay were only producing at 66-

68t, thus requiring less P for production.

Source of dietary P affects the dietary TP requirenent.
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I¡taldroup et a1 . (1967) suggested that aI l-pl an t diets
(horniny feed-soy) were not capable of supporting normal egg

production even though the dietary TP leveI ltas relatively
high (.548) and egg production ç¡as only 47t. In a

subsequent study, these authors confirned this earlier
conclusion. said et al . (1984) conducted a study designed

to determine P requirements of two layer strains using

different sources of IP. The diets v¡ere a basal corn-soy

diet (.49 TP), three test diets conÈaining supplementâ1

dicalciu¡n phosphate (.5, .6, .7* TP) and four test diets

containing .5 and .68 TP supplenented with one of teto

sources of r ar,, rock phosphate. Dicalcium phosphate being

the source of supplenental P' maxÍmu¡n production was reached

by both strains when the diet contained .5t TP (500-555 mg

TP/h/d). Hor,rever .6E TP !ras required when r ar.¡ rock

phosphate was the source. This suggested a gr eate r

availabiLity of P from the dicalcium phosphate Èhan f ro¡n

either of the raw rock phosphates.

Stage of production has been suggested as being, in
part, responsible for variable results. Kl ingensnith and

HesLer (1983) reported a lovrer egg production when .38 AP

was fed (vs .5 and .7t AP) for the first five months of 1ay

v¡ith no difference in the last three months. This suggested

a decrease in AP requi renent in the Iatter stages of the

laying cycle and supports the concept of phase feeding P.
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B. Step-Dorn Phase Feeding of Dietarv P

In recent y ear s, the concept of phase f eeding
decreasing levels of dietary P has gained the j.nterest of

several researchers. Mikaelian and Sell (1981) fed a basal

corn-soy diet (.26å AP) supplemented v¡ith dicalcium
phosphate to give the following treatments: .26t AP, .36t

AP' .46t AP each fed continuouslyi .46, .36, .268 AP and

.56, .46, .36S AP fed in phases of. 12, 12 and 20 weeks

respectively. Percent egg production ranged from 70 to 83t

and was nu¡nerically but not significantly affected by

treatment. Phosphorous intake (ng AP/h/dl ranged f rom 252

(.268 AP treatment) to 468 (.46t AP treatnent) . The data

from the first study suggested thae continuous feeding of

.26t AP was sufficient to maintain egg production. In a

second study Mikaelian & Sel1 (1981) used similar diets

where the treatnents r¿ere: .16, .26, .36, .46S ÀP each fed

continuouslyr .36, .26, .16t AP or .46, .36, .262 AP fed in
phases of. 12t Ì2 and 20 weeks respectively. Percent egg

production ranged f ro¡n 76 to 80t and was not significantly
affected by treatnent. Phosphorous intake (ng AP/h/dl

ranged fron I55 (.16t AP treatnenL) to 449 (.464 AP

treatment) . The authors concluded that continuous feeding

of .168 AP !¡as sufficient to naintain egg production. The

seemingly lower levels of AP required in the second study

couLd possibly be explained by the fact thal a different
strain of bird was used.
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These relatively Iow levels of dietary P requirenent
!/ere supported by I,ialdroup and Hellwig (1982) who reported

that a dietary P level of. .25* AP (272 ng AP/h/d) or phase

feeding of .45t AP (19-36 weeks) followed by .25t AP (36 to

52 weeks) was sufficient to maintain egg production.

Other phase feeding studies have recommended higher

dietary TP leveLs. cuenter (1980) fed a basal v¡heat-oats-

soy diet ( .388 TP) supplemented with varying 1eve1s of IP

either continuously or in step-donn phases. The treatnent
groups were: .788 TP fed continuousi .68r .58, .48, .38t TP

fed in phases of 12 weeks each; .58S TP fed continuous i .58,

.48C TP fed in phases of 24 r,reeks eachi and the
unsupplenented (.38t TP) basal diet fed continuously. ESS

production was unaffected by treatnent thus suggesting that
a basal wheat-oats-soy diet (.38t TP) required ¡ninimu¡n P

supplementation to naintain optimun egg production.
Similar1y Said and Sullivan (1982) concluded that a corn-soy

diet with .42 TP fed continuous was adequate for egg

production.

More recently, Scheideler and SeI1 (1986) used 3 P

treatnents: .64? TP fed continuous; .56, .49, .39t TP or

.64, .54, .44t TP fed in phases of 12, 16 and 20 rr¡eeks

respectively. They reportêd no effect of diet on egg

production. The average daily TP intakes were 676 ng for
the first treatment, 614-565-405 mg for the second treâtment

and 656-656-547 mq for the third treatment. In a sinilar
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study Sel1 et a1 . (1987) rePorted that a phase feeding

program of .60 , .48, .37 t TP for 12f 16 and 20 weeks

respectively v¡as inadequate for egg production relative to a

.70,.58, .468 TP program. Here the average daily TP

intakes were 617-486-363 rng (each phase resPectively) for

the L or,¡ P treatnent and 711-610-475 mg (each phase

respectiveLy) for the high P treatment.

C. sumary

The average recommended daily TP intake is 485 mg (235

to 800 ng) . Based on avaitable P the average recomnendation

is .274 (16t to.368) or 155 to 400 ng AP/h/d (290 ng on

average) for maximu¡n produition. Step-down phase feeding of

P was not shown to be beneficiaL in maintaining laying hen

performance.

TT ñì â{.ârrr D Þê¡ìrr ì rÂnrañÌ ¿rf T.âtti Ììar llêñq f ô

r,faintain Opt iEun Egg Oualitv

Extensive research has been carried out in an effort to

deter¡nine the effects of dietary P levet on egg quality.

The findings have been inconclusive.

A. Effects of Dietary P Levels on Egg specific Gravitv

Egg specific gravity has often been measured to obtain

an estimate of shelI quality. several researchers have

reported'no effects of dietary P IeveL on egg specific
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gravity. walLer and Aitken (I962) fed Iayers (over 30 8

days) a basaL v¿heat-oats-corn-soy diet (.48 TP) supplemented

with dicafciun phosphate to yield .4, .5' .6 and .7E TP

diets. The average egg specific gravities v¡ere similar for

all treatnents for any given time but did decline as the

season progressed. Very si¡nilar results were reported by

Singsen et aI . (1962) upon supplenenting a corn-soy diet
with dicalciun phosphate giving three treatment groups

containing .2, .4 and .6t TP. Other researchers who have

reported no effect of dietary TP IeveI on egg specific
gravity include Hunt and chancey (1970) using TP leveLs of

.38, .49, .60 and .72t in vrheat-barley-oats-soy diets' Naj ib

and Sutlivan (t978) feeding TP levels ranging fron .33 to

.668 in corn-soy diets, Ì,taldroup and Hellwig (1982) l'tith AP

levets ranging from .25 to .458 and Rotand and rarmer (1986)

using TP levels of .3f , .58'and .70* in one trial and .31

and .70t in a second trial .

On the contrary, Holcombe et al . (197 6) reported a

response. In two trials four treatmenÈ groups of hens were

offered a choice of t!¡o diets containing different levels of

P. These treatnent groups were offered: the sane diet
(.75t TP control); .19 and .468 TP¡ 1.08 and 2.43t TP; .19t

and 2.43t TP. In both trials consunption of the 2.432 'IP

diets resulted in a reduction of egg specific gravity while

the .198 vs .46t TP group naintained egg specific gravity

conparable to the control group. Thus, the trend was for
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higher P levels to cause a reduction in egg specific gravity

and vice versa. These results teere supporLed by Roland and

Harms (1976). Feeding a .758 TP diet in the norning vs. a

1.5t TP diet in the afternoon decreased egg specific gravity

in aÌI four experinents relative to that of birds offered

the .75t TP diet at both feedings. Feeding a .75t TP diet

in the morning and a .33t TP diet in the afLernoon increased

egg specific aravity relative to that of Lhe control birds

in Èhree of four experiments. Si¡ni1ar results (i.e. inverse

relationship between dietary P and egg specific gravity)

were observed by Reichnann and Connor (I977) , Hanilton and

sibbald (l-9771, Miles and Har¡ns (1982)' ¡4i1es et al . (1983)'

and Roland and Farrner (I986).

More recently researchers have reported egg specific

gravity to increase as dietary TP increased from .5 to .7t

and then decrease as dietary TP increased above .78. Roland

and Farmer (1982) conducted a series of six experi¡nents and

found extremely low or high levels of dietary P (specific

1evels not given) adversely affected shell quality (eSg

specif i.c Aravity and shell weight) in some trials while in
ot,hers reduced dietary P improved shell quality. Similarly

Rolând and Farner (1986) reported egg specific gravity to

increase and then decrease as TP levels increased fron .338

to .70t t.o 1.58.

Junqueira et a1. (1984) conducted tvto trials using a

basal corn-soy diet v¡ithout and with dicalciun phosphate
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supplenentation to give TP 1eve1s of .3 and .68. In both

trials the higher TP diets yielded significantly higher egg

specific aravities. These results differ from those

presented prevj.ously and couLd suggest that a .3Ê TP corn-

soy diet is insufficient to ¡naintain shel1 quality and that

the requirement Iies between .3 and .68 TP. The variabl-e

responses of egg specific Aravity to dietary P are Èabulated

in Table 2.

B. Effects of Dietarv P Levels on Egg shell Thickness

Eggshell thickness is often ¡neasured as an indication

of she1l quality. salmân et a1 . (1969) inveseigated the

availabiliÈy and utiLizaLion of plant P by layers and

neasured, arnong other paraneters, shell thickness. The

dietary treatments were: .38 TP (basal corn-v¿heaÈ-soy

diet) r .6t TP (al1 from plant sources) and .6t TP (.3*

supple¡nental P f ro¡n dicalcium phosphate). There was no

effect of dietary treatnent on shelI thickness or egg she11

formation. Davidson and Boyne (1970) fed barley-oats-wheat-

fish diets with bone flour providing extra P to give TP

1eveIs of .54, .73 and .94t. There was no effect of

treatment on she11 thickness. Sinilar results have been

supported by Hinners et al . (1963), MikâeLian and Se11

(1979), Hanilton (1980), west et a1 . (1980)' scheideler and

Selt (1986) and seII et aI . (1987) .

To the contrary, several researchers have reported thaÈ
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Table 2. Lilerature Survey of the Effects of Dietarv PhosÞhorous
Levels on Egg Specific Gravltv.

Effect of Increasfng
Dlebary TP1 Dletary ATP on Egg

Authors Year Levels (f) SDeolfic GravlLv
Wa]-¿er and Altken 1962 .4,.5 

'.6 "T none
Singsen et al.
Hunt and Chancey

1962 .2,,4 ,.6 none
1970 .38,.49,.60'.72 none

NaJlb and sulllvan 1978 .33-.66 ^ none
Haldroup and Hellwig 1982 '25-.\5 (AP)¿ none
noland and Fanner 1986a3 .31'.58'.70 none

b .31,.70 none

Hol ccûbe et al. 1976 .19r.46,'75'1.0'2.43 decnease
Roland and Haros 1976 .33,.75,1 .5 decrease
nelchnann and Connor 1977 .\5-1 '42 decrease
Hanllton and Sibbal.d 1977 '54,,59,.6\,.69 decrease
Gogo et aI. 1978 .42'.52'.60 (AP) decrease
Mlles and Harus 1982 .\2'1 .\ decrease
Mlles et al. 1983 ,17-2'3 decrease
noland and Farner 1986 .32,.7 ,1 .5 decrease

Roland and Fanner 1982 .33,'7,1.5

.T¡nnrrelr"s af- al 1O8U .?..6

quadrablc

lncrease

1 TP = Total Phosphorous
2 AP = Avallable Phosphoroug
3 a b refers !o trfaJ.s reported withln the paper.
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dietary P Level does have an effect on sheLl thickness or

strength. Taylor (1965) fed a basal corn-wheat-soy diet

r¿ith .468 TP (,23* PP) and an experimental diet of 1.0 TP.

The birds r,¡ere fed Èhe tr¡o diets aLLernately over four 2-

week periods and shel1 thickness was found to significantly
decrease as dietary TP 1evel increased and vice versa.

These results have been confirmed by said et a1 . (1982) 
'

Angulo et al . (1982), zumbado and Britton (1983) and Daghir

and Farran (1983). The variable responses of egg she1l

thickness to dietary P level are tabulated in Table 3.

c. Effects of Dietary P Levels on Eaugh ltnit scores

Interior quality ¡neasured as Haugh units (HU) in
general has not been affected by dietary TP. Hamilton and

sibbald (1977) fed corn-wheat-soy diets with .58' .55, .50

or .45t AP from 20 Eo 71 vreeks of age with HU being measured

on days !65, 225t 277,335, 390, 445 and 490. There were no

significant effects of P level on HU except at day 165 which

was an unexplained result. It would thus seem that a

dietary AP leveL of .45t (.6C TP) is sufficient to maintain

interior egg quality. In a subsequent trial by Hamilton

(1980) force-molted layers were fed mixed cereaL diets
containing .49 and .798 TP (.34 and .6t AP) from 646 to 730

days of age (92.3 to 104.3 weeks of age). ttaugh Units were

measured from 727-730 days of age with no significant
differences being observed due to dietary P level . It would
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Effect of Increasing
Dlelary TP1 Dletary TP on Egg

Au¿hors Year Levels (f) Shell Thickness
Hi.nners et ar. 1963 .705-1.018 none
salnan et aI. 1969 .3'.6 none
Davldson and Boyne 1970 .54,.73,.9\ none
Mikaetlan and Sell 1g7g ,26,.36,.\6,.6(AP)A none
Henllton
l¡e st et aI.

1980 .34'.6 (AP) none
1980 .16 , .36 none

1965 .46,1 .0 decrease
1982 .\,.5,.6. , 'T decrease

schefdeler and Sell 1986 .56-.39 none
sell et aI.

Taylor
Sald e¿ aI.

1987 .7-.46 none

Angulo et at, 1982 .35'.5 (AP) decrease
zunbado and Brltton 1983 '3, .6,1 .2 (AP) decrease
Dâþh.tr ânrt Fârren 1q8? .15..25..35 (AP) decrease

1 TP = Total Phosphorous
2 AP = Avallable Phosphorous
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therefore appear that .34C AP (.49t TP) is sufficient to

maintain HU. These results have been supported by Daghir

and Farran (19 83) .

Several researchers have reported an effect of dietary

P 1eve1 on HU score but the findings hâve been

contradictory. Said et, al . (1984) conducted two trials !tith

layers being fed different P sources and levels. The fírst
used layers 26-68 weeks old while the second used Èhe sane

birds at 76-116 weeks of age (after force-molting) . Dietary

treatments consisted of a basal corn-soy diet (.4t TP)

supplemented with dicalcium phosphate to give TP levels of

.51, .60 and .708 or supplemented with tlto sources of raw

rock phosphate to give TP leve1 s of .5 and .6* on each

source. These treatments were the sa¡ne for both Èrials.. In

the first trial as TP levef increased due to supPlementation

with dicalcium phosphate or Èhe second source of raw rock

phosphate HU scores increased Iinearly. Conversely as TP

level increased due to suppJ. ementa t i on with the first source

of raw rock phosphate HU scores decreased Iinearly. It was

suggested that trace ninerals such as vanadium in this
source of IP nay have caused the result by decreasing

albumen quality. There were significant differences in

terns of HU between the tv¡o sources of raw rock phosphate

and dicalcium phosphate. Si¡nilar resulLs $¡ere obtained vtith

the older hens except the differences between rav¡ rock

phosphate and dicalciun phosphate did not exist. However' a



2I

quadratic response of HU to TP level when supPlemented with

dicalcium phosphate was reported. The results of trials
rneasuring the response of HU to dietary P levels are

tabulated in Table 4.

