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ABSTRACT

The utilization of phosphorus from diammonium 
phosphate (DAP) was studied by comparing the performance of 
birds fed DAP to that of those fed dicalcium phosphate.
Di ammonium phosphate appeared to be as good a source of 
phosphorus as dicalcium phosphate for the growth of chicks. 
In two experiments chicks fed DAP grew as well and retained 
about the same amount of phosphorus as those fed dicalcium 
phosphate. The optimum phosphorus level for chicks 
appeared to be influenced by the dietary level of calcium.
A lower level of supplemental phosphorus was required for 
maximum growth and bone calcification in chicks when the 
calciumjphosphorus ratio was maintained 2:1 than when a 
constant level of 0 .80% calcium was fed.

In a short term study (28 days) with laying hens 
DAP appeared to depress production slightly. The hens fed 
DAP were, nevertheless, did retain as much phosphorus as 
those fed dicalcium phosphate. In another study which 
lasted 84 days the performance of laying hens fed DAP was 
equal to that of those fed dicalcium phosphate as the 
source of supplemental phosphorus.

The four studies carried out with chicks and laying 
hens provided evidence which showed that the phosphorus

viii



from DAP is as available as that from dicalcium phosphate 
and can be effectively utilized by poultry.



CHAPTER I

INTRODUCTION AND REVIEW OF LITERATURE

The importance of phosphorus in the nutrition of 
domestic animals has been known for many years. It is one 
of the principal components of the skeleton of vertebrate 
animals and also a vital constituent of many organic 
compounds found in the living cell. The daily requirement 
for phosphorus by animals is dependent on the age of the 
animal and on its physiological state. In the case of 
poultry, growing birds require approximately twice as much 
phosphorus as mature birds, and laying hens have a higher 
requirement than non-laying. The amount of phosphorus in 
poultry diets, however, is not indicative of the amount of 
phosphorus which birds are able to utilize. Not all of the 
phosphorus in feedstuffs is inorganic, and poultry are able 
to utilize only 25% of the phosphorus from organic sources.

Wheeler in 1903 for the first time showed that both 
laying hens and growing birds responded to an increase in 
the level of inorganic phosphorus in their diets. Since 
then the phosphorus requirements for both laying hens and 
growing chicks have been established by a number of 
research workers (Bethle &t_ aJL. 1929, Wilgus 1931, Norris 
et al. 193z±, Evans and Carver 19^2, O'Roxirke et al. 1954,



Singsen et al. 1962, and Waldroup et al. 1962). In general 
the phosphorus requirements of poultry are influenced by 
the level of calcium in the diet. A calcium phosphorus 
ratio of 2:1 has generally been accepted as optimum for the 
growing chick. Other factors which influence the require
ments for phosphorus for both chicks and laying hens are 
the level of vitamin D in the diet and phosphorus source 
employed. Vitamin D has been shown to increase the reten
tion of phosphorus primarily as a result of improving its 
absorption from the alimentary tract. The availability of 
phosphorus from different phosphorus supplements varies 
somewhat and the level at which they are fed is dictated by 
the level of inorganic phosphorus supplied by the feed- 
stuffs which make up the diet. Poultry diets which are 
high in fish meal and meat and bone scraps require little 
or no supplemental phosphorus. On the other hand, supple
mental phosphorus must be used in diets made up primarily 
of feed ingredients low in inorganic phosphorus.

Among the most commonly used sources of supple
mental phosphorus are steamed bone meal, rock phosphate, 
dicalcium phosphate and tricalcium phosphate. The avail
ability of phosphorus from each of these sources has been 
shown to be equal by Miller and Joukovsky (1953), Gillis 
et al. (I95(t) and Motzok et al. (1956) . The source of
supplemental phosphorus fed is governed by the cost, and



the level at which it is used is dependent on the amount of 
available phosphorus supplied by the feed ingredient.

