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Ammonium Polyphosphate as a Source 

Of Nitrogen and Phosphorus 

In Cattle Rations 

T . D onald Bell L. E. Orme J. P. Baker 

Cattle feeding has become an industry of major importance in 
Idaho. During recent years, numbers of cattle being fed have increased 
more than 300 percent, with approximately 28 percent of Idaho farmers 
feeding out some beef cattle (Bell and Hemstrom, 1962). 

Feeds available for cattle feeding in Idaho include grains and 
roughages. High protein supplements and mineral supplements are ship
ped in from other sections of the country. ~lany of these commercially 
produced protein supplemen ts contain urea as a part of the total nitro
gen content. Hesearch work in recent years has shown the possibility 
of using other nitrogen-containing materials to meet a part of the pro
tein requirements of ruminants. Some of these materials have supplied 
phosphorus as well as nitrogen. 

Ammonium polyphosphate, a liquid nitrogen- and phosphorus-con
taining material, is produced and is available in Idaho. This study 
was designed to investigate the feasibility of its use as a supplemental 
source of protein and phosphorus in cattle rations. 

The first clear evidence that cattle could utilize urea to supply a 
part of their protein needs for growth was reported by German re
search workers (Fingerling et al., 1937). £ts utilization for growth by 
sheep and for milk production by dairy cattle was established shortly 
thereafter (Harris and Mitchell, 1941; Hupel et al., 1943). 

ln the years that followed, a great deal of research was conducted 
on nitrogen metabolism in ruminants. The formation of ammonia in the 
rumen following ingestion of nitrogen-containing feedstuffs established 
the proteolytic properties of the rumen contents. The breakdown and 
synthesis of protein in the rumen was reported by Pearson and Smith 
(1943) and the detailed studies of McDonald (1948) formed the basis 
for the present concept of nitrogen metabolism in the ruminant. This 
concept, which is often referred to as the nitrogen cycle in the rumin
ant, includes the breakdown of nitrogenous compounds in the rumen, 
the formation of ammonia, absorption of some ammonia directly from 
the rumen, microbial protein synthesis and some recycling of absorbed 
ammonia back into the rumen as urea via the saliva. Nitrogen metab
olism in the ruminant bas been extensively discussed in the literature. 
(Annison and Lewis, 1959; Chalmers, 1961; Lewis, 1961). 
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Although urea has received most of the attention of n.•scarch workers 
as a source of non-protein nitrogen, a considerable amount of work 
has been done with other nitrogen compounds. The role of non-protein 
nitrogen in the biochemical processes that occur in the rumen, as wei! 
as possible mechanisms of toxicity, has been reviewed by Hale (1956). 
He discussed both in vitro and in vivo studies of a considerable number 
of nih·ogenous compounds, and suggested that the most useful non
protein compounds are those from which the ammonia nitrogen is easily 
re leased. In some instances, he noted that the rate of ammonia release 
appeared to exceed the rate of utilization by rumen microorganism, 
with a resultant toxicity. 

More recent experimental work has been directed toward the use 
of compounds which provide both a source of non-protein nitrogen and 
of phosphorus (Cowman and Thomas, 1962; Russell et al., 1962; Oltjen 
et al., 1963; Johnson and ~lcClure, 1964). These studies have dealt with 
comparisons of monoammonium phosphate and diammonium phosphate 
with urea, buiret and conventional sources of protein. The phosphorw;
containing nitrogenous compounds when fed at normal levels have not 
produced toxic symptoms. However, they have been slightly less ef
ficient as protein sources than urea. 

Research incUcates that a variety of compounds may scn ·e as phos
phorus sources in the cattle ration. (Beeson et al., 1946; Hodgson et al., 
1947; Long et al., 1956; Ammerman et al., 1957; Tillman nod Brethour. 
1958; Richardson et al., 1961; Wise et al., 1961). These compounds 
have been fed to livestock with varying degrees of animal response. 
Each new material prepared as a livestock feed ingredient ultimately 
must be fed to animals to determine acceptability, animal response in 
Lerms of growth, fattening, wool or milk production and the evidence 
of any toxicity symptoms. 

Objectives 

The objectives of these studies of ammonium polyphosphate as a 
source of nitrogen and phosphonts in cattle finishing rations were: 

L To determine the acceptability of rations containing various levels 
of ammonium polyphosphate. 

2. To compare the gains and carcass qualities of cattle on a con
ventional finishing ration with those on rations in which one
half and alJ the supplemental nih·ogen are supplied by ammonium 
polyphosphate. 

