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Effect of Dietary Phosphorus on Finishing Steer Performance,
Bone Status, and Carcass Maturity1

G. E. Erickson, T. J. Klopfenstein2, C. T. Milton, D. Hanson, and C. Calkins

University of Nebraska, Lincoln 68583-0908

ABSTRACT: Yearling crossbred steers (n = 60; 386
kg) were individually fed in a completely randomized
experimental design to determine their P requirement.
Treatments were in a factorial arrangement with two
levels of Ca (.35 or .70% of DM) and five concentrations
of P (.14, .19, .24, .29, or .34% of DM). The finishing
diet consisted of 34.5% dry-rolled corn, 22.5% brewers
grits, 22.5% corn bran, 7.5% ground corncobs, 5% molas-
ses, 3% fat, and 5% supplement. Supplemental P was
provided as monosodium phosphate and Ca as lime-
stone. Ash content was determined on the first phalanx
bone from the lower front legs following slaughter, and
rib bone breaking strength was determined with an
Instron Universal Testing Machine. Carcass maturity
and shear force were also evaluated on wholesale rib
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Introduction

Phosphorus is an expensive supplement in the diets of
feedlot cattle and may be deleterious to the environment
(Spears, 1996). Numerous studies have been conducted
to elucidate the P requirement for maintenance (Lof-
green et al., 1952; Call et al., 1986) and gain (Wise et
al., 1958; Miller et al., 1987; Jackson et al., 1988) of
cattle. Most research has concentrated on young (< 5
mo), lightweight (< 200 kg) calves that have elevated
requirements due to bone growth and maturation. Rumi-
nants utilize 60 to 70% of the organic P they ingest,
which in grains is primarily bound as phytate P (Nys et
al., 1996). The phytate is hydrolyzed by phytase pro-
duced by ruminal microbes (Morse et al., 1992).

Because ruminants can utilize organic (phytate) P,
and most experiments have been conducted with
younger calves gaining less than .5 kg/d, P requirements
for finishing yearling cattle deserve further attention.
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cuts. Because no interactions between Ca and P levels
were detected, only main effects are presented. Daily
gain, DMI, and feed efficiency were not affected by di-
etary P concentration or P intake. Bone ash (g or g/
100kg BW) and rib bone breaking strength were also
unaffected by dietary P. Feeding .7% Ca decreased (P
< .06) ADG and efficiency compared with feeding .35%
Ca. Neither dietary Ca nor P had a significant effect on
tenderness (shear force), skeletal maturity, or overall
maturity. These results indicate that the P requirement
for finishing yearlings is .14% of diet DM or less and
that supplementing P above levels supplied by basal
ingredients in many grain-based finishing diets is not
necessary.

Therefore, our objectives were 1) to determine the P
required for growth and bone maintenance and 2) to
determine the effects of dietary Ca:P ratios on perfor-
mance and carcass characteristics of finishing yearlings.

Materials and Methods

Yearling crossbred steers (n = 60; BW = 385 ± 11 kg)
were individually fed once daily using Calan electronic
gates (American Calan, Northwood, NH) from Septem-
ber 4 to December 18, 1996 (105 d). Steers were randomly
assigned using a 2 × 5 factorial arrangement to 1 of 10
treatments (6 steers/trt). Treatments consisted of two
levels of Ca, either .35 or .70% of dietary DM with lime-
stone as the source of supplemental Ca. Within each
Ca level, diets contained five concentrations of P: either
.14%, which contained no supplemental P, or .19, .24,
.29, or .34% of dietary DM. Supplemental P was provided
from monosodium phosphate (NaP) instead of from dical-
cium phosphate to allow the Ca level to remain constant
at all concentrations of P. Supplements (no P and high
P) for each Ca level were blended at the time of feeding
to achieve appropriate concentrations of supplemental P.