Recently, Chavez et al. (1966) reported the use of
diammonium phosphate (DAP) in the diets for laying hens as 
a source of non-protein nitrogen. No work has been carried 
out to study the utilization of phosphorus from DAP by 
poultry, although it is being utilized as a source of 
phosphorus and non-protein nitrogen for ruminants.
Di ammonium phosphate is the product resulting from the 
neutralization of feeding phosphoric or defluorinated wet 
processed phosphoric acid which contains not less than 18% 
nitrogen and 20% phosphorus. It contains not more than 
1 part fluorine to 100 parts of phosphorus, 75 ppm of 
arsenic acid, and 30 ppm of heavy metals reported as lead. 
Pure diammonium phosphate contains approximately 21.2% 
nitrogen, which is equivalent to 132.0 percent protein 
(N X 6.25)• In other words, each 1 percent of DAP in a 
ration will add 1 .32% equivalent crude protein from non
protein nitrogen. Diammonium phosphate also contains 25•5% 
phosphorus. This is approximately twice as high as that in 
bone meal.

The studies reported herein were undertaken to 
evaluate the availability of phosphorus from DAP for 
growing chicks and laying hens.



CHAPTER II

CHICK STUDIES

Experimental Procedure 
Two four-week experiments were conducted to deter

mine the utilization of phosphorus from diammonium phosphate 
by the growing chick.

Hubbard day-old chicks (4 males and 4 females/lot) 
were used in these studies and were randomly distributed 
among 42 pens in two electrically heated batteries.with 
raised wire floors. A semi-purified diet was employed 
(Table 1 ), containing 0 .15% available phosphorus by calcu
lation. Di ammonium phosphate and dicalcium phosphate were 
used as sources of supplemental phosphorus at levels 
calculated to supply 0 .10, 0.20 and 0 .30% added phosphorus. 
In experiment 1 the dietary calcium level was kept constant 
at 0 .80% and, in experiment 2 the calcium level was 
adjusted so as to maintain a 2:1 calcium to phosphorus 
ratio. Calcium carbonate was used to adjust the Ca:P ratio
to 2:1 in experiment 2. The design of these two experi
ments is outlined in Tables 2 and 5•

Average body weights were determined at one day of
age by group weighing the males and females in each pen.
At the end of the study all birds were individually weighed.

4



5
Table 1 . Composition of the basal diet used in chick 

studieso

Ingredients %

Glucose monohydrate * 51.336
Soybean oil meal (solvent) 10.450

1Soybean protein 20.000
Solka-flock (cellulose) 3.387
Wheat bran 2 .000

2Animal fat 2.000
Methionine hydroxy analog 0.584

3Vitamin Premix (purified) 4.000
Mineral Premix (purified)^ 2.000
Dicalcium phosphate 0.450
Chromium oxide 0.300
Test ingredient 3.493
Total 100.000

1Archer Daniels Midland C o . isolated soybean meal
protein•

2Proctor and Gamble H.B.F.
3Supplied the following per k g • of diet: 10,000

IoUo vit- A, 960 I.C.U. vit e , 808 I.U.'vit. E , 50 mg = 
ethoxyquin, 8•8 m g „ thiamin, 12*0 mg. riboflavin, 15•2 mg *
D-calcium pantothenate, 20.0 mg* para-amino benzoic acid, 
1000 mg. inositol, 88 mg. niacin, 2206 mg. choline chloride 
(25% )  ̂ 30 meg. vit» 0.2 mg. biotin,2.0 mg. folic
acid, 6.6 mg. menadione.

^Supplied per kg. of feed: 1969 mg. sodium,
$641 mg. chlorine, 104 mg. manganese, 289 mg. iron, 4l mg. 
copper, 77 m g . zinc, 3114 mg. potassium, 1.2 mg. cobalt,
562 mg. magnesium, 3 <> 2 mg. molybdenum, 3 .1 mg. iodine,
2907 mg. sulfate (S0^).
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Table 2 * Experimental design— the effect of diammonium

phosphate and dicalcium phosphate supplementation 
on chick growth.

Diet % Calcium
% Supplemental 

Phosphorus
% Available 
Phosphorus

Basal 0 .8o 0 .00 0.15
Basal 4 DAP1 0.80 0.10 0.25
Basal * DAP 0.80 0.20 0.35
Basal DAP OCOo 0.30 0.45
Basal + Dical2 o.8o 0.10 0.25
Basal Dical 0 .80 0.20 0.35
Basal * Dical O CO o O V) O 0.45

^Biammonium phosphate with 23•17% phosphorus. 
2Dicalcium phosphate with 17•90% phosphorus.
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Throughout the study mortality was recorded daily. The 
amount of feed consumed was determined in each study and
from this feed conversions were calculated.