D. Sumnary

Dietary P 1ev e1 has had variable effects on egg

specific gravity (Table 2) r eggshelL thickness (Table 3) and

HU score (TabIe 4). Some studies (.2 to .7 2* 'IP) have

indicated no effect of P on egg specific Aravity while

others (.17 to 2.43t ÎP) have shown an inverse relationship

between dietary TP ând egg specific gravity. Egg specif j.c

gravity has a1 so responded to dietary TP quadratically (.33

- .7 - 1.58) and linearly (.3-.6) . sone triars (.16 to

1.0188 TP) have indicated no effect of P on egg-shel1

thickness or strength while others ( .15t AP to I.0t TP) have

shown a linear relationship between dieLary P and eggshell

thickness. In general HU scores have not been affected by

dietary P leve1 (.1stAP to .79tTP) but r a!¡ rock phosphaÈe

caused linear and inverse relationships between HU and

dietary P level in t$¡o separate t.rials which was attributed

to high levels of vanadium in these sources.
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Table 4. LiLerature Su¡vev of the Effecbs of Dletarv Phosphonous
Levels on Haugh UnlL Scores.

Effecl of Increasfng
Dletary TP1 Dietary TP on Haugh

Àrl+-hôþs Yeâr' Levels ll) Unit Scones
Hanltton & Slbbal-d 1977 .45'.5,.55' none

.58 (AP)2
Ha¡ol}lon 1980 '49,.79 none
Daghir and Fanran 1983 .15,.25,.35 (AP) none

Sald et aI. 1984a5 .4,.5,.6,,7 lncrease3

b .4..5..6. .7 decrease4

1 tP = ToLaf Phosphorous
2 AP = Avaflable Phosphorous
3 Sources of IP were dlcalcir¡o phosphate and a second source of

raÌ¡ rock phosphate
4 Source of IP was a flrst source of raw rock phosphate
5 a b refers to trlals reported t¡lthin the paper.



z5

III. Effects of Dietary P f,evels on Carcass Parameters

Researchers' in addition to records on egg production

and egg quality, have measured various carcass parameters in

an effort to deternine adequacy of diets in terns of P

Ievel . Presumably a P deficiency would be reflected in sone

of the measurenent val ues obtainedr however as for egg

production and egg quality, results have been inconsistent.

Reports showing no carcass response and those shol'ring a

response to dietary P are discussed separately.

À. Reports Suggesting No Carcass Response to Ðietary P

Results of the trials finding no effect of dietary P

leve1 on carcass paraneters are tabulated in Table 5.

Salman et al . (1969) fed layers different sources and

levels of P for six 4*week periods. The treatments were3

basa] corn-wheat-soy diet containing .3t TP (alL from plant

sources); .6tTP (a11 f rorn plant sources) and .6t TP (.38

fron pÌant sources and .3t IP) . Analysis of tibia bone ash

revealed no differences due Lo dietary P Ievel or source

indicating equal availability of ptant and inorganic P to

the l-ayers for bone naintenance.

Similar TP leveIs (.3t, .39t, .48t' .578) were employed

by Owings et al . (I977) in corn-soy diets supplemented \'¡ith

defluorinated rock phosphate. Data indicated no significant

difference in femur ash due to dieLary P 1eve1 although



Table 5. Lilerature Swvev of Research Hhlch has found No Effect
of Dletarv Phosphorous Level on various carcass
ParaneCers.

Dielary tP1
Authors Year Levels (f) Measure4 .

Sal.nan el al. 1969 .3,.6 tibia ash (f)

osings e¿ aI. 1977 .3,.39,.48,.52 fenur ash (f )

Mikaellan and seII lglg .26,.36,.46 (AP)2 Lj.b1a ash (f)
.46-.36-.26 (AP) t:.bia P (f)
.6-.46-.36 (AP)

Mikaellan and sell 1 981 a3 .26 , . 36 , , 46 , . 56 (AP) t1b1a Helght (g)
.46-.36-.26 (AP) tibla ash (Í)
.56-.46-.36 (AP) ¿:.bía P (f)

carcass ash (f )
carcass P (f )

b .16,.26'.36'.46 (AP) carcass ash (Í)
.36-.26-.16 (AP) carcass P (f)
.46-.36-.26 (AP)

Edlrards and Suso 1981 ,\5,.55,.65,.75 ¿1b1a ash (l)

::å:;::i '
Se}1 et, a}.

vertebrae ash (Í)

carcass ash (f )
carcass P (f )

Carcass
ParaEeters

1987 .6-.48-.37
.7-.58-.46

1 TP = To¿al Phosphorous
¿ AP = Avallable Phosphorous
3 a b refers to trials reporbed !¡ibhfn the paper,
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nunerically the basal diet (.38 TP) resulted in the lowest

f ernur ash content while the .488 TP diet had the highest

leve1 . It is possible that due Lo the brevity of the trial
(8 weeks) the femur ash content hâd not yet responded to

dietary P leve1s.

Mikaelian and Sel I (1979, 1981) in a series of three

trials fed AP levels ranging from .16 to .6t either
continuously or in stepdown phase feeding programs. The

diets nere corn-soy with varying Ievels of dicalcium
phosphate and the trials lasted 42 to 44 weeks each. Tibia

and carcass dry weight, t ash and tP in ash were not

responsive to dietary ÀP Level but the t carcass ash

increased numerically with increasing levels of dietary AP.

At the end of treatnent 1 (relative to its start) tibias
were larqer with a higher I ash and a greater quantity of P

per tibia while 8P in the bone ash, I carcass ash, 8P in the

carcass ash and total quantity of P in the carcass decreased

irrespective of diet. The data in these trials suggest that

relatively 1ow dietary AP levefs will naintain the healbh of

layers over prolonged feeding periods.

Other researchers finding no effect of dietary TP leve1

on carcass parameters include Edvrards and Suso (1981) with

dietary TP ranging from .45 to.758 and SeII et a1 . (1987)

phase feeding TP Levels ranging from .37 to .708.
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B. Reports Suqgesting Carcass Response to Dietary P

Results of the trials finding an effect of dietary TP

1eve1 on various carcass parameters are tabulated in
Tab1e 6.

In an early trial Singsen et aI . (1962) fed corn-soy

diets supplemented with dicalcium phosphate to give dietary

TP treatments of .2, .4 and .68. It rvas observed that birds

fed the .2* TP had a ]ower t tibia ash than those fed .4 or

.64 TP !2,24, and 40 weeks into the trial . Generally there

vas a nunerical trend where increasing dietary TP increased

tibia ash &.

Similar diets (.18' .23, .43t AP) were fed by Garlich

et al . (1982) in a study to evaLuate the femurs of laying

hens from 10-16 nonths of age. These âuthors reported. that

dietary P level had no significant effects on dry, fat-free
fenur weight but that f e¡nur ash (t) increased numericatly as

dieÈary AP 1eve1 increased, and was significantly higher for

hens fed the .43t AP conpared to the other two groups.

Further cornparisons indicated that femurs of laying hens fed

P-deficient diets had a reduction in mineral conÈenh but not

in organic matter.

said et al .(1984) in tv¡o trials fed basal corn-soy

diets (.4t TP) suppfemented with dicalcium phosphate to give

TP level s of .5' .6 and .7Zi or supplemented with one of two

sources of raw rock phosphate to give TP 1evels of .5 and

.68 for each source. Birds receiving the basâl diet had a
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Table 6. Lilerature Sr¡¡vev of Research whlch has found an Effect
of Dletarv Phosphorous Level on vanious Cancass
Paraeeters,

Aulhors Year Levelg (f) Measured
Slngsen el al. 1962 .2,.4,.6 t,ibla ash (f)

Dletary TP1
Carcass

Para&eters

feEur denslty

feEur densfLy

fenur r¿ej.ght (f)
fenur ash (f )

tlbia ash (l)
tlbla breaking

strenglh

ribla asb (f )

tibi.a ash (f )

fenur ash (g)

Garllch e¿ al.

carll ch

Garlfch et al,

1975 .3,.64

197 9

1982

.3- . 64

.23,.28,.48 (AP)2

.18,.23,.43 (AP)

,\ ,.\5, .5, ,55 r.6
.6- .55- . 5- .4 5
.55- . 5- .45- . 4

.5 r'6 r'7

.22,.67

.67-.33

.64

.56-.49-.39

.64-.54-.44

Sald and Sullivan 1982

said et aI. 1984

Bar and Hurr¡1tz 1984

Schel.deler and SelI 1986

1 '¡o -2 AP=
Tobal Pbosphorous
Avaflable Phosphorous.
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significantly lower 3 bone ash indicating the narginal TP

1evel in this diet. As dieLary TP Ieve1 increased there was

a nunericaL (but not significant) increase in bone ash 8.

It vras noted that there was a significant effect of source

of P on tibia ash * with dicalciun phosphate giving higher

bone ash g than the raw rock phosphate sources.

Said and Sullivan (1982) fed layers conLinuously or in

step-dovrn phases dieÈary TP leve1s ranging from .4 to .6t in

corn-soy diets over twelve 28-day periods. Dietary TP 1eve1

had signì.ficant Iinear and quadratic effects on bone ash at

68 r¿eeks of age and Iinear effects on tibia breaking

strength at 44,56 and 68 vreeks of age. Phase feeding P

significantly enhanced I bone ash at 68 weeks of age over

the continuous feeding of P. These results were supported

by Scheideler and Sel1 (1986) in a study phase feeding

dietary TP leve1s ranging from .39 to .64t. The response

was for fenur ash to decrease as dietary TP fevel decreased

indicating an insufficient supply of dietary P to prevent,

bone deminer aI ization.
The ability of bones to serve as a reservoir of P over

short-term P deficiencies was studied by Garlich et al .

(1975) . The basal diet (BD) was a corn-soy diet vrith .38 TP

and a normal diet (tlp) was obtained by supplementation with

inorganic P to give a TP level of .64t. Group I was fed the

ND for 21 days, Group 2 was fed the BD for 6 days f oÌlov.¡ed

by the ND for 15 days; Group 3 was fed the BD for 9 days
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f ollor,red by the ND for 12 days; and group 4 was fed the BD

for 2J. days. Fenur density showed a significant decrease in

those hens fed the BD for 21 days cornpared to those fed the

BD for 0 or 9 days on1y. Thus layers v¡ere able to consume a

P-deficient diet (by NRC standards) for up to 9 days !¡ithout

any detrinental effects. This suggested that the bone can

indeed serve as a true reserve of P which can be released

for productive use by the hen and replenished. In a second

trial, Garlich (1979) investigated the extent of bone P

reserves using three dietary treatnents (.23, .28, .488 ÀP)

fed from 40-64 weeks of age. Femur density significantly
increased with each Level of dietary AP. At the end of the

Èrial, when all hens r.¡ere fed a diet srith only .18* AP' the

bone reserves supported good egg production for 1r 2 and 3

weeks respectively. The authors concLuded that laying hens

should consu¡ne at least 350mg AP,/h,/ d to maintain adequate

bone mineral reserves. Finally, Bar and Hurwitz (1984)

investigated the effect of P deficiency on medullary bone

ash of 8-nonth-old layers fed a P sufficient (.67t TP) or

deficient (.228 TP) diet. They reported thât ash content of

the structural segment of the tibia tended to be reduced by

P deficiency while total ash content of the tibia medullary

segment was significantly reduced by dietary P deficiency.

It was suggested that since no known mechanism exists for

the active removal of P fron lhe bone during P deficiency

and hypophosphatemia' the reduction in medullary bone ash by
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P deficíency appears to result fron inhibition of bone

fornation.

C. Sunmary

The effects of dietary P leveIs on various carcass

paraneters (tibia or femur ashr t P in bone ashr carcass

ash, bone density, bone weighÈ, bone breaking strength'

carcass P) are just as variable as the perfornance and egg

quality data. The literature surveys (Tabl.es 5 and 6) show

that .2 - .752 TP level s in diets of laying hens have been

investigated. Other factors (eg. egg production level) in

addition to absolute P leve1s affect P utilizaeion and these

need to be identified and nullified bettveen trials to alIov,

for accurate comparisons.

rv. Phytin P in Layer Diets

A. PhJtin P

Much of the P present in poultry feeds (grain and

protein sources) is in the f orrn of phytin phosphorous which

is poorly availâble. Several reviews have been written

about PP including reviews by Oberleas (1973), NeIson (1980)

and Maga (1982) from which the following infornation is

suppl i ed .

Phytin \,ras first encountered as early as I872 by

Pfeffer. Phytate' phytatesr phytic acid and phytin are all
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ter¡ns referring to various polyphosphorylated inositols
found in nature. Phytic acid is also known as myo-inositol

hexaphosphoric acid or I,2 ¡3,4,5 r6-hexakis (dihydrogen

phosphate) . t'lyoinositol and its structure is given in

Figure 1. Nine sterisometric inositols are possibÌe but

only the nyo-forn has been isolated from plants. The phytin

refers to the calcium-magnesium salt of phytic acid while

phytaèe refers to the mono to dodeca anion of phytic acid'

Phytate is a st,rong acid that forms a wide variety of

salts with heavy netals, depending on the pH and presence of

secondary cations. The synergistic effect of two or more

cations increases the precipitation of phytate as sal t,
especially zinc-calcium and zinc-coPper. Phytic acid and

its derivatives thus bind essentiat dietary minerals making

them unavailable or only partially available for absorption.

The most abundant câtions found in phytate are Mg and K

v¡hile Car cu, Mnr Fe and zn are found to a lesser degree.

At a pH ot 7 .4 phytaÈe conplexes !rith metals in the

following decreasing order: Cu++ > zn++ ) Co++ > Mn++ >

Fe+* > ca++ . Research data has indicaËed decreased

availability of such mineraLs as Ca, Pt znt Fe. Mn, Cu and

Mg in the monogastric due to the presence of phytate.

In order for the PP to be utilized by animals the

phytate must be hydrolyzed by an enzyme, phytase, to yield
phosphoric acid and,/or its salts. This enzyme is present in

some feed ingredients and has some acÈivity (eg. rye, wheat'
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barley) but is absent in other feed ingredients (eg. corn,

soybean neal). The phytase present in the ¡nature seeds

appears to have little effect on the phytate in dry or

dormant seeds. Under conditions of elevated terîperature and

noisture (eg. storage conditions) activity seens to increase

but further increases in temperature and moisture (eg. steam

pelleting) tend to decrease or completely inactivate the

enzyne. Intestinal phytase does not seen to play a part in
phytate hydroLysis in poul t ry .

Several researchers have investigated the PP contenL (t

of TP) in ingredients of plant origin. Nelson et aI . (L968)

reported on corn, r,rheat, barley and soybean neal . OrDel1 et

al . (1972) presented data for wheat and corn and Lolas et

a1. (1976) reported on several varieties of trheat, barley

and soybean meal . ln summary these reports indicaÈed Lhat

the PP content as a t of TP ranges from 62 to 808 in wheat;

66 to 84t in corni 56 to 708 in barley and 51 to 58* in
soybean meal , these being hhe major ingredients in Iayer

feeds.

Since PP is a substantial conponent of the TP, much

research has been done to deternine the actual- utilizaÈion
of PP by poultry. Nel son (1967) in hj.s review suggested

that most scientists used the rule of thunb that 1,/3 of P in
planL naterial was IP ând available to nonogastric animals.

