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The requ1fements for, phagphcrus im pﬁultfy fatlans are high

gaﬁé it is tly tQ suppiy the -levels. needed. As a result

5ei§hefe has b&en interest in greater use of :ancla meal, which

contains a high level of phosphorus (1. Y, in poultry

rations. Consequently, a series of experiments was conducted

with broiler chickens (O to 4 weeks), starting turkeys (0 to
4 veeks) and laying hens to study the utilization of and
requirement for phosphorus by these birds vhen they were fed
different levels of cancla meal. The parameters studied
included level of mortality, rate of growth, feed
conversion, incidence of leg disorders, thyrai%ﬂsi:g and
bone ash levels in the starter chickens and tufkeyg, In the
laying hens in addition to the above parameters rate of egg
production, egg gquality, egg shell quality and blood
inorganic phosphorus levels in plasma were also megéufeai
For starting chickens it was observed that a level Qf
0.58% total dietary phosphorus was sufficient to meet their
P requirements provided that at least 0,25% inorganic
phosphorus was included in the ration. When canola meal was
added to the ration and the amount of supplemental inorganic
phosphorus was reduced to keep the total phosphorus |
constamnt, rate of growth and feed efficiency vere not
affected. When canola meal was autoclaved at 121°C for 15,
30 or 45 minutes it appeared that the availability of phytin
phosphorus was increased thus allowing a decrease in added

inorganic phosphorus wjthout affecting performance.
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Studies vithsstarting turkeys indicated that the
requirement far~phasphafus ma§ be lower than the 0.80%
listed in the National Research Council publication on
Nutrient Requirements of poultry. A level of 0.67 to 0.73%
in the diet was adequate for normal growth rate agé feed |
efficiency. Highervlevels of phosphorus resulted in
increased bone ash values but an increase in incidence of
leg disorders vas also observed. Inclusion of 10, 15 or 20%
canola meal in the rations fed resulted in performance
similar to that observed on vheat-soybean meal type rations.

In the experiments with hens it was observed that
léging pullets could be fed on much lower levels of
phosphorus than that specified (0.50%) in the National
Research Council publication on the Nutrient Requirements of
Poultry, irrespective of the type of housing, vithout
affecting productive performance. With hens raised on floors
a minimum level of 0.40% phosphorus seemed to be adeguate
while in cages a level of 0.44% phosphorus was sufficient.
The experiments also shoved that the laying hen wvas capable
of utilizing the phytin phosphorus in the diet when the
level of phytin phosphorus was increased and the level of
inorganic phosphorus was decreased through the inclusion of

canola meal in the diet.
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1. INTRODUCTION
Phosphorus (P) is an essential nutrient for poultry. It is a
major component of bone, and compounds containing P are
involved in most metabolic reactions in the animal body.
Because of its important f;le in nutrition it is accepted
that P is requiréd for growth, development, production and
maintenance of all animals.

The d‘ietafy requirements for P by poultry are high. The
publication "Nutrient Requirements of poultry™ (NAS-NRC,
1977) lists requirement levels of 0.70% for starting
chickeﬁs (0 to B weeks), 0.40% for growing chickens (8 to 18
weeks). 0.50% for laying hens, 0.80% for starting turkeys (0
to B weeks), 0.60% for growing turkeys (8 weeks to market)
and 0.60% for turkey breeders. In fcr@ulating rations for
poultry, the contribution of P by the individual ingredients
composing®~the ration are taken into account. Grains and
plant protein supplements which usually make up the major
portion of the ration, provide a part of the P reguirement
of the bird and the fgmainaer is supplied by the animal
protein feedstuffs and inorganic P supplements.

In meeting the requirement for P it is necessary to

consider not only the total P content of the diet but also
| the availability of the p. The availability of P in the
different feedstuffs may vary widely. Phosphorus derived
from animal protein feedstuffs and inorganic P supplements
is considered to be wholly available; however, P derived

from grains and plant proteins is only partially available.

- #



Approximately 70% of the P in grains and plant protein
supplements is found in organic combination as phytin, which
is considered to be largely unavailable to young groving
chickens and turkeys but appears to be available to some
extent to the laying hen. 7

The proportion of phytin P to total P in the diet may

v

ry censiéerably_ In practical-type poultry rations the
amount of é SuPQ}ied by grains and plant protein supplements
usually varies from 0.35 to 0.40%. If it is assumed that 70%
of the total P from plant products is phytin P then in most
rations the level of phytin P varies from 0.25 to 0.28%.
Thus the contribution of phytin P in different rations may
range from as low as 40% to as high as 60% of the total P
requirements.

Due to the high cost involved in the addition of
inorganic P supplements to the ration, increasing interest
has been extended to the large proportion of phytin P in the ;
ration and the extent to which it can be utilized by —
poultry. In addition there has been some interest in the
possibility of using rations containing canola meal (CM) as
a source of P in poultry rations. Canola meal contains a
very high level of P (1.1%) in comparison to soybean meal
(0.65%). Since limited information was available on the
extent to which the P in CM was utilized by poultry it
geemed desirable that studies be conducted to assesS its
availability. Attempts have also been made to try to improve

the availability of phytin P by poultry by varying the



processing conditions applied to the feed.

The experiments reported herein were undertaken to
determine the influence of processing on the availability of
phytin P and to determine the levels of total and inorganic

P required by growing chickens, turkey

and laying hens in

rations containing varying levels of CM.



11. LITERATURE REVIEW

The role of P in nutrition is important as this element, in
addition to being a major constituent of bone, is also an
essential component of organic compounds involved in almost
every aspect of metabolism. Hence P is one of the major
minerals gsquired in the diet gf allianimals! Since many of
the ingreaients used in rations for livestock and poultry
contain less P than is required for normal growth and bééyi
functions, it is necessary to include supplemental sources

of P in the rations fed.

A. General Introduction

1. Sources

Phosphorus in feeds occurs in two forms, one of which
is organic and the other inorganic. Most of the P in organic
combination is in the form of phytin which is the calcium
and magnesium salt of inositol phosphoric acid (Plimmer and
Page 1913). It is the principle form of P of all naturally
occurring feed ingredients of plant origin (Nelson 1967).

The percentage of P occurring as phytate varies
considerably in di%fgrent plants. McCance and Widdowson
(1935) and Giri (1938) reported that approximately 40 to 70%
of P of cereal grains was present in the form of phytin.
Common (1940) showed that the phytin P content of feedstuffs
der;ved from processed oilseeds was one-half to two-thirds
of the total P content. Mollgaard (1946) reported that 70 to
80X of the P in processed oilseeds and 65 to B85% of the P in

/
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cereal grains was phytate P. Other reports indicated that
81X of the total P in wheat bran was in phytaég (Boutwvell et
al. 1946) and 30 to 60% of the P in seeds, grains and tubers
was in phytate combination (Oke 1965).

'The non-phytate content of plant feedstuffs ranges from
15 to 50% but the degree to which this is utilized has not
been clearly established (Nelson 1967). In general, it is
considered (NAS-NRC 1977) that 30% of a mixture of plant
sources of P is utilized by young chicks or poults with
considerably more of the phytin P utilized by older birds.

The inorganic sources of P generally added to rations
to meet the nutrient requirements are considered to be
highly available to the animal. Gillis et al.(1948) compared
" the availability of a number of common P supplements and
pure phosphate compounds. It was reported that beta
tricalcium phosphate and other reagent grades such as mono-,

di- and tricalcium phosphate were highly available sources

[

of P for chickens. Defluorinated rock phosphate was les
available than the pure orthophosphate but was more J
available than pure metaphosphate and pyrephaspbate.rIt vas
1atef confirmed (Gillis et al. 1954) that feed grade samples
of tricalcium phosphate, defluorinated phosphate and
domestic steamed bone meal were readily available sources of
P. Other products of slightly lower availability were spent
bone char, bone ash and imported bone meal of unknown
history. Dilworth and Day (1964) observed that P sources

with an availability of 79% or more when compared to sodium
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acid phosphate could be considered satisfactory sources of
P.

The availability of P in different inorganic sources
may vary considerably. The relative availability of P in
rock phosphate is dependent on the source of the material.
Availgbilgties ranging from 0 to 87% were reported by Gillis
et al. (1954) for rock phosphates obtained fgom different
locations and ?n availability of 0% for two imported rock
phosphates by ﬁilé@x et al.(1954), It was reported by both
groups of workers that the P in colloidal phosphate was
highly uhavailable for young growing birds.

2. Requirements

The dietary requirements of P for poultry has alwvays
heen closely associated with that of calcium. Early reports
have emphasized the importance of the calcium-phosphorus
ratio rather than the quantitative requirements for these
minerals (Bethke et al. 1930; Hart et al. 1930). Wilgus
(1931) reported that the P requirement of growing chicks was
Q:SDZ or less in rations in which the calcium-phosphorus
ratio varied from 1:1 to 2.2:1.

The inability of the chicken to utilize phytin P has
resulted in requirements often being stated in terms of -
inorganic P or non-phytin P rather than total P
requirements. Gillis et al. (1949) observed that chicks
ﬁgquired approximately 0.40% of a readily available form of
in@rganic or non-phytin P when the diet contained a total of

at least 0.60% of this element. O'Rourke et al. (1952) using



purified diets, reported a requirement of 0.46% inorganic P
for chicks up to 3 weeks of age with the requirements
decreasing with increasing age of the bird. Almquist (1954)
concluded that growing birds up to 4 weeks of age require
0.45% of a readily available P source. Temperton and Cassidy
(1963a) working with light-type hybrid pullets observed that
a level of 0.48% total P from plant feedstuffs containing
0.23% non-phytin P was sufficient for normal growth and
calcification. In further studies Temperton et al.
(1965a,b,c) confirmed that pullets (8 weeks old) could be
raised up to the laying period on P derived from plant
sources alone supplying a level of 0.45 or 0.46% total P.

As a result of the low availability of organic P, the
requirements for total P in poultry rations are considerably
higher than the requirements expressedrin terms of available
P. Requirement levels of 0.60 to 0.65% P for growing chicks
have been reported (Lillie et al. 1964; Mehring and Titus
1964; Twinning et al. 1965; Waldroup et 31.51965). On the
basis of these studies and taking into account the fact that
approximately 30% of P in plant products is non-phytin P, &
total requirement of 0.70% for chickens from 0 to 8 weeks
has been listed (NAS-NRC 1971,1977)i.

The reported P requirement of laying hens has varied
widely. Early work on the P requirements of laying hens
indicated that 0.75% P was needed (Norris et al. 1934).
Later, Miller and Bearse (1934) and-Evans et al. (1944)

suggested that 0.80% P in laying rations resulted in better



productive performance than 0.60%. Gillis et al. (1954)
reported that laying hens utilized phytin P approximately
one-half as effectively as an inorganic source of P_and
recommended dietary levels of 0.50% inorganic or

'available ' P for egg production and maintenance of body
veight and 0.60% for maintenance of optimum blood levels of
P and prevention of decalcification of bone. O'Rourke et al.
(1954) indicated that the requirements for P for laying
pullets were considerably lower than had been proposed by
previous investigators. They concluded that 0.30% total P
vas sufficient for normal egg production and hatchability.
Pepper et al. (1959) reported that a level of 0.38% total P
vas sufficient to maintain a high rate of production for a
44-veek laying period with hens kept in floor pens with
litter,

The requirements of Prappga:gé to be influenced by the
type of housing provided. Singsen et al. (1962) observed
that hens kept in laying cages required a higher level of
dietary P than those kept in floor pens. The performance of
birds fed 0.40, 0.50 or 0.60% P in floor pens were similar,
probably due to coprophagy, but in laying cages the
performance improved as the P level vas increased. It was
concluded that the P requirement of laying hens kept in
cages was more than 0;452 (0.35% available) but not more
than 0.60% (0.55% available). Hamilton and Sibbald (1977)
indicated that under practical conditions 0.45% available P

vas adequate for laying hens. The requirements for -total P



for laying birds (NAS-NRC 1977)) has been lowered to 0.50%
from a previous stated requirement of 0.60%. This change was
based on the observation that "older birds have the ability
to utilize most, if not all of the phytin or organic P in

plant material”.

B. Methods and techniques for determining phosphorus
availability 9

Several technigues have been developed for determining
P availability in various species of animals. In poultry,
the most commonly used methods involve, balance studies,
isotope trials, measurement of calcification, determination
of blood levels and assessment of factors such as body
wveight, egg production and egg guality.
1. Balance studies

This method is simple and involves measuring the total
intake of P and the output of P in feces, The difference,
eipressed as a percentage of intake, gives a measure of P
retention. Common (1933,1940) measured the excretion of
phytin P by laying chickens using this technique and
concluded that a large proportion of the phftin in
feedstuffs was unhydrolysed by the chicken. Temperton and
Cassidy (1963a,b) in balance studies with growing chickens
found that they could retain a 1afge proportion of phytin P
in their body. The obvious disparity in the results gives
rise to some question of the validity of this technique for

measuring the utilization of phytin P.



In studies with pigs Tonroy et al. (1973) using the
apparent digestibility technique observed that the apparen;
digestibility of dicalcium phosphate varied videly in two
separate experiments. Pierce et al. (1977), also in szuaies
with pigs on the availability of P in cereal grains,
concluded that other factors besides digestibility values
are necessary for assessing adequacy of dietary P.