Feces were collected on dropping trays for three 
consecutive days during the course of each study. Feed and 
feces were analyzed for chromium oxide by the method of
Czarnocki and coworkers (1961) . Chromium oxide was used
as a tracer in order to determine the percent calcium and 
phosphorus retained. Calcium was determined by the method 
outlined by the A.O.A.C. (1950) and phosphorus by the method 
of Koenig and Johnson (19^2).

At the end of the experimental period, two birds 
(one male and one female) from each pen were sacrificed and 
the tibiae (both left and right) removed for bone ash 
determination (Gillis et al. 195^0 • The procedure consisted
of the removal of both tibiae, extraction for 48 hours with 
ether, subsequent drying and ashing in a muffle furnace at 
600°C. until constant weight was reached.

Data from these experiments were subjected to an 
analysis of variance and the means separated by Duncan1s 
Multiple Range Test (Duncan 1955).

Results and Discussion

Experiment 1
Birds fed the basal diet containing 0.15% available 

phosphorus by calculation and 0 .26% total phosphorus by



analysis, died before four weeks of age. This indicated 
that the phosphorus content in the basal diet was not 
sufficient to meet the requirements of the growing chick. 
The recommended total phosphorus level (National Research 
Council 19616) is 0.70% of the diet of which approximately 
70% must be inorganic phosphorus.

Using diammonium phosphate as a source of supple
mental phosphorus at increasing levels, produced an 
increase in feed consumption. A significant increase in 
growth was obtained by increasing the dietary phosphorus 
level from 0.10 to 0.20% in the case of DAP and from 0.10 
to 0 .30% phosphorus when dicalcium phosphate was fed 
(Table 3)- These data indicated that under these condi
tions the inorganic phosphorus level required by the chick 
for maximum growth was not more than 0.43% of the diet. No 
significant differences were observed between the results 
obtained from the feeding of the two sources of supple
mental phosphorus. Feed conversion, however, was improved 
by feeding levels of supplemental phosphorus higher than 
0.10% from either diammonium or dicalcium phosphate (Table
3) •

The percent phosphorus retained increased slightly 
as the supplemental phosphorus level was increased from 
0.10 to 0.20% with either source (Table 4). Maximum bone 
calcification appeared to be achieved by feeding 0.20% 
supplemental phosphorus from DAP or dicalcium phosphate.
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Table 3° The effect of diammonium phosphate and dicalcium 

phosphate on average weight, feed consumption and 
feed conversion.

Diet
Phosphorus
Added

(%) 1

Average 
Weight^ 
at k 
Weeks 
(grams)

Feed Consumed 
Per Gram of 
Body Weight 
Gain

(grams)

Average 
F eed
Consump
tion Per 
Bird/Day 
(grams)

Basal ___2 --- --- ---

Basal DAP 0.10 525° 2.i6a 35a
Basal * DAP , 0.20 638ab l.7ib 36a
Basal * DAP 0.30 682a 1.89ab 43b
Basal Dical 0.10 580bc 1 .92ab 36a
Basal Dical 0.20 620ab 1.70b 35a
Basal + Dical OO 665a 1.64b 36a

Means not having a common letter superscript are 
statistically different at the 0,05% level of probability 
(Duncan 1955) •

2All birds died before k weeks of age.
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Table 4„ The effect of diammonium phosphate and dicalcium 

phosphate on calcium and phosphorus retention and 
bone ash of broiler chicks.

Diet
Ca
(%)

Available
Phosphorus

(96)
% Calcium"*" 
Retention

% Phos
phorus 
Retention

% Bone 
Ash

Basal 0.80 0.15 ___2 ---

Basal -f DAP 0.8o 0.25 24.52° 56.48bc 35-63b
Basal 4- DAP 0.80 0.35 37.77b 70.54a 44.70a
Basal + DAP o.8o 0.45 31.19bc 55.88^° 45.23a
Basal 4- Dical o.8o 0.25 33.32bc 52.16° 37•19b
Basal 4- Dical o.8o 0.35 53.55* 59.32b 45.49*
Basal 4- Dical 0.80 0.45 43.95ab 51.10° 45.30*

Means not having a common letter superscript are 
statistically different at the 0 .05% level of probability 
(Duncan 1955)•

2All birds died before 4 weeks of age.
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Relative phosphorus availability was calculated by 

determining the slope of the curve obtained by plotting 

bone ash values versus percent added phosphorus (Fig. l).