This was based on the 1960 NRC recomrnendation by the

Committee on Animal Nutrition that approximately 30å of
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plant P could be considered available. Ilowever Nelson

(1967) reported wide disagreenent between investigators on

the ability of poultry to utiLize PP. The discrepancies

v¡ere nainly due Lo factors such as source of PP, criteria of

response neasured, age of poultry, dietary calcium levelst

dietary vitanin D levels' etc. The authorrs conclusions

were as follows: a) in order to be utilized' PP nust be

hydrolyzed to yield rp; b) the chick absorbs and utilizes
dietary P without regard to its organic or inorganic origin;

c) young birds have a Iimited ability to hydrolyze PP,

however this ability increases wì.th age up to naturity; d)

Ca at the lêvels required by poulLry has an adverse effect

on the utilization of PP; e) vita¡nin D3 probably enhances

the utilization of PP by animals to a linited extent; f)

phytase enzyne' present in certain feed ingredients and

possibly secreted by the intestine, hydrolyzes PP !o a form

that can be utilized; and g) the NAS-NRC reco¡nmendation that

30t of the plant TP is available Èo aninals can usually be

applied to a mixture of ingredients but not to individual

ingredients.

B- tttilization and Retention of Phvtin P by Laving Eens

Many studies have been carried out in an effort to

deter¡nine the util iz ation and retention of PP by laying

hens. A review of the factors affecting P availability to

Iaying hens was published by Peeler (1972) . The factors
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s,hich affect utilization of P are as follows: type of diet

fed, chernical form of P' ca:P ratio' age of bird, dietary

fat and energy leveIs' plane of nutrition, environment'

hornones, disease, parasites, protein 1evels, trace elenent

levels, interacÈions with other minerals and nutrient
chelating agents, physicâl nature of the P source and other

feedstuffs in the diet (especially particle size) and feed

processing. Peeler reported P availabilities ranging f rorn

0-808 when using mortaliÈy, egg production and bone ¡nineral

changes as response criteria. He also suggested that the

biological avaitability of PP depended on the dietary Ca

level , leveI of egg production and management conditions.

Nott et al . (1967) suggested t,hat t recovery of

ingested PP in the droppings of layers was 61, 84, 94 and

958 when fed diets with 1.5, 2.5, 3.5 and 4.5S ca

respectively. They concluded thaÈ when the hens were fed

1ev el s of Ca whi ch were adequate for opt j.num shell
calcification they were unable to uÈi1ize any of their
dietary PP. The authors proposed that the P requirements of

poultry should be expressed as non-phytin P (NPP) (available

phosphorous).

Low 1evels of PP utilization r,/ere also reported by

Nelson (797 6) using the chromic oxide conparative balance

¡nethod to deternine lhe a¡nount of natural PP hydrolyzed by

laying hens (Single-Comb white Leghorns 6 months in lay) .

The two experinental diets vtere corn-soy (.217tPP) and
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corn-wheat-soy (.322sPP) v¿here wheat repl aced I/2 of the

corn. Hydrolysis of PP was 88 and 13t for lhe corn and

wheat-corn diets respectively' with hens showing little
irnprovement over chicks in their ability to hydrolyze

phytate in corn diets. These rates are at the low end of

the scale presented by Peel-er (1972) possibly due to the

variety of wheat,/corn or a ¡nore acid pH in the intestine
\,rhich could reduce phytase activity. In vitro hydrolysis of

phytate did suggest the presence of phytase in both !¡heat

and corn with wheat having the greatest activity.
Much higher availabilities of PP were reported by Das

and Netke (1979) using basal corn-groundnut diets containing

.53t TP (.1558 PP and .3762 NPP). Two ÈriaIs were

conducted, one using variable 1eveIs of supplementaL

dicalciu¡n phosphate and the other conparing dical ciun

phosphate to r ar,i rock phosphâte suppl e¡nentat i on . Results of

the first trial indicated PP retentions of 56.1 to 65.18 and

NPP retentions of 23.0 to 39.68. In the second trial PP

retentions were 47.6 to 61 .58 and NPP retentions were 11 .3

to 30.48. The PP retentions are higher than the 308

suggested by NAS-NRC (1960) possibly due to the variety of

¡naize and groundnut used. The 1ow availability of ìlPP

(lower than pp) could be due to the fact that the level of

TP used was above the required leve1 .

Retention of plant P has been investigated in a balance

trial by Choi et al . (1979) studying the P excretion pattern
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a basal. corn-soy diet of .38 TP aII from plant sources.

control birds had an average daily intake of 302.6ng TP and

an average daily excretion of 278.3m9 TP for a 24-hour

retention of 24.3m9. If an egg contains l36mg TP then the

hens had to withdraw more t.han 100m9 TP fron their body

reserves on those days when an egg was laid. Excretion of P

(t) increased with time following oviposition' and was 93.38

over the 24-hour period. During the first four hours after

oviposition, eggshell deposition is negligible and active

redeposition of bone minerals is occurring. Thus serun P is

at its lowest level , hens are physiologically in maxinum

need of P and endogenous excretion of P should be at its
ninimum. These researchers found an apparent digestibility
value of 28.44 f.or the plant P over Èhese first four hours

post-oviposition which is not an unreasonable 1evel . As

shell calcification progressedr (4-8, 8-I2r 12-24 hours

post,-oviposition) I P excretion $¡as 82.4, 93.2r and 104.0s

respectively. These results reflect the fact that shell
calcification occurs more actively during lhe period of 4-24

hours post-oviposition resulting in increasing endogenous P

excretion. These researchers concluded t,hat the maximun

apparent digestibility of the dietary plant P (corn-soy) was

28.9t during the first four hours post-oviposition \.¡hen the

endogenous excretion of P was theoretically minimized, and

that hens had to withdraw approxinately 100m9 of TP from
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their body reserves to produce an egg when .38 TP was in the

diet.
Phosphorous balance studies have also been carried out

in an effort to determine P utilization. Mikaelian and SeIl

(1980) fed hens one of four dietary treatnents (.39r .49,

.59, and .69t TP). Hens consumed an average of 325, 384'

481 and 579 ng TP daily and excreted an average ot. 284, 361,

415, and 5I9 mg TP daily for absolute daily retentions of

4]- t 23r 66 and 60 ng TP (excluding the TP deposited in laid
eggs) for the four dietary treatnenÈs respectively over a

period of six days. When the P content of the eggs was

included the hens were in a daily negative TP balance of 84,

100, 60 and 66 mg for the four treâtments respectively.

From the sane laboratory, Scheideler and SeI1 (1986)

reported a balance trial of hens fed one of three dj.etary

treat¡nents : .6 4ETP fed continuous i .56 , .49 , .3 9 * TP and

.64, .54, .44t TP fed in phases of 12, 16, and 20 weeks

each. Total P retentions were ¡neasured at 34t 42t 50t 62,

and 72 r.¡eeks of age (excluding egg TP content) . The average

retentions v¡ere 135 ' 149, and 157mg .IP/h/d for the three

treatnents. ceneralfy the hens were in a negative P balance

at vreeks 42, 62 and 72 but in a positive P balance at vreeks

34 and 50 when considering an estinate of 100 mg TP in the

eggs.

C. Availabilitv of PP from Canola üeal and Sovbean t{eal for
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Poultrv

Canol a meal is a readily avai L abl e, inexpensive

(relative to SBM) protein source used throughout western

Canada in poultry diets. Canola Meal has a considerably

higher P content than sBM (1 .25 vs. .878) but also higher

fiber (12.0 vs. 6.5t) and phyÈic acid (1.92 vs. 0.85t)

levels. Consequently a higher percentage of the P exists as

PP (.54 vs. .24*) (Nwokolo and Bragg' 1977\ . These authors

also demonstrated a significant inverse relationship between

P availability and crude fiber (r= -0.91) or phytic acid (¡=

-0.93) content of feed ingredients (pa1m kernel' soybeanr

cottonseed and rapeseed meals). Research has thus been

carried out to deÈermine the availability of this PP.

Nwokolo et aL. (1976) ¡ using f our-r,¡eek-01d broiler
chicks, determined the P availability of rapeseed meal (RSM)

(1.25t P) and sBM (.87tP) to be 74.8 and 89.38 respectively.

This was calculated as: TPI-(IFPE-EFPE) XlOO
TPI

where TPI = total P intake; ITPE = ingredient fecal P

excretedi and ETPE = endogenous fecal P excreted (purified

diet excreta) . Thus calculated AP LeveLs for RSM and sBM

v¡ere .94 and .788 respectively. This relatively high P

avaitability was supported by the findings of Nwokolo and

Bragg (1980) testing seven samples of RSM from three

different cultivars of rapeseed on three-week o1d broiler
chicks. Total P content averaged I.222 (I .2 ' 1.25t) with P
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availabiJ.ity averaging 75.38 (65.0-81 .03) giving a

calcuLated AP level of .924 ( .78 - I.01t) in RSM.

Similar P avail.abilities were reported by Guenter and

I^iarcl (1986) feeding cM (1.168P), SBM (.8tP) or a 50,/50 blend

of CM and SBM (.91tP) to four-week-o1d broilers.
Phosphorous availabilities ruere determined to be 67.7, 84.9,

and 74.98 respectively with calculated AP Levels of .79,

.68. and .68? respectively. In a further trial these

authors fed broilers a wheat-soy diet (.7t AP) with CM and

fishmeal substituting 0t 33, 67, and 100t of the SBM.

During the second weekr P retentions, (rneasured as:

TPI - TEP x 100 ' where TPI = total P intake; and
TPI TEP = total excreta P),

were 53.2, 52.1' 55.6 and 42.68 respectively for the four

diets (average 50.9t) r¡hile during the thj.rd week the P

retentions were 45 .4 ' 46 .6, 43 .4 and 37.08 respectively
(average of 43.1t). The P retention calculation does not

account for endogenous P excretion so the endogenous portion

of the excreta P is assumed not to be retained resulting in
lower retention values relative to the calculated
availability val ues where the endogenous portion of the

excreta P is assuned Èo have been available. These authors

concLuded that the mineral availability in cM generâ1ly is

lovrer than in SBM' probably due to the higher levels of

fiber and/or phytate, and that rnineral retention in broilers

was signif icantJ.y reduced when CM was fed at a level above
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208 in the diet.
March (1987) studied growth and bone mineral ization in

I,¡hite Leghorn chicks fed diets containing 30å cM

supplemented with di ff er ent leveIs of IP. Bone

rnineralization was poor in Ehe chicks fed the diet
containing only .0298 of IP and increasing the IP supplenent

to .2958 of the diet resulted in ¡naximu¡n mineralization. It
was thus concluded that CM, fed at levels up bo 30t in the

diet of white Leghorn chicks' will allow normal bone

mineralization when the diet is supple¡nented with 0.38 of

IP.

The presented availability data indicate thaÈ:

a) the availabiliLy of P from cM is higher than

traditionally thought, and is marginalty 1o!¡er than

that of SBM.

b) if it holds true that mature layers can better

utiLize PP than can chicks, then one would expect PP

to be even more available than the 65 - 818 reported

here since three- to four-v¡eek-old chicks were used

in these tr ial s.

c) CM, in spite of its high crude fiber and phyLic acid

1evels, is potentially a better source of P for
pouLtry t.han sBM due to its high TP content and

relaÈively high PP availability resulting in AP

1eve1s higher than sB M.
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D. Summarv

Much of the plant P (50-608 of wheat' barley' corn or

soybean meal P) is present as PP. This Phytate must be

hydrolyzed by phytase enzyme (present in feed ingredients or

derived from intestinaL microflora) to yield myo-inositol
and ortho-phosphoric acid or its salts before the P can be

utilized. Utilization of PP by laying hens varies greatly

between experinents (0-808). In general' balance trials
have indicated negative P balances but there are so many

variables affecting utilization of PP by layers thaÈ it is

difficult to deternine exactly r,¡hat leve1 of dietary P is
required to ¡naintain optimu¡n production and egg quality.

v. Experinental Obj ectives

Because of the inconsistency of results pubtishéd in
the past regarding dietary P requirenent for layers and

because nost studies \.¡ere conducted with corn-soy or wheat-

soy diets, the objectives for the current study were as

f oll ows :

1. To deterrnine the effect of low level supplementation

dicalciu¡n phosphate in wheat-soy and wheat-canola diets
production.

2. To deternine the effect of 1ow dietary P feeding on

P bâlance and P status of laying hens throughout a 9-month

production trial .

3. To determine the performance of laying hens fed a

of

on



wheat-barLey based

neal or canola meal
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diet supplemented with either soybean

as protein source.



IIÀTERIÀLS AND IIBTEODS

I. General Experimental Information

A. Eousing Conditions

Three hundred and twenty com¡nercial SingJ.e Comb White

Leghorn layers (Shaver 288) were housed in 2-tier wire cages

(40.6 x 40.6 cm) in an environmentally controlled layer barn

at the experimental poultry facilities' Departnent of Animal

Science, Faculty of Agriculture' University of Mani.toba.

The birds r¡ere randomly distributed on 2 tiers of cages at a

stocking density of 4 birds,/cage, 2 cages/rePlicate aLlowing

each bird 413 cm2 of ftoor spâce. The cages were equipped

with a wide mouth trough feeder and I Hart cup,/2 cages.

Feed and water were provided ad libiÈum. Barn cenperatures

were maintained at 18-20oC and the lighting progran was 15h

of conLinuous light,/day followed by th of dârkness.

The pullets were housed in the layer barn at 20 \,reeks

of age. Until L week before the initiation of the trial the

hens were fed a standard layer diet (Table 7) . One week

before t,he start of the trial hens were f ed 1 of 4



Pre-Tesf Experinenta.L Diets
TnpÌ,edi ênt- I-âver Dlet lj1 t¡2 #? ll]l

l,lheat
BarIey
soybean MeaI

(\7 1/21)
Canola Meal
AL pha-CeI
ALfaJ.fa
Calclun Carbonate
Oystershell.
Poultry Crit
Bfophos
TaI1ow
Sunflower 0i1
vitanln Prenlxl
MlneraJ. Prenlx2

69:;

tt:1

1.0
4.3
2.0

1.7
1.7

1.0
.5

100.0

45.0 45.0 45.0 45.0
19.4 19.2 16.9 16.7

17 .6

1.0
)^
6.0
t:3

1.0
1.0

E

17 .6

1.0
2.0
5.7
3.0

,5
3.5
1.0
1.0

.5

1.1 1.1
20.0 20.0

2.0 2.0
6.0 5.7
3.0 3.0

-:
3.5 3 .5
1.0 1.0
1.0 1 .0

100.0 100.0 100.0 100.0

1 Vltauln Prenlx supplÍed che followlng per kg of diet: Vi-banln
A, 8250 lu; V1!a!01n Dq, 1000 iu; VitaEln E, 5.46 iu; vitalûln
812, 11.2 ug; Niacin,- 6.6 ng; Cal clun Panbolhenate' 4.4 ng;
Rlboflavfn, 2,2 úe; Choline Chlorlde, 110 Dg; Methlonlne' 490
¡r¡g,

2 Mlneral Prenix supplted bhe following per kg of diet:
l,langanese, 104 Eg; zlac,37 Eg; Sodluu' I.9 g; chlorldet 2,9 8.
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experimental diets (TabIe 7) to get them accustoned to the

f eed. These di ets were randornly as s i gned to each

experinental unit (10 repLicates /Lreatment, I
birds,/replicate) . At 27 weeks of age the t,rial started with

production and performance data being gathered. Hens !¡ere

kept on trial over 9 28-day periods until 63 weeks of age.

c. Ef,perinental Procedures

1. Dietary Treatment PreEaration. The 4 experinental diets

(Table 7) were f or¡nulated to be baLanced as closely as

possible for energy' protein' fiber' caLciu¡n and linoleic
acid using ingredient nutrient content published by Scott et

al .r 1982. However 2000 kcal,/kg was used as an energy value

for CI'l. The differences vrere in terms of P conÈent and

protej.n source. calculated and determined val ues for
energy, protein' fiber, calcium' phosphorous, and linoleic
acid of each diet are presented in Table 8.