Diets (Table 1) contained 34.5% dry-rolled corn (DRC),
22.5% brewers grits, 22.5% corn bran, 7.5% ground corn-
cobs, 5.0% molasses, 3.0% fat, and 5.0% supplement on
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Table 1. Diet composition (% of diet DM); at time of feeding, the low- and high-P diets
within calcium level were mixed to achieve targeted levels of dietary P

Item .14 P–.35 Ca .34 P–.35 Ca .14 P–.70 Ca .34 P–.70 Ca

Dry-rolled corn 34.5 34.5 34.5 34.5
Corn bran 22.5 22.5 22.5 22.5
Brewers grits 22.5 22.5 22.5 22.5
Ground corncobs 7.5 7.5 7.5 7.5
Molasses 5.0 5.0 5.0 5.0
Fat 3.0 3.0 3.0 3.0

Supplement
Finely ground corn 2.1 1.7 1.2 .7
Sodium phosphate — .72 — .73
Limestone .75 .75 1.67 1.67
Salt .30 — .30 —
Urea 1.30 1.32 1.34 1.35
Potassium chloride .46 .46 .46 .46
Trace minerala .02 .02 .02 .02
Vitamin premixb .01 .01 .01 .01
Rumensin premixc .02 .02 .02 .02
Tylan premixd .01 .01 .01 .01

aPremix contains 10% Mg, 6% Zn, 4.5% Fe, 2% Mn, .5% Cu, .3% I, and .05% Co.
bPremix contains 1,500 IU vitamin A, 3,000 IU vitamin D, and 3.7 IU vitamin E per gram.
cPremix contains 176 g/kg monensin.
dPremix contains 88 g/kg tylosin.

a DM basis. Because DRC contains .25 to .30% P, brewers
grits and corn bran were fed to decrease the dietary P
level to .14%. Both feedstuffs are high in energy and
corn products; grits contain primarily cornstarch and
bran consists of the digestible corn fiber. Diets were
formulated for 12.0% protein and contained 31.7 mg/kg
monensin and 10.4 mg/kg tylosin (Elanco Animal
Health, Greenfield, IN).

Steers were adapted to treatment diets by limiting
intake and gradually increasing DM offered until ad
libitum intakes were attained. Steers were implanted
on d 1 with Revalor-S (Hoechst Roussel, Somerville, NJ).
Steers were housed in covered pens with 30 steers/pen.
Weights were taken before feeding on three consecutive
days at the beginning of the experiment for an average
initial weight. To minimize variation in gastrointestinal
tract fill, a common diet was fed for 5 d before initial
weight determinations, with DMI restricted to 2% (DM
basis) of BW (7.7 kg). Feed ingredients were sampled
weekly and oven-dried for 24 h at 60°C for determination
of DM. Ingredients were ground through a Wiley Mill
(1-mm screen), composited by month, and analyzed for
nitrogen with a nitrogen analyzer (Perkin Elmer, Nor-
walk, CT), and P. Feed P was analyzed with the alka-
limetric ammonium molybdophosphate method (400 nm;
AOAC, 1996). Orts were collected when necessary to
correct DMI. Final weights were calculated from hot
carcass weight divided by a common dressing percentage
(62). Liver abscess scores and hot carcass weights were
recorded at slaughter. Livers were scored using a modi-
fication of the Elanco Products Company (1974) proce-
dure, which was modified to include a fourth category
for liver abscesses adhering to either the diaphragm or
digestive tract (Stock et al., 1990). Quality grade, yield
grade, and 12th rib fat thickness were recorded after a

36-h chill. Lean maturity, skeletal maturity, and overall
maturity were assessed by a USDA meat grader.

Status of P in bone is a good indicator of whether the
requirement for P has been met (Crenshaw et al., 1981).
Because P is stored as hydroxyapetite crystals of calcium
and phosphorus (Irving, 1963), an animal must degrade
the entire complex to mobilize phosphorus. Bone charac-
teristics are an important measure when determining
P requirement, because bone resorption will maintain
plasma P if dietary P is insufficient. At slaughter, two
bones (first phalanx) were collected from each front leg
for determination of total mineral content. After collec-
tion, each bone was trimmed of soft tissue and frozen
until analysis. Phalanx bones were ashed for 24 h at
600°C for determination of total mineral concentration
(AOAC, 1996).

