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ABSTRACT: Three levels of dietary S (.15, .20, and .25% DM
basis) were evaluated in finishing trial involving 108 yearling
crossbred heifers (384 kg). The basal diet contained (DM basis)
4% al fal fa hay, 6% sudangrass hay, 74% steamflaked corn, 4%

yel | ow grease, 6% cane nol asses, and 6% pr ot ei n-m ner al
supplenment. Dietary S levels were achi eved by suppl enenting the
basal diet wwth 0, .20, or .40% anmmoni um sul fate. |ncreasing
dietary S | evel decreased ADG (linear effect, P < .05; quadratic
effect, P < .10), DM (linear effect, P < .10), feed efficiency
(linear effect, P < .05; quadratic effect, P < .10), diet NE
(l'inear effect, P < .05; quadratic effect, P < .10), and

| ongi ssinmus nuscle area. Six Holstein steers (218 kg) with
cannul as in the runmen and proxi mal duodenum were used to

eval uated treatnment effects on characteristics of digestion.
Treatnent effects on rumnal and total tract digestion of OM and
N were small (P > .10). However, rum nal digestion of ADF and
starch was slightly |l ower (quadratic effect, P < .10), and
postrum nal digestion of ADF and starch was correspondi ngly
greater (quadratic effect, P < .05) with supplenental S. D etary
S level did not influence (P > .10) rum nal synthesis of

m crobial N Increasing dietary S level did not influence (P >
.10) rumnal pHor lactic acid. Increasing S |evel decreased
nmol ar proportions of acetate (linear effect, P < .10; quadratic
effect, P < .10), increased nolar proportions of propionate
(linear effect, P < .10). W conclude that S levels in excess of
.20% of dietary DM may have detrinental effects on grow h-
performance and dietary NE. Excessive dietary S may al so
conprom se carcass nerit by decreasing |ongissinus nuscle area.

Introduction

The requirenment for Sin diets for feedl ot cattle has been
set at .1% (NRC, 1984). However, supplenentation with sulfates to
control urinary calculi, as well as the liberal use of feedstuffs
that are intrinsically highin S (ie. high-sulfate nol asses,
distillers solubles), can result in dietary S |evels considerably
in excess of requirenments. Q et al. (1993) observed that dietary
S levels in excess of .2%depressed ADG DM, and feed efficiency
in grow ng-finishing wether goats. The objective of this study
was to further evaluate the influence of Slevels in the
finishing diet on growth-performance and di gestive function of
feedl ot steers.

Experimental Procedure
Trial 1. One hundred twenty yearling crossbred heifers



(approxi mately 12.5% Brahman breeding with the renmai nder
represented by Hereford, Angus, Shorthorn, and Charol ais breeds
in various proportions) were received at the University of
California, Desert Research Center on February 7, 1996. Upon
arrival heifers were vaccinated for bovine rhinotracheitis-

par ai nfl uenza; (TSV-2®, SmthKline Beecham Wst Chester, PA),
clostridials (Utrabac 8® SmthKline Beecham West Chester, PA)
treated for parasites (lvonec Plus® Merck, Rahawy, NJ), and
injected with 500,000 IU vitamn A (Vita-jec® A& "500", RXV
Products, Porterville, CA). Heifers were pal pated per rectumfor
pregnancy. Only nonpregnant heifers were used in this trial. The
trial was initiated March 21, 1996. Heifers were bl ocked by

wei ght and randomy assigned, within weight groupings, to 18 pens
(six per pen). Pens were 43 nt with 22 n? over head shade,
automatic waterers and 2.4-mfence-1line feed bunks. Average daily
m ni mum and maxi num air tenperatures during the trial were 16 and
33°C, respectively. There was no precipitation; average daily
relative humdity was 28% Heifers were inplanted with Synovex- H®
(Syntex Corp., Des Mines, 1A upon initiation of the trial.
Three |l evels of dietary S (.15, .20, and .25% DM basis) were
eval uated in a random zed conpl ete bl ock design. Heifers were
adapted to the basal (.15% S) diet for 7 d before initiation of
the trial. Conposition of experinental diets is showm in Table 1
Diets were prepared at approximately weekly intervals and stored
in plywod boxes |located in front of each pen. Heifers were
allowed ad libitumaccess to feed. Approximately 40% of daily
feed consunption was provided in the norning feeding and 60%in
the afternoon feeding. At slaughter, incidence of |iver abscesses
wer e eval uated. Hot carcass wei ghts were obtai ned from al

heifers at time of slaughter. After the carcasses were chilled
for 48 h the foll owi ng neasurenents were obtained: 1) |ongissinus
nmuscl e area (ribeye area), taken by direct grid reading of the
eye nuscle at the twelfth rib; 2) subcutaneous fat over the eye
muscle at the twelfth rib taken at a |l ocation 3/4 the |ateral