Feed was mixed in a verLical screw-type ¡nixer (550k9

capacity) on 7 occasions. Each time (except once) the order

of nixing was diet #1' #3r *4 and #2 to avoid any possible

cross-contaminâtion of control diets vlth biophos. All
ingredients v¡ere carefully weighed out and added in the

order in which they are listed in TabÌe 7. After 5-10

ninutes of mixing a sanple was drawn of each individuâl diet

and kept for analysis.



Table L CaJ.culated Nutri-ent Content and Ch€rlcal Analysls of

Pre-Test
#l¡J¡?!12

r.n1 (wzke)
Proteln (f )
Frber (f)
TotaL Cal ciun (l)
TotaL P (f )
Avallable P2 (f)
Llnolelc Acld (l)

11.75 11.73
16.2 16,2
4.6 4.6
3 .53 3 .52
.36 .46
.1 I .28

1.08 1 .08

11.39 11 .37
16.0 16.0
4.7 4.7
3.62 3.61
.\7 .5I
,2\ .34

1.06 1.06

10.3I
16.?
4.9
2.7I

.73

.54

.71

1¡æ = Metabollzable Enerry2 Cal. culaüed on the bàsls of 501 oî planb P + 100f of
supplenental P

Chefii..-â'l Ânâl vsl s
Pre-Test Experlnental Dlets

t¡1 lI2 #? #¡r

Protein (f )
rolal CaJ.ciun (f )
Total P (Í)

16.7 16,2 16.9 17 .3
3.50 3.36 3.46 3.38
.40 .50 .53 .63

16.1
2,86

.80
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Eggs

r,/ere gathered by hand twice daily (10:30am and 3:30pn) and

recorded for each replicate. All cracked and shell-less

eggs \,¿ere recorded as they occurred.

Feed nas weighed into the feeders Lvice per week and

weighed back at the close of each of the 9 peri.ods. The

feeders \,/ere not overfilled so as to minimize feed wastage.

Feed efficiency (g f eedr/g eggs) wâs calculated for each

replicate for each 28-day period.

Individual live body weights were recorded and averaged

for each replicate at the start (Period 1) r midpoint (Period

5)r and end (Period 9) of the Èrial .

AI1 mortalities were recorded as they occurred and the

birds weighed. Dead birds were submitted for autopsy to a

poultry pathologist at the Provincial Veterinary Laboratory'

Manitoba Departnent of Agriculture.

3. Egg Oualitv Procedures. EgS quality was measured on 6

occasions. These \,¡ere at the start of the trial (Period 1)

and at the end of the trial (Period 9), as well as on days 6

and 7 of periods 2t 4,6, and 8. Eggs were tested over a

period of 2 days at each sanpling tine. Each day a maximum

of 5 eggs/ replicate $râs collected for analysis. If more

than 5 eggs,/replicâte rvere laid on l day then the first 5

sound eggs v¡ere used. If less than 5 sound eggs were
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available then either more than 5 r,¡ere used on the second

day to nake up the balance of 10 or analysis was conpleted

on only those sound eggs available.

Upon collection eggs were identified by replicate and

number and three measure¡nents v¡ere recorded for shelI
elasticity ( def o rmaÈi on ) using a Marius Defornation
Apparatus (Marius Instrunentation, Utrecht, Netherlands) .

Eggs were t.hen stored in the cooler overnight and aJ.lo!¡ed to
warn Èo roon tenperature the next day before being weighed

individually using a MettLer PL1200 electronic balance
(Mettler Instrunent Corporation, New Jersey, U.S.A.).
Following this the eggs were broken open with aLbunen height
(mm) being neasured using an Anes-5-6428 ¡nicro¡neter . dial
gauge (8.C. Ames Conpany, Massachusetts, U.S.A.) . À1I neat

and blood spots noticed were recorded but due to the low

incidence, no statisÈical analysis was done. One-hal f of

each shell was washed and air dried before recording she1l

and membrane thickness. The dried sheIls were broken by

hand into s¡naller pieces with rneasurements being taken on

three pieces using an Ames-No.25E nicrometer (8.C. Antes

company, Massachusetts, U. s.À. ) .

For aIL the eggs in each replicate measured over the

two days, the egg lrej.ghts and albumen heights were averaged

out with those averages being used to calculate Haugh UniLs.

Averages r¡ere also calculated for sheLl elasticity and shell
and membrane thickness.
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Total egg !¡eights (per replicate) were recorded on

three consecutive days (days l3-15) of each production

period. The average eqg weight was rnultiplied by the total
number of eggs produced per period to calculate total egg

nass per period per replicate.

D. Tibia collection and Preparation Procedures

Tibia sarnples were taken at the start of the trial
(period 1) from all Èen birds on the initial balance trial
(IBT) and at the end of the trial (period 9) from aL1 20

birds on the final balance trial (FBT) . Birds vrere

sacrificed by cervical dislocation after having been weighed

live. The left tibia was removed and scraped cfean of aII

adhering Èissue and fibula. The clean tibias v¡ere then

stored frozen until further analysis.

II. Balance Trial Procedures

Three balance trials each lasting seven days were

conducted three tines over the course of the experiment.

The initial (pre-Èrial) balance trial (period 1r 26 \deeks of

age) invoLved ten birds individually caged and fed the

standard pre-test layer diet one week prior to the start of

the experiment. The nidway (period 5r 46 weeks of age)

balance trial and the final (period 9, 62 weeks of age)

balance triaL each involved f ive hens randomly selected from

each treaLment and individuatly caged. Each balance trial
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eas initiated at 14:00 hours after oviposition wiLh birds

having been fasted for 24 hours.

Each bird lTas supplied with 150 g of its respective

diet on day one, Residual feed was weighed back every day

at 14:00 hours and a new lot of 150 g was supplied.

FecaI collection trays covered v¡ith waxed paPer were

used to collect feces daily over 24 hour periods. The daily

24-hour fecal collections for individual birds were weighedr

placed in polyethylene sanple bags and stored frozen (-4oC)

until further analysis could be done.

À11 eggs laid during the balance Crials were recorded

and saved for analysis. Each egg was weighed and separâted

ínto white + yolk and shell + membranes. Contents. vrere

placed in polyethylene sample bags and stored frozen (-4oC)

for further analysis whereas the shei.l with ¡nembrane was air
dried overnight, ground inÈo a fine powder using morÈar and

pestle and stored in plastic vials for further analysis.
Weights were recorded for separate components for each egg

(Mettler PL]200 electronic balance' Mettler Instrunentation

Corporation, Nev, Jersey, U.S.A.) .

Birds were weighed individually at the start and end of

each balance trial . Upon completion of Lhe IBT and FBT all
bi¡ds were sacrificed by cervical dislocation, aL1 feathers

were removed and Left tibias were excised and processed as

previously described. The remaining carcass was frozen

until further processing and analysis.
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Before each balance trial a portion of each diet
(enough to Last through the Lrial) v¡as thoroughly mixed to

ensure uniformity within each diet. A sample was taken of

each dietary treatnenL for further analysis.

f.al¡.rrlaùinnc

À. Introduction

Al1 laboratory analysis was done by standard A.o.A.C.

(1975) methods r./ith the onfy modification being the use of

wet-ashing technique (Thompson and Blanchflower' 1971) as

opposed to dry-ashing for sorne materials in preparation for

Ca ând P analysis. This wet-ashing technique had the

advantage of being quick' accurate and allowing for the

testing of a large number of sanples simultaneously.

samples $¡ere analyzed in duplicate with the results being

averaged. In all cases practice sanples were used previous

Lo analysis on the actual experinental sanples to ensure the

procedure was accurate and consistent.

B. SamDle PreDaration

1. Feed. Each time feed was mixed a sample v'¡as taken of

each of the four diets. For nutrient analysis an equal

amount (by weight) of each diet sample !¡as taken and mixed

to provide one homogeneous sample for each of the four
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diets. The feed was ground to a fine consistency through a

stainless steel grinder (I{i1ey Models 2 and 3, Arthur H.

Thonas Co., Phifadelphia' U.s.A.) using a 2nm screen. Dry

natter analysis was performed according to A.O.A.C. section

7.003.

2. Excreta. Frozen excreta samples were lyophilized for a

period of 70-100 hours for dry matter deternination. The

two freeze-dryers used were a Virtis Freeze-Dryer Model 10-

145LP-I'lR (The Virtis Conpany Inc. ' New York' U.S.A.) and a

Labconco nvac-Stopn Tray Dryer Model 75150 with a Labconco

18 Litre Freeze-Dryer Model 75015 (Labconco Corporation,

Missouri, U.S.A.). These drÍed sanples were then ground

using a glass beaker and stainless steel spatula after which

they were finety ground through a stainless steel grinder

using a .7mn scr een .

To conpare P balance bet!¡een days when hens laid an egg

(ED) and days when hens did not Iay an egg (NED) it \'¿as

necessary to analyze Èhe excreta samples separately.

Excreta samples were composited for ED and NED for each hen

on the balance trials. The samples were mixed thoroughly by

hand in a glass beaker using a stainless steel spatula.

3. Eggs.

. The frozen egg contents of each egg

laid in the balance period were lyophilized for a period of
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24 hours for dry natter deternination.

All Iyophilized egg contents for each hen were then

composited and mixed until homogeneous as described for the

excreta sanples. Due to the fine composition of the freeze-

dried egg con t ent s the samples were not g r ound but

thoroughly mixed.

b. Eog Shells. All egg shelL + me¡nbrane samples for
each hen in the balance trials were then conposited and

thoroughly nixed before being further analyzed.

¡l . Carcasses. The frozen carcasses (minus feathers and left
tibias) were cut into small cubes using a Hobart Meat Saw

Model 5012 (Hobart Manufacturing Co. tÈd.' Toronto' ON,

Canada) and these cubes were fed through a Hobart Meat

Grinder Model 4200 (Hobart Manufacturing Co. Ltd., Toionto,

ON, Canada) and nixed by hand. The grinding procedure was

repeated four ti¡nes following which a conposite sample

(approximately 1709) of each carcass was stored frozen in a

polyethylene sample bag for further analysis.

Dry natter was determined by lyophilizing t.he samples

for a period of 70-L00 hours. After lyophilization each

sample was again thoroughly mixed using a glass beaker and

stâinless steel spatula Èo ensure uniformity of the sample.

The fat content of each dry carcass sample was removed

by ether extraction (Goldfish Apparâtus) by the nethod of

A.O.Ä.C. section 7.045 for a period of six hours giving dry,
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fat-f ree carcass samples.

5" Tibias. The f rozen tibias were autoclaved for 15

ninutes, cooled and stripped of adhering tissue. They were

then dried in a sÈean cabinet for 30 hours.

The dry tibias were cut in half with a stainLess steel

saw to expose the narrow and ensure more rapid and complete

fat extraction. Fat was extracted with hexane by the

À.O.4.C. method section 7.045 for 24 hours. The fat-
extracted tibias were then dried in a steam cabinet for 24

hours to evaporate all the hexane giving dry' fat-free
tibias for further ânalysis.

C. chenical Ànalvsis

1. Protein. Feed was analyzed for protein by the Kj eldahl

method as outlined by A.o.À.c. sections 2.047'2.049. Each

sample was tested twice in duplicaËe giving four values

which were averaged out to give the final protein leve1 .

2. Ash. The ash content of the composited feed sanples was

deÈermined by A.O.A.C. nethod in section 7.010. This sane

procedure was used to determine the ash content of the

co¡nposited egg shel1s' dry, fat-free carcass sanples (550oC

for 6 hours) and dry, fat-free bibias.
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3. Calciun. Feed Ca content was determined according to

A.O.A.C. sections 7.077-7.085 using the wet-ashing technique

nodified by Thonpson and Blanchflower (1971) . This

procedure was successfully tested out using an orchard leaf

standard (Standard Reference Material 1571, National Bureau

of Standards, U.s. Departnent of Commerce, washington, D.c.,

.Tan. 28, 1971) prior to being used for the feed sanples.

¡l . Phosphorous

a. wet-Ashing Technique. The P content of feed and

eggshells was deter¡nined by the standard colorimetric method

outlined in A.O.A.C. sections 2.019-2.025 follo\,ring wet-

ashing by the procedures of Thonpson and Blanchflower
(1971) . This procedure was previously successfully tried
out on orchard leaf standard and bovine liver standard

( standard Reference Mâter ial I5'17 a, Nati onal Bur eau of

Standards, U.S. Departnent of Connerce' washington¡ Ð.C.¡

June 15' L982).

b. Dry-Àshing Technique. The P contenL of each of the

composited ED and NED excreta sanples ¡ eg9 contents'
carcasses and tibias was determined by the standard

colori¡netric nethod outlined in A.O.A.C. sections 2.019-

2.025 foll-owing dry-ashing (for carcass ând tibiâ dry-ashing

see section llt C, 2l . Dry-ashing v¿as used on the excreta

and egg contents after a single sample of .each was tested

seven tines by each of a dry-ashing procedure and two wet-

ashing procedures. The dry-ashing procedure provided the
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most consistent results.

w. statistical Analvsis

All non-balance trial data were subjected to ttto-way

analysis of variance using the statistical Ànalysis system

(sAS, 1982) for conputer processing of the data in order to

determine the main and interaction effects of dietary P

supplenentation and protein source. where tr eatments

differed signj-ficantly they were conpared by Tukeyrs test
(sAs, 1982) .

All batance trial data \,¿as tesLed for nain effects and

interactions using the general linear models procedure (sAs'

1982).
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RESIILTS

I. Performance of taving Eens fed Diets Containing-

fwô prôfein srrurcês sith ôr siÈhrrut

supplenental P for 9 28-Day Periods

Overall averages of various production and performance

paraneters were analyzed by analysis of variance (ANOVA) to

determine the effects of treatnent, protein source' P

supplementation LeveL and protein by P interactions. To

evaluate these effects for specific time periods sone of the

data were pooled in three groups of 84-day (3 x 28 days)

periods for analysis.

À. Een-Day Egg Production, Dailv Feed Consumption and Feed

Efficienqt- Data

Mean hen-day egg production data are reported in Table

9. The values are listed as t hen-day egg production

determined by the following formula: * eggs laid + *hen-

days x 100. Mean feed consumption data are presented in
Tabte 10 as g/hen/day. Table 11 shows ¡nean feed efficiency
data as g teed/g egg determined by the foLlowing formula:

feed consumed (S) + [# eggs taid x mean egg weight (S)].
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Table 9. Mean Hen-Dav Egg ProducUion (ß) of Hens Fed 2 Proteln
sources Wilh or Hithout Supplenental P over 9 2 8-Day
Periods.

Diets
Proteln supp].