Wholesale rib sections (IMPS 122A) were shipped to
the University of Nebraska, aged for 7 d, then frozen.
One rib bone was collected from each rib section for
determination of breaking strength. The rib bones were
thawed and broken on an Instron Universal Testing Ma-
chine (model 1123, fulcra distance = 9 cm, 5 mm/min;
Instron, Canton, MA) to measure bone strength. One
steak (2.5 cm thick) was removed for tenderness assess-
ment. Thawed steaks were cooked on a Farberware
(Bronx, NY) Open Hearth broiler to an internal tempera-
ture of 70°C and cooled to approximately 21°C, and 8 to
10 cores (1.27 cm diameter) were removed parallel to
fiber direction. The cores were sheared using a Warner-
Bratzler shear attachment to an Instron Universal Test-
ing Machine.

Steer performance, bone characteristics, and carcass
characteristics were analyzed as a completely random-
ized design using GLM procedure of SAS (1990). Animal
was used as the experimental unit. Variables were tested
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Table 2. Main effects of dietary P and Ca concentrations on finishing performance

Phosphorus, % of DMa Calcium % of DMa

Item .14 .19 .24 .29 .34 SE .35 .70 SE

P intake, g/d 15.9 19.7 27.6 32.1 36.4 .7 25.0 24.7 .5
Initial wt, kgb 385 384 390 385 385 11 385 387 7
Final wt, kgb,e 567 553 568 566 545 15 568 552 10
DMI, kg/db 11.4 10.4 11.4 11.1 10.7 .3 11.1 10.9 .2
ADG, kg/db 1.76 1.62 1.71 1.75 1.53 .09 1.76c 1.59d .06
ADG:DMIb .154 .157 .149 .158 .142 .007 .159c .145d .004

aNo Ca × P interaction was detected (P > .90).
bNo significant linear, quadratic, or cubic effects due to P (P > .10).
c,dMeans within row for Ca with different superscripts differ (P < .05).
eDetermined as hot carcass weight divided by 62% dress.

for a calcium × P interaction; main effects were tested
if no interaction between the two factors existed at P >
.10. If the F-test for the P main effect was significant at
P < .10, then NLIN techniques (SAS, 1990) were used
to determine the P requirement; otherwise, orthogonal
contrasts for linear, quadratic, cubic, and lack of fit ef-
fects were tested.

Results

There were no interactions between Ca and P levels,
so only main effects for P (n = 12) and Ca (n = 30) are
presented. Dry matter intake, ADG, and feed efficiency
were similar across P levels (Table 2). Intakes were vari-
able due to individual feeding, but no consistent trends
(linear, quadratic, or cubic) were evident due to P intake.
Nonlinear regression was not conducted for DMI, ADG,
and feed efficiency because of the lack of significant dif-
ference among nonlinear components due to dietary P.
Steers fed .70% Ca had numerically lower DMI and
gained slower (P < .05) than steers fed .35% Ca. Feed
efficiency was also depressed (P < .05) by feeding the
higher level of Ca. No difference (P > .10) in lean, skeletal,
or overall carcass maturity scores or shear force value
(meat tenderness) were detected among treatments (Ta-
ble 3).

Table 3. Main effects of dietary P and Ca concentrations on carcass
characteristics of finishing yearlings

Phosphorus, % of DMa Calcium, % of DMa

Item .14 .19 .24 .29 .34 SE .35 .70 SE

Carcass wt, kgb 352 343 352 351 338 10 352 343 6
Marbling scorecd 499 524 523 482 554 19 509 524 12
Fat thickness, cmb 1.04 1.02 1.07 1.09 1.09 .08 1.04 1.09 .05
Shear force, kgb 5.17 4.91 5.42 4.81 5.05 .29 4.97 5.17 .19

Maturity scorebe

Skeletal 60.8 49.2 57.8 53.3 51.7 3.9 56.7 52.5 2.5
Lean 69.2 64.2 76.5 67.5 67.5 5.3 71.3 66.6 3.4
Overall 64.2 54.2 64.8 59.2 57.5 3.6 62.0 57.9 2.3

aNo Ca × P interaction was detected (P > .10).
bNo significant linear, quadratic, or cubic effects due to P (P > .10).
cMarbling score, where slight 50 = 450, small 50 = 550.
dSignificant cubic effect due to P (P < .05).
eMaturity score expressed as percentage of A maturity.