3. To compare the performance of cattle on a finishing ration using 
a commonly utilized source of phosphorus with rations in which 
one-half and all the supplemental phosphorus are supplied by am
monium polypbosphatc. 

4. To determine if toxic symptoms may resuJt in feedlot cattle con
suming ammonium polyphosphate. 
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Experimental Procedures 

These studies were conducted in cooperation with the J. R. Simplot 
Co. at their feeding yards ncar Paul, ldaho. The studies included 390 
head of yearHng steers of predominantly Hereford breeding with a 
small percentage of Hereford-Angus crosses. These cattle were ran
domly cljvided into sLx lots (65 head per lot) and fed the ra tions shown 
in Tables 1 and 2. 

The basal mix for the protein study included a low protein barley, 
molasses, ground alfalfa and ground sh·aw. The calcu lated protein an
a lysis of the basal ration based on a preliminary analysis of the feed 
before the start of the fccdin~ period was approximatc.' ly 8.8 percent 
crude protein. H owever, sampline; and analysis of the feeds and ra
tions during the feeding period indicated that the basal ration contained 
clo!>e to 9 percent crude protein. These analyses are given in Appendix 
Tables 1 and 2. 

The ammonium polyphosphatc used in the studies was produced 
by the J. H. Simplot Co. and is commonly k·nown as ··u -37-0' since it 
contains approximately ll percent nitrogen and 37 percent phosphorus 
pentoxide. The method of preparation of the material and the reactions 
involved are given in the app(•nclix. 

Oricd molasses beet pulp and ground corncob were used primarily 
as carriers for the ammonium polyphosphate and other supplemental 
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Table 1. Composition and calcuJated analyses of rations in the protein study. 

Lot 1 Lot 2 Lot. 3 

Basal mix 1 pounds per ton) 
Barley 900 900 900 
Molasses 200 200 200 
Ground alfalfa 100 100 100 
Ground straw 300 300 30:> 

Supplements (pounds per ton) 
Cottonseed meal 100 50 
Ammonium polyphosphate 30 6() 

Dried molasses beet pulp 300 300 30:> 
Ground corncobs 100 120 140 
Salt clodized) 10 10 10 
VItamin A <milllon lU) 2 2 2 
Stilbestrol (mg> 1000 1000 1000 

Calculated analyses 
Crude protein (percent) 10.39 10.43 10.47 
.Phosphorus (percent> 0.24 0.45 0 .67 
Calcium (percent) 0.57 0.57 0.57 
Ca : P ratio 2.3 : 1.3 : 1 0.8 : 

Table 2. Composition and ca lculated analyses oC rations in the t>hosphorus study. 

Lot 4 Lot. 5 Lot 6 

Basal mix (pounds per ton> 
Mixed grain 900 900 900 
Molasses 200 200 200 
Ground alfalfa lf>O 150 150 
Ground straw 250 250 250 
Dried molasses beet pulp 400 400 400 

Supplements (pounds per ton) 
Sodium phosphate 4 2 
Ammonium polyphosphate 3 6 
Dried molasses beet pulp 100 100 100 
Salt (Iodized) 10 10 10 
VItamin A (million IU) 2 2 2 
StUbestrol (mg) 1000 1000 1000 

Calculated analyses 
Crude protein (percent> 10.66 10.77 10.88 
Phosphorus (percent> 0.20 0.20 0.20 
Calcium (percent) 0.73 0.73 0.73 
Ca : P ratio 3.6 : 1 3.6 : 1 3.6 : 
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additives for the protein study. The basal ration, plus the supplements, 
was calculated to contain approximately 10.4 percent crude protein 
based on analysis of the feed constituents before the feeding period. 
Samples of the total ration taken in each of the three lots during the 
trials indicated a protein content slightly above this figure (Appendix 
Tables 1 and 2). 

In the phosphorus study, the basal ration contained mixed grain 
(wheat and barley), molasses, ground alfalfa, ground straw and dried 
molasses beet pulp. This basal ration was calculated to contain about 
0.12 percent phosphorus based on preliminary analysis of the feed
stuffs. Analysis during the experiment indicated that the actual phos
phorus content of the basal ration was well below this figure (Appen
dix Tables 1 and 2). 

The calculated analysis for protein, phosphorus and calcium in 
the total ration agreed closely with the analyses of samples made during 
tbe study (Appendix Tables 1 and 2). 