# Source P (l\ 1-? 4-6
Periods

1-9

Treatnen¿s
1SM0
2 SM 0.1
3CM0
4 cM 0.1

Protein Source
SM
CM

Phosphorous Level
0
0.1

Proteln X P Level

NS1

92.\¡j 312
93.4r4.17
93.5+2.28
92.3t_2.76

NS

92.9u.70
92.9L2.55

NS

93 .0r2. 83
92 .813 .49

NS

NS
85. 816 .02
86 . o!¡ .96
86 .0r5 .3 5
88, 4+2 . 84

NS
85.9i:6 . 87
87 .2.-4.35

NS
85 .9r5 ' ¡4
87.2+5.95

NS

NS

77.3ú.77
78.2Ð.26
74.4+8.73
81 .4+5.76

NS

7?.7!8.33
77 .9r8.04

NS

75.9r8. 1 8

79.8!7.69

NS

NS
85.1r4.46
85 .814 .25
84.514.95
87.413.07

NS
85 .414 .25
85.9:4 .26

NS
84.814.60
86.6$.70

NS

1 Ns = Not Sienlficant (P>.10)
2 Mean * s¿andard Devfatlon.
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TabIe 10. Mean Daily Feed ConsunÞbion (E/hen) of Hens Fed 2

Protefn SuppI.
# sôrrrêê P ll) 7-q 1-q

TreatEents
1SM0
2 SM 0.1
3CM0
4 cM 0.1

Proteln Source
SM
CM

Phosphoroua Level
0
0.1

Profeln X P Level

N S,I NS
ttr.nO.tt, 112,8!5.55
110.416.10 109.418.89
110.213.88 110.014.02
110.216.04 111.5r5.74

NS NS
111.27¿5.02 111.11l.41
110.214.94 110.814.88

NS NS

110.0$.86 111.414.92
110.3+5.91 110.5{I.36

NSNS

NS
111,414.27
108.9r5.55
1 08. 811¡ .76
112.7!8.63

NS
110,1+1t.95
110.7t8.24

NS
110.116.25
1 1o .8!¡ .29

NS

NS
112.11_\ .17
109 .615 .7 6
1 09. 614 .7 0
111.5r5.68

NS
1 09. 91jr . 05
110.615.17

NS
110.9t4.50
1 1 0.6+5 .6 5

NS

1 Ns = NoL signlflcant (P>.10)
¿ Mean + Standard Deviation.
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Table 11. Mean Feed Efficiency (e Feed/g EeA) of Hens Fed 2

Dlefs
Proteln Suppl. Perlods

# Source P (f) 1-3 4-6 7-9 1-9

NS'I NS NS NS

o ?.12+,0612 2.18+.151 2,29t,261 2.2o+.107
0.1 2.09!,121 2.13i.095 2.27+.245 ?.19+,152
0 2.12+.061 2.161,121 2.f!+.249 2.241.159
0.1 2.111.106 2.111.080 2.222,086 2.15+.074

Treatnents
1SM
2SM
3CM
4cM
Proteln Source

SM
CM

NS
2.10r.095
2. 1 2+.0 84

Phoaphorous Level NS

0 2,122,059
0.1 2.10!,112

Pr'ôtein X P LeveL Ns

NS NS NS

2.151.126 2.28+.247 2.2Q+ '128
2.13!. 103 2.30!.203 ?.20y.129

NS NS NS

2.17t,13\ 2.3\y.?54 2,22+,133
2.12+,086 2.2\1.181 2.17 +.119

NS NS NS

1 NS = Not Slgnlflcant (P>.lo)
2 Mean * standard Devlatlon.
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For these three productÍon parameters ther e were no

significant differences anong treatnentsi between protein

sources or between supplemental P 1eve1s as well as no

significant protein by P interactions. This held true for

all trinesters and the overaLl average in each case. The

mean square (MS) values for hen-day egg production, daily

feed consumption and feed efficiency are given in Appendix

Tab1e A1 .

B. Eqq OuaIitY l,leasures

AII cracked and shel1-less eggs produced over the

course of the trial were recorded and those numbers were

converted to a percentage of the total egg production. The

resultant dâla are reported in Table 12. There were no

significant differences anong treatnentsi between protein

sources or between supplenental P leveIs as well as no

significant protein by P interactions. In the final
trinester (periods 7-9) there was a trend towards a protein

by P interaction (P=.09) . Phosphorous supplementation of

the SBM diet resulted in a slight increase in the incidence

of crâcked and shell-less eggs whiLe in the CM diet the P

supplementation decreased the incidence of cracked and

she1l-Less eggs considerably. The corresponding Ms values

are presented in Appendix Table 42.

Mean egg v¿eight data are shovTn in Table 13. Over the

first trimester (periods l-3) there were trends towards
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Protein Suppl.
l¡ sôrrFôê P lE) l¡ -6 7-q 1-q

Treatnents
1SM0
2 SM 0.1
3CM0
4 cM 0.1

Proteln Source
SM
CM

Phosphorous L eve]
0
0.1

Pro¿ein X P Level

Ns1 Ns
.32y.2\92 ,72+,678
.35!.459 ,\01.275
,32+,\59 .63r.395
.53!.775 .461.490

NS NS
.34+.359 .56r.530
.41+.569 .541.442

NS NS
.32r.240 .67t_.54¿
.44r-.6ã1 .43r.388

NS NS
.84+,865 .59+.461
.8711.059 .521 341

1.39r.674 ,70t-.250
.5\1- 562 .51!.530

NS NS
.86r.94t .56+.196
.97!.746 .611.414

NS NS
1 . 1 21. 807 .64r.E00
.71r.84a .52+.434

NSNSNS

1 NS = Not Signfficant (P>,10); X P<.10.
2 Mean I Standard Devletlon.
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Pro¿e1n SuppI.

# Source P ll) 1-? 4-6
Pe¡i ods

7-9 1-9

Treatnents
1SM0
2 SBM 0.1
3CM0
4 cM 0.1

Protefn Source
SM
CM

Phosphorous Level
0
0.1

Proleln X P Level

I
57.2t-2.11
56.7i1 .39
55.611.35
56.6t_1 .57

56.9!1 .30
56.1!1 .52

N52
56 .411 .50
56.6¿1 .44

x

NS
60.7{.52
59,9+1 .09
59.6t-1 ,26
59.9l.1.85

NS
60.311 .35
59.Tú.55

NS
60.1+1 ,48
59.9t1 .48

NS

rx
63.6{ .36a1 60.5{.22
62.011 .28a,b 59.9!1 .31
61.6!.58b 58.9r0.99
62.5r1 .41 a, b 59,7!1 .50

NSX
62.8! .53 60.011 . 1 9
62.1ú.53 59.3t1 .43

NS NS
6?.6ú.74 59.7!.\7
62.211 .3\ 59.6ú.2\

tr I

1 Mean * Slandard Deviatlon havlng dlfferent postscrlp¿s are
slgnlfj.cantly different.

2 Ns = Nol signlficant (P>.10); x P<.10; r P<,05; ri P<.01.
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significant treatment differences (n=.09)' significant
protein source differences (e=.07) and a significant protein

by P interaction 1n=.08) . Phosphorous supplementation of

the SBM di.et tended to decrease egg weights whereas in the

cM diet it tended to increase egg weights. Through the

second trimester (periods 4-6) there were no signj.ficant

differences among treatments, between protein sources or

between supplemental P 1eve1s as !¡el1 as no significant
protein by P interaction.

In the thi rd trimester (periods 7-9) there was a

significant treatment effect (P<.05) and a significant
protein by P interaction (P<.01). Ðiet 1 yielded
signif i can tIy 1ar ge r e99 s than dieL 3. Phosphorous

supplementation of the sBM diet decreased egg vreights

whereas in the cM diet it increased egg weights.

Over the entire trial (periods 1-9) there v¡ere trends

towards significant treatment differences (P=.07) and

significant protein differences (P=.09) . There was a

significant protein by phosphorous interaction (P<.05) where

P supplenentation of the sBM diet decreased egg weights

whereas in CM diet it increased egg weights. Egg weight MS

values are given in Appendix Table À2.

Eggshell elasticity, eggshell thickness and Haugh Unit

data are reported in Table 14. For these three selected egg

quality measures there were no significant differences among

treatments, betsreen protein sources or between supplenental
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Table 14. Mean Values for selected Egg Qualitv Measures of Hens

Dlets Sualltv Measures
Protein Suppl.

l¡ sôrrFêê P ¿{)
Eggshell Eggshell Haugh

Fllâsf.loltv Thickness Unibs

TreatEent g

1SM0
2 SM 0.1
3CM0
4 cM 0.1

Protein Source
SM
CM

Phosphorous Level
0
0.1

Protei.n X P Level

1¡IT

NS1

23.5!.ß2
24.011 .78
22.1y_0 .82
23.9Ê.00

NS
23.8{.55
23.8!l .49

NS
23.6t1 .08
24 .0+1 . 84

NS

nn

NS
.3 8r.01
.3 8r.01
.I8+.01
.37!.01

NS
.l81.01
.37r.01

NS
.3 8r.01
.37!.01

NS

NS
8\ .5+2.26
84.9{ .40
84. 111 .88
84. 8+2.20

NS
84,7t1 .84
84 .5+?,02

NS
84 .1+2 . 01
84.811 .79

NS

1 Ns = Not sleniflcênL (P>.10)
2 Mean 1 Standard Devlatlon,
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P levels as v¡el1 as no significant protein by P interaction
Corresponding MS values are presented in Appendix Table 42.

C. Bodv Weight Changes and ltortality Data

Live body weight and body lreight change data are shown

in Table I5. There vrere significant (P<.05) treatnent and

protein source differences along with a significant protein

by P interaction (P<.05) for body weight gains between

periods I and 5, while P supplenentation level did not have

a significant effect. Hens fed dieÈ J. gained rnore weighÈ

than those fed diet 3 and hens fed sBM diets gained more

weight than those fed CM diets. Phosphorous supplementation

of the sBM diet decreased body weight gains whereas it
increased them in Èhe CM diet.

There was a trend towards a significant protein by P

interaction for body $/eight gains between periods 5 and 9

(P=.06) . Phosphorous supplenentation of the SBH diet tended

to increase gains whereas it tended to decrease them in the

CM diet. There were no significant treatment, protein

source or P supplenentation effects on gains betvreen periods

5 and 9.

Body weight gains between periods l and 9 were

significantly affected by protein source (P<.05) but not by

treatment or supplementary P level . Hens fed SBI'1 gained

more weight than those fed CM. There was no significant
protein by P interaction.
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Initial, midway and final Iive body weights were not

significantly affected by treatment, protein source or

supplemental P level- and there was no significant protein by

P interaction. The effect of protein source on body weight

however did approach significance for the midway (P=.06) and

final live body weight,s (P=.06) . In both cases SBM diets

yielded numerically heavier body weights than CM diets.
MS values for live body weights and live body weight

gains are given in Appendix Tab1e 43.

MortaIities were recorded as they occurred and are

listed in Appendix Table A8 in chronological order along

with diet, cage #. body weight and cause of death as

determined by the ProvincÍaI Poultry Pathologist.
Mortalities are presented in Table 16 by trimester and

overall as b i r d s,/ r e pt i ca t e . There were no significant
differences among treatments, between protein sources or

betlreen P supplementation 1evels for any trimester or the

overall mean. The proÈein by P interaction was not

significant for any of Èhe three trinesters but was

significant (P<.05) for the overall mean. It did approach

significance however for the second (periods 4-6) trimester
(P=.09) and for the third (periods 7-9) trinester (P=.06).

In each case the P supplenentation of the SBM diet increased

mortalities whereas it decreased mortaLities in the CM diet.
The corresponding MS values are shown in Appendix Table 43.
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Tab1e 16. MortaLitj.es (Birds/Replicate) of Hens Fed 2 Pnoteln
Sources Hith or !¡ithout Supplenental P over 9 28-Dav
Periods,

Dlets
ProteÍn Suppl. Periods

# Source P (f) 1-3 4-6 7-9 1-9

lreatnents
1 St't
2SM
3CM4cM

NS1

0 ,10+.322
0.1 .00!.00
0 .00+.00
0.1 .10r.3e

NS
,05a,22
.05L.22

NS NS
.00+.00 ,20+,\2
,20+,42 .50+.53
.l0+.68 .50r.71
.001.00 .10t_.32

NS NS

.10t 3t .35+.49

.15+.49 .30!.57

NS NS
,15+.4$. 3 5+.59
. 1 0+.31 .30r.47

Proteln Source
SM
CM

NS

.10+.32

.10+.48

.20+.\2

. 00+.00

NS
.20+.41
.1or'31

NS
. 1 5+.lf
.15+.37

Phosphorous Level NS
0 .05a.22
0.1 .05+.22

Proteln X P Level NS

1 NS = Not Slgnlficant (P>,10); X P<.10, r P<.05
2 Mean * Standard Deviatfon.
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TT- shôrf-'Íerm l7-Dâvì Þ Râlâncê ôf Hêns fed 2

Protein sources I{ith or without supplenental P

A. Initial (Pre-Trial.l Balance Trial
The IBT was conducted the last t¿teek before the long-

tern experiment started with ten hens fed the standard

University of Manitoba laying hen diet. The purpose of the

IBT h¡as to deter¡nine sone basic values for various
paraneters as v¡e1I as become faniliar with the procedures to

be used in the nidway and final balance trials. Since only

a basal diet was enployed' no statistical analysis was

carried out.

l. Eqq, Tibia and Carcass l{easures. Data

tibia and carcass neasures are reported in

2. P Balance Data. Phosphorous balance

for selected egg'

Tab1e 17.

data is given in

Tabte L8. The data show that early in their production

cycle (producing at 98t) the hens were in a negative P

balance losing 454 ng of P in seven days. The average daily

Losses of P were greater on egg days (80 ng) than on non-egg

days (29 ¡ng).

B. llidway (Period 5) Balance Trial (l{BTì

1,. Eoq and Carcass t{easures. i{eights and I P for egg

contents and eggshelJ.s are presented in TabI e 19.

Treatment, protein source and P supplementaeion had no

significant effects on 8P of either egg content or eggshell.



TabIe 17. Mean Values for Selected Eeg, Tibia and Carcass
Measures of Hens fed the Standard Universltv of

Egg (dry natter basis )

Weleht (S)
Contenta 11,3\{.172
shelt q.87t 42

Phosphorous (f)
Con¿ents .71!.021
shelt .20+.018

Tibla (dry, fat-free )

weieht (g)
Äsh (f)
Ash P (f )

Carcass (dry, fat-free )
welebt (e)
lsh (f)
¡,sh P (É)

\.85+,274
56 . 6!1 .43
16 .3+1 .07

316 .016 2.5
20 ,\+2,J2
14. 1+1 .04

Eacb Eean 1s derlved fron 10 observatlons.
2 Mean 1 Standard Devlatlon.
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TabIe 18. Average Ðaify P Inlake, Excretlon. Egs outpu0 and
Retentj.on on Egg Days. Non-Egg Davs and Average 7-Dav

Eggl
Day s

Non-Egg2
Days 7-DaY3

Mêâsrme Averape Averaae Tot,aL

Intake (ng)

0utput
Excreta (ng)
Eeg (ne)
TotaL (ng)

Retentlon (ng)

932+25\\

911r201
101!6

1012ú2

-80ú?

667t:2\1 6633+1539

696{ 73

696+173

-29!3\4

6\54{285
633L212

7 087!1 488

-\54!392

1 Egg Days = days on Hhich hens Iâ1d an egg.
2 Non-Egg Days = days on whlch bens dfd not lay an egg.
3 7-Oay Total = addi¿lon of egg day and non-egg day values over

one week for 10 replfca¿es.
4 ¡,lean * Slandard Devla¡ion.
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There was not a significant protein by P interaction for egg

cont ent s P g but this interâct ion was s igni f icant for
eggshell P t (P<.05). Phosphorous supplementation increased

the eggshell P t in the sBt'l diet but decreased it in the CM

diet. The MS values for these egg measures are shown in
Appendix TabLe 44.

Dry, fat-free carcass weights, ash I and ash P a are

given in Table L9 also. within both of these measures there

vrere no significant differences due to treatment, protein

source or Ievel of P supplementation as well as no

significant protein by P interaction. The appropriate MS

values are shown in Appendix Tab1e 44.

. Phosphorous intake, output and retention

lras measured on days when hens laid an egg and on days when

no eggs v¡ere 1aid. Addition of the egg day and non-egg day

data over one week gave the pooled 7-day balance data. The

data is reported in Table 20 with appropriate MS values

being given in Appendix Table 45.

a. Egg Day P Balance Data. Egg day P intake was

significantly affected by treatment (P<.01), protein source

(P<.05) and level of P suppLementation (P<.001) but there

v/as no protein by P interaction. Hens fed diets I and 3 had

1o!¡er P intakes than dieÈ 4 fed hens. sBM fed hens rel-ative

to CM fed hens and unsupplemented diet fed hens relative to

supplenented diet fed hens had lower daily P intakes.