By this method diammonium phosphate showed an availability 

of 109,6% as compared to 100% for dicalcium phosphate.

This suggested that the phosphorus from DAP is 9»6% more 

available than that from dicalcium phosphate.

Experiment 2

In a second experiment the calcium level was 

adjusted to maintain a Ga:P of 2:1. Birds fed the basal 

diet containing a calculated available phosphorus level of 

0.15% and 0 .32% total phosphorus by analysis survived to 
four weeks of age. The mortality rate of the chicks in 

this treatment was only 32.14% compared with 100% mortality 

in experiment 1, in which birds were fed the same basal 

diet but a 3:1 Ca:P ratio. The importance of G a :P ratio in 

low phosphorus diets was pointed out by Bethke et al.

(1930), Mussehl and Ackerson (1932), Vanderpopuliere et al. 

(1961) and Waldroup et al. (1963) who suggested a Ca:P
ratio of 2:1 as optimal for growing chicks. Our results 

are in agreement with the work reported by these authors. 

These results also suggest that the Ca :P ratio is a critical 

factor in the utilization of phosphorus by the growing 

chicks fed a low phosphorus diet due either absolute
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quantity or decreased availability of the dietary phos

phorus «

Growth was improved by adding 0.10% phosphorus to 

the basal diet with either DAP or dicalcium phosphate 

bringing the available phosphorus up to 0.25% (Table 6). 

Growth in general appeared to be better for the chicks fed 

DAP. Unlike the previous experiment maximum growth was 

reached at a level of 0.20% added phosphorus or a total 

available phosphorus of 0.35%- These results suggest that 

with a Ga :P ratio of 2:1 the phosphorus requirements of 

chicks are lowered. Feed conversions were all improved by 

supplementing the basal diet with phosphorus but, little or 

no improvement was observed by feeding supplemental levels 

of phosphorus greater than 0.10%.

The retention of calcium and phosphorus was 

inversely related to the level of each of these nutrients 

in the feed (Table.7)- Bone ash appeared to be directly 

related to growth. For the chicks fed DAP maximum bone ash 

was obtained by feeding 0.20% supplemental phosphorus but 

for the chicks fed dicalcium phosphate maximum bone ash was 

not obtained until 0 .30% supplemental phosphorus was fed.
Phosphorus biological value was calculated as in 

experiment 1 (Fig. 2). The phosphorus from DAP appeared to 

have an availability of 155.4% as compared to 100% for the 

phosphorus in dicalcium phosphate. These results indicated 

that diammonium phosphate has an availability 55-^% higher
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Table 5 ° Experimental design (experiment 2 )„

Diet % Calcium
% Supplemental 
Phosphorus

% Available 
Phosphorus

Basal ocnO 0 .00 0.15
Basal DAP1 o VI o 0.10 0.25
Basal + DAP o <1 o 0.20 0.35
Basal DAP 0.90 o VuO O 0.45
Basal + Dical2 o VI o 0.10 O to VI

Basal Dical o <1 o 0 . 20 0.35
Basal > Dical 0.90 Orno 0.45

1Diammonium phosphate with 23•17% phosphorus.
2Dicalcium phosphate with 17•90% phosphorus.
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Table 6 . The effect of diammonium phosphate and dicalcium 

phosphate on average weight, feed conversion and 
feed consumption of broiler chicks.

Diet
Phosphorus
Added

Average 
Weightl 
at k 
Weeks

Feed Consumed 
Per Gram of 
Body Weight 
Gain

Average
Feed
Consump
tion Per 
Bird/Day

Basal — — — 2?4^ 2.53* 20a
Basal + DAP 0.10 583bo 1.76b 33bc
Basal DAP 0.20 6l8c 1.72bc 34°
Basal + DAP 0.30 610° 1.63° 33bc
Basal * Dical 0.10 553b 1.72bc 31b
Basal Dical 0 . 20 565bc 1.74bc 32bc
Basal + Dical 0 . 30 570bc 1.73bC 32bc

Means not having a common letter superscript are 
statistically different at the 0 .05% level of probability 
(Duncan 1955)•
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Table 7 ® The effect of diammonium phosphate and dicalcium 

phosphate on calcium and phosphorus retention and 
bone ash in broiler chicks•

Diet
Ca
(%)

p
(%)