These cattle were group fed, with feed kept before them a ll the time 
for a period of 127 days. Individual live weights were taken at start and 
end of feeding as well as prior to slaughter at the Swift Meat Packing 
Plant at Boise. At slaughter, the following information was obtained for 
each carcass: 

1. Conformation score 
2. Maturity score 
3. Marbling score 
4. Estimate of percent kidney, pelvic and heart fat 
5. Fat thickness 
6. Loin eye area 
7. Yield grade 
8. Carcass weight 

The first four observations in the carcass evaluation phase were 
made by personnel of the Federal Meat Grading Service and based upon 
their standards. Thickness of fat covering and loin eye area at the 12th 
rib were measured on acetate b·acing. Area of loin eye was measured 
using a compensating planimeter. The USDA yield grade was derived 
from fat thickness, estimated percent kidney and pelvic fat, loin eye 
a1·ea and carcass weight using the USDA Beef Carcass Yield Grade 
Finder. 
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Results and Discussion 
Beginninp; and final weights. total gain, pounds of feed consumed 

and cost per 100 pounds of gain for each lot in both the protein and 
phosphorus studies arc shown in Table 3. 

In the pwtein study (lots 1, 2 and 3) iilltial average weights ranged 
from 725 pounds in lot 3 to 7-!4 pounds in lot 2. Total feed consumed 
per steer was somewhat less in lot 3 than in lots 1 and 2, indicating there 
was a slight depression of appetite where the higher level of ammo
nium polyphosphate was fed. There was an apparent increase in the 
amount of feed required per 100 pounds of gain where ammonium poly
phosphate replaced one-half of all of the supplemental plant protein. 
This decrease in feed efficiency was reflected in a higher cost per pound 
of gain in lots 2 and 3 compared to the costs of gain in Jot l. 

In the phosphorus study (lots 4, 5 and 6) initial weights ranged from 
an average of 731 pounds in lot 4 to 753 pounds in lot 6. Total feed 
consumed per steer, pounds of feed consumed per 100 pounds gain and 
costs of gain were very similar in all three lots. 

Least squares means were calcu lated on individual steer data for 
total feedlot gain, average daily gain, carcass grade and carcass weight 
(Table 4). 

All lots of cattle performed well on the rations in both the protein 
and phosphorus studies. Not a single animal died or became seriously 
ill during the study. The average daily gains, ranging from 2.73 to 2.97 
pounds for the six lots, would be considered cxceiJent by most feeders. 

T a ble 3. Gains, feed per hundredweigh t ~ain a nd cost of gain for t he six lots 
of cattle. 

Feed per ewt gain 
Avg in it ial Avg fi na l Total feed Basal Supple-

Lot weigh t weight per steer Total m ix men t. Cost per 
(l b.) (lb.) (lb.) (lb.) (lb) (lb) cwt gain ' 

Protein Study 
1 733 1117 3397 896 
2 744 1093 3392 955 
3 725 1088 3317 948 

Phosphorus Study 
4 731 1118 3206 842 
5 739 1117 3209 844 
6 753 1114 3206 851 

669 
713 
707 

794 
796 
802 

227 
242 
241 

48 
48 
49 

$21.86 
23.31 
23.12 

19.47 
19.61 
19.74 

' Prices of feeds, lab:Jr charges and milling charge were made on the follow-
ing basis: 
Alfalfa hay 
Straw 
Barley 
Molasses 
Mixed grain 
Mllllng cost 
Labor 

(rt $23.50 per ton 
0 20.00 per ton 
(rt 2.42 per ewt. 
fit 34.00 per ton 
fii 2.42 per cwt. 
fii 5.00 per ton of hay, straw and grain 
fit 13.00 per man day 
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Table 4. Least squa res mean s of total gain, average daily gain, grade and car cass 
weight of steers In protein and phosphorus studies. 

Total Avg Carcass 
Lot gain daily gain Grade weight 

P rote in Study 

1 379.18 2.96a• 10.37a 682.8a 
2 355.2b 2.77b 10.34a 657.5b 
3 349.8b 2.73b 10.03a 645.2b 

Phosphorus Study 

4 3BO.Ba 2.97a 10.43a 678.3a 
5 380.0a 2.97a 10.34a 676.2a 
6 376.6a 2.94a 10.41a 680.9a 

• Those means within a column with the same letters are not significantly 
different. Those means with different letters do differ significantly. (P ~ .05> 

ln the protein study (lots 1, 2 and 3), total gain and average daily 
gains were significantly higher in lot 1, where the plant protein was 
fed, than in lots 2 and 3 where one-half and all of the supplemental 
protein was provided by ammonium polyphosphate. Carcass weights 
were a lso significantly higher in lot 1. 