Egg day P output via excreta was significantly affected



lre
at

B
en

t 
s

ls
M

2 
S

B
M

3C
M

4c
M

P
ro

te
ln

 S
ou

rc
e

S
M

cu

P
ho

sp
ho

ro
us

 L
ev

eL
0 0.

1

P
ro

te
ln

 X
 P

 L
ev

el

0 0,
1

0 0.
1

tt
46

 8
16

 0
a[

63
8i

72
a,

 b
54

3!
83

a
76

1a
l 1

6b

r 
--

6
37

3ú
1a

 
12

l{!
12

41
1a

80
a,

b 
11

9!
24

\4
9!

l3
2a

,b
 1

22
!2

0
60

8!
05

b 
1\

9.
Ë

15

l¡¡

55
3!

09
 

39
2{

,\
65

2!
1\

9 
52

9!
1\

1

}I
I 

T

50
5!

18
 

41
r!

10
8

70
0{

¡1
2 

51
0l

13
6

N
S

5 
N

S

I 
tj8

8 
D

ay
s 

=
 d

ay
s 

on
 H

hf
ch

 l¡
en

s 
la

ld
 

âr
¡ 

eg
g.

N
on

-E
gg

 D
ay

s 
=

 d
ay

s 
on

 i¡
hl

ch
 h

en
s 

di
d 

Ío
t 

la
y 

ar
¡ 

e8
g.

P
oo

le
d 

7-
D

ay
 B

al
an

ce
 =

 a
dd

ltl
on

 o
f 

eg
g 

da
y 

a¡
d 

no
n-

eg
g 

dâ
y 

da
ta

 o
ve

r 
on

e 
r¡

ee
k.

M
ea

ns
 +

 S
ta

nd
ar

d 
D

ev
ia

tlo
n 

fo
Ll

ol
¡e

d 
by

 d
lff

er
en

t 
po

st
gc

rL
pt

s 
ar

e 
si

gn
ifl

ca
nt

ly
 d

lff
er

en
t.

N
S

 =
 N

ot
 S

iA
nf

flc
an

t 
(P

>
.1

0)
; 

X
 P

<
.1

0;
 I

 P
<

.0
5;

 r
r 

P
<

.0
1;

 r
rr

 P
<

.0
0'

1.
E

gg
 D

ay
 e

gg
 P

 o
ut

pu
ts

 r
¡e

¡e
 ¡

ot
 s

ta
tls

tlc
aL

ly
 a

na
ly

ze
d 

as
 d

lff
e¡

e¡
ce

s 
w

er
ê 

de
en

ed
 d

ue
 t

o 
eg

g 
sl

ze
 t

o 
a 

la
rg

er
 d

eg
re

e 
th

an
 to

 t
re

at
de

nt
.

\9
7 
!8

2a
 

-2
9!

27
 

¡1
33

14
9a

 2
75

!3
5a

 r5
84

t1
53

0!
02

a,
b 

10
8a

58
 6

17
i1

18
a,

b1
r0

7!
1o

rt
â,

b2
10

11
59

57
1!

{r
ra

,b
 -

28
!9

6 
45

3:
10

3a
 3

20
!5

2a
 1

33
!?

0
'1

57
 !1

03
a 

4!
87

 
73

51
16

?b
 5

20
!1

72
b 

21
5d

18

T
N

S
N

S
N

S
N

S
.

12
2!

18
 5

14
à8

9 
39

!8
4 

51
5!

26
 

33
3!

98
 

18
1!

10
2 

38
19

18
0{

13
59

2 
66

4i
17

1 
-1

2a
88

 5
7 
8È

19
5 

40
9i

15
3 

16
91

68
 l¡

t5
2a

11
36

x 
f 

¡r
¡ 

tr
 

N
S

 
r¡

r
12

3J
16

 5
3¡

rd
17

 -
29

!6
7 

41
13

!7
6 

29
7 
!\8

 
14

6!
59

 3
41

1!
t9

9
13

39
3 

64
1!

71
 

57
18

8 
67

6i
14

8 
46

3!
rt

5 
21

3!
12

5 
rt

86
0!

I9
7

N
S

 
IIS

 
N

S
 

N
S

 
N

S
 

N
S

--
;;-

--
--

-
31

96
41

41
 a

ì4
41

!5
41

a,
 b

36
26

ú0
6a

52
7 

81
83

6b

x
31

57
 !

56
7

35
16

dr
 9

8
36

6r
r4

 0
06

47
 3

4i
6 

8?

¡
33

36
!5

38
Ì1

99
19

89

t
39

!1
'1

5a
92

5!
33

5b
-3

 8
15

 8
8a

5r
tli

À
0¡

a,
 b

r 
t*

t
3¡

11
0!

81
5 

liq
l1

t{
12

51
84

6 
?3

5a
40

4

N
S

 
N

S

N
S

48
3i

53
1

25
3.

56
6

-J or



7'7

by treatment (P<.05)' protein source (P<.01) and P

supplementâtion leveI (P<.05) but there vras no significant
protein by P interaction. Hens fed diet I excreted less P

than Èhose fed diet 4. Hens fed sBM relative to those fed

CM and hens fed unsupplemented diets relative to those fed

supplenented diets excreted less P.

Total P output on egg days was significantly affected

by treatnent and protein source but not by P leve1 and there

was no significant protein by P interaction. Again hens fed

diet I had a lovrer P output than those fed diet 4 while the

SBM fed hens put out Less P than the CM fed hens. The

effect of P IeveI did approach significance (P=.07) in that

the unsupplenented hens had a nurnerically lower P output

thân the supplenented hens.

Egg day P reÈention was not significantly affected by

treatment, protej,n source or by a protein by P interaction.

There was a significant effect (P<.05) of P level ,

however, in that the hens fed unsupplemented diets retained

less P than those fed supplemented diets.
b. lûon-Egg Day P Balance Data. Non-egg day P intakes

and outputs were significantly affected by treatment (P<.01

and P<.05 respectively) and by P supplementation (P<.001 and

P<.01 respectively) but not by protein source. In both

parameters the hens fed diets I and 3 had lower values than

those fed diet 4 while the hens fed unsupplemented diets had

Io\,rer values than those fed supplenented diets. In neither
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case was there a significant protein by p interaction. Non-

eg9 day P retention \i¡as not significantly affected by

treatment, protein source or supplenented p level and there
r,ras no significant protein by p interaction.

c. Pooled 7-Day p Balance Data. pooled weekly p intake
was significantly affected by treatment (p<.0I), protein
source (P<.05) and p level (p<.001). Hens fed diets 1 and 3

had lower intakes than hens fed diet 4. Hens fed SBM

relative to CM and those fed unsupplenented dieÈs relative
fo supplemented diets had lower intakes of p.

The pooled weekly p output was significantly affected
by protein source ând p level (p<.05 in both cases) with the
responses being sinilar to those seen for intâke" The

effect of treatment on p output approached significance
(P=.06) v,¡ith hens on diet t putting out nurnerically Iess I
than those on diet 4,

PooIed weekly p retention tras significantly affected by

treâtment and P supplementation 1evel (p<.05 and p<.00I

respectiveLy) but not by protein source. Hens fed diets I
and 3 retained less p than those fed diet 2 and the hens fed
unsupplemented feed retained less p than those fed
supplemented feed. There was no significant protein by p

interaction for the pooled weekly p intake, output or
retention.
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1. Eqg, Tibia and Carcass lleasures WeightsandBPdata
for egg contents and eggsheLl are reported in Table 21 .

Percent P for egg contents and eggshell \.r as not
significantly affected by treatment or P supptementation

1evel and there was no protein by P interaction. The effect
of protein source on egg content P g approached significance
(P=.08) with the SBM diets tending to yield a higher p

content than the CM diets. The effect of protein source on

eggshell Pt was significant (P<.05) but here the CM diets
yielded a higher P content than the SBM diets.

Ðry, fat-free tibia weights, t ash data and g p in ash

data are presented in Table 21 . The tibia weights vrere

significantly affected by treatment (P<.05), protein source

(P<.05) and P supplementation level (P(.05) but there was no

protein by P interâction. Hens fed diet 2 relative to diet
3' those fed SBM relative to CM and those fed supplemented

feed relative to unsupplemented feed had larger tibias.
Percent ash and t P in ash were not significantly affected

by treatnent, protein source or P leveI and there was no

significant protein by P interaction.
Dry, fat-free carcass weight, B ash data and g P in ash

data are presented in Table 21 also. Percent ash and I P in
ash were not significantly affected by treatment protein

source or P level and there were no significant protej.n by P

i nter act i ons .
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The appropriate MS values for these egg, tibia and

carcass measures are shown in appendix Tab1e A6,

2" P Balance Data. Phosphorous intake, output and retention

lras measured on days when hens laid an egg and on days when

no eggs were laid. Addition of the egg day and non-egg day

data over one r,/eek gave the pooled 7-day balance data. The

data are reported in TâbIe 22 with corresponding MS values

given in Appendix Table 47.

a" Egg Day P Balance Data. Egg day P int,akes vrere

signifj.cantly affected by treaÈment (P<.001), prote!n source

(P<.05) and supplenentary P level (P<.001). Hens fed dieEs

1 or 3 had a lor,rer intake than those fed diets 2 or 4. Hens

fed SBM diets relative to those fed CM and those fed

unsupplenented diets relative to those fed supplernented

diets had 1o$rer P intakes.

Egg day excreta P output was significantly affected by

t,reâLment and supplementary P level (P<.001 in boÈh cases)

but not by proteín source. Hens fed diet t had a lower P

output than èhose fed diets 2 or 4 and hens fed diet 3 had a

lower P output than those fed diet 4. The hens on the

unsupplemented diets had lower P outputs than those fed

supplenented di ets .

Egg day total P outputs were significantly affected by

treatment (P<.01) and by supplenental P level (P<.001) but

not by protein source. The responses seen !¡ere sinilar to

those seen for egg day excreta P output.
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The retention of P on egg days v¡as affecÈed
significantly by treatnent (P<.01), protein source (p<.01)

and supplementary P level (P<.01) and was negative except

for the canola P supplemented dj-et (*4) . DieÈs I and 3

yiel-ded lov¡er retentions than dieÈ 4 v¡ith diet 2 being

internediate. Soybean dieÈs relative to canola diets and

unsupplenented diets relative to supplenented diets were

also signi f icantly 1o\,¿er.

For Èhese four egg day balance parameters there were no

significant protein by P interactions.
b. Non-Egg Day P Balance Dat,a. Non-egg day p intakes

and outputs were significantly affected by treatment (p<.001

and P<.01 respectively) and supplementary p 1evel (p<.001

for both parameters) but not by protein source. For both
paraneters hens fed diets 1, 2 or 3 had lower p values than

those fed diet 4 and hens fed unsupplenented diets had Iower

P values than those fed supplenented diets. There was a

significant protein by P interaction for both paraneters
(P<.05). Phosphorous intakes and outputs increased Ìrhen SBM

diets were supplenented with P but increased even more when

CM diets v¡ere supplenented with p.

Non-egg day P retentions were not significantly
affected by treatnent, protein source or supplemental p

level and there was no significant protein by p interaction.
c. Pooled 7-Day P Balance Data. The pooled lreekly p

intakes, outputs and retentions were significanÈly affected
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by treatnenÈ (P<.001, P<.001 and p(.01 respectively) r

protein source (P<.01, P<.05 and P<.05 respectively) and p

level (P<.001, P(.01 and P<.01 respectivety) . phosphorous

intakes and outputs were higher for hens fed diets 2 or 4

over those fed diets I or 3. Phosphorous retentions were

hj.gher for hens fed diet 4 over those fed diets 1, 2 or 3.
For all three parameters, the CM diets relative to the SB Þ1

diets and the unspplenented diets r e1a t ive to the
supplenented diets had higher P vaIues. In no case t¿as

there a significant protein by P interâction but for the

pooled weekly P intake the interaction did approach

significance 1n=.09) . Supplementation of the CM diet
resuLted in greater increases in P i nta ke than did
supplenentation of the SBM diet.

D. Surnparv of P Balance Trial Data

À comparison of the pooLed 7-day P retention of hens in
the three P balance trials is shown in Table 23. The only

times that birds were in a negative P balance !¡as pre-test
for the IBT (-454 nglweek) and for diet 3 in the I'IB T (-39

ng,/week ) .

A comparison of the total carcass p of hens in the

three P balance trials is shown in TabLe 24. Although no

statistical analysis was carried out, !¿ith â total body p

leveI of approximately 650 ¡ng,/I00 g it would seem Èhat the

birds were not in a state of P deficiency. NunericalLy the
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Table 23. Pooled 7-Day P Retentlon of Hens in bhe 3 Experlnen¿a1
BaLance Trlals (IBT. UBT. FtsT).

niêfa
Protein Suppl Dietary

Jl Snr¡aa P /41 Þ 14ì

P Retentions (Es)
IBT MBT FBT

lpêFi.rd 1ì lÞcr.i¡¡l 6l lÞc¡iart Q\

Standard Hen Layerl

Treatnents
lSBMO
2 SM 0.1
3CM0
4 cM 0.1

Probeín Source
SM
cÌ..t

Phospborous Level
0
0.1

Protein X P Level

-\54!3922,3

Í T* T*

39d?5a4 72+222a
9251335b 379t376a
-38r588a 192+273a
!441404a,b 838r328b

NS5 I
4831531 226!333
253ú66 5151444

rtt lt
1d111 132+24J

735j1r04 6091411

. 801

.409

.536
EâÊ

.623

.473

.57 9

.\72

.5 80

NSNS

1 Sgandard UnlversL¿y of Manitoba Laying Hen dteL used for Lhe
IBT.

2 Tne 10 hens ln the IBT Ì¡ere producing a! a rate of 98f.
3 Means + Standard Devia¿1on follor¡ed by differenL postscrlpts

are slgnlf lcant,ly dlf ferent.
4 NS = Not SfgnlftcanL (P>.10); r P<.05; ll P<.01; rt* P<.001'
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BaLance TrlaLs (IBT. l'ßT. FtsT).

Dfets
Probein Suppl. DletarV MBT FBT

standard Hen Layer2

Treatnents
1SM0
2 SM 0.1
3CM0
4 cM 0,1

Protein Source
SBM
CM

Phosphorous Level
0
0.1

743(2) 655( 5)
6 06 ( 2) 714(5)
672(3) 651(5)
591 ( 3) 637 ( 5)

. 801

.409

.536
Ãât

.623

.473

.57 9

.\72

.5 80

720( 1o) 3

625(\)
632(6)

685( 10)
645 ( 10)

653( 5) 653 ( 10)
599(5) 675( 10)

1 Conplete carcass wefght Efnus the feathers.
2 standard Unlverslèy of l.lanltoba laylng hen diet used for the

IBT.
3 Brackeled n!@bers are lhe nunber of obsen a¿1ons on r¡hich the

nean values are based.
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P content. than those inbens in the FBT had a higher carcass

the MBT.



Drsqrssrot{

teo Protein sources l{ith or llithout Supplenental P

for 9 28-Day Periods

Hen-day egg production, daily feed consumption and feed

conversion efficiency were unaffected by treatnent within
each trinester and overaLl with the average values reported

for these parameters being 85.7*' 110.7 g/hen and 2.J.95 g

f,eed/g egg respectively. These results suggest adequacy of

wheat-ba rl ey- soy ( .42 TPt .28 AP where AP = 1008 of IP and

508 of plant P) and whea t-ba rl ey-canola (.53t TP' .268 AP)

diets for supporting high levels of efficient egg production

over a g-month period $¡ithout the need for supplenental IP.