% Calcium"*" 
Retention

% Phos
phorus 
Reten
tion

% Bone 
Ash

Basal 0.30 0.15 4o.20ab 7 5.9 2 *b 26.83d
Basal + DAP 0.50 0.25 55.87* 81.45* 38.75°
Basal * DAP 0.70 0.35 48.86* 74.o6b 44.08*
Basal * DAP 0.90 0.45 34.02b 7l.09bc 43.62*b
Basal + Dical 0.50 0.25 53.77* 77.86ab 4o.54b
Basal + Dical 0.70 0.35 . 35«53b 70.43* 43.96*b
Basal Dical 0.90 0.45 36.55b 69.25° 45.^1*

Means not having a common letter superscript are 
statistically different at the 0 .05% level of probability 
(Duncan 1955)•
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than that of dicalcium phosphate ̂ under the conditions of 

this experiment with an optimal Ga:P ratio.

Summary

Two experiments were carried out with young chicks 

to determine the effectiveness of diammonium phosphate 

(DAP) as a source of phosphorus.

In the first experiment DAP was fed at levels 

calculated to supply 0 .10, 0.20 and 0 .30% added phosphorus 
in a semi-purified diet containing 0 .15% available phos
phorus and a calcium level of 0.80%. The performance of 

chicks fed these diets was compared to that of birds fed 

equal levels of phosphorus supplied by dicalcium phosphate. 

The design of the second experiment was basically the same 

with the exception that the calcium level was adjusted so 

as to maintain a calcium:phosphorus ratio of 2:1. Both of 

the experiments were carried out for a period of twenty- 

eight days .

In the first experiment all of the chicks fed the 

unsupplemented basal diet died prior to the termination of 

the study. Maximum growth was obtained by feeding 0.20% 

added phosphorus supplied by DAP or by 0.30% added phos

phorus from diealcium phosphate. Phosphorus retentions and 

percent bone ash values were the same within the same 

phosphorus level.
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Only 32 • 14% of the chicks fed the basal diet died 

during the second study. Although the available phosphorus 

level was low (0 .15%) the calcium:phosphorus ratio was 2 :1 . 
Unlike the first experiment maximum growth and percent bone 

ash were obtained by feeding an added phosphorus level of 

0.20% with either of the phosphorus supplements. Body 

weights were slightly better for the chicks fed DAP com

pared with those fed dicalcium phosphate. Percent calcium 

and phosphorus retention appeared to reach a peak at an 

added phosphorus level of 0 .20%.
From the data obtained from these two studies^ 

diammonium phosphate seems to be as good a source of 

supplemental phosphorus as dicalcium phosphate. In both of 

the studies, however, DAP appeared to be slightly better 

than dicalcium phosphate when evaluated by obtaining the 

slope of the curve from plotting percent bone ash versus 

percent added phosphorus.



CHAPTER III

LAYING HENS STUDIES 

Experimental Procedure

Experiment 1

The eight month old Kimber pullets used in this . 

study were randomly distributed into 35 cages in two laying 
hen batterieso There were seven dietary treatments each 

involving 5 pullets♦ A practica-type diet was employed 

(Table 8), containing 0.10% available phosphorus by calcu

lation and 0 .38% total phosphorus by analysis. Diammonium 

phosphate with 23•17% phosphorus and dicalcium phosphate 
with 17*90% phosphorus were used as sources of supplemental 
phosphorus. The objective of the study was to compare the 

availability of phosphorus from diammonium phosphate with 

that from dicalcium phosphate. All birds were fed ad 

libitum and were allowed sixteen hours of light daily. The 

study was started January 3 9 196? ? and continued for a

twenty-eight day period, ending January 30, 1967*

Egg production was recorded daily and average 

production was expressed as grams of egg produced per day. 

Two eggs from each bird were weighed, broken and the shells 

washed and air dried for four days. Shell thickness was 

determined with an Ames paper thickness gauge. The shell

20
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Table 8 . Composition of the basal diet used in short term 

study with laying hens.

Ingredients Percentage Composition

Ground yellow corn 56.300
Soybean meal (solvent) 14.000

Dehydrated Alfalfa meal 5.000

Whey, dried whole cheese 3.000
Animal fat 7.000
Blood fibrin 3.000
P.R. 9? vitamin premix'*" 2.500
Calcium carbonate 3.750
Salt (trace mineralized) 0.250
Chromium oxide 0.200
Test ingredient 5.000
Total 100.000

1Amounts supplied per kilogram of finished diet: 
9,924 I.U. V i t o  A, 1,537 I.C.U. vit. Dj, 5.50 I*U. vit. E, 
O 0OI3 mg * vit. B-^2, 2 * 21 mg. vit . K ̂ 4.46 mg. riboflavin, 
28.02 mg o niacin, 11.25 m g . pantothenic acid, 930.10 mg.
choline, 124.99 mg. ethoxyquin.
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was then weighed and the percent shell weight calculated. 