In the phosphorus study (lots 4, 5 and 6), there were no significant 
differences in total gain, average daily gain or carcass weight between 
tht steers in lot 4 where sodium phosphate was fed as the phosphorus 
supplement and the steers in lots 5 and 6 where one-half and all of 
the supplemental phosphorus was supplied by ammonium polyphos
phate. There was no significant difference between lots for USDA 
carcass grade. All lots averaged low choice (numerical score of 10). 
Analysis of variance of mean square values for these same traits arc 
listed in Table 5. 

Table 5. Analyses of variance of total a nd average gains, gra~e and carcass 
weigh t. 

Degr ees 
Source of of Total 
variation freedom gain 

Rations <Lots) 5 12,511•• 
Regression 1 64.4 
Error 382 2,349.7 

T otal 388 

• •significant at the 1 percent level. 
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Avg 
daily 
gain 

.76n• • 

.004 
.143 

Grade 

1.364 
.003 

1.884 

Car cass 
weight 

14.902• • 
2,380 
1,919 



Ta ble 6. Leas t Squares means of carcass t raits of steers in proteJn and phosphorus studies. 

Loin eye Estimated 
Conformation Marbling Fa t area Yield Maturity % kidney, 

Lot score score thickness (sq. in.) grade score pelvic fat 

Protein 
1 11.65 ab• 10.61 .614 a 12.15 a .330 2.11 2.80 a 
2 11.61 ab 10.11 .579 ab 11.89 nb .315 2.08 2.47 b 
3 11.30 b 9.37 .516 b 11.64 b .298 2.04 2.32 be 

Phosphorus 
4 11.54 ab 10.59 .565 ab 11.83 ab .320 2.05 2.45 b 
5 11.87 a 10.52 .566 ab 11.96 ab .312 2.02 2.20 c 
6 11.95 a 1Q.42 .582 a 12.16 a .308 2.04 2.16 c 

• Those means within each column with the same letters are not significantly dlfferent. Thooe means with different lette1·s do 
...... dlffer significantly. (P ~ .05) 
0 

Ta ble 7. Ana lyses of variance of carcass measurem ents and scores. 

Source of Degrees of Confor- Fat Loin eye Yield Kidney, 
variat ion freedom ma tion Ma rbling thickness area Au fat grade Maturity pelvic fat 

Rations <Lots> 5 3.221• 13.280 .060 2.344 .100 .00700 .0'73 3.424•• 
Regression 1 1.862 .653 .002 1.732 .004 .00006 .037 .0013 
Error 366 1.277 14.040 .027 1.151 .049 .00374 .075 .3065 

-
Total 372 

• Significant at the 5 percent level. 
•• Significant at the 1 percent level. 



Table 6 presents the least squares means for most of the carcass traits 
measured. T he ''F" values for these same traits are listed in Table 7. 

The steers fed the control ratjon in the protein study (lot 1) had 
more subcutaneous fat, larger area of loin eye and a higher percent
age of kidney and pelvic tat than the steers fed the higher level of 
ammonium polyPhosphate. The steers fed the lower level of ammonium 
polyphosphate (lot 2) were not significantly different from lots 1 or 3. 
There were no statistically significant differences for the other vari
ables in Table 6 as far as the protein study was concerned. 

In the phosphorus study, the steers which did not receive their 
supply of phosphorus from ammonium polyphosphate (lot 4) had a 
greater amount of kidney and pelvic fat. With this exception, no dif
ferences existed in the carcass traits shown in Table 7. 

Summary and Conclusions 

Three lots of 65 yearling beef cattle each were fed finishing rations 
for a period of 127 days. The rations were designed to evaluate am
monium polyphosphate as a protein supplement when it replaced one
half and all of the supplemental protein needed in a basic ration con
taining between 8 and 9 percent cn1de protein. 

Three additiona l lots of 6.5 head of yearling beef cattle each were 
fed finishing rations designed to evaluate ammonium polyphosphate as 
a phosphorus supplement when replacing one-half and all of tl1e sup
plemen tal phosphorus in a basic ration containing approximately 0.10 
perccn t phosphorus. 