Recently, Nwokolo et al. (1976) developed a method with
chickens for measuring P availability in which a correction
for endogenous P secretion was made. It was suggested that
the method gave a closer estimate of the 'true' availability
of P. :

2. Isotope trials -

The availability of radioactive P has allowed
investigators to study the metabolism of phytate P more
precisely. Singsen et al. (1950) fed labelled calcium
phytate to turkey poults and found that ’'P appeared readily
in various parts of the body. This showed that exchange
reactions occurred between labelled phytate and che; forms
@f P either in the intestine or after absorption. Keane et
al. (1954) reported similar exchange reactions in studies in
vitro. Gillis et al (1957) compared *'P labelled phytate
with **P labelled inorganic orthophosphate as a source of P
for chickens and. poults. They found that **P labelled
calcium phytate was utilized one-tenth as effectively as
inorganic orthophosphate (Na,H?*PO,) by chicks and even less

efficiently by turkey poults. Ashton et al. (1960) using a
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source of labelled phytin in oats found that growing
chickens utilized one-fifth of the phytate P from oats and
did incorporate some of it into actively growing tissue. The
disadvantages of this method were the difficulty of
incorporating the label into the source of phytin in the
plant and the fact that net retention of radioactive **P did
not necessarily indicate the net utilization of the phytate,
3. Measurement of calcification
Since P is a major component of bone, biological
studies involving calcification are an appropriate and
practical way of assessing P availability. 1 such studies
the ash content of bones serves as an indicator of the
degree of calcification that has occurred. To estimate the
extent of calcification, the ash content of the tibias, toes
or occasionally femurs may be determined.
a. Tibia ash |

The ash content of the tibia of chicks, expressed
as a percentage of the fat free, dry bone has been used to
éétimate P availability. Initially, the procedure was used
as a criterion for determining calcification in relation to
vitamin D levels in the diet but the obvious
interrelationship between calcium, P and vitamin D in
calcification prompted the use of bone ash as a measure of
availability of calcium and P as well (Bethke et al. 1930;
Wilgus Jr. 1931; Evans et al. 1944). With the recognition gf
the limited utilization of phytin P by monogastric animals,

researchers Have used bone ash values to determine the
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extent of phytin utilization (Eavq_g%ralg 1939;. Kreiger et
al. 1940; Kreiger and Steenbock 19§D; Kreiger et al. 1941;
McGinnis et al. 1944;'Gi11i5 et al. 1948; Miller and
Joukovsky 1953).

Gillis et al. (1953) vere the first to attempt to
determine the biological value of different sources of
inorganic pﬁasphgtes used in poultry rations. A standard
curve was Jeveloped by measuring tibia bone ash cbntent of
chicks fed graded levels of an inorganic source of phosphate
(beta-tricalcium phosphate) assumed to be 100% available,
The test ingredient was then compared to the standard curve
and a value for biological availability was derived. Nelson
and Walker (1964) and Dilworth and Day (1964) also used
tibi; ash values in evaluating the availability of P
compounds and indicated that tibia ash was more accurate
than body weight as a measure of dietary levels of P. Nelson
(1967) observed that bone ash served as a sensitive and
practical criterion for evaluating dietary P availability.
Sullivan (1966) reported that a 4-week period of growth
which gave optimum bone ash values was a more accurate and
sensitive measure of P availability than the 10-day assay

"developed by Ammerman et al. (1960).

Pierce et al. (1977) in a study with pigs also
used bone ash values for assessing phytate utilization. It
vas found that productive performance and skeletal
development were of equal value in assessing adequacy of ,
dietary P supply. |
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b. Toe ash N

Due to the time involved in dissection and the
lengthy fat extraction required for tibia ash determinations
Baird and MacMillan (1942) suggested that the ash content of
toes be used as a criterion of calcification and outlined a
method for toe ash determination. Campbell et al. (1945)
investigated the toe ash method as a means of measuring
vitam%n D status of chicks and found that there was no
significant difference in the precision of the values
obtained with toe ash and tibia ash methods. The pfeéeéufe
had the advantage that the bird could continue to live after
removal of the toes; however, other variations like degree
of calcification due to cornification of the pads and
breaking of the claws may have affected the values obtained
(Campbell et al. 1945).

Yoshida and Hoshii (1976) developed a simplified
and rapid biological assay procedure which used slope ratio
assay of the linear regression lines bétuegn added P and toe
.ash content. Hoshii énd Yoshida (1977a) determined the
availability of 25 ingredients by bioassay on toe ash
content and found this method comparable to total carcass
retention of P for measuring P availability (Hoshii and
Yoshida 1977b).

‘. Blood levels -
The levels of inorganic P in blood plasma has been used

ssess the availability of P in the diets of chickens.

to

Gillis et al. (1953) determined inorganic P plasma levels in

=
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laying birds to find the amount of inorganic P required by
the birds for normal growth and production. Later studies
showed that inorganic P levels in plasma may be affected by
dietary calcium. Arscott et al. (1962) and Reichmann and '
Connor (1977) observed a significant increase in plasma .
inorganic P when calcium was increased in the diet. This
showed that plasma P was positively and linearly related to
dietary calcium and also indicated that the absorption of P
wvas dependent on the level of dietary calcium. Pierce et al.
(1977) presented data supporting the observation that plasma
inorganic P level was a good indicator of P adequacy in pigs
only vwhen they were fed adequate levels of calcium.

Miller et al. (1977) found that the level of inorganic
P in serum Qas closely related to the egg laying cycle of
the hen. This was confirmed later by Choi et al. (1979) who
found that the excretion pattern of P was also closely
related to the egg laying cycle of the hen. In evaluating P
status of the laying hen using inorganic P levels in plasma
it is important to select birds at the same stage of lay,
usually immediately after oviposition (Miles et al. 1980).
S. Body weight

Rate of growth of chickens may be influenced by the
level of P supplied. Conseguently growth trials have been
used to try to assess P requirements and availability.

In early studies on the utilization of P from legumes
and cereals, Heuser et al. (1943) and Singsen and Mitchell

(1944) found that body weight gain of growing chicks at 8
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wveeks of age did not accurately assess P availability.
Consequently growth of birds at an even earlier age was used
as a measure of P availability. Using 4-week body weight as
a measure, Carver et al. (1946) and Gillfs et al., (1948)
vere able to determine the P requirements of the growing
chicken. When the total P in the diet was below
requirements, organic plant P could be utilized to support
body weight gains but was somevhat less available for bone
calcification (Waldroup et al. 1965). While these results
are in contrast to reports of many previous workers
concerning plant P availability, it was stressed that
calcium and vitamin D supplementation of the diets was
designed to permit maximum usage of organic P as shown in
earlier studies (Vanderpopuliere et al. 1961; Harms et al.
1962;:; Waldroup et al 1964a,b). In addition, the organic P
remained in its natural form in the plant material rather
than as the chemically isolated compound (Waldroup et al.
1965) . .

Growth curves, using body weight data, have been widely
used as a means of assessing P availability. Wilcox et al.
(1954) determined the availability of P in various phosphate
sources by comparison with a standard growth curve obtained
ﬁy feeding graded levels of a reference phosphate to growing
birds and determining their corresponding body weiéhtsg
Nelson (1967) criticized the use of growth curves in
evaluating phosphates and stated that the method became

inaccurate when the level of dietary P approached the



16

chick's requirement for this element.

The possibility of using more than one criteria to
assess P availabilify prompted Sullivan (1966) to compute a
formula to determine the biological value of P and the
relat  ve biological value of different sources of P. Using
the 3-response criteria body weight, percent bone ash and

gain:feed ratios the following formulae were proposed:

4-week body
Phosphorous weight.,grams  4-wveek . (4-veek
biological = - + % bone-ash + 10 x gain:feed)
value 10
Relative Biological value

phosphorus of unkndwn source
biological = -
value Biological value of

reference standard

x 100

The relative biological values obtained using the above
formula for feed sources included in a corn-soybean meal
diet fed to young turkeys were 95.7 to 101% for commercial
dicalcium phosphates, 82.6 to 98.2% for defluorinated rock
phosphates and 91.2% for a raw rock phosphate source using
monocdlcium phosphate monohydrate as a reference standard.
6. Egg production

Since calcium and P metab@liém are very closely
related, it seems probable that in egg shell formation in
which calcium is of major importance, P would also be
involved. Common (1932) observed a retention of calcium and
P preceding the egg laying period. After egg production

commenced, a heavy voiding of P in the droppings occurred.



In later studies, Common (15934) found an increased
phosphatase content of blood suggesting that calcium
phosphate stored in the bones was being withdrawn. Since
most of the calcium was utilized for eqg shell formation the
excess P vas excreted.

Early studies on P requirements for the laying bird
showed that a high level (0.80%) was required for egq
production (Miller and Bearse 1934; Evans et al. 1944).
Later studies (Gillis et al. 1953; Singsen et al. 1962)
showed that the levels of P proposed earlier were higher
than required; leve.s above 0.60% P were not found to be of
any benefit in improving egg production. O'Rourke et al.
(1952) demonstrated that as little as 0.30 P was sufficient
to maintain egg production.

7. Egg quality

Since egg gquality may be influenced by many dietary
factors, efforts were made to relate P availability to
various characteristics such as hatchability, egg shell
quality, egg specific gravity, egg weight and egg interior
quality.

a. Hatchability

Initial studies (Titus et al. 1937) indicated that
the P content of the diet of the.breeding hen had no effect
on embryonic mortality. A later study (O'Rourke et al. 1954)
however, demonstrated that at very low levels of P (0.20%),
hatchability of eggs was decreased. This was later confirmed

by other workers (Singsen et al. 1962; Waldroup et al. 1967)



vho observed that hatchability declined when the level of P
was below 0.30%.
b.Egqg shell and interior quality-

Other egg quality traits such as shell quality,
shell strength, shell thickness, specific gravity and Haudx
units have also been used to try to determine the
requirement of P for the laying bird. Miller and Bearse
(1934) reported that egg shell quality was not influenczd by
the leveliof P in the diet and this was later confirmed by
Evans et al. (1944); howvever;, if both studies the level of P
provided in the rations was higher than the current
requirement levels (NAS-NRC 1977). Even when much lower
levels of P (0.20 to 0.70%) were used, Singsen et al. (1962)
observed that neither egg weight nor egg shell thickness was
affected by any of the P levels used. Arscott et al. (1962)
reported a decrease in egqg specific gravity when dietary P
levels were raised from 0.60% to 0.90%. This was supported
by later studies showing that feeding diets with lower
levels éf P tends to produce thicker egg shells (Taylor
1965). Hunt and Chancey (1970) reported that egg shell
quality tended to be inversely proportional to dietary P
levels.

Other studies indicated that egg guality factors
vere not very sensitive to variations in dietary P. Hamilton
and Sibbald (1977) observed that feeding diets containing
0.40 to 0.55% P had no significant effect on egg specific

gravity, egg weight or incidence of blood spots. Similarly
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Yannakopoulos and Morris (1979) reported that varying the
non-phytate P level of the diet from 0.31 to 0.48% had no

effect on egg shell thickness or shell deformation.

C. Methods of improving phosphorus availability

The presence of large amounts of P in plant feedstuffs
in an organic form which is unavailable to the animal,
coupled with the cost of inorganic P, has led to research to
try to improve its utilization by animals. Methods used for
this purpose have included variations in feed processing and
enzyme hydrolysis.
1. The influénce of feed processing on phosphorus
availability

a. Autoclaving

The application of moist heat under high

temperature and steam pressure was shown by Singsen (1948)
to increase the availability of P in wheat bran. It was
suggested that the application of heat may have resulted 1n
the hydrolysis of phytin with release of inorganic P (0'Dell
1962: Lease 1966). This was later confirmed by Summers et

al. (1967) who showed that the phytin P content of wheat

by-products decreased as autoclaving time was increased;
Kratzer et al. (1959) and Lease et al. (1960) suggested that
autoclaving isolated soybean protein or sesame meal
destroyed some of the phytic acid and thué reduced the
chicks' or poults' need for zinc which may be chelated by

phytic acid.
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b. Steam pelleting
Attempts to improve the availability of P in

feedstuffs by the.usg of steam pelle%épg has given variable
results. Cisneros (1966) reported that steam pelleting a
corn-soybean meal diet resulted in increased ash content of
the bones of chicks fed a ration without added inorganic P.
Summers et al. (1967) also observed that the P availability
of wheat bran increased when the bran was pelileted
separately in the whole ration. In later studies, however,
Summers et al. (1968) showed that steam pelleting wheat bran
and regrinding it lowered the availability of P. Bayley et
al. (1968b) reported that when either corn or soybean meal
(SBM) was pelleted separately before iﬁcgrpefééiaﬂ into a
diet of low phosphorus content there was no improvement in
growth rate or bone development. Similarly, no enhancement
of P availability as a result of steam pelleting rations for
laying hens was recorded by Pepper et al. (1969). Corley and
Easter (1979) however, found that pelleting was of some
benefit in improviflg P utilization in wheat bran and rice
bran but Harrold et al. (1979) observed that steam pelleting
was of no benefit in increasing the availability of P in
barley. It was suggested (Bayley et al. 1968a) that the
conflicting results obtained in the various studies were
probably due to variations in pelleting conditions. It has
been observeé that the effects of steam pelleting can vary
even when conditions are kept as uniform as possible (Pepper

et al. 1969).



2. Enzyme hydrolysis .

The enzyme phytase (myo-1nositol-hexakisphosphate
6-phosphohydrolase) catalyses the hydrolysis of phytic acid
(myo-1nositol-hexaphosphoric acid) to inositol and
orthophosphoric acid. Phytase is widely distributed in plant
and animal tissue and in many species of fungi and bacteria.

Suzuki et al. (1907) first isolated this enzyme from rice
bran. Anderson (1915a,b) identified the enzyme in wvheat

bran. Patwardhan (1937) first reported its occurrence in the
igtestiﬂal mucosa of rat. Steenbock et al. (1954) and Bitar
aﬁé Reinhold (1972) reported the presence of the enzyme in
the intestine of various species of animals. Peers (1953)
recorded it to be one of the first enzymes found to liberave
inorganic phosphate from organic P compounds. |

For hydrolysis of phytin by phytase to take place,
optimum conditions are needed. All feedstuffs may not
contain the enzyme, but even if it is present, processing of
the feed may destroy the enzyme (McCance and Widdowson
1944). Hill and Tyler (1954) discussed the optimum pH and
temperature for both plant and intestinal phytase activity
and indicated that unless optimum conditions are met, rate
of hydrolysis is reduced. Nelson (19575 stated that feed
ingredients cannot be considered to be a consistent source
of phytase.