Feed consumption was recorded and from this feed required 

to produce a kilogram of eggs was calculated. Initial and 

final body weights were recorded and changes in body weight 

were calculated by difference between average final weight 

and average initial weight.

Fecal samples were collected on dropping trays for 

three consecutive days and feed and feces were analyzed for 

chromium oxide by the method of Gzarnocki and coworkers

(1961). Chromium oxide, calcium and phosphorus were 

determined by the methods previously described.

All data from this study were subjected to an 

analysis of variance and the means separated by Duncan1s 

Multiple Range Test (Duncan 1955) -

Experiment 2

Sixty single comb White Leghorn hens, one year old, 

were placed in individual laying cages and randomly dis

tributed into twelve groups of five birds each. There were 

three treatments in this experiment and each was replicated 
four times.

The basal diet employed was adequate in protein and 

amino acids for laying hens but the total phosphorus level 

was 0 .28% and the available phosphorus only 0.10% (Table 

8)e The hens in the other two treatments were fed the 

basal diet supplemented with either DAP or dicalcium
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phosphate at a level calculated to supply 0 .20% phosphorus. 
The calcium level was 2.90% in the three treatments,

The study was carried out for three twenty-eight 

day periods which began April 19 ? and ended July 11.

Percent production (hen-day)9 feed conversion and egg 

weight were summarized each period. Egg weight was 

determined by weighing all the eggs laid over a period of 

three days during each twenty-eight day period, Fecal 

samples were collected for three consecutive days, dried 

and analyzed for calcium and phosphorus retention during 

each period. The retention of these elements was calcu

lated using chromium oxide as an indicator. The birds were 

weighed at the start and at the end of the study. All data 

were treated statistically as in the previous experiment.

Results and Discussion

Experiment 1
The primary objective of this experiment was to 

study the utilization of phosphorus from diammonium phos

phate by laying hens in a short term study.

Production expressed as grams of eggs produced per 

day, was not improved by raising the level of inorganic 

phosphorus of the basal diet with either DAP or dicalcium 

phosphate (Table 9)» Production appeared to be depressed 

somewhat by the supplementation of DAP but since this study 

lasted only twenty-eight days and involved a small number



Table 9• Effect of phosphorus supplementation on production, average feed
consumption, feed conversion and body weight.

Diet

Percent
Available
Phosphorus

Production 
(Grams of 
egg/day)

Average Feed 
Consumed Daily 

(grams)

Feed Consumed 
Per Kilogram 
Egg Produced 
(kilograms)

Changes in 
Body Weight 

(grams)

Basal 0 . 1 0 51 . 01 , a ill.6ab 2.l8a + 3
Basal -K DAP 0 0 20 50 . 4 a 1 1 4 . 8 ab 2 .2?a + 34

Basal + DAP 0.30 42 .  2b i o 4 . o b 2 . 4 6 a + 11

Basal + DAP OO 4 i . 4b 105 . 3b 2 . 5 4 a +6 3
Basal + Dical 0.20 5 1 . 3 a 123 . 3a 2 . 4 o a + 51
Basal Dical 0.30 4 4 . 8 ab 113 . 9ab 2 . 5 4 a +58
Basal + Dical 0 A 0 51 . 2a 120.9a 2 . 36a +4?

^Means not having a common letter superscript are statistically different 
at the 0.05% level of probability (Duncan 1955)•



of birds per treatment the production data are not con
sidered meaningful. Feed intake, however, was directly 
related to rate of lay and therefore no differences were 
observed in the amount of feed required to produce a 
kilogram of eggs (Table 9)• The birds in all of the 
treatments increased slightly in body weight over the 
twenty-eight day period. Average egg weight, percent 
shell, and shell thickness expressed as millimeters were 
not significantly affected by the level of phosphorus in 
the diet (Table 10). These data are in agreement with the 
results found by Evans et al. (1944), Walter and Aitken
(1962), Crowley et al. (1963)5 Hurwitz and Bornstein (1963)
and Furuta et al. (1964). For the hens fed DAP there
appeared, although not significant, to be a decrease in 
percent shell associated with an increase in the level of 
dietary phosphorus.