Feedlot performance and carcass qualities were excellent in all 
lots. However, there appeared at times to be a slight depression of 
appetite in the lot where all of the supplemental protein was provided 
by ammonium polyphosphate. Average daily gains were slightly lower 
in both lots where ammonium polyphosphate was fed than in the lot 
where cottonseed m<:'al furnished all of the supplementa l protein. No 
ruffercnce in C<lrcass quality was shown between cattle receiving cot
tonseed meal and the lot receiving a combination of cottonseed meal 
and ammonium polyphosphatc. However, the carcasses from both of 
these lots were slightly superior to those from the lot receiving all sup
plemental protein in the form of ammonium polyphosphate. 

In the study designed to evaluate phosphorus sou rces, the cattle 
receiving ammonium polyphosphate as all or part of their supplemental 
phosphorus ~ained equally well in the feedlot and the carcasses were 
equal or sligl1tly superior to those cattle receiving sodium phosphate as 
their entire source of supplemental phosphorus. 
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Appendix 

Preparation and Analysis ol the 
Ammonium Poly phosphate ( 7 7-37 -0} 

Used in the Study 
Phosphoric acid (wet process phosphoric acid or furnace grade 

phosphoric acid) is concentrated by evaporization to a high enough 
concentration (about 68 to 76 percent P20 :;) to convert about 40 percent 
of the orthopbosphoric acid to polyphosphoric acid. This conversion is 
accomplished by molecular dehydration. This concentrated acid is 
ca!Jed superphosphoric acid. 

The superphosphoric acid is then mixed and reacted with ammonia 
(anhydrous or aqua) and water in a cooler reactor to produce a solu
tion having an analysis of 11 percent nitrogen and 37 percent phos
phorus pentoxide. 

The reactions involved are as follows: 

Superphosphoric Acid 

nH3 P04 heat H ,.~ ,P,. 0 3n+L + (n-l)H!! O 

Ortho Phosphoric polyphosphoric 
acid acid 

11-37-0 Solution 

2H<~ P04 + 3NH3~ (NH,,) 2 HPO,, + NH3 H2 P04 

and 

H ,+2P n0 , 1 1 + NHa ~ (NH3 ) , Hn+•-~ P,. 0:~, 4 , 

Typical Analysis ol Simplot 
Liquid Ammonium Phosphate 

~ By Weight 
Nitrogen ( ) 11.1 
Phosphorus (P) 16.1 
Silica (S i 0 2) 0.22 
Arsenic (As20 a) 0.004 
Fluoride (F) 0.15 
Sulfate (S0 3) 1.29 
Boron (B) Less Than 0.01 
Chronium (CrOa) 0.85 
Vanadium (VO) 0.104 
Calcium (CaO) Less Than 0.01 
~lagnesium (~lgO) 0.137 

14 

Iron (Fe~On) 
Aluminum (AI20 3) 
Sodium (Na~O) 
Potassium (K20 ) 
1anganese 

%By Weight 
0.38 
1.0 
0.08 
0.03 

(~InO) Less Than 0.01 
Lead 0.0007 
Titanium (Ti02) 0.37 
Copper (CuO) Less Than 0.001 
Zinc (ZnO) 0.007 
Nickel ( ' iO) 0.01 



Appendix Table 1. Preliminary analysis of feeds used In the study. 

% % % 
Sample Protein Phosphorus Calcium 

Barley 8.8 0.31 0.56 
Mixed grain 11.2 0.22 0.8 
Wheat 9.3 0.18 0.8 
Alfalfa 14.9 0.19 1.5 
Straw 5.3 0.14 0.7 
Corncobs 2.2 0.05 0.4 
Dried molasses beet pulp 11.1 0.07 0.6 
Ammonium Polyphosphate 69.5 16.1 
Molasses 10.7 0.02 .16 

Appendix Table 2. Analyses of samples taken during the study. 

Protein Moisture Phosphorus Calcium 
Samples % % % % 

Protein Study 

l 
Basal ration 9.1 12.2 0.39 .82 

Supplement 
Lot 1 18.3 7.0 0.46 .78 
Lot 2 15.2 7.4 1.28 .90 
Lot3 17.9 8.5 2.57 .96 

Complete ration 
Lot 1 10.5 10.7 0.21 .50 
Lot 2 10.9 11.3 0.48 .48 
Lot 3 u .s 11.8 0.35 .56 

Phosphorus Study 

Basal ration 10.5 ll.5 0.02 .90 

Supplement 
Lot 4 8.5 6.0 1.64 .98 
Lot 5 11.1 6.2 1.22 .66 
Lot 6 12.3 6.6 1.20 .70 

Complete ration 
Lot 4 10.6 ll.O 0.29 .56 
Lot 5 10.9 11.4 0.22 .56 
Lot 6 11.0 11.1 0.29 .56 

~ 
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