Bone density of the first phalanx bones, whether ex-
pressed as total grams of mineral or as a percentage of
carcass weight, was unaffected by P level (Table 4). Rib
bone area and breaking strength, expressed as area un-
der curve or peak force in kilograms, respectively, were
unaffected by P intake. Steers fed .70% Ca did not have
greater phalanx bone density or rib bone area. However,
ribs from steers fed .70% Ca required greater (P < .10)
peak force to break than ribs from steers fed .35% Ca.

Discussion

Phosphorus required for maintenance is 1.6 g ab-
sorbed P per 100 kg BW, and P required for gain is 3.9
g absorbed P per 100 g retained protein (NRC, 1996).
For the steers used in this experiment, the predicted P
required for maintenance was 11.3 g/d, assuming 68%
absorption (NRC, 1996). Phosphorus required for gain
was predicted as 11.2 g/d, assuming 68% absorption and
calculated average retained protein as 195.5 g/d (NRC,
1996). Actual P intakes calculated from corrected DMI
and P concentration in feed ingredients ranged from 15.9
to 36.4 g/d. This suggests, contrary to industry perspec-
tive (Spears, 1996), that the NRC nutrient requirements
for beef cattle overestimated P required by finishing
yearlings. The industry average for P is .35 to .39% of DM
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(Hoechst-Roussel Agri-Vet Company, 1996). The NRC
(1996) estimates the P requirement as .20% of DM, and
these data suggest that the requirement is less than
.14%. Burroughs et al. (1956) conducted a trial with a
similar type of cattle receiving a 60% concentrate finish-
ing diet and three levels of P: .18 (17.8 g/d), .25 (26.8 g/
d), or .33% (35.4 g/d) of DM. The authors concluded that
the P required for gain of 1.3 kg/d was .25% P, despite
the fact that plasma concentrations were similar in cattle
fed each treatment. Long et al. (1956) fed growing, year-
ling beef heifers P levels of .07, .11, and .15% of DM
and reported linear improvements in intake, gain, and
plasma P. However, Call et al. (1978) fed growing heifers
primarily hay diets at either 66 (10.3 g/d) or 174% (26.1
g/d) of NRC-predicted P requirements (NRC, 1978) for
2 yr and observed no differences between dietary treat-
ments in gain, body weight, intake, or calving per-
formance.

A recent change in the USDA beef quality grading
system disqualifies B-maturity carcasses with small
amounts of marbling from the Choice grade. Concern
has been expressed that mineral status of the diet might
influence rates of skeletal ossification and(or) tender-
ness. The concentration of Ca and P in this study did
not affect ossification of bone tissue used to evaluate
skeletal maturity in beef carcasses. In the present study,
dietary Ca and P concentrations were not related to meat
tenderness. This result supports data by Oberbauer et
al. (1988) in which four concentrations of Ca ranging
from .37 to 1.8% of diet DM and .42% P were fed to
growing lambs. They concluded that Ca fed at these
levels had no effect on metacarpal bone growth. If dietary
mineral status does influence skeletal maturation in cat-
tle, it does not seem to be through the role of Ca or P.

Calcium:phosphorus ratios fed in this study ranged
from 1:1 to 5:1. Ricketts et al. (1970) evaluated three
ratios of 1:1, 4:1, and 8:1 with young calves and concluded
that performance was adversely affected at the 8:1 Ca:P
ratio. Wise et al. (1963) evaluated ratios ranging from