Since levels of phytase in feed ingredients and in the
intestine may vary, other sources of the enzyme have been

used to try to increase availablity of phytin P. Warden and
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Schaible (1962) using a bacterial source of enzyme (lysed
E.coli) found that it improved both growth and bone
development when it was added to a ration for chickens.
Shieh and Ware (1968) reported that a fungus (Aspergi/ljus
flcuum NRRL 3135) provided a large amount of active phytase
t was effective in improving the availability of organic

f
P. Nelson et al. (1968) used the same source of enzyme as

th

Shieh and Ware (1968) to treat SBM in vitro. A marked
improvement in growth and bone development was observed in
chicks fed the treated meals. Later studies by Nelson et al.
(1971) indicated that the feeding of the acetone dried
enzyme preparation of A.ffcuum was also beneficial in
improving growth and bone development.

There are other indications that microbial sources of
phytase may result in the hydrolysis of phytin. Reinhold
(1975) reported that the use of yeast in the preparation of
whole wheat bread was beneficial in destroying phytate thus
preventing zinc deficiency in an Iranian population. He
observed that one-third of the phytate in wheat was
destroyed in 2 hours by adding yeast to the dough. Yen and
Verum (1979a,b) observed that when 2% of a live yeast
culture was included in nations for pigs it was of some
benefit in improving P availability for finishing pigs but
had no effect with growing pigs. Fardiaz and Markakis (1981)
in studies conducted in vitro, fermented peanut presscake
with various cultures of molds (Neurospora sitophila,

Rhizopus ol igosporus and a Neurospora strain isolated in
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Indonesia) and found that the culture of R. ol igosporus vas
most effective in destroying the phytic acid content.
Fermentation of the peanut meal for 72 hours resulted in

hydrolysis of 97% of the phytic acid that wvas present.



111. EXPERIMENTS AT THE UNIVERSITY OF ALBERTA

Experiments were conducted to study:

Effects of processing canola meal on phosphorus utilization

by broiler chickens
1. Influence of va processing conditions.

w
\l"“

yin

[Te]

2. Influence of processing and dietary phosphorus levels on

the performance of broilers.

B. SECTION
Effects of dietary fibre and inorganic phosphorus levels on

the performance of brojler chickens

C. SECTION

Utilization of dietary phosphorus by turkey poults

D. SECTION

Utilization of dietary phosphorus by laying hens

1. Influence of phcsph@fus levels in rations containing
canola meal on pe;fafman:e of hens kept in floor pens.

2. 1influence of phosphorus levels in rations containing

canola meal on performance of hens kept in batteries.

24
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A. SECTION: Effects of processing canola meal on phosphorus

utilization by broiler chickens

.

1. Influence of varying processing conditions

Introduction

The conditions used in processing CM may influence the
level and availability of nutrients. Consequently the
processing conditions applied are designed to produce a
product with optimum nutrient availability. In Canada the

meals are most commonly processed by the prepress-solvent
?xttaction method or by solvent extraction. The conditions
maintained during the entire operation are responsible for
the quality of the meal produced {(Clandinin et al. 1978a).
éanola meal is a rich source of P and has a 1argé
proportion of its P in organic form as phytin (Finlayson
1977). There is therefore interest in the effects that
processing conditiohs may have on P availability. With some
feedstuffs, heat'treatment in the presence of moisture has
been found to cause some hydrolyis of the phytin present
(singsen 1948; O'Dell 1962; Lease 1966). Although the
prepress-solvent extraction method involves pre-cooking of
the crushed seed before fat extraction, hydrolysis of phjtin'

does not seem to occur to any marked degree (Finlayson

1977). This suggests that the heat applied is not
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sufficiently high to bring about hydrolysis of phytin in the
meal.

Theré is some evidence that the use af high
temperatures during processing such as autoclaving or steam
pelleting may be of some value in improving the availability
of P in feedstuffs. Summers et al. (1967) showed that a
decrease in the level of phytin P in wheat bran occurred as
a result of autoclaving or steam pelleting. Bayley et al.

(1968b) reported improved utilization of P from corn and SBM

Since preliminary studies conducted indicated that the
availability of P in CM may be improved by the application
of heat, experiments were conducted to (i) study the
influence of time and temperature used in autoclaving CM on
utilization of P in éhe meal (ii) compare the effects %9

autoclaving and steam pelleting on phytin P utilization and

(iii) compare laboratory prepared CM with commercial CM.

Materials and Methods
Experiment 1

Thfee hundred and eighty. !cur, day-o0ld broiler chickens
(White Mountain é x Hubbard 1) were sexed and randcmlgeé
into 24 groups with 8 male and 8 female birds pach. Three
groups were assigned to each of the ration tﬁiztments (Table
I11.1). The rations were formulated to be isocaloric and |
isonitrogenous and to contain egual.émcﬁﬂts of total P.

Canocla meal was used at a level of 20% in all diets.
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Samples of CM used in the experiment wvere prepared by
heating them in the autoclave (A-CM) at different
temperatures for varyi%g lengths of time. The meals vere
placed in trays to a depth of approximately 2.5 cm, covered
with aluminium foil and autoclaved at a temperature of 110°C
or 121°C for a period of 15, 30 or 45 minutes (Table III.1).
At the end af the heating period the meals were cooled as
quickly as possible and dried at room temperature.

The chickens were raised in electrically heated
Petersime batteries with raised screen floors. Feed and
wvater were supplied ad libitum. Continuous lighting was
provided. |

Records were kept on mortality, body weight, feed
consumption and incidence of leg disorders. All birds that
showed evidence of perosis (slipped tendons) or other N
abnormalities such as bowed legs or enlargement of the
tibial-metatarsal joint were recorded as suffering from leg
disorders.

The experiment was terminated after 28 days on
treatment. At the end of the experiment four birds from each
gfcup were selected at random and killed by cervical
dislocation. The thyroid glands were then removed and their
wéights recorded. The tibia and middle toe (between the
second and third digital bones) from the left side of each
chicken were also removed. The tibias were cleaned of |
‘adhering flesh by immersing them in beiling water for a few

minutes. They were then crushed and fat extracted with
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ether, dried to constant weight at 100°C, ashed individually
at 800°C for 1 hour and the percentages of ash calculated
(AOAC 1980). Pour toes from birds in each replicate were
dried together to constant weight at 100°C and ashed at
600°C for 4 hours. Ash percentages for each’treatment vere
then calculated (AOAC 1980). r

The data were subjected to analyses of variance.
Percentage data for mortality and leg disérders were
transformed using arcsin transformation; however, for ease
of‘interpretat}on means were expressed as percentages.
Significance of differences were assessed by applying

Student-Newman-Keuls' procedure (Steel and Torrie 1980) at

the 0.05 level of probability.

Experiment 2

In this experiment, 420 day-old Stoiler chickens (White
Mountain 8 x Hubbard g) vere sexed and randomized into 21
groups with 10 male and 10 female chickens in each group.
Three groups were placed on each of the rations shown in
Table III.2. The rations were formulated to be isocaloric
and isonitrogenous and to contain equal amounts of total P.
The levels of CM used vere either 20 or 30X%.

A sample of commercial meal produced by the prepress
solvent method was used fn the experiment. The meal was
further pfocessﬁd either by autoclaving or steam pelleting.
A portion of the meal wvas autoclaved in the same way as in

Experiment 1 at 121°C for 45 minutes. Another portion of the
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meal was steam pelleted (SP-CM) using a commercial-type
pellet mill and reground. The exact temperature, time and
pressure applied during steam pelleting could not be
measured.

The chickens were raised under conditions similar to
those used in Experiment 1 and records were kept on
mortality, rate of growth, feed consumption and incidence of
leg disorders. At the end of 28 days, four chickens from
each group were killed and their thyroid glands were removed
and veighed. Tibias and toes from the left side of the
chicken were also removed and ash percentages determined as
in Experiment 1.

The data were analysed statistically in the same way as

in Experiment 1. ‘

Experiment 3

In this experiment, 224 day-old male broiler chickens
(Wwhite Mountain & x Hubbard 2) Qere randomly distributed
into 14 groups of 16 birds each. Two groups were placed on .

each of the rations fed (Table 111.3). The rations wvere

formulated to be isocaloric and isonitrogenous and to
contain equal amounts of total P. Canola meal ﬁ§§éu5eé a; a
level of 10% in all diets. The A-CM was pfep&féd as in
Experiment 1 using a temperature of 121°C for 45 minutes.
canola cake was prepared in the laboratory by
processing Candle rapeseed, The seed was ground in a Waring

stainless steel blendor with dry ice to prevent caking. Fat
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vas extracted with a Soxhlet apparatus for a period of 24-36
hours using hexane as the solvent. Following fat extraction
the cake was desolventized with a current of air at room
temperature. Four laboratory prepared canola meals vere
produced by processing the cake in different ways. The
processing gequences applied vere as follows. The cake was
(i) ground and fat extracted (ii) ground, fat extracted and
autoclaved (iii) ground, autoclaved and fat extracted (iv)
autoclaved, ground and fat extracted. Autoclaving was
carried out at 121°C for 45 minutes.

The chickens were raised under conditions similar to
those used in Experiment 1 and records were kept on
mortality, rate of growth, feed consumption and incidence of
leg disorders. At the end of 28 days, four chickens from
each group were killed and their thyroid glands removed and
weighed. The tibias and toes from the left side of the bird
were removed and bone ash was determined in the same way as
in Experiment 1. 7

The data were statistically analysed in the samexﬁay as h

in Experiment 1.

Results and Discussion
Experiment 1
The results obtained are summarized in Table III.4.
Mortality was not significantly affected by any of the
treatments used. The body weights of the broiler chickens

fed 20% CM or 20% CM autoclaved at 110°C for 15, 30 or 45



34

LR UL O JOJIS PIBDURLS
LTI SiQEL Uy UMOYE SUOj 3 LPpuco Bu)Ssed0dd .
{50 05d) WeJB )P ALIURD) j)ulls J0U BIE SJELL8| PUEE SUL UliA SENLEA UNNIOD

BieRg Jeiiew Asp ® U0 pesseadxy ,
LSRG JBLleN AJp "SBJy W) B UC PEESeIdxY

748 W -1X- ML

4O BOUSD DU pee 4

o 90 [ o EQ O E 91 ﬁ L ELS
p3qar v L % W QeE "Ik W WD Qe 0199 L 4] (4) (1wew e(OuRd-¥ %OT
266 b=l TN 2QE ri L) 4 qQ¥as b HPIGED 0 (3) 1eew @ oued-y WOT
HQ8 B Q0 Or 249 ri - fr @ Ll ] ﬁ,u,,..,nm, ®) T () (wew @ ouRd-¥ ROT
2064 Q6 OF JE W ey 8 LL PIOLI L[¢] {2) 1ot Biouel-y KO
T 0T Q0 O >9 ¥E 9 L4 I 2O L (8) oW " ousl-y ROT
qQeg 9 a%  BE JE Wi 99 6E qeL 06y ®E 9 W) (oW wiOouRd-¥ NOT
LAY v wE 29 L g B L5 aors L] Leou | Oue) ROL
PELE 29 Tr Lt Lt L% ¥889 zr ¢ 043U ueeqhos
.
%) %) by am Apog % (uiebypeey ) e %)
i1 Ll VU Ry B Q0L /Ow) SJeplosyp Dey WOy S eaoD Gyl ee Apog LEYRE 2L T R |

L

[N

US| JSdXS) | RSN B OURD DEAR{IOLNE P8 SUBAIIUD JBL10JQ JO BIUBNIO4IEY ¥ 111 »jqQej}



35

mifomes were significantly lower than those of birds fed the
SBM control ration. The inclusion of meal autoclaved at
121°C for 15 minutes also resulted in some decrease in rate
of growth; however, vhen the meal was autoclaved at 121°C
for 30 or 45 minutes, body weights at ¢ weeks of age vere
not significantly different from those of the controls.

The results obtained suggest that the level of
inorganic P present in the CM rations wvas insufficient to
support normal body growth. Autoclaving the CM at 110°C for
15 minutes apparently did not improve the availability of
phytin P but heating at ¥10°C for 30 or 45 minutes did
achieve increased body weight, perhaps by increased
hydrolysis of phytin which would then increase the levels of
inorganic P in the ration. The growth rate observed when a
temperature of 121°C was used for 30 or 45 minutes suggests
th..the higher temperature of autoclaving was probably more
efféctive in increasing the release of inorganic P from
phytin combination.

The treatments used in the experiment had little
influence on efficiency of feed conversion. Only the
inclusion of 20% A-CM autoclaved at 110°C for 15 minutes
gave a feed conversion value that was significantly higher
than that of the controls. Feed conversion values for all
other treatments were similar to that of the controls.

The incidence of leg disorders in the experiment was
high and may have been related in part to the levels of

inorganic P in the rations. Occurrence of leg disorders vas
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high in the groups fed CM or A-CM autoclaved at 110°C for 15
minutes but was greatly reduced when the meal was autoclaved
at 110°C for 30 or 45 minutes or at 121°C for 15, 30 or 45
minutes. The incidence of leg disorders observed in the
éifferént treatments appeared to be related to the growth
performance achieved; the higher the rate of growth the
lower the incidence of leg disorders.

The inclusion of CM or A-CM in the ration resulted in
some increase in thyroid size except in the groups fed A-CM
autoclaved at 121°C for 45 minutes. The reason for the lack

of enlargement in this treatment as compared to the controls

glucosinolates in the meal ihen it was heated at a high
temperature for an extended period of time.