No differences were observed in the percent calcium 
retained between treatments (Table 11) but the percent 
calcium retained for the hens fed DAP numerically decreased 
with an increase in the level of phosphorus in the diet.
On the other hand, percent phosphorus retentions increased 
with an increase in the level of phosphorus in the diet 
when supplied from DAP. These values, however, were not 
statistically significant. The percent phosphorus retained 
for the hens fed dicalcium phosphate decreased somewhat 
with an increase in the level of phosphorus. The amount of
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Table 10 * Effect of phosphorus supplementation on egg

weight, egg shell percent and egg shell thick
ness O

Diet

Percent
Available
Phosphorus

Average 
Egg Weight 
(grams)

Percent 
Egg Shell

Egg Shell 
Thickness 

(mm)

Basal 0.10 60 . 9 41 »a 9 . 6 i a 0 . 3 ? 4 a

Basal + DAP 0 . 20 5 9 - 9 6 a 10 . 06a 0 . 3 9 2 a

Basal DAP oo 58 . 6? a 9.5.6a 0 . 3 6 7 a

Basal + DAP oO 60 . 38a 9 .4 4 a 0 . 3?0a

Basal + Dical 0 . 20 5 9 - 3 2 a 9 • 4 ? a 0 . 3 7 3 *

Basal * Dical O VuJ O 58 . 6 i a 9 • 70a 0.3 7 1 a

Basal Dical oo 58 . 6o a 9 • 71a 0 . 38o a

Means not having a common letter superscript are 
statistically different at the 0 .05% level of probability 
(Duncan 1955)♦



Table 11. Dietary phosphorus utilization by the laying hen.

Diet
Phosphorus 
Level Added 

(%)
Calcium***
Retained

(%)

Phosphorus
Retained

(%)

2Amount (grams) 
Phosphorus 
Retained Per 
Kilogram Body 
Weight

Percent 
"Retained** 
Phosphorus 
F ound in 
ESg

(%)

Bas al — — — 6i.963,a 21.03ab 0.07 94.80

Basal * DAP 0.10 62.?2a 2 i A 4 ab OCl0 83.97
Basal DAP 0.20 59•90a 22.40ab 0.63 71.07
Basal DAP oClo 56 .25a 25•39ab 1.39 49.94

Basal + Dical 0 .10 57-06a 28.38a 0.69 69.19
Basal * Dical 0.20 53•73a I9.47b 1.72 65.77
Basal + Dical oClo 58.54a 22.84ab 2.91 37-88

Percent Retained Phosphorus = Feed Cr2°3 x Phosphorus in Feces
Feces Cr203 Phosphorus rn Feed ^

""Amount retained by body per kilogram body weight =
Amount Retained - Amount in Eggs 

Body Weight (kilograms)

Means not having a common letter superscript are statistically different 
at the 0•05% level of probability (Duncan 1955)•
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phosphorus retained per day was directly proportional to 
the level of phosphorus in the diet. The percent of the 

phosphorus retained which was deposited in the eggs was 

also calculated based on the average level of phosphorus 

found in the eggs, egg weight and phosphorus retention.

The values obtained were inversely related‘to the level of 

phosphorus in the diet (Table 11), and therefore decreased 

as the level of phosphorus was raised. At each level of 

phosphorus used, however, these values were higher for the 

birds fed DAP as a source of phosphorus.

No conclusive evidence was obtained from this study 

which would indicate the effectiveness of DAP as a source 

of phosphorus for laying hens. This was primarily due to 

the short experimental period. The hens fed the basal diet 

containing 0 .10% available phosphorus performed as good as 
hens fed higher levels of phosphorus supplied either as DAP 

or dicalcium phosphate. Nevertheless, from the phosphorus 

retention values it would appear that laying hens are able 

to utilize the phosphorus from DAP.

Experiment 2

The objective of this experiment was to study the 

utilization of phosphorus from DAP by laying hens over 

three twenty-eight day periods.