Table 4. Main effects of dietary P and Ca concentrations on bone ash and breaking
strength of phalanx and rib bones from yearling carcasses

fed varying levels of P and Ca

Phosphorus, % of DM Calcium, % of DM

Item .14 .19 .24 .29 .34 SE .35 .70 SE

Phalanx bone
Total ash, g 28.3 27.5 28.9 27.5 28.5 1.0 28.0 28.3 .6
Ash, g/100 kg

hot carcass wt 8.01 8.02 8.20 7.83 8.46 .20 7.96 8.25 .13

Rib bone
Bone area, mm2 275 262 267 269 283 10 269 273 7
AUC, mm2 e 505 516 504 502 477 30 502 500 19
Peak, kgf 356 336 350 345 361 20 334c 366d 12

aNo Ca × P interaction was detected (P > .15).
bNo significant linear, quadratic, or cubic effects due to P (P > .10).
c,dMeans within a column with different superscripts differ (P < .10).
eArea under curve, area = force × time for breaking strength.
fPeak force required to break rib.

.4:1 to 14.3:1 with 114-kg calves and concluded that the
optimum ratios were from 1:1 to 7:1. The Ca:P ratios in
our study were in the range of previously reported data
for optimum animal performance.

In this study, the higher dietary Ca concentration de-
creased ADG and efficiency. Brink et al. (1984) observed
an improvement in feed efficiency when limestone was
increased in the diet from .8 to 1.7% of DM; however, the
improvement was significant in one of five experiments,
with a consistent small improvement in all experiments.
Dowe et al. (1957) observed a decrease in ADG as Ca
was increased in the diet from .4 to 2.6% of diet DM.
Varner and Woods (1972) observed a linear improvement
in ADG when Ca was increased from .20 to .41% of diet
DM but did not observe further improvement when Ca
was increased to .50% with steers fed a high-concentrate
diet. Huntington (1983) fed .3, .6, .9, and 1.2% Ca with
limestone as supplemental Ca and concluded that the
optimum concentration of Ca was between .3 and .6%
with steers receiving an 85% concentrate diet. Hunting-
ton (1983) also observed an increase in blood pH and
bicarbonate when dietary Ca was greater than .3%. The
improvement in gains typically observed with increasing
Ca above the NRC requirement (.35%; NRC, 1996) in
finishing diets has been attributed to a buffering effect
leading to fewer acidosis-related problems (Huntington,
1983). In the present study, the finishing diet contained
22.5% corn bran, resulting in less starch than would be
typical in an 85% corn diet. Because less starch was
being fed, acidosis may not have been a problem and
any benefits from Ca buffering would not be evident.

Decreased gains at the high level of Ca could be attrib-
uted to less energy used for gain, because limestone
replaced DRC, and the slightly lower intake would sug-
gest less energy was available for gain. The low-Ca diet
contained 2.05 Mcal/kg of NEm and 1.23 Mcal/kg of NEg.
Using the 1996 NRC model, an increase in DMI from
10.9 to 11.1 kg would result in an increase in ADG from
1.59 to 1.63 kg. Clearly, the small decrease in DMI does
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not explain the entire difference in gains between the
two levels of dietary Ca. Accounting for substitution of
DRC with limestone and the lower DMI resulted in an
estimated increase in ADG to 1.65 kg; however, the ob-
served ADG of steers fed the lower level of Ca (.35%)
was 1.76 kg/d.

All diets contained 3% added fat, and the interaction
between fat and Ca level may result in less fat absorption
with .7% Ca diets. The depressed fat absorption may
result in lower ADG and feed efficiency with .7% Ca.
Bock et al. (1991) fed .6 and .9% Ca with either 0 or
3.5% added fat and observed lower gain:feed and ADG
with the high level of Ca and fat. The authors also ob-
served no differences in performance between the two
levels of Ca with no added fat. However, Zinn and Shen
(1996) fed .45 and .90% Ca with 0 or 5% fat and observed
no effect on feedlot animal gain.

Implications

Corn-based finishing diets contain adequate P to meet
a yearling steer’s requirement for gain and bone re-
serves, because most grains contain .25 to .30% P. Reduc-
ing dietary P concentration should not change maturity
or tenderness attributes. Given the environmental con-
cerns associated with P, supplementation should not ex-
ceed animals’ requirements to have a “safety” margin in
diet formulation. Proper supplementation strategies of
P will assist feedlots in becoming more environmen-
tally sustainable.
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