The addition of 20X CM to the ration resulted in a
significant reduction in levels of ash in the tibias and
toes of the broilers. When the meal vas autoclaved, bone ash
values:incfeased, with the levels tending to be higher with
longer time of heating and increased temperature. The level
of tibia and toe ash in the groups fed CM autoclaved at
121°C for 45 minutes was almosSt as high as that found in the
control group. This suggests that the heat treatment was
effective in increasing the availability of P for bone
formation,

Although the calculated level of inorganic P in the
rations with 20X CM or A-CM was only 0.22%, it appeared that
autoclaving was effective in releasing some of the

.
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ieight; reduced incidence of leg disorders and the high
level of bone ash. It would seem howvever, that autoclaving
at a lover temperature of 110°C for 15 minutes was
insufficient to increase the availability of the
phytin-bound P. Heating at a higher temperature was
apparently more effective in increasing P utilization from

gi

Experiment 2

The results obtained (Table II1I.5) indicated that there
was no significant effect of treatments on level of
mortality. &;higher rate of mortality was observed in this
experiment than in Experiment 1. No reason for the increased
ﬂﬂftalit; level was evident,

Addition of 20% CM to the ration ccn%giniﬁg 0.22%X inorganic
P resulted in significant depression En rate of growth as
compared to the controls. Inclusion of 20X A-CM or 20X SP-CM
in the diet, however, resulted in 4-week body weights
similar to the controls. Heat treatment of CM either by
autoclaving or by steam pelleting seemed to be of some
benefit in improving rate of growth when the level in the
diet was 20%. When the level of inclusion was increased to
30% with CM, A-CM or SP-CM, body weights of the chickens
vere significantly lower than the controls. Although the

rations with 30% CM, A-CM or SP-CM contained the same level
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of total P in the rations as with a 20% level of addition,
the calculated inorganic P content was only 0.19% as
compared to 0.22% .because of the high phytin P content of
CM. When 30X CM was used no additional source of inorganic_ P
vas added to theé ration to achieve a level of 0.58% total P.

‘With this low level of inorganic P, heat treatment either by

autoclaving or steam pelleting appareﬁtly did not releade
enough phytin P to promote increased rate of growth. This
supports the observation of Gillis et al. (1948) who
reported that chickens can utilize phytin P only in the
presence of a substantial amount of inorganic P.

The treatments used had no influence on feed conversion
values. Feed conversion values were higher in this
expgriment than those observed in Experiment 1.

Incidence of leg disorders was markedly affected by the
level of CM and inorganic P in the ration. When 20% CM or
20% A-CM was added in the ration the incidence of leg
disorders was similar to the controls; however, inclusion of
30% CM, A-CM or SP-CM in the diet resulted inizrsignifisant
increase in the incidence of leg abnormalities. The combined
effect of the lower level of inorganic P (0.19%) and a high
level of CM (30%) in th; ration was apparently responsible
for the increased leg disorders. It has been previously
noted (Clandinin et al. 1978b) that the use of very high
levels of rapeseed meals resulted in increased incidence Qf

perosis 1in broiler chickens at 4 and 8 weeks of age while

Wilgus et al. (1937) showed the importance of P levels in
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normal leg~formation.

Thyroid size was affected to some extent by the
treatments used. The inclusion of 20% or 30% CM in the diet
of chickens resulted in significantly larger thyroids than
those of the controls. Heat treatment of CM reduced the
degree of enlargement; thyroid size of the birds fed A-CM
was similar to that of the controls. A similar increase in
thyroid size as a result of inclusion of CM was reported by
Clandinin et al. (1978b).

Calcification, as measured by the ash content of tibias
and toes of the chickens was dependent on the‘fatién fed.
Feeding the chickens a diet with 20X or 30% CM resulted in
tibia and toe ash values significantly lower than the
controls. When CM was autoclaved before inclusion in the
ration at a level of 20%, calcification, as indicated by
tibia and toe ash percentages, was improved and was similar
to the controls. When 30% A-CM was used a slight increase in
tibia and toe ash was noted but the levels were
significantly lower than the controls. Steam pelleting the
CM was not effective in increasing tibia or toe ash levels,
This suggests that calcification is dependent on the level
of inorganic P in the diet. The 30% CM ration containing
0.19% inorganic P provided too little available P to allow
normal calcification. From these results it would appear
that autoclaving CM at 121§CAEG} 45 minutes may have béen

effective in releasing some P from crgahic combination.
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Experiment 3

The performancé of chickens‘in experiment 3 are
summarized in Table III.6.

The treatments used had no significant effect on
‘mortality. Level of mortality was low in all groups
tﬁroughout the experimental period. |

Body weight was influenced by the treatments used. The
body weights of birds fed rations containing 10X commercial
CM, either autoclaved or non-autoclaved, were similar to the
controls; however, the groups fed rations with 10% of
laboratory prepared meals had body weights significantly
lower than the controls. Since the level of total and
inorganic P in the rations containing either commercial or
laboratory prepared CM were the same, the reduction was not
related to the P levels in the rations. Differences noted
may have been related to the processing conditions used in
preparing commercial meals as compared to those produced in
the laboratory. Commercially prepared meals are cooked at
temperatures ranging from approximately 86 to 95°C for an
average of about 1.2 hours before fat extraction and are
heated to a temperature of about 71 to 110°C during
desolventization for approximately 50 minutes. Since
extraction and desolventizing temperatures used in preparing
meals in the laboratory were low, it would appear that the
higher temperatures and ionger periods of time used during
pre-cook%ng and desolventizing the commercial meals may have

been responsible for their better quality.
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The treatments used had no significant effect on feed
conversion values which ranged from 1.79 to 1.96 for the
different treatments used.

Incidence of leg disorders in the experiment was not
affected by the different treatments used. Chickens fed two
of the laboratory prepared meals, however, did shov a higher
incidence of leg disorders but they were not significantly
different from the controls.

Thyroid size of the birds was influenced to a small
extent by the presence of CM in the ration. The inclusion of
commercial CM, A-CM or laboratory prepared CM in the diets
of the chickens resulted in thyroid glands that were
significantly larger than those of the controls.

Calcification as measured by tibia and toe ash
percentages was affected by the different processing
technigues used in the preparation of the meals. The
commercially prepared CM or the A-CM, when included in the

rations fed, resulted in tibia and toe ash values similar to
the controls. When the ration contained laboratory prepared
meals in which the cake was autoclaved prior to grinding,
the tibia and toe ash values of the birds were markedly

reduced. No reason for the reduction 1 calcification that
occurred was apparent.
Summary

Three experiments were conducted witK broiler chickens

to study the influence of varying processing conditions of

CM on P utilization. The following results were obtained:
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1. The use of A-CM at a level of 20% for broiler chickens
was of some benefit in improving rate of growth and
calcification.

2. Autoclaving the meal at 121°C for 45 minutes appeared to
be most effective in increasing P utilization.

3. éommercial steam pelleting of the meal was not of any
benefit in improving calcification, although some increase
in rate of growth occurred when 20% SP-CM was included in
the ration. |

4; Heat treatment of CM either by autoclaving or steam
pelleting was of no advantage in improving rate of growth or
calcification when the meal was included at a .level of 30%
in the diet. ’

5. Commercial CM was superior to laboratory prepared meals

in promoting growth and bone calcification.
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2.Influence of processing and dietary phosphorus levels on

the performance of broilers

Introduction

The limited utilization of P from phytic acid or
phytates in plant material has stimulated researchers to
determine its availability from various plant sources
(McGinnis et al. 1944; Waldroup et al. 1965). Generally 30
to 40X of the total P in plant feedstuffs has been found to
be utilized (Taylor 1965). This agrees with the NAS-NRC
(1977) statement that approximately 30% of P in plant
materials is available to young growing birds. Since the
availability of P §s low, studies have been conducted to try
to improve it. Among the methods used to increase
utilization of P from the phytin 1in vegetable feedstuffs, as
indicated in A.Section-1, autoclaving has shown some
bénefit.

Canola meal is a rich source of P containing
approximately 1.1% of this element; however, 70 to B0X of
the P occurs as the calcium and magnesium salt of phytic
acid (Finlayson 1977) and is therefore presumably
unavailable to poultry. Since CM contains a high level of
phytin P it would be particularly desirable to maximize the
biological utilization of this element. Consequently studies
were undertaken to determine whether increased levels of

inorganic P in the diet affected the utilization of phytin P
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in raw or autoclaved CM by growing chickens.

Materials and Methods
Experiment 1

| Two hundred and fifty six, day-old (White Mountain é x
Hubbard 3) broiler chickens were cexed and randomized into
16 groups with 8 male and 8 female chickens in each group.
Two groups vere placed on each of the ration treatments
shown in Table III.7. The autoclaved CM vas prepared by
spreading the commercial CM on flat trays to a depth of
approximately 2.5 cm and heating them in an autoclave at
110°C for 30 minutes. At the end of this time period the
autoclaved meal (A-CM) was immediately spread out on sheets
of paper, cooled and air-dried at!fc@m temperature.

The rations were formulated to be isocaloric and
isonitrogenous and to contain equal amounts of total P but
varying amounts of inorganic P. Variatiéné in phytin P
levels were affected by adding 10, 20 or 30% CM. Rations 1
and 5 which were the same formulation served as the controls
in the experiment.

The chickens were raised in electrically heated
Petersime batteries with raised screen floors. Feed and
water were supplied ad %tbitum. Continuous lighting was
provided.

Records were kept on mortality, body weight, feed
consumption and incidence of leg disorders. All biras which

had bowed legs, swellings at the tibial-metatarsal joint or
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perosis (slipped tendons) were recorded as suffering from
leg disorders.

The experiment was terminated after 28 days. At the end
of the experiment, four birds from each group vere selected
at' random and killed by cervical dislocation., The thyroid
glands were then removed and their weights recorded. The
left tibia and the middle toe (between the second and third
digital bones) of each chicken were also removed. The tibias
wvere removed from adhering flesh by placing them in boiling
vater for a few minutes, they were then crushed, fat
extracted with ether, dried to constant weight at 100°C,
ashed at 800°C for 1 hour and the percentages of ash
calculated (AOAC 1980). Four toes from each group wvere
pooled together, dried to constant weight at 100°C ashed at
600°C for 4 hours and their ash content calculated (AOAC
1980).

The data were subjected to analysis of variance.
Percen;age data for mortality and leg disorders wvere

transformed using arcsin transformation (Steel and Torrie

1980); however, for ease of interpretation, means were
expressed as percentages. Significance of differences vere
assessed by applying Students-Newman-Keuls' procedure (Steel

and Torrie 1980) at the 0.05 level of probability.

Experiment 2
In this experiment 432 day-old (White Mountain & x

Hubbard g) male broiler chickens were randomly distributed
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into 27 groups of 16 birds each. Three groups vere placed on
each of the ration treatments (Table III.8). A 3 x 3

- factorial design with 3 levels of CM and 3 levels of P was
used in the experiment.

The A-CM was prepared as in Experiment 1 but using a
temperature of 121°C for 45 minutes. The rations were
formulated to be isocaloric and isonitrogenous. The control
rations and those wvith 30% CM or 30X A-CM were formulated to
contain 0.58, 0.63 and 0.68% total P. The increased levels
of P were achieved by adding an inorganic P supplement. In
order to maintain the same level of total P in the control
ration containing SBM as in those containing 30X CM a higher
level of inorganic P supplement had to be added to the
control rations. As a consequence the levels of inorganic P

in the control rations were higher than in those containing
- .

CM.

The chickens were raised under conditions similar to
those used in Experiment 1 and records were kept on
mortality, body weight, feed consumption and incidence of
leg disorders. At the end of 28 days, four chickens from
each replicate were killed and their thyroid glands, left
tibia and middle toe were removed. The thyroid glands were
weighed immediately and the tibias and toes were analyzed as
in Experiment 1.

Data were analyzed using analysis of variance. Sources

of variation were CM treatments (n=3), level of P (n=3) and

CM treatment x phosphorus (n=9). Percentage data for

t
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mortality and leg disorders vere transformed using arcsin
transformation (Steel and Torrie 1980): however, for ease of
interpretation, means were expressed as percentages. Means
for significant sources of variation were compared using the

Students-Newman-Keuls' procedure (Steel and Torrie 1980) at

the 0.05 level of probability.

Experiment 3

In this experiment 540 day-old (White Mountain é x
Hubbard g) broiler chickens were sexed apé randomized into
27 groups with 10 male and 10 female chickens in each. Three
groups vere placed on each of the ration treatments (Table
111.9). The A-CM was prepared as in Experiment 1 using a
temperature of 121°C for 45 minutes.

The rations were formulated to b® isocaloric and
isonitrogenous and to contain 0.54, 0.58 or 0.68% total P.%
Feed and water wvere supplied ad libitum.

The chickens were raised in floor pens 4.49 m x 1.85 m
in size. Infrared brooders wvere used as a source of
supplemental heat. The birds were given 16 hours of light
daily.

Records were kept on mortality, rate of growth, feed
consumption and incidence of leg disorders. At the end of 28
days, four chickens from each replicate vere killed and
their thyroid glands were removed and weighed. The tibia and
middle toe from the left siéé of the chicken were also

removed and prepared for ash determinations as in Experiment
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Data were subjected to analyses of variance to test the
effect of treatment on the traits measured. Pen means were
used in the statistical analyses. Treatment sum of squares
vere partitioned into orthogonal and single degree of
freedom comparisons to identify significant differences
between level of dietary P, inclusion of CM and influence of
autoclaving on the different biological traits measured
(Steel and Torrie 1980). The data for mortality and
incidence of leg disorders were transformed for statistical
analysis using arcsin transformation (Steel and Torrie
1980); however, for ease of interpretation means wvere

expressed as percentages.