Egg production was improved, although not signifi

cantly, by supplementing the basal diet with 0 .20%
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phosphorus supplied either with DAP or dicalcium phosphate 
(Table 12)» Numerically the rate of production for the 
hens fed dicalcium phosphate was slightly higher than that 
of the hens fed DAP. Feed conversions were not improved by 
feeding supplemental phosphorus but were numerically better 
for the hens fed supplemental phosphorus. Feed intake was 
somewhat lower for the hens fed DAP compared with that of 
the hens fed the basal or the basal plus dicalcium phos
phate (Table 12).

Average body weights at the end of the study for 
the hens fed the unsupplemented basal diet were somewhat 
lower than the hens fed supplemental phosphorus. This 
means, that since the rate of production for the hens fed 
the basal diet almost equaled that of the hens fed supple
mental phosphorus, that the phosphorus intake was not 
sufficient to allow for a gain in body weight. Average 
body weight, on the other hand, was practically the same 
for those hens fed supplemental phosphorus (Table 12).

As in the previous experiment average egg weight 
was not significantly affected by the level of phosphorus 
in the diet (Table 13)»

No differences were observed in percent calcium 
retentions between birds fed DAP or dicalcium phosphate, 
however, a difference was found between the birds fed' 
dicalcium phosphate and those fed the basal diet. The 
percent phosphorus retained was statistically the same for



Table 12. Effect of phosphorus supplementation on production, average feed
consumption, feed conversion and body weight.

Diet
% Available 
Phosphorus

Average Egg 
Production 
84 Days 

(%)

Average Feed 
Consumed Daily 

(grams)
F eed
Conversion

Changes in 
Body Weight 

(grams)

Basal 0.10 62.9a 96.9a 4 . ia 1961
Basal + DAP O V3

, 
O 66.3la 94.7a VJ 00 2034

Basal + Dical O<r\O 67.2a 99-2a 3 • 9a 2025

■^Means not having a common letter superscript are statistically different 
at the 0.05% level of probability (Duncan 1955)•



Table 13• Effect of phosphorus supplementation on average egg weight, and
calcium and phosphorus retention.

Diet
% Available 
Phosphorus

Average Egg 
Weight 

(grams)
Calcium
Retained

(%)
Phosphorus
Retained

(%)
Basal 0.10 60.?8a 44.4?b 48.47*
Basal + DAP 0.30 61.65* 5l.52*b 4l.75ab
Basal + Dical 0.30 6l.8?a 59.17* 38.85b

Means not having a common letter superscript are statistically different 
at the 0.05% level of probability (Duncan 1955)•
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the birds fed either DAP or dicalcium phosphate. Birds fed 
the basal diet had the highest phosphorus retention, 
numerically, but this result was not statistically signifi
cant when compared with birds fed DAP at a level calcu
lated to supply 0 .30% available phosphorus.

As in the previous experiment, birds fed the basal 
diet containing 0.10% available phosphorus performed as 
good as hens fed diets with high levels of supplemental 
phosphorus. From these production data no conclusive 
evidence was found indicating the effectiveness of DAP as 
a source of phosphorus for laying hens. However, from the 
phosphorus retention values it would appear that laying 
hens are able to utilize the phosphorus from DAP.

Summary
Two experiments were carried out with laying hens 

to determine the effectiveness of diammonium phosphate 
(DAP) as a source of phosphorus.

A practical-type diet containing 0.10% available 
phosphorus was employed in both experiments. In the first 
experiment DAP was fed at levels calculated to supply 0.10, 
0.20 and 0 .30% phosphorus and in the second to supply
0 .30% available phosphorus.

In the first experiment average egg weight, percent 
shell and egg shell thickness were not affected by the 
level of phosphorus in the diet. Average percent
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phosphorus retention for the hens fed DAP was directly 

related with the phosphorus level in the diet. The amount 

of phosphorus retained per day was also directly in propor

tion to the level of supplemental phosphorus. However, 

percent retained phosphorus found in egg was inversely 

related with the phosphorus level fed.

Egg production, in the second experiment was 

improved, although not significantly with the addition of 

DAP or dicalcium phosphate at a level to supply 0.20% added 

phosphorus. Feed conversion was not improved by feeding 

supplemental phosphorus. Average egg weight was not 

affected by the phosphorus level in the diet. Phosphorus 

retention was slightly better for the birds fed DAP, how

ever, this result was not statistically significant.

From the results of these two studies, diammonium 

phosphate seems to be as good as dicalcium phosphate as a
I

source of supplemental phosphorus for laying hens.
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