These Iow P requirements are in support of Ovings et a1 .

(1977) and Cror,rley eÈ aL, (1963) using corn-soy diets (.42

and .418 TP respectively) and cuenter (1980) using an

unsupplemented wheat-oats-soy diet (.38* TP) . They are

however lower than many of the P IeveIs cited by other

authors such as Singsen et al . (1962) (.4t TP) and Walter

and Àitken (1962) using an unsupplemented \dheat-corn-oats-

soy diet (.39t TP) . The latter trial extended over a 44

r,¡eek (28-72 weeks) period whereas the study now being
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reported lasted for 36 weeks only (27-63 weeks of age) .

This may account for the different results as Walter and

Aitken noted that no real differences between groups becarne

evident until the latter half of the 44-week trial r.¿ith

production decreasing nore rapidly in the group receiving
the basal unsupplemented diet than in those groups fed

supplemental IP. This tendency was noted in this trial also

but was not significant (P).10) . Of greater significance is
the fact that walter and Aitken fed free choice oysÈershell

along with 1.58 Ca in Èhe diet allowing for variable Ca

intake v¡hich could affect egg production and bone Ca

resorption acconpanied by endogenous P loss while in Èhis

trial the Ca content of the feed was kept, constant at
approxinately 3.5t" The 1ow P requirement indicated here

relative to the higher P requirements deternined by nany

authors (TabIe 1) underscores the fact that ¡nany variables

are involved and these need to be addressed in each feeding

situation to deÈermine dietary P requirement.

Incidence of cracked and shell-1ess eggs, eggshell
elasticity, eggshell thickness and Haugh Unit scores were

al so unaffected by treatment within each trinester and

overall with the average values reported for these
parameters being .58E' 23.78 um, .378 mm and 84.58 HU

respectively. Again these results indicate the adequacy of

vhea t-ba rl ey-soy (.48 TP, .2S AP) and v¡heat-barley-canola
(.539 TP, .268 AP) diets for maintaining reasonable egg
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she11 quality and egg interior quality without the need for
supplemental, IP. This is in support of findings by Hunt and

Chancey (1970) (.388 TP), Salman et aI . (1969) (.3t TP),

Dagh i r and Farran (1983 ) (.158 AP) and many other
researchers investigating egg shell quality (Tables 2, 3,

4) . There vras a trend (P=.09) however for the incidence of

cracked and shell-Iess eggs to increase with tine in the

unsupplenented CM treatment relaÈive to the supplemented CM

treatnent while this response to P supplenentation was not

seen in the SBM treatments. It is possibJ.e that viÈh

continuation of the trial the effect would have becorne

significant suggesting that an unsupplemented wheat-barley-

canola (.53t TP' .268 AP) diet cannot maintain adequate bone

P reserves and requires P supplenentation in the Iatter
stages of the laying cycJ.e for naintenance of shell quality.
This is in contrast to Èhe theory of phase feeding
decreasing 1evels of P (Mikaelian and SeIl, 1981r Waldroup

and Hellwig, 1982¡ cuenter, 1980; Said and SuLlivan, 1982.¡

Scheideler and Sell, 1986r SeIl et al ., 1987) and the

differences could be explained by the following differences

in criteria and experinentation: use of cracked and shell-
less eggs as a criterion vs. egg production¡ use of wheat-

barley-canola vs. corn-soy diets t analy si s of da ta by

tri¡nester rather than just overalli relatively long length

of the tr j.aL; relatively low levels of dietary APr and a

relatively high rate of egg production.
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Egg weights were not affected significantly by P leveL

or proLein source although SBM constantly yielded Iarger

eggs than CM (P=.07 in the first trimesteri P=.09 overall) .

Since age of bird, rate of egg production, energy intake and

protein intake were equal for aLl treatments it is possible

that the anino acid profile of CM vs SB!1 caused the

response. As a protein source SBM relative to CM contains

higher leve1s of all of the essential amino acids except for

cystine (scott et âI., 1982). Body size is also a

deternining factor in egg weight and since the SBM fed hens

were heavier than the CM fed hens (see Table 15) this may be

the factor responsible. In the third trinester hens fed the

unsupplemented SBM diet yielded significantly (P<.05)

heavier eggs than those fed the unsupplemented CM diet.
This difference also approached significance in the first
trinester (r=.08) and overall (P=.09). Addition of IP to
both diets decreased this difference by decreasing egg size

in the sBM diet while increasing egg size in the CM diet
resuLting in a significant (P<.05) protein by P 1eve1

interaction for the third tri¡nester ând overall with this
interaction approaching significance (P=.08) in the first
trinester. This interaction re¡nains unexplained.

The body weights of layers were unaffected by treatnent

through the trial . Howeverr hens fed SBM tended to be

heavier than those fed CM at the midpoint (P=.06) and end

(P=.06) of the trial . Since dietary energy and protein
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intakes were the sarne between treatments it is possible that

amino acid balance (in a similar manner as that for egg

weight) was the factor most like1y responsi.bJ.e. It is also

possible that energy content of CM is overestimated or that

of SBM is underestinated' causing the decreased body weight.

similârly, the body weight gains (unaffected by IP 1evel )

were higher for hens fed sBM than those fed CM (P<.05 for
periods 1-5 and 1-9)r especially in the first half of the

triat in the unsupplenented diets (diet 1 vs. diet 3). The

significant (P<.05) protein by P leveI interaction for
periods l-5 which reversed over periods 5-9 (P=.06) can not

be explained and requires further investigation.

Mortalities were unaffected by treatnent in contrast to

results reported by Garl ich (1979) lrhere .238 AP and .28C AP

did not support liveability relative to .48t AP. That

research however was in periods of heat stress (27-40oC) and

cannot be conpared to thj.s trial (18-20oc) " The tendency

for IP supplenentation to decrease Iiveability in the SBM

diets but increase it in the CM diets (P=.09 in the second

trinester ¡ P--.06 in the third trimesteri P<.05 overall) is

puzzling and could simply be due to chance as a result of

the snall data base used.

1T Ql.r^rl-tFô?rn l7-frarrì D Flâ1.âr12.êc .rf Fêñe Fê¿ì t DralÊêi ñ

Sources llith or lgithout SuDple!ûental P
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A. Initial (Pre-Triall Balance Trial (IBT)

Since the purpose of the IBT was to determinè some

basic values for various paraneters as \,¡el1 as become

familiar with the procedure to be used in the later balance

triaLs only the pre-test barley-soy diet (.88 TP) was fed to

ten hens and no statistical analysis was carried out.

Egg day (no¡ P intakes \.¿e re very high at 932 mg

P/hen/ðay as were excreta outputs of 911 ng P/hen/day (see

daily P requirements listed on Table 1). with a P output of

101 mg,/egg the EÐ P output was 1012 mg/hen resulting in a

net ED P loss of 80 mg,/hen. The non-egg day (NED) intakes

were considerably lovrer at 667 ng P/hen/day as were the

excreta outputs of 696 ¡ng P,/hen,/day resulting in a net loss

of 29 mg P/hen/day. Since the birds were laying at a fairly
high rate (86.38) and so few (ten) were used for such a

shorÈ ti¡ne (seven days) there v¡ere very few NED fron which

to draw datâ, decreasing the accuracy of that data and

making the comparison between ED and NED unreliable.

The data do indicate a greater loss of P on ED vs NED

due to the P lost in the egg and increased endogenous P

losses on ED due Èo sheIl calcificaÈion. If this egg P is
factored in as retained P there wouLd be a net P retention

ot 2I ng/hen/day on ED in keeping wiÈh findings by Mikaelian

and SeIf (1980) (22-69 ng/hen/day) and Scheideler and selL

(1986) (135-157 ng/hen/day) using sinilar dietary TP levels
( .39- .69S) .
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Over the one week period of the IBT these hens were in

a negative P balance of 454 Írg TP,/hen l¡hen including the egg

TP (positive P balance of 179 mg TP/hen,/week when excluding

the egg TP) in support of findings by Mikael iân and SelJ-

(1980). If this !râs extrapolated over 52 \,reeks of
production the Iayers would be in a severe P deficiency

(23,600 mg) and wouLd lose more P than their body conÈains

(Table 24) . Under practical situations this does not occur

with this barley-soy diet (.88 TP) . As Iayers age their
production drops as does their daily requirement for p (Sel1

et a1 ., 1987) and their ability to utilize PP increases

(Ne1son, 1967'l . Since bone is in a constant flux and birds

are continuously using body (bone) P reserves these layers

wiIl utilize bone P as required to naintain production

especj.ally over the short tern (Garlich el a1. , igl S,

carlich, 1979). Also affecting P bal.ance here could be the

variety of barley (56-708 PP) and SBM (51-588 PP) used or

storage conditions which affect PP content and phytase

enzyne activity (Nelson, 1967) consequently affecting P

avaj.lability and retention. Thus the extrene P deficiency

noted in the IBT could be due to the high rate of egg

production, the young age of the layers, the varieties of

feedst.uffs used and the small data base used.

B- l¡lidsav lPeriod 5ì and Final lperìôd gì Eâlanr:e Triaìs

(IIBT) (FBT)
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The data presented for the I'tsT and FBT is based on five
birds per treatnent group (ten birds per proL,ein source and

per supplenenÈâl P leveL) fed for seven days in each trial .

Egg production was 78.1t in the MBT and 68.98 in the FBT

leaving very few NEÐ from which to draw data. This small

data base and its effect on the significance or lack of

significance of the results obtained must be kept in mind

throughout the discussion.

. The layers sacrificed

during the IBT (pre-tria1) contained 448 mg P,/tibia and 8537

ng P/carcass (caIcu1aÈed from TabIe 17) . These values

represent the starting P statusr of the hens on this trial .

After nine nonths in lay the birds in the FBT were

sacrificed. Those fed CM contained 464 mg P,/tibia and 9329

ng P/carcass while those fed sBll contained 525 mg Prztibia

and 10r506 ng P,/carcass (calculated from Table 21) . Since

body weight changes and tibia weight changes rnay have an

effect on the carcass and tibia P contents they must be

accounted for. This is done in Table 24 and these data show

the SBM fed hens to be retaining and storing P (625 to 685

¡ng P,/100 g body weight) while the CM fed hens in general

maintained their P status (632 to 645 ng P,/100 g body

weight) (Table 24) over the course of the MBT and FBT. Both

retention studies shor,r very positive retentions and

presumably bone storage of P for both protein sources

(Tab1es 20 and 22') .
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Given similar feed intakes (110 vs I2I g/hen/day in the

MBT; 117 vs I2I g/hen/day in the FBT) for CM and sBM but

different TP contents (.588 in cM vs .45t in SBM) the cM fed

hens consumed higher leveIs of TP. FecaI excretion and

total output of P followed suit with the CM fed hens

excreting higher P levels than those fed SBM. lvith the

layers being adequate in bone P reserves (table 24) the need

for AP is linited to that required in the egg (approximately

128 mg) (TabIes 20 and 22) and the endogenous P excretion.

Retention of dietary P is thus Èo fill these two needs and

once met would decrease with much of the excess dietary P

being excreted. Dietary TP intakes in these balance trials
were relatively high (Table 1) suggesting that the AP needs

should be ¡net quite easily with the excess P not being

retained. Since layers fed the CM dieÈs ingested nore P

above and beyond the requirenent than those fed SBM they

also excreted more P.

since the overall veekly P retention was positive, as

reported by Scheideler and SeIl (1986) and Mikaelian and

SelI (1980) r for both protein sources for both balance

trials, there must have been storage of P occurring. with

bones being able to serve as reservoirs of P (carlich et

a1., 1975) it would fol1o!¡ that the absorbed excess P

(especially on NED) is deposited in the bones for future use

resulting in higher tibia and carcass P contents as observed

(TabIe 24) .
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Phosphorous retention v¡as not significantly different
between CM and SBM diets. This does not necessarily suggest

that the P avaiLabilities were equal bet!¡een the t\.¡o protein

sources but rather could be a function of the positive P

status of the birds and the high dietary P intakes. The

data do indicate thaL the sBM fed layers were in a higher P

balance than those fed CM (TabJ.e 24) . This was reflected in
the significantly larger tibj.as and numerically higher

percentage for tibia ash, carcass ash and carcass ash P

(Table 21) suggesting greater availability of SBM P over cM

P for bone f or¡nation and rnaintenance.

The significantly (P<.05) higher retentions of P by

hens fed CM over those fed SBM in thê FBT (515 ng,/hen,/week

vs 226 mg/hen/week) are opposite those seen in the ¡,IBT where

SBM fed hens had higher (P>.05) P retenLions than CM fed

hens (483 ng,/hen/week vs 253 ng/hen/week), carcass data

indicates a slight loss of body P reserves over the course

of this nine month trial in those hens fed cM (208 mg) (632

to 645 mg P,/100 g body \,/eight in Table 24) and a substantial

gain in those fed sBM (969 mg) (625 to 685 mg P,/I00 9 body

weight in TabIe 24) as calculated from TabIes 17 and 21 .

The hens would be attempting to replenish these body P

reserves if they were negative. Therefore, in the FBT one

would expect the CM fed hens to be absorbing and retaining

nore P than the sBM fed hens in an effort to replenish lost
body P reserves. This is observed in terns of actual P
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retention (rable 22) but not in terms of g P retention
(Table 25) probably due to the difference in absolute P

leve1s bet\,¿een the two groups (.4 vs .538 unsupplenented)

(.5 vs .638 supplemented) .

2- suDDlemented vs- ûnsuDDlemênted Diets. As noted in the

previous section, the layers sacrificed during the IBT (Pre-

trial) contained 448 ng P,/tibia and 9537 mg P/carcass

(calculated fron Table 17) with these values representing

the starting P statusr of the hens on this trial . After

nine monÈhs in lay the birds fed supple¡nented diets (.565t

TP) contained 511 mg P,/tibia and 10r206 ng P/carcass while

those fed unsuppLemented diets (.465t TP) contained 478 ng

P/tibia and 9603 ng P,/carcass (calculated from Table 21).

Based on the carcass data it appears that the supplemented

hens had excess, highly available lP which was stored in the

tibias in support of Garlich et aL., !975 and Garlich, 79791

increasing the body P reserves (669 mg) but not enhancing

egg production, feed efficiency' egg size' egg quality or

liveability significantly. The unsupplemented hens had

adequate dietary P and increased body P reserves marginally

(66 ng) . Both the MBT and FBT retention studies (Tables 20

and 22) support these data.

The cal cul ated P intakes were higher for the

supplenented diets than the unsupplenented diets due to the

higher daily feed intake (123 vs 105 g,/hen in the I4BT; 128

vs 108 g/hen in the FBT) coupted with the higher TP content
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(.565t vs "4658). Phosphorous outputs were also higher for
the supplenented diets over the unsupplenented diets for the

sa¡ne reasons as explained previously in the discussion of

the CM vs SBM response.

Overall weekly P retentions were positive for both

supplenental P levels in support of findings by Scheideler

and SeLI, 1986, for both balance trials suggesting that bone

storage of P was occurring (see carcass data in table 24)

and thât the unsupplemented diets were adequate in dietary

TP. In both balance trials the retention of P was greater

by the supplemented hens (P<.001 in MBT; P<.01 in the FBT)

than by the unsupplenented hens. Since the difference in
dietary P contenC was due solely Lo the addition of highly

available IP it r,rould appear that this P !¡as absorbed and

retained and deposited in the carcass resulting in higher

retention values. OveraII the P supplemented hens were in a

positive P balance nhile the unsupplemented hens were in a

narginally positive P balance (carcass data supported by

balance data) .