Results and Discussion
Experiment 1

The results obtained are summarized in Table III.10 in
which results from Rations 1 and 5 are combined. The level
of CM in the ration affected incidente of mortality that
occurred. Inclusion of 30% CM or A-CM resulted in a higher
level of mortality than when lower levels of CM were used. .
Mortality in these treatments was mainly due to rickets that
occurred after the birds had been on experiment for 2 weeks.
This suggested that a deficiency of inorganic P may have
been responsible for the inadequate growth and
calcification. Mortality in all other groups was low with

most occurring during the first two weeks of the experiment.
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Inclusion of 10% or 20% CM in the ration had no
significant effect on body weight at 4 weeks of age;
however, whemn 30% CM was used, body weight was markedly
decreased. The addition of 10% or 20% A-CM resulted in
increased rate of growth as compared to the chickens fed SBM
control ration, but only in the case of the 20% A-CM was the
difference significant. The growth response is an indication
that when CM and SBM are used together thefg‘mgy be some
complementary effect. When 30% A-CM was used body weight was
significantly decreased and was similar to that abtained
with 30% CM. The reduced growth at the 30% level probably
was related to the low level of inorganic P in these diets.
The treatments used had no significant effect on feed
conversion although the groups fed 10 and 20% A-CM did have
lower feed conversion values.

Inclusion of 10 and 20% CM or A-CM did not affect the
incidence of leg disorders; however, when 30% CM or A-CM wvas
included in the ration, in:idénce of leg disorders was
extremely high. This suggested that when 30% CM was used
there vas insufficient inorganic P present to allow
satisfactory bone formation to occur.

A; the level of CM in the diet was increased, an
increase in thyroid size in relation to body weight
occurred. The degree of enlargement, however, was small in
comparison to the degree of enlargement observed when high
glucosinolate rapeseed meals vere used in broiler rations.

Marangos et al. (1974) reported reduced enlargement of



thyroid glands in broiler chickens as a result of feeding
rations containing rapeseed meals with low oxazolidinethione
content.

The ash content of the tibias and toes was not affected
by the addition of either 10% Cﬁ or 10% A-CM to the ration.
This suggests that the levels of total and inorganic P in
these rations were sufficiently high to allow normal

calcification of bone. Addition of 20 and 30% CM to the

ash as the level of CM was increased. When 20% A-CM wvas
included in the ration, tibia and toe ash values were
significantly higher than those in the groups fed 20% CM.
This confirms the results in A.Section-1 that autoclaving
may have increased the availability of the phytin P in the
meal. It also agrees with the observation of others that
autoclaving feed ingredients resulted in more of the phytin
P being made available for bone ash purposes (Singsen, 1948;
O'Dell 1962; Lease 1966; Summers et al. 1967). Nelson (1967)
in a review on P utilizatién§stated that percentage bone ash
wvas one of the most sensitive practical criteria for
evaluating the availability of dietary P and was little
affected by other variables that influence growth. The
results of this study indicate that 0.25% inorganic P
supplied in Ration 2 was.adequate for normal calcification
of the bones.

Wwhen 30% A-CM was used, the bone ash values were

similar to those of the groups fed 30% CM. The decreased



calcification that occurred when 30% CM or 30% A-CM was used
may have been due to the high levels of phytin P and the low
levels of inorganic P in these rations. Gillis et al. k!QQE)
reported that the chicken can undoubtedly utilize phytin P
to a limited extent only in the presence of a substantial

amount of the more available P.

Tk

E J

Experiment 2
The results obtained are summarized in Table III.11.
Mean values for the CM treatments, the varying levels of
total P and treatment x phosphorus interaction (average of 3
replicates) are included for each of the traits measured.
Level of mortality in the experiment was low and was
not influenced by any of the treatments used.

' phe inclusion in the ration of either 30% CM or 30%
A-CM resulted in significant decreases in body weight as
compared to chicks fed the control ration containing SBM.
This decfease was similar to that observed in Experiment 1.
The level of total P in the ration also affected rate of
gain. The body weight of shﬁctens fed rations containing
0.58% total P was significantly lower than that of chickens
fed 0.63 or 0.68% total P. It was evident that the chickens
fed 30% CM or 30% A-CM with the lowest level of inérgani::P
(0.19%) had the lowest body weight. When the level of
inorganic P in the ration was raised to 0.24 and 0.29%, body
weights of chicks were similar to those of chicks fed the

SBM control rations. From these results it appeared that the
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minimum requirement for inorganic P for broiler chickens up
to 4 weeks of age wvas approximately 0.24X. This is in close
agreement with the results of Temperton and Cassidy (1963b)
vho reported that a level of 0.23% non-phytin P in the
rations for growing birds was adequate for normal growth. In
this experiment autoclaving CM failed to give any
improvement in body weight over the CM when included in the
ration at the 30% level.

Feed conversion in all groups was similar. There wvere
no significant differences attributable to CM treatment or
to P levels in the rations.

No leg disorders wvere noted in the groups fed the
control ration, but a significantly higher incidence vas .
observed in the groups receiving either 30% CM or 30% A-CM.
Qxamination of the data indicated that the le&u%éff P in the
ration had a marked effect on occurrence of leg disorders.
Practically all of the leg deformities that were recorded
occurred in the groups fed the lowest level of total P; the
incidence of leg disorders was highest in the groups
receiving 0.58% P and was significantly different from those
of chickens fed 0.63 and 0.68% P. Although the main effects
produced significant changes in the incidence of leg
disorders, significant interaction effects were also noted.
This may indicate that appearance of leg disorders was
influenced by the inclusion of CM as well as P level in the
diet. None of the birds fed SBM showed leg disorders even at

the lowest level of total P. The birds fed 30% CM or 30%
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A-CM containing 0.19% inorganic P had a very high incidence
of leg disorders which was significantly different from all
other treatments. Addition of 0.05 or 0.10% inorganic P to
these rations was effective in preventing leg disorders.
This indicated that a level of\0.191 inorganic P in a
. broiler ration was insufficient for normal bone development.

Chickens fed a ration containing CM or A-CM showed
enlarged thyroid glands resulting in thfroid to body weight
ratios that were significantly higher than those fed the SBM
control ration. The thyroid to body weight ratios wvere
slightly higher in the groups fed 0.58% P than in those
receiving 0.63 or 0.68% P level. This may have been a
reflection of the lower body weights in the groups fed 0.58%

and probably was not related to the level of P in the i

diet. ¢

The degree of calcification as indicated by tibia and
toe ash values was lower in chicks fed rations containiné
30% CM or A-CM as compared to that of chicks fed control
rations. Average tibia and toe ash values wvere significantly
_higher in the control group than in the groups fed CM or
A-CM. ' ,

The level of P in the rations fed influenced
célcification. Higher levels of ash were found in tibias and
toes of birds fed 0.63 and 0.68% P. With increaging levels
of added inorganic P,.corrzkponding increases in bone ash

values were reported by Bayley et al. (1968b) and Summers et

al. (1968). Although the main effects resulted in
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significant changes in bone ash values, there was 2
significant interaction in the case of the toe ash. This
suggests that toe ash values may not be as sensitive to
changing dietary P levels as tibia ash values.

In all cases the SBM controls showed the best
calcification as indicated by the tibia and toe ash
percentages. However, addition of inorganic P (0.05 or
0.10%) to the CM or A-CM ration did increase calcification.
Bone ash values in these groups wvere similar to the

controls.

Experiment 3

The results ofathe experiment are summarized in Table
I11.12. The mean square value of the performance data for
the 9 treatments and the 8 different comparisons are given
in Table I1II.13. ;

The level of mortality that occurred in the experiment
was not affected by the levels of total P in the rations fed
but was related to the levels of inorganic P. When no CM was
included in the rations, with P levels ranging froﬁ 0.54 to
0.68%, no difference in mortality was observed; however,
when the same level of total P was maintained but the level
of 1norgan1c P was reduced by the addition of CM a marked
increase in mortality occurred. This was seen when 20X CM
was added to a ration with 0.54% total P or when 30% CM was

included in a ration with 0.58% total P. Since the levels of

inorganié P in these diets were 0.18 and 0.19% respectively,
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this indicated that a level of 0.19% inorganic P in the
ration was not adequate. When the main effects were
partitioned (Table 111.13) significant ingreases in
mortality were seen only when 20% CM was included in the
ration with 0.58% total P.

Rate of growth was influenced by the level of inorganic
P in the diet. When no CM vas added to the diet, rate of
grévth was similar with dietary levels of 0.54, 0.58 or
0.68% total P. The corresponding levels of inorganic P in
the rations were 0.24, 0.28 or 0.38%. When total P was
maintained constant the level of inorganic P was reduced
when CM. was included in the ration because of the increased
levels of organic P supplied. Thus the addition of 20% CM in
a diet containing 0.54% total P aﬁd the addition of 30% CM
to a diet with 0.58% total P resulted in a decrease in
inorganic P and significant decreases in rate of growth as
, caméared to chickens fed control rations containing 0.54 or

0.58% total P. It would appear that the low lelels of

inorganic P (0.18% in the 20% CH‘raticn and 0.19% gﬁEZhe 30%
CM ration) were insufficient to maintain optimum ﬁate of
growth, When 20% CM was uég? in a ration cantaining a level
of 0.58% total P (0.22% inorganic P) growth v;jisimilar to
the controls. The use of auteela%nd CM resulted Eﬂ a sanll
increase in rate of growth in each treatment but only when
30% A-CM was added to the diet containing.0.58% total P was

the increase significant.
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FPeed conversion values vere not affected by the levels
of total P or inclusion of CM in the ratipns fed except in
the groups fed 20% CM or 20% A-CM in the ration containing
0.54% total P and 30% CM and 30% A-CM in the rations

containing 0.58% total P. In these groups a significant

\M\

depression in feed conversion as compared to the controls
wvas noted even though the A-CM gave significantly better
feed conversion than CM with rations containing 0.54% total
P.

The incidence of leg disorders was closely related to
the levels of inorganic P in the diet. ﬁhen CM was added at
either 20% or 30% level and the level of inorganic P was
reduced, incidence of leg disorders was high. When A-CM was
included at the 20% level incidence of leg disorders was
markedly reduced; however, inclusion of 30% A-CM did not
result in a reduction in the number of birds with leg
disorders.

Thyroid enlargement occurred in all groups fed CM. The
magnitude of enlargement was directly related to the level
of CM or A-CM used. The size of the thyroids of the birds
fed A-CM was similar to those of the birds fed CM.

Calcification was influenced by the level of inorganic
P in the rations. This was evident in photographs of tibias
from birds on the different treatments (Appendix 1). When

the ration contained no CM the highest level of total P

vere significantly higher than the bone ash values obtained :
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when 0.58% total P was included in the ration. Addition of
CM to the ration resulted in significantly lower bone ash
values, because of the lowver inorganic P levels in the
rations. When CM was autoclaved the birds fed 20% A-CM in a
ration containing 0.58% total P had bone ash values.
significantly higher than the values obtained when 20% CM
vas fed. This suggests that there may be some release of
inafganié P from the organically-bound P in the meal during
autoclaving. Similar results were obtained in Experiments 13

and 2.

Summary

Three experiments were conducted with broiler chickens
to determine the dietary inorganic P levels required in
rations containing raw and autoclaved CM. The followving
results were obtained:
1. A minimum dietary level of 0.24% or 0.25% inorganic P was
required for normal growth and calcification.
2. When the 1ev;1 of inorganic P was reduced to 0.18 or
0.19% in diets containing 20 or 30% CM with 0.54 or 0.58%
total P respectively, growth rate and calcification were
reduced.
3. Inclusion of 20% A-CM.in diets resulted in improved rate
of growth and calcification as compared to the inclusion of
20% CM in diets containing 0.58% total P (0.22% inorganic
" P). When 30; CM or A-CM was included in diets containing

O.SBz‘tstal P (0.19% inorganic) growth rate and



calcification were reduced.

4. Addition of 0.05 or 0.10% inorganic P to rations
containing 30% CM or 30% A-CM to raise the inorganic P level
to 0.24% or 0.29% respgctivefy. fesult;é in growth rate and
ealcifizat{cn gsimilar to those observed with chickens fed

SBM control rations.
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B. SECTION: Effects of dietary fibre and inorganic

- A
phosphorus IQQQLS on the performance of broiler chickens

Introduction

The chicken does not have the ability to utilize
dietary fibre as a source of energy; consequently in
formulating poultry diets it is usual practise to keep the
level of fibre low. When a feedstuff such as CM is added to
the ration there is an increase in the level of fibre in the
diet.as well as an increase in its phytin P content. A high
level of fibre in the diet is of some concern because it has
been shown in some instances to interfere with the
utilization of minerals. Nwokolo and Bragg (1977) reported a
significant negative correlation between the crude fibre
content of various oilseed meals and the availabilty of P; a
large reduction in the availahility‘ef P in rapeseed meal
which is higher in fibre content than in SBM was observed. A
reduction in the availability of minerals may be brought

about by binding of the minerals to the fibre matrix

(1smail-Beigi et all 1977) or by binding to phytic acid

(Nelson et al. 196§). "
Sinieygkere appears to be some relationship between
fibre content of the diet and the availability of P,

. / . . . ] .
experiments were conducted to study i) the influence of
i
added fibre or fibre supplied by CM on P availability in
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inorganic P required in diets containing CM for broiler
chickens. -

Materials and Methods
Experiment 1

In this experiment 270 day-old (White Mountain é x
Hubbard g) male broiler chickens were distributed at random
into 18 groups of 15 birds each. Three groups were placed on
ea:ﬁ of the experimental rations (Table I1I1.14). All rations
vere formulated to be isocaloric and isonitrogenous and to
contain equal amounts of total P. The fibre levels in the

rations of 2.82, 4.56 and 5.43% were attained by adding

alphafloc, a non-nutritive cellulose, or by Efe addition of
20 or 30% CM. The chickens were raised in eiectfi:ally
heated Petersime batteries with raised screen floors. Feed
and water were supplied ad libitum. Continuous lighting was
provided. . |

Records were kept on mortality, body weight, feed
consumption and incidence of leg disorders. All birds which
had bowed legs, swellings at the tibisl-metatarsal joint or
perosis (slipped tendons) were recorded as suffering from
leg disorders.

The éxpefiment was terminated after 28 days. At the end
of the éxperiment, four birds from each grad! were selected
at :anaaﬁ and killed by cervical dislocation. The thyroid
glands were then removed and their weights recorded. The

left tibia and the middle toe (between the second and third
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digital bones) of each chicken vege also removed. The tipias
were removed from adhering flesh by placing them in boiling
water for a few minutes, they were then fat extracted with
ether for 24 hours, dried to constant weight at 100°C ashed
at B00°C for 1 hour and the percentages of ash calculated
(AOAC 1980). Four toes from each group vere pooled together,
dried to constant weight at 100°C, ashed at 600°C for 4
hours and ash percentages calculated (AOAC 1980).

The data were subjected to analysis of variance.
Percentage data for mortality and leg disorders were
transformed using arcsin transformation (Steel and’T@ffie
1§éD)z however,. for ease of inﬁerpretaticn, means were
‘expressed as percentages. significance of difference wvas
assessed by applying Students-Newman-Keuls' procedure (Steel

and Torrie 1980) at the 0.05 level of probability.

Experiment 2

In this experiment 384 day-old male broiler chickens
(Wwhite Mountain é x Hubbard i) were randomized into 24
groups with 16 birds in each. Three groups were assigned to
each of the ration treatments (Table 111.15). The rations
were formulated with either 0 or 20% CM _and designed to be
isocaloric and isonitrogenous and to contain levels of total
P fangiﬁg from 0.60 to 0.76%. Levels of inorganic P in the
rations varied from 0.24 to 0.40%. The influence of varying
fibre levels on performance was assessed by adding alphafloc

to two diets (Rations 2 and 4) to bring the level up to that
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present in the diets containing 20% CM.

The chickens were raised under conditions similar to
those used in Experiment 1 and records we?e kept on
mortality, beody weighti feed consumption and incidence of
leg disorders. At the end of 28 days, four chickens from
each replicate were killed and their thyroid glands, left
tibia and middle toe were removed. The thyroid glands were
weighed immediately and the tibias and toes vere analyzed as
in Experiment 1.

~The data were statistically analyzed as in Experiment

Results and Discussion
;ijmriignt 1
The results obtained are summarized in Table III.16.
‘Mortality was not affected significantly by any of the
treatments although the ration containing 30% CM did show a
higier level of mortality. '

Body weight was not affectéd vhen the level of fibre in
the diet was increased by the addition of alphafloc. There
were no significant differences among the gréups fed raﬁﬁcns'
with 2.82, 4.56 and 5.43% fibre. The inclusion of 20X CM
either with or without aéditianél alphafloc resulted in some
reduction in body weigpt as compared to the controls but the

differences were ,not signiiiéant_ Inclusion of 30%°'CM to the
raticﬁ‘hQUEVEf; did result in a significant reduction in

 growth'rate as compared to the controls and the other
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treatments. Since the level of fibre in the ration was the
same as vhen alphafloc was added to the control ration or to
the ration containing 20% CM it does not appear that a
higher fibre level per se exerted a growth depressing
effect. It is possible hovever, that the type of fibre found
in the CM was different from the alphafloc used as a
substitute for fibre and thus may act differently. Thompson
and Weber (1981) studied the effect of dietary fibre sources
on chickens and found that some f}bfe sources were
beneficial to growth of chickens while others were not. This
was confirmed by Camrie and Clydesdale (1981) in stﬁdies in
vitro in which variations in processing conditions were
found to affect reactions of different fibre sources.

Feed conversion was not affected by the dietary fibre
level. Even the highest levels of dietary fibre égve feed
conversion similar to the control. This would indicate that
;the adjustments in level of added Pat to keep the rations
isocaloric were satisfactory.

Leg problems seemed to be associated vith the inclusion

s

of CM rather than the fibre level in the diet. All groups

fed rations containing CM showed some increase in incidence
of leg disorders; however, only the groups fed rations
containing 30% CM had a significantly higher incidence of
leqg disorders than the controls. This was probably due to -
lower levels of inorganic P in the diet. o
Th}rcid size did not appear to be influenced by the

level af‘fibfg.in the diet but was affected by the inclusion

A .



of CM. The groups fed the control ration or those with
alphafloc but no CM showed no increase in thyroid size. The
thyroids of the chickens fed rations containing 20% CM or
30X CM wvere enlarged with the maximum enlargement occurring
in the groups fed 30% CM.

Calcification was hot influenced by the level of fibre
in the diet. The rations containing no CM but with 2.82,
4.56 or 5.43% fibre had similar levels of bone ash.
Calcification, however, was affected by the addition of CM
in the diet. With the exception of the gfaupsﬁfed 20% CM
with no added fibre the bone ash values of the groups fed
rations égntaining CM were significantly lower than the
controls. The groups fed 20% CM with or without added fibre
showed significantly higher tibia and toe ash values than
those of chitkens fed the ration containing 30X CM. From
thegse results iig;! apparent that the decreaSed level of

for the reduced calcification that/occurred.
Experiment 2 . o s

The results of the experiment are summarized in Table .
I111.17. |

Mortality was low throughout the experimental period
and was not influenced by any of @Re treatments.

Rate of growth was similar inrall groups. A minimum
level of 0,60% total P and 0.24% inorganic P supplied in a

ration containing 20X CM appeared to be adeqguate for normal
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gfa;th. Higher levels of ﬁatal P (0.66 to 0.76%) ér
increased levels of inorganic P (0.30 to 0.40%) in the other:
treatments did not result in any further increase in rate of
gain.

Feed conversion was not affected by ‘the treatments
used. There were no significant differences in the feed
conversion ratios in any of the groups. N

Incidence of leg disorders was not significantly \
affected by any of the treatments although the birds fed
rations with 0.24%X inorganic P showed a higher incidence of
leqg disorders as compared to the other birds. This suggested
that the level of inorganic P supplied in this ration may
have been borderline for normal bone formation.

Enlargement of the thyroid glands vas related to the
presence of CM in the dieg. All chickens fed diets
containing CM had thyroid glands which were significantly
lagéer than those fed rations without CM.

Calcification of the tibias and tces.ags influ ed by
the level of inorganic P in the diet. A level of 0.24%
inorganic P in the diet resulted in significantly lower
tibia and toe ash values than when higher levels of

inorganic P were used. This jndicated that 0.24% inorganic P

-

vas too low for normal calcification. A level of 0.30%,
inorganic P supplied in diets containing SBM, with or

without added fibre, or in the diet containing 20% CM gave

t;bla and toe ash values that were similar to esach other but

£
higher than vhen 0.24% inorganic P was used When tiE'level



1 _sf’*‘gﬁ‘
of inorganic P s§5 increased to 0.34% in a diet containing
20% CM tibia ash values were higher than when 0.30%
inorganic P was presegt and similar to those observed vhen
0.40% inorganic P was supplied in rations containing SBM,
with or without added fibre. The highest tibia ash values
vere found in the treatments vhich received the rations
containing 20% CM with a total P content of 0.76%. Since
this ration (Ration B8) contained the same level of fibre and
inorganic P as Ration 4 it would appear that the fibre
content did not interfere with P utilization.

The influence of treatment on levels of toe ash were
less thancthat observed with tibia ash values. Only the
groups fed Ration 5 containing 0.24%X inorganic P had toe ash
values that were s;gnificantly lower than those in all other
treatments. It therefore appeared that toe ash v§1ues vere ‘

not as sensitive to changes in dietary levels of total and

inorganic P as tibia ash values.
-

]

. SumBATY

Two experiments were conducted with broiler chickens to
study the igfluence of added fibre or fibre supplied by CM,
and the levels of total and inorganic P required in diets
containing CM. The following results were obtained: |
1. Increasing the dietary fibre level of a ration by adding
CM had no influence on body weight or calcification. )

2. When 30% CM was added ta.digts in which the total P

content of 0.60% was maintained constant, the reduction in



inorganic P content that occurred was apparently responsible
for depressed growth rate and reduced bone ash values.

3. A dietary level of 0.60% total P and 0,241‘§nérganic P
vas adequate for normal growth of the bird but a level of
0.66%X total P and 0.30% inorganic P was required for optimum

fication. .

(™

calc
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C. SECTION: Utilization of dietary phosphorus by turkey

poults

Introduction

The requirement for P by turkey poults is higher than
that of broiler chickens. The publication "Nutrient
Requirements of Poultry" (NAS-NRC 1977) lists a requirement
of 0.80% total P for starting turkeys (0 to 8 wveeks) as
compared to 0.70% for broiler chicken (0 to 8 veeks).

The ability of poults to utilize phytin P is limited
(singsen et al., 1950; Gillis et al. 1957). Several
researchers have therefore reported P requirements in £erms
of available P rather than total P. Almquist (1954)
concluded that the available é requirement of the young
poult is approximately 0.60%. Sullivan (1966) reportea
adequate growth and normal calcification in turkey poults (4
veeks) vhen corn-soy diets containing 0.48% available P wvere
fed.

Canola meal, which contains a high level of P when
included 'in turkey rations increases the total P levels in
the diets as compared to rations containing SBM. The extent
to which the phytin P in the CM is utilized @y growing
turkeydwis not known. Consequently an experiment was
conducted to determine the level of inorganic (available) P °

required in rations for turkey poults containing CM.
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Materials and Methods -

Two hundred and fifty six, day-old chaa-sfegsted White
turkeys were ranéagly distributed into 16 groups. Two groups
vere placed -on each of the’experimeztal rations (Table
I11.18). The rations were formulated to be isocaloric and
isonitrogenous and to contain varying levels of tothl P. The
different levels of total P were achieved by the addition of
10, 15 or 20% CM and 0.70 or 1.70% of an inorganic P
supplement (Biofos).

The turkeys wvere raised in electrically heated
Petersime batteries with raised screen floors. Feed ané
water were supplied ad libitum. Continuous lighti?g was
prcvéded.

Records were kept on martaiity; body weight, feed
consumption and incidence of leg disorders. All birds which
showed evidence of perosis (slipped tendons) or other
abnormalities such as bowed legs, he:k discagsrs or
eglafgement of the tibial-metatarsal jein£ fere recorded as
xsufferiﬁg from leg disorders.

The experiment was terminated after 28 days. At the end
of the experiment three birds from each group vere selected
at random and killed by cervical dislocation. The thyroid
glands were then removed gnévthei: veights recorded. The
tibia and middle toe (betveen the second and third digital
bones) from the lett side of each poult were also removed.
The tibias and toes were cleaned, dried and ashed in the

same way as in the previous experiments with broilers
v -
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5
(A.Section-1). Three tbes from each treatment were used in
the pooled‘;amp;esC
' The data were analyzed statistically using the same
procedure as in previous experiments described in .

Kﬂ;pction—1.

\

Results and Discussion
" The results obtained are summarized in Table III.19.

Mortality was low throughout the experimental period
and was not affected by any of the treatments used.

Rate of growth was not significantly affected by any of
the rationsyﬁsea. Although ag increased rate of growth vas
observed in the groups fed rations containing the highest
level of total P (0.91%) and inorganic P (0.54%) all other
groups had similar body weights.

There were no significant differences in feed
conversion in the different treatments. Feed-gain ratios
ranged from 1.60 to 1.68 on the differentrratiansi

Incidence of leg disorders was not szgnificantly
affected by any of the ration treatments. However, leg
abnormalities were observed only in the four treatments with
highest levels of inorganic P (Rations 1-4). This suggests
that care should be taken to avoid too high a level of
inorganic P in diet formulations since high levels may

possibly be detrimental té the normal leg development of the

) 7

bird.

[
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' Thyroid size was not influenced by the presence of CM
.in the diet.‘Thé birds fed rations containing CM showed very
little thyroid gland enlargement as compared to those fed
the SBM control ratipn. No significant differences were
noted among the treatments. From this experiment it‘vqplé (.

+ appear that the turkey poult is not as sensitive as the
b;oiler chicken to the presence of low levels of
glucosinolatés in éM. -

Calcification as ind;céigd by bone ash values was
significantdy influenced by the level of total and inorganic
P in the diet. Significantly higher tibia ash values were
seen in all groups fed the rations containing the higher
levels of inorganic P (Rations 1-4) as compared to those fed
rations containing the lower levels of inorganic P (Rations
5-8). This showed that the level of inorganic P in the diet
directly affects the percentage of ash in the bones. Wilcox
et al. (1955) noted an increase in tibia ash levels with
increasing levels of added P. Although lower levels of 0.32
to 0.34% inorganic P in the diet did préduce reduced ash
percentages as compared to the higher inorganic P levels of
0.52 to 0.55%, the levels of bone ash still appeared to be
sufficiently high to be considered optimum for normal bone
formation.

When the level of inorganic P in the diet was low, the
degree of calcification was affected by the level of total P
supplied. There was a significant increase in tibia ash

level when total P was increased from 0.63% (Ration 5) to
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67% (Ration 6) by the addition of 10% CM. Incfeasing.tﬁg
Levels tow.70% or 0.73% total P in the ration by adding 15
or 20X CM (Rations 7 and 8) did not result in a significant
in:rgase.in tigig.ash above that obtained with 0.67% total
P.

, -

As was the case with broilers (A.Section-2) toe ash
values did not seem to be as sensitive to changes in dietary
levels of total or inorganic P as tibia ash values. Although
all groups fed rations containing £he higher levels of
inorganic P had hiéher tge asﬁ percentages than those fed v
rations with a lower level of inorganic P, differences only

reached significance in groups receiving 0.88% and 0.94%

total P (Rations 2 and 4). .
Summary

An experiment was conducted to determine the igvel of
[ )
inorganic and total P required by starting turkey poults fed
with rations containing CM. The following reslts were

obtained: .