3. Eqq Davs vs l¡on-Eqq ¡rLs. Phosphorous balance was

measured separatel-y for egg days (ED) and non-egg days (NED)

in all three balance trials. Less P was retained on ED than

on NED for alL balance trials and this held true for both

protein sources and boÈh supplemental P 1evels. This

difference in P retention was due to the P lost in the egg

(average of 128 ng/egg) and the increased endogenous P
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excretion fron the egg formation (Ch oi et â1., I979)
est,inated at 70 mg/egg (TayLor and Kirkley, 1967). I47ith

this increased endogenous P loss one r,7ould expect less p

retention on ED even after the egg P is factored in. This

was observed in most cases here: CM = 12 vs 169 ng p in
l"lBT; CM = 167 vs 142 P in FBT' sBM = l6L vs 181 mg p in MBTI

SBM = 108 vs 152 n9 P in FBT' supplenented diets = 190 vs

213 ng P in IqB T and 193 vs 158 ng p in FBT' unsupplemented

diets = 94 vs 146 rng P in MBT and 95 vs 136 m9 p in FBT.

The two cases where it did not happen (Clf for FBT,

supplenented diets for FBT) renain unexplained.

4. EstimaÈions of P Àvailabilitv from SBt{ and cü. The P

availabilities of SBM and CM diets can be estinated by the

f oJ.l owing f orrnula:

(eoo P + endôqenous P + retained P) x 100; where endogenous
P intak e

P = nornal P loss (25 ng/day) + extra endogenous p loss due

to egg production (70 ng,/egg) . The values arrived at in
these balance trials are given in Tab]e 25. In general the

SBM diets yielded higher P availabilities than the CM diets
except in the case of the FBT supplenented calculations. At

that stage of production the hens fed SBM were yielding
larger eggs than those fed C¡f consequently requiring more Ca

for shel1 fornation. If dietary Câ reas Iimited then the

extra needed Ca would have been reabsorbed from the bone,

acconpanied by an increased loss of endogenous p and a
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SBM

30 .6
34.9

l'tsT - unsupplemented
supple¡r¡ented

FtsT - u¡supplenenled
supple ented

2Ê)

49 .5

48.2
23.3

\2.0
33 .4
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resulting lower calculated retention of P. Thus in the

latter stages of lay the importance of adequate dietary Ca

is increased as it reLates to P status and retention. Also

at that stage, the CM fed hens were in â lower carcass P

status relative !o the start of the trial and would increase

absorption of P to replenish lost body P reserves (Garlich

et al ., 1975).

It can be seen in Table 25 that absorption of P in the

SBM and CM diets increased in the FBT relative to the MBT.

since older hens can better utilize PP than young hens

(Nelsonr 1967) the PP availability should be higher for
these old layers Lhan the hens used during the MBT as was

obse rved .

The catculated P reÈention values noted in Table 25

(388-65.4t) in general agree with those reported in previous

literature (Das and Netke, 1979; Choi et al . ¡ I979¡ Nrvokolo

et al . t !976¡ Nwokolo and Bragg' 1980i Guenter and wardt

r986).
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SU}T¡'ÍARY AND CONCLT,SIONS

An experinent was conducted for 9 28-day periods to
determine the performance of 320 layers (4 treatnent groups

x 80 layers,/treatmenÈ group) fed wheat-barley-soy or !¡heat-

barley-canola diets with (.5 and .63t TP respectively) or

\,¡ithout (.4 and .53* TP respectively) supplenental IP.

Perf or¡nance of layers (as ¡neasured by t hen-day egg

production, feed intaker feed conversion efficiency' egg

shelI. qual ity, egg interior qual i ty ' egg size and

liveability) Ì,¡a s not affected by dietary protein source or

leveI of IP indicating equal productive value of CM and sBM

and P adequacy in the unsupplenented experimental diets.
There r.¡as a trend for SBM to increase body weight gains and

egg weighÈ.s over CM suggesting an inproved anino acid

avail,ability and possibly an inflated book value for cM

energy.

Three 7-day balance trials were conducted throughout

the experiment Ibeginning (]BT) ' midpoint (MBT) and end

( FBT) I to deterrnine the P balance of bi rds fed the

experinental diets or the standard University of Manitoba

barley-soy laying diet. Data were pooled for days when hens
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laid an egg (ED) , days when hens did not lay an egg (NED)

and combined.

Young hens were in a severe P deficiency (454 ng

TP,/hen,/day) early in the pre-trial (IBT) possibly due to the

high 1eve1 of production (86.3t) and their inabiliLy to

utilize PP in a barley-soy diet.
In the MBT and FBT Èhe hens fed CM had higher intakes

and outputs of P than those fed SBM due to the higher

dietary TP 1evel but effect of protein source on P retention

was variable. In the MBT SBM yielded higher reÈention

values while in the FBT cM yielded higher reLention values.

This could be due to lower production level later in the

study, age of birds and their ability to utilize PP Later in

the study, carcass P status of the birds or experimental

error. In both balance trials and for both protein sources

P retentions were positive suggestÍng storage of P and this
lras supported by carcass dâta as P content increased over

the course of the experiment for both cM and SBM. The fact
that P retention \,ras not significantly different betvreen CM

and SBM does not necessarily suggest that P availabilities
were equal between the tv¡o protein sources but couLd be a

function of Èhe positive P stâtus of the birds and high

dietary TP intake. The data do indicate a higher P balance

of SBM fed layers over the CM fed layers.

Again in the l.,lB T and FBT hens fed supplemental IP had

higher intakes and outputs of P than those fed the
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unsupplemented diets again due to the higher dietary TP

levels. The weekly P retentions were positive for both IP

supplenentation 1eve1s for both balance trials but were

higher after P supplementâtion due to Lhe addition of highly

available IP. This r,¡a s supported by carcass data as the

unsupplemented layers naintained body P reserves l¡hile the

supplenented layers increased body P reserves considerably.

However the P suppLenentation did not enhance egg

production' feed efficiency, egg size' egg quality or

l iveabil ity .

Phosphorous retention was lower on ED than on NED due

to the loss of P in the esg (101 ng/egg in rBT) (728 ng/egg

in MBT and FBT) and increased endogenous P lost through

shell cal cif i ca tion.
Egg, tibia and carcass nea su r es were generally

unaffected by treatment and hens were in a positive P

balance during the MBT and FBT except for the hens fed the

unsupplemented CM diet (.53t TP) which were in a state of

marginal P deficiency in t.he MBT. These data indicate the

adequacy of the unsuppLenented whea t-ba rl ey-s oy and wheat-

barley-canol-a diets in terms of P for naintenance of body P

status and hen production. The body P reserves \eere

adequate and in general v¡ere higher for the FBT than the

I{BT.



106

The conclusions based on the resulLs of this study are

as follows:
(1) since supplementation of the r¡heat-barley-soy and

wh ea t-ba rl ey- ca nola diets with .18 inorganic P

increased body P reserves but had no effect on hen

performance, this supplenentation is not required for

laying hen pr oduct i on t

(2) since the final body P reserves of hens on the

unsupplenented diets were the same as the starting
rês€Ívêsr these unsupplemented diets are adequate in P

for maintenance of perfornance and P statusi

(3) since calculated apparent P digestibilities were higher

in Èhe FBT than in the ¡4BT' older hens are better able

to utilize plant, P than young hensi

(4) since Èhe cafculated apparent P digestibilities were

generally higher for SBM than CM and body P reserves

increased more in the sBM fed J.ayers than the CM fed

Iayers' sBM is a better source of dietary P for laying

hens than CMt

(5) since layers fed canola diets laid as r¡eII as those fed

soy diets' CM is an adequate rePlacenent for SBM in

terms of egg production, feed efficiency' egg qual-ity

and l iveabil i ty;
(6) since the sBI"l fed layers tended to produce heavier eggs

and weigh rnore than the CM fed layers' SBM is a better

protein source in terms of egg size and body weight.
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Some more research needs to be done in the following

areas in order to ans$¡er sorne further questions:

(1) replication of this Lrial over a fu11 commercial

production cycle (20 to 72 weeks of age) to ensure that

length of trial is not a factori
(2) replication of the balance trials with more birds

(Iarqer data base) used over a longer period (e.9. 2

weeks);

(3) investigation of the effect of protein source on egg

size and layer body weight.
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APPENDIX TABLES



Toral 39

lrea t&ents 3

Prole1n 1

Phos phorous 1

Protein X P 1

Re sl clual 36

9.825 32.655 65.325

¡.170 15.408 82.66t',

.000 17.59\ .3?8

.203 16.6 8l 155.107

r2-308 11.948 92 -507

t0.296 34.092 63.880

1'l -7 )t7 24.¡t30

15 -115 7,012

2.7 0\ 9.6 08

30-976 5 -2\5

1r.864 6. 183

r 7.966 35.882

38.368 t5.047

22.225 37.738

r .037 3.630

8.329 4.435

57.308 r 05. 151

39.7 13 45.656

25. {l¡ I .008 .013

r 5.859 .OO2 .OO9

.676 .001 . oo4

-676 .003 .o2z

46.225 .OOr .000

26.2\0 .008 .013

.050 .016

-055 .0r3

.005 .000

.09? .025

.063 .015

.0r¡9 .016

P
F
or



1o!al

Treâ tDents

Pro¿e1n

Phos phorous

lroLeln X P

Resldual

39 .223 .232

3 'lo¡¡ '22\

ì .08: .002

r -tr]] .613

r . o9t .058

36 .233 -233

.7 96

1.256

.125

1.675

r.968x

-660

?-125 2.138

rl. ¡r B6X 2-r83

6.889X 3.306

.4 Brl .3 80

6.08rrx 2.862

1.928 2.13{

2.390 1.802

7 .258. ¡r.13{X

I .6 2¡ ¡r .830x

1.225 -090

15.625tt 7.482.

1 .993 1-60?

- 1!6

. r05

. i69

. 1¡tl

- 00r

.149

2-251

-¡t31

.030

r.190

-o7 2

2.tt02

3.6¡9

1 .214

.506

2-862

3 .852

H
H{



Body Helghts caln Body HelAhts Caln Bodl l¡elghts caln perto¿s
Sou¡"cê DF (Perlod ll (Perlod 1-5) (Perfod 5) (Pertod 5-a) (p:.fod q) (perfod t-q) -iã---l:¡---- 

7 -õ---
Toral. 39 .00¡ .006 .oo8 .oo5 .o1o .oo9 .orl9 .131 .163 -276

Treat¡enrs 3 .002 .016. .015 .oo8 .o.tg .ol3 .033 .167 .zzs .\25

Proreln 1 ,000 .025r . 026x . oo1 .03?x . 036r . ooo . 100 .025 .025

PhosÞhorous 1 .006 .000 .OO5 .0Oq -O1B .OO3 .0OO .OOO .OZ5 -O25

Protern x P 1 .001 -o22. .015 .0r9x .oo0 .ooo .100 .\oox .625x 1.225r

Resldual 36 .004 .OO5 .OOZ .OO5 .Oto .OOB .O5O .128 . t5B .26¡

Inlttal Body Helght lÉdray Body l,¡etAht FIDÂI Body Hei8ht

X P<-10; I P<.05
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Trlal (MBT).

F:oo IDM Besi s )

Conten¿s P Shell P

sôuroe DF (4\ (l\
Carcass (Dry. Fat-Free )

Ash Ash P(t) (t)

Total

Treatrents

Proteln

Phosphorous

Proteln X P

ReslduaI

60.613 21 .140

5.045 3\.512

6,125 .405

4.805 12.005

\.205 91 ,125,

71.033 18.633

2.444 .372

1.603 .221

.808 .002

.148 .659

3.854 .ooa

2.602 .400

19

?

I

1

1

16

r P<.05.



Totsl

Treateent,s

P.oteln

hosphoaou!

P.otefn X p

Resldual

r9

3

1

1

I

16

.019 .017

.080¡. .0i3r

.0¿9' .0;3¡¡

,189¡r¡ .0:8.

.003 .0: e

007 -0-¡J

1 Egg Days : days cn Fhich hers :iid an eEÃ.

í lon:tqt Days = dãys on rbtcb h€:--s dld 3o: iay an egg.r Pooled 7-Day Ba_lênce = addltlo: of eg6 d¿:, a;d nonlã5¿ aay data over one re€tX P<.t0;. P<.05; rr P<.01: rrr p<.OOt_

-i2E .008

'(,.:

.'12r .013

- i6 cf - 03.6

-129 .otr¡

.t 1: .005

.026 .0'¡ 6

.090.¡ - 050.

-018 .o32

- 241.rr .112r.

.001 ,00"

.013 .009

-024

.cl1

.00I

,000

-026

1 .023 .7 9\

¡.22rr r. 2.2rt6x

z-A16. j- A l8r

l c.4 39..r 2.810'

'2:' '511

'\2" '522

.279

.899r

. rAI

2.4 41¡ r r

.068

.163

F
N)



lotÂI

Trea t¡onto

Proteln

Phosphoroug

Proteln X P

ne sldual

r9

3

I

1

I

r6

30.'r68

rr 8.0o 8

92.529\

26 -522

24.972

26.345

X P<. l0; r P<.05.

6 3.054

120.855

301.629

31 . r7¡r

29.',t62

50 .66I

.310

.813

l.18lr

1--013r

.246

.216

2.206

2.201

1 .008

.7 6\

4.83 t

2 -2O7

't. r69

.67 2

.\32

1 .26 0

1-262

r .596

2.268

rt.456

1.058

1.290

t.4?0

-\17

.5 08

.130

.623

.400

N)



1oÈaI

Trea teênt s

Proteln

Pbosphorous

Proteln X P

Resldual

l9

3

1

1

I

l6

.027 .0r4

.128rr. .054¡..

.036r .008

.3¡5rr¡ - 151rrr

.001 .001

.006 . oo5

1 Egg Days = days on ¡¡hlch hens lald an egg.¿ on-Egg Days = days on shfch hens ctfd nol Iåy an egg-r Pooled 7-Day Ba-Iance = addltton of egg day and non-egg day ctala over ons week.
X P<-10; ¡ P<.05; r¡ p<.01; rrr p<-OOt.

.016 .006

.054r¡ .o20tt

- 001t .016r

.156rrr - O3?rr

.002 .006

.007 .003

.029 .032

.129.. .132

. 103 .084

.239rr. .250t..

.0¡17¡ .062.

.009 - 013

.020

.00I

.o07

.01 I

. 00?

.023

1.283

5.81 8r. r

{.394. r

11.680r.r

r.l79x

.433

.821 .168

2.'I56t.t .565r.

2.098! .420.

5.538¡. 1. t33rr

. 633 . 1¡3

.45I - 093

H
N-)
N)
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Tâble 48. su.m.narv of Mortalltiea of Hens Fed 2 Probefn Sources
Wlth or t¡¿!¡oUt SupplenenLal P over 9 28-D .

Dlets
Protein SUPP1 BodY

Detê # sou¡ce P (l) Case Weiaht Cause of Death

07/0\/83 1 stsM 0 51 1270 fatty liver syndrcme

07/19/83 4 cM 0.1 57 1497 intestinaL torslon

09/08/ 83 2 SM 0.1 61 1211 perltonltls

10/14/83 2 SM 0.1 76 1633 fatty llver syndr@e

10/18/83 3 cM 0 53 ?\97 fatty llver syndrone

10/30/83 1 SM 0 60 1361 fat¡y llver syndncme

11/08/83 3 cM 0 43 1950 fatLy liver syndrcoe

11/15/83 2 SM 0.1 59 1Zl0 leukosls

11/28/83 3 cM O 75 1361 Plck-out

12/07/83 3 CM 0 49 1723 irypobherúia

12/17/83 2 sM 0.1 72 1361 leukosis

01/26/8\ 3 CM 0 75 1406 esg peritonllis

02/06/8\ 2 SBM 0.1 66 1497 egg peritonltls