1. A dietary P level of 0.63% total é (0.31% inorganic P)

was adequate for normal growth but P levels of 0.67 to 0,733i
(0.32 or 0.33% inorganic P) were required for normal bone
‘calcification.

2. The use of total P levels of 0.84 to 0.94% (0.53 to 0.54%
inorganic P) fésulted in increased bone ash values but
incidence of leg disorders was increased in comparison to

poult's “fed the diets containing 0.67 to 0.73% total P.
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D. StCTXOﬁ: Utilizatibn of dietary phosphorus by laying Mans

’

' L)

1. Influence of phosphorus levels in rations containing

canola meal on performance of hens kept in floor pens

Introduction

The presence of high levels of organic P compounds in
plant products has prompted many researchers to study the
‘extent to which these-compounds (phytin' -an be utilized by
laying hens. Gillis et al. «1953) Jndicated that laying hens
utilized phytin P one-half ag effectively as an inorganic P
source. Waldroup et al.(1967), thever, showed that organic
plant P did not support egg production or hatchability but
aided in preventing embryonic rickets.

Geveral studies have been conducted to‘determine the P
requiregent of the laying hen. Early reports Norris et al.
(1934) and Miller and Bearse (1934) recorded optimum egg
production at P levels of 0.75% and 0.80% respectively.
Later studies, O'Rourke et al. (1955) and Pepper et al.
(1959) observed that normal egg production could be
maintained at lower levels of 0.43% and 0.38% total P
respectively. These workers also concluded that the P
derived from an "all vegetable” ration was sufficient for

adequate egg production. On the basis of these studies and

others (Singsen et al. 1962; Crowley et al. 1963; Salman et
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al. 1969) a requirement of 0.60% total P was indicated
(NAS-NRC 1971). This was based on the assumption that 30% of
.the P of plant products was inorganic and may be considered
to be part of the available P required. In a later
publication (NAS-NRC 1977) the requirement was reduced to,
0.50% total P. The reduction was based on the evidence that
" the older bird has the ability to use most, if not all, of
the phytin or organic phosphorus in plant products ". This
was supported by the rep@rté of Pepper et al. (1959) and
Salman et al. (1969) who studied the availability of plant P
in rations for laying hens. It was concluded that P derived
from plant products alone, without supplementation of
inorganic P, was adequate to meet the P requirements of the
laying hen,

Although the laying hen may have the ability to use
information available on the availability of P from CM.
Canola meal is a rich source of P containing approximately
1.1% of this element., This compares to a level of
approximately 0.65% in SBM, There is some question as to the
comparative availability of P in CM and SBM. In studies with
growing birds, Nwokolo et al. (1976) reported that the P in
CM was less available than that in SBM. Consequently it
seemed desirable that information be obtained on the

utilization of P from CM by laying hen. The experiment

reported herein was designeg study the utilization of P

by laying hens fed rations of rying P content in which the

*
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increased levels of P wvere supplied by the use of increased
levels of CM or by thé inclusion of an inorganic P

supplement_' '

Materials and Methods 7

Five hundred and sixty Shaver Starcross pullets, 22
veeks of age, were divided into 16 comparable groups of 35 N
birds each. The birds were kept in floor pens (1.8 m x 4.8
m) at a density of one bird per 0.25 square meters. Two pens
were placed on each of the experimental rations (Table
111.20). Rations 1 and 5 which were the same Earmulgtian
served as the controls in the experimemt. The rations vere
formulated to be isocaloric and isonitrogenous and to
contain 0.40, 0.44, 0.48 or 0.50% total P. The level of P
was incfgased by the addition of 10, 20 or 25% CM or by the
addition of 0.20, 0.40 or 0.50% of an inorganic P supplement
(Biofos). Feed, water and insoluble grit were fed ad
libitum. Fourteen hours of light were provided daily. The
experiment was términated after a production period of 46
veeks.

Records were kept of daily egg production, average egg
weight (from one days collection each week), feed
consumption and mortality. Birds that died were sent to the
Pfevéncial Veteriﬁaéy Laboratory, Edmonton for autopsy in
order to ascertain fhe cause of death. At 4-week intervals,
specific gravity and Haugh unit values were determined on 15

eggs from each replicate. Egg fracture force and deformation
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measurements were carried out on 15 eggs from each replicate
L4

at the end of 6, 12, 23 and 40 weeks of lay using an

electronic apparatus (Appendix 2) referred to as the 'Ottayva

Texture Measuring System' (Voisey 1971; Voisey et al, 1977).

Blood samples were taken from four birds in each replicate
at the end of 12, 24 and 36 weeks of the experiment
determination of tﬁe iﬁéfg}ﬁic P content of the plasma
(Goldenberg and FgrngndeZVIQES),

At the end of the experimental periaé, four birds from
each replicate were selected at random and killed bgf;
cervical dislocation. The thyroid glands from each bird were
removed and weighed. The tibia bone and middle toe (between
the second and third digital bones) were removed from the
left side of the qhickens. Each tibia was cleaned of
adhering tissue by immersing in boiling water and then
crushed. They wer fat extracted with ether, dried to
constant weight at 100°C and ashed at 800°C for 1 hour. The
ash content of the bones was then calculated (AOAC 1980).
Four toes from birds from each replicate were dried together

to constant weight at 100°C and ashed at 600°C for 4 hours.

(AOAC 1980).

Average values obtained for replicates were #ubje:teé
to analysis of variance. Percentage data for mortality wvere
transformed using arcsin transformation (Steel and Torrie
-1980): however, for ease of. interpretation, means were

expressed as percentages. Significance of differences were
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assessed by applying Students-Newman-Keuls' test (Steel and

a

Torrie 1980) at the 0.05 level.of probability.

'Reluits and Discussion ’ P

The results of the experiment are summarized in Tables
I11.21 and I11.22 with the results from Rations 1 and 5
being combined. ’

Mortality was not significantly affected by any of the
treatments employed. Deaths that occurred were mainly due to
a mild outbreak of coccidiosis, hemorrhagic liver syndrome
and avgan leucosis. In general, the level of mortality
encountered was low.

There were no significant differences in either
hen-housed production or hen-day production as a‘result of
the varidus treatments. Although the rations which cqntained
20 and 25% CM had the lowest rate of production they were
not significantly different from the controls. The high
levels of phytin (0.29 to 0.33%) in the rations containing
CM were not detrimental to egg productibn. Gillis et al.
(1953) also observed that egg production of hens»fed a diet
containing 0.47% total P with 0.32X phytin P was similar to
those fed a diet with 0.49% P containing only 0.10% phytin
P. |

Feed conversion ratios were similar in all treatments.
This indicated that there was no additional consumption of |
feed to meet the P requirements. This agrees with the

observations of Davidson and Boyne (1970) and Ademosun and



.
.__s\? - . -
f |
d N SIERG JBLAEN AP B WO DESReJON]
By ERG JRLIEW AUp CeRL Wy ¥ WO penswadny ,
(R0 0 Sdl MUs ey e }_,_;E!u,,_ JIBE JOU BJE BIELIE| DU JO SJBLIN| GURE BUL Wl BB WA ROY
POULGEOD § PUR | SUDLIRY Ui S8}Ed) (deJd JO SoOUJBAR SJE LN 0D BLYL Ul PESN SN R
MESW BYY 4O JOJIS DIRDURLS
*r 0 £ 8L T 8|t LLL [ - 1 6 LT [ - I - BN (%) use 80|
L0 rLs B 6% € LS v 95 y 65 09 LS L% us® @yqy L
ET O -1 A -1 &r ¥ oz w Tor e ¥ EQ ¥ (pwse|d W 001 fOu) % |eAm|
. snJoydsoud SueBiouy poo g
80 LD g oy L v TT 26 0T ar € LA (3ub)em Apoqg
- B Qo1 /Bw) eTys Proafyy
N ,
€00 1 ) V8 £8 ) L8 98 L® ) 88y (B aubiem Apog |euy 4
[ AV ] BGE ) BS 4 s o9 % B4 o9 "L (Bx) wuBjem Apog (eyipu]
» -
900 S8 o6 £E ) 88 | vE 68 1 EE ) (Bx) sble vezop/Dee 4
) " " -
ET 6 OB 8 0R S BL B ri T EL B BL E OB (%) wo)3onpo.ad AP - L
. A L e L-38- T4 B wi S kL B 69 9 B B EL (%) uoyionposd DEEMOY-LIPH
Ll
£z [ ) 00 85 G b B T T L L dU%Y AT L PR SOW
[+ ~J ] |1 LA e D By 0 L ] FLel e
W3S (%) 1eAs| SNJ00dSoUd LAV T T Y
4] (V] 4] 14 (414 gt L
¥
WD 40 ST .
gnaoydsoyd jo s|as8| Duplies pej susy Buiis; Jo eDuRmIO48d LT 11] i,_;ﬁi‘_ﬁ



95
Kalango (1973) that P levels of the diet did not affect
intake., It also agrees with the observation of Summers et
al. (1976) who found that feed intake was depressed only
vhen the level of available P in the diet was re8tdced tcr
0.15%. Reichmann and Connor (1977) also reported no effect
of P level on feeé conversion values.

The levels of P in the diets had no influence on body
weight gain during the experiment. The final body weights
were similar in all tféatmgﬁts_ Pepper et al. (1959)
observed little difference in body weights as a result of
varying P levels in the diets.

Thyroid size of the birds was related to the
supplemental level of CM and was not influenced by the levél
of P in the diet. The birds fed the rations without added CM
shoved no enlargement of the thyroids but as the level of CM
in the diet was increased there was a corresponding increase
in thyroid size. The degree of enlargement was similar to
that previously reported (Thomas et al. 1978) in hens fea
rations containing CM (cult. Tower).

There were no significant differences in inorganic P
levels in plasma as a result of feeding varying levels of P

to laying birds. Levels observed ranged from 4.02 to 4.59

mg/100ml. of plasma. Since the range in total P levels in
the experimental rations used was relatively narrow (0.4 to
0.5%) it was unlikely that any ditference in blood plasma
inorganic P would be observed. Reichmann and Connor (13877)

gimilarly found no difference in inorganic P levels in
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plasma when the diets contained from 0.45 to 0.80% P, but
higher levels than this in the diet produced marked
increases in plasma inorganic P levels.

The degree of calcification in the bones was apparently
not affected by the levels or type of P used in the
experiment. There were no differencsas in percentage of ash
in the tibias and toes of the laying birds as a result of
the varying levels of P. The birds fed rations containing no
supplemental inorganic P (Rations 1-5) had ash levels in the
tibias and toes similar to those observed in the hens fed
rations containing an added source of inorganic P. This
indicated that bone ash was not depleted even when all of
the P in the rations §g§ was of plant origin. This is in
agreement with previéus reports (PQPPEY et al. 1959;
Waldroup et al. 1965; Salman et al. 1969) which indicated
that feedstuffs of plant origin provide an adeguate source
of P for the laying hen.

Egg quality traits as measured by Haugh unit values,
egqg specific gravity, egg fracture force, deformation and
egg veights were not affected by the level of P in the diet. -
HaugMyunit valuenge:e fairly constant in all groups ranging
from 69.2 to 72.3 and vere not affected by the high levels
of CM in the diet. Shell quality as assegsed by specific
éravity, fracture force and deformation was uniform
throughout the experimental period. Average values for
sgecific gravity were 1.083 or 1.084 in all the treatment

groups. Average fracture force of eggs ranged from 3.40 to
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3.50 kg. Voisey and Hunt (1976) observed that fracture force
would be the best indicator of shell strength. There was
very little variation in average deformation values of eggs
(72 to 74.5 um)} between the various ration treatments. There
was also little difference in egg weights (60.5 to 62.0 g)

as a result of the different treatments. The lack of any

' significant effect on egg quality traits agrees with the

observation of others. Pepper et al. (195?) observed no
response in egg apecific-gravity by increasing the level of
P from 0.37 to 0.47%. Hamilton and Sibbald (1977) also
showed that feeding diets containing 0.40 to 0.55% P had no
effect on specific gravity, egg weight or Haugh units.
Yannakopoulos and Morris (1979) similarly shoved that
dietary P had no effect on shell thickness, deformation or

specific gravity of the eggs.

Summary

An experiment was conducted to determine dietary P
requirement®s of laying hens kept in floor pens. The birds
were fed rations of varying P content in which the levels
were altered by adding either CM or an inorganic P
supplement. The following results were obtained:
1. A level of 9.402 P with all of the P derived from plant
sources appeared to meet the dietary requirements of the
laying hen.
2. Increasing the dietary level of P to 0.44, 0.48 or 0.50%

through the addition of CM or g inorganic P supplement had
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measured by tibia or toe ash content.
3. Inclusion of CM in the laying rations resulted in
increased thyroid size which was directly related ﬁe the
level of CM used.
4. The treétments used had no effect on egg quality traits
as measured by egg weight, Haugh unit values, specific
gravity, fracture force or deformation.

It may therefore be concluded that for laying hens kept
in floor pens the requirement for P is not in excess of

0.40%..
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2. Influence of phosphorus levels in rations containing

canola meal on performance of hens kept in batteries

Introduction

The results of the previous experiment indicated that a
dietary level of 0.40% P derived from plant sources appeared
to meet the requirements of the laying hen. Since this level
was vwell below the listed requirements for P by laying hens
(NAS-NRC 1977) but agreed with the levels qugrved‘by
O'Rourke et al. (1955) and Pepper et al. (1959), it seemed
possible that the apparently low requirement for P may have
been a result of keeping the birds in floor pens rather than
in cages. It has been reported that hens raised in cages
have a higher P requirement thah hens raised on floors
(Harms et al. 1961; Marr et al. 1961). Singsen et al. (1962)
suggested that hens raised on litter gain access to P
through coprophagy thus lowering their apparent P
requirements.

The following study was undertaken to determine the
minimum level of P required by laying birds kept in
batteries and fed diets in which no P was derived from

animal protein.sources.

Materials and MethodsA'
One hundred and twenty eight Shaver Starcross pullets

fed diets with adequate amounts of P were divided after 29
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veeks of lay into eight comparable groups of 16 birds each.
The birds were placed in laying cages with raised wvire
floors: two birds were placed in each cgéé (0.3 mx 0.4 m.

Two groups vere assigned to each of the experimental
rations (Table 111.23). The rations were formulated to be
isocaloric and isonitrogenous and to contain 0.32, 0.38,
0.44 or 0.50% total P. The level of total P was increased by
the addition of 10 or 20% CM or 20% CM plus 0.30% of an
inorganic P supplement (Biofos). Feed and wvater were
supplied ad libitum. Fourteen hours of light were provided
daily. The experiment was terminated after 19 weeks.

Records were kept of daily egg production, average egg
weight (from one days collection each week), feed
consumption and mortality. Birds that died were sent to the
Veterinary Laboratory, Edmonton for au%apsy in order to
ascertain the cause Qf’éeathi

At the end of the first three weeks on experiment and
subsequently each four weeks, specific gravity and Haugh
units were determined on all eggs produced in one day from
each replicate. Egg fracture force and deformation
measurements were carried out on 10 eggs from each replicate
at the end of 7, 15 and 19 weeks on experiment using an
electronic apparatus (Appendix 2)%£§fgrfe§ to as the 'Ottawa
Texture Measuring System'. Blood samﬁles were taken from
three birds in each replicate at the end ‘of the experiment
for determination of the inorganic P content of plasma

(Goldenberg and Fernandez 1966).
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At the end of the experiment, four birds from each
treatment were killed, their thyroids removed and weighed,
and the tibias and toes from the left side of the bird were
removed for determination 6f bone ash in the same way as in
the previous experiment.

Average values obtained for replicates vere subjected
to analysis of variance. Significance of differences were
assessed by appf}ing Students-Newman-Keuls' test (Steel and
Torrie 1980) at the 0.05 level of probability. In the case
of data for eqqg production, feed conversion ratios, egg
veights, Haugh units, specific gravity, fracture force and
deformation, average values for the treatments in each
period vere statistically analyzed separately.

N\

Results and Discussion

The results of the experiment are summarized in Tables
111.24, I111.25, 111.26 and III.27.

Egg production on either a hen-housed or a hen-day
basis (Table IIf.24) was high in all the treatments with no
significant differences during the first 11 weeks of the
experiment. During the period from 11 to 19 weeks the hens
fed the ration containing 0.32% P exhibited a marked drop in
egg productaon vhich was significantly lower than that of
the hens fed the higher levels of total P (Fig III.1),.
Waldroup et al. (1967) observed a similar drop in production
of laying hens fed a corn-soy diet containing 0.34% P after

a period of 28 days. The shorter time lapse-before a drop in
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production occurred may have been due to their using younger
birds (24 weeks) just beginning their egg laying cycle. When
0.38, 0.44 or 0.50% total P vas present in the ration, egg
production was similar for the different treatments even in
the last 2 periods. Singsen et al. (1962) reported that
birds kept in wire cages had a requirement of more than
0.40% total P for optimq‘ egg production vhile Crovley et
al. (1963) observed that a level of 0.38% total P was
adequate to support 2 high rate of egg production (65 to
70%) over a 44 week-period. Thus the results indicate that
the extra P supplied through the inclusion of 10% or 20% CM
was well utilized \by laying hens.

The efficiency of feed conversion was not affected by
the letels of P supplied until late in the experiment after
rate of production. had declined in the groups fed the lovest
level of P (Fig III.2). No significant differences in feed
conversion were noted until the end of 15 weeks on
experiment when the birds fed the low P diet shoved a
significantly higher feed conversion as compared to the
other groups.

Egg Quality traits (Table 111.25) as measured by egg
wveights, Haugh units and specific gravity were only affected
to a small degree by the different treatments. Egg weights
were not significantly affected by the different levels of P
in the diet but during the perigd from 15 to 19 weeks hens

receiving low P diets showed significantly reduced egg size.
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Haugh unit valu::-ZE the eggs were influenced by the
level of P in the diet. Throughout the experiment in all
periods the eggs from the hens fed 0.32% P recorded the
highest Haugh unit values although significant differences
_were noted only in the third and fifth periods. In the *
fourth period the inadequate number of eggs from the hens
| given the low P diet prevented any measurements for Haugh
units being taken. The better quality of eggs noted in the
low P diet may be due to the fewer number of eggs being
produced.

Specific gravity of eggs was not signifcantly affected
by any of the treatments. Slightly higher specific gravity
of eggs from hens fed the low P diet may have been a result
of the decreased rate of production. Harms et al. (1961)
similarly reported no response in eqqg specific gravity as a
result of increasing P levels from 0.35 to 0.80%.

Other egg quality traits (Table 111.26) such as
fracture force and deformation were not significantly
dgfected by ﬁhe different levels of P fed. The eggs from the
birds fed 0.32% P did show a somewhat lover deformation
indicating better shell quality as compared to eggs from the
other groups.

Mortality (Table II1.27) was not significantly affected
by the level of dietary P. The two birds that died in the
groups fed diets containing 0.32% P suffered‘ifam trauma to
the toes with extensive hemorrhage and fracture of the

phalanges. The other two deaths that occurred were due to
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hemorrhagic liver syndrome.

Body weight was significantly reduced in the hens fed
0.32% P. Although the initial body weight was similar in all
the groups at the end of the experimental period there was a
significant loss of weight in the hens fed diets with 0.32%
P. The hens fed diets containing 0.38,0.44 or 0.50% P had
improved body weights and were similar to each other. These
results indicate that the birds fed 0.32% P did not have
"sufficient P for maintenance of body weight.

Plasma inorganic P level did not show any significant
response to dietary P level. When the dietary P level was
0.32% the plasma inorganic P levels of the birds were
comparable to those fed the higher P levels. Crowley et al.
(1963) observed that not more than 0.265% P was reqguired for
mainfenance of normal blood P levels. Although the birds fed
0.50% total P had the highest level of inorganic P in plasma
it was not significantl{ different from the others. Similar
results were noted in a previous experiment conducted with
laying hens raised in floor pens.

Tibia ash values vere affected by the treatments used,
A significant difference in tibia ash was noted only between
the groups fed 0.38% P and 0.50% P. This showed that a level
of 0.38% é vas not adequate for calcification when the bird
was in an active state of production. The hens fed 0.32X P
did not show any significant reduction in tibia ash values
probably because production of eggs was reduced and

therefore withdraval of minerals from the bones for egg
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shell formation was reduced. When the level of P in the diet
vas increased to 0.44% P by the addition of 20% CM
calcification appeared to be adeqguate. The addition of 0.06%
extra P in the form of an inorganic P supplement did not
result in any significant increase in bone ash values. This
result is similar to that of Salman et al. (1969) who
observed that plant P was as available for bone ash as a
mixture of plant P and inorganic P.

Toe ash values did not show any significant differences
between the different treatments. The hens fed 0.38% P or
0.50% P did show the lowest and highest values for toe ash

as in the case of tibia ash but the difference was small.

Summary

An experiment was conducted with laying hens raised in
batteries to determine the level of dietary P required when
CM was included in the ration. The following results were
obtained:

1. A dietary level of 0.32X P supplied by plant ingredients
was inadequate for laying hens raised in batteries.

2. When the level of P was increased to 0.38% by the
inclusion of 10% CM a high level of egg production was
cbtaiﬂed but calcification of the tibias was lower than when
a higher. level of dietary P was used.

3. When the level of P was increased to 0.44% by the
!inclusicn of 20% CM optimum pfcﬂuctié; of good quality eggs

and adequate calcification of the bones was observed.
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Inclusion of 0.06% extra inorganic P in the diet containing
20X CM had no effect on egg production, egg quality, or bone
ash values.

The results obtained in the experiment indicated that

the P requirement of hens kept in batteries was 0.44X.



IV. GENERAL DISCUSSION

Although the dietary reqguirement of starting and growing
chickens for P is usually expressed in terms of total P in
the feed, the experiments conducted indicated that
requirements expressed in terms of the inorganic P content
of the ration might be more appropriate. In the experiments,
optimum grovth and calcification were more closely related
to the levels of inorganic P rather than to total P levels
in the diets. Thi§ suggested that there was very little
utilization by growing chickens of the phytin P in CM for
growth and calcification.

The experiments reported herein demonstrated that the
available P in the diet was utilized first for growth and
then for calcification. In rations in which the total P

content was maintained constant and the level of phytin P
was increased by successive increases in the level of CM,
calcification was first affgctedrgnd then growth rate was
impaired. The reduced availability of phytin P was clearly
evident when rations containing 30% CM, without any
inorganic P supplement were used. Waldroup et al. (1965)
similarly observed that while rations containing a high
level of organic P supported growth it was less available
for bone calcification.

1t was apparent from these studies that young growing
chickens need a supply of readily available inorganic P for
aptimﬁm performance. This is in agreement vith Gillis et al.

(1948) who reported that chickens can utilize phytin P to a

115
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limited extent only in the presence of a substantial amount
of available P.

Although commercial CM is subjected to héat treatment
during processing, additional heat treatment by autoclaving
seemed to be of some benefit in improving P utilization. The
exact mechanism involved in improved P utilization is
heat under high temperature and pressure may result in some
hydrolysis of the phytin-bound P (O'Dell 1962; Lease 1966).
A longer period of heating at a higher temperature
apparently resulted in better utilization of dietary P than
when a shorter period of heating at a lower temperature was
used. Although heat was applied during steam pelleting, the
diets containing pelleted CM did not perform as well as
those containing autoclaved CM. This suggests that the
shorter time and lower temperature used in pelleting as
compared to autoclaving was not sufficient to cause
extensive hydrolysis of phytin.

It has been suggested that high fibre levels in the
diet may reduce thé availability of P for growing chickens
(Nwokolo and Bragg 1977). Since CM has a higher fibre
content than SBM the inclusion of CM in rations results in
increased fibre content. It is of interest, however, that in
these experiments it appeared that the level of fibre had no
effect on utilization of P. When a non-nutritive fibre
source (alphafloc) was added to the diet to achieve the same

levels of fibre as when 20 or 30% CM was included in the

L



ration, there was no effect on rate of grovth and bone
calcification as compared to a control ration without CM.-

- Consideration of {!; results of the studies suggest
" that it may be possible to formulate rations with less P
than stated requirements and still achieve optimum
performance. The publication Nutrient Requirements of
Poultry (NAS-NRC 1977) lists a requirement of 0.70% total P
for starting chickens. From the experiments conducted it vaé
apparent that optimum performance was achieved with 0.58%
total P provided that at least 0.25% inorganic P was
included in the ration. Since all experiments indicated that
a minimum level of inorganic P was necessary it would appear
logical that requirements should include inorganic P content
as well as total P levels.

The experiments with turkey poults demonstrated that,
as with broilers, satisfactory growth and feed conversion
could be achieved with relatively low levels of total and
inorganic P in the ration. In order to achieve maximum
levels of bone ash, however, higher dietary levels of total
and inorganic P were necessary. Since the higher levels of
inorganic P resulted in éreatef incidence of 125 disorders,
further experiments are needed to determine whether high
bone ash values are desirable.

The experiments&conducteé with laying hens indicated
that the dietary requirements for total P was lower than
that recommended in Nutrient Requirements of Poultry. A

requirement level of 0.40% P for hens kept in floor pens and
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of 0.44% P for hens kept in batteries represents a
significant reduction in comparison to the requirement of
The lov requirement levels observed indicated that the

laying hen has the ability to utilize the phytin P in the
diet. Even in diets composed principally of plant products
and without an inorganic P supplement the laying hen was

able to utilize the phytin P to meet its dietary needs.
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APPENDICES *

Appendix 1: Posterior and lateral views of left tibias of

chickens fed different dietary inorganic phosphorus levels

of the bones is shown in figure A. The photographs show two
views of Eypical left tibias of chickens fed rations with
varying levels of total and inorganic P and different levels
of raw and autoclaved CM (Table I1I1.9).

The first three tibias (Rations 4, 9 and 1) were from
birds fed SBM control rations and containing 0.58, 0.68 or
0.54% total P and 0.29, 0.38 and 0.24% inorganic P
respectively. The bones showed normal length and
calcification.

The next three tibias (Rations 6,8 and 5) from braile?s
fed 20% A-CM, 30% A-CM and 20% CM; each contained 0.58%
total P and 0.22, 0.19 and 0.22% inorganic P respectively.
The length of the bones was close to normal but
calcification was reduced as indicated by the darker color
of the bones and twistjng at the proximal end. There was
less deformation of the tibia from the ration containing 20%
A-CM than from the other two rations.

The last three tibias (Rations 3, 7 and 2) vere from
broilers fed rations containing 20% A-CM, 30X CM and 20% CM

respectively. The total P level:in Rations 3 and 2 were
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0.54% and in Ration 7 was 0.58%. The inorganic P levels in
the rations EEEE‘D_1B and 0.19% respectively. The length of
the bones was shortened and calcific;ticn vas reduced. It

' was observed that calcification and bone formation was
closer to normal on Ration 3 containing 20% A-CM as compared
to Ration 2 containing 20% CM. ¢

Enlargements of the photographs are shown in Figures B,

C, and D.
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Fig A- Posterior and lateral views of left tibias of

chickens fed rations with different levels

of inorganic and total phosphorus
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Fig B- Posterior and lateral views of left tibias of

chickens fed Rations 4, 9 and 1
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Fig C- Posterior and lateral views of left tibias of

chickens fed Rations 6, B8 and &
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Fig D- Posterior and lateral views of left tibias of

chickens fed Rations 3, 7 and 2
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Appendix 2: Egg shell quality testing machine