I ength fromthe chine bone end; 3) kidney, pelvic and heart fat
(KPH) as a percentage of carcass weight and 4) marbling score
(USDA, 1965). Retail yields (boneless, closely trimred retali

cuts fromthe round, loin, rib, and chuck as a percentage of
carcass weight) were estimated using the equation of Mirphey et
al. (1960). Estimates of heifer performance were based on pen
means. Assum ng the primary determ nant of energy gain is weight
gain, energy gain (EG Mal/d) was cal cul ated by the equation: EG
= (.0686 BW")ADG-1® (NRC, 1984). Mai ntenance energy expended
(Mcal/d, EM was cal cul ated by the equation: EM = .077BW’. From
the derived estimates for energy required for mai ntenance and
gain, the NE for maintenance (NE,) and gain (NE) of the diets

was obtained by the process of iteration to fit the rel ationship:
NE, = .877NE, - .41 (Zinn and Plascencia, 1996). The trial was
anal yzed as a random zed conpl ete bl ock desi gn experinment.
Treatnent effects were tested for |linear and quadratic conponents



by means of orthogonal polynom als (H cks, 1973).

Trial 2. Six Holstein steers (218 kg) with cannulas in the
rumen and proxi mal duodenum (Zi nn and Pl ascencia, 1992) were used
in a replicated 3x3 Latin square experinment. Conposition of
experinmental diets was the sane as in Trial 1, with .35%chromc
oxi de added as a digesta nmarker. Feed intake was restricted to
2.1% of BW Diets were fed at 0800 and 2000 daily. Experinental
periods consisted of a 10-d diet adjustnment period followed by a
4-d collection period. During the collection period duodenal and
fecal sanples were taken fromall steers, twice daily as foll ows:
d 1, 0750 and 1350; d 2, 0900 and 1500; d 3, 1050 and 1650; and d
4, 1200 and 1800. Individual sanples consisted of approxi mately
500 M duodenal chyne and 200 g (wet basis) fecal material.
Sanpl es fromeach steer and within each collection period were
conposited for analysis. During the final day of each collection
period, rum nal sanples were obtained fromeach steer 4 h after
the norning feeding via the rum nal cannula. Rumnal fluid pH was
determ ned (Digi-Sense LCD pH Meter, Cole-Parnmer, Chicago, IL) on
fresh sanples, and sanples were strained through four |ayers of
cheesecloth. Two mlliters of freshly prepared 25% (w v) neta-
phosphoric acid was added to 8 nL of strained rum nal fluid.
Sanpl es were then centrifuged (17,000 x g for 10 mn) and
supernatant fluid stored at -20°C for VFA analysis. Upon
conpletion of the trial, rumnal fluid was obtained from al
steers and conposited for isolation of rum nal bacteria via
differential centrifugation (Bergen et al., 1968). Sanples were
subjected to all or part of the follow ng analysis: DM (oven
drying at 105°C until no further weight |oss); ash, Kjeldahl N
ammoni a N (ACAC, 1975); ADF (Goering and Van Soest, 1970);
purines (Zinn and Onmens, 1986); sulfur (atom c em ssion
spectroscopy); VFA concentrations of rumnal fluid (gas
chromat ography; Zinn, 1988); chromc oxide (H |l and Anderson,
1958) and starch (Zinn, 1990). Mcrobial organic matter (MOM and
N (MN) | eaving the abomasum was cal cul ated using purines as a
m crobial marker (Zinn and Onens, 1986). Organic matter fernented
in the rumen (OMF) was considered equal to OMintake m nus the
di fference between the anmount of total OMreaching the duodenum
and MOM reachi ng the duodenum Feed N escape to the snall
i ntestine was consi dered equal to total N |eaving the abomasum
m nus ammoni a-N and MN and, thus, includes any endogenous
contributions. Methane production was cal cul ated based on the
t heoretical fernentation bal ance for observed nolar distribution
of VFA and OMfernented in the rumen (Wlin, 1960) and rum nal OM
digestion. The trial was analyzed as a replicated 3 X 3 Latin
square according to the followi ng statistical nodel: Y ,=p + B +
Ay + P+ T + E;y, wiere B is block, A, is steer within
block, P, is period, T is treatnent and E,;, is residual error.
Treatnent effects were tested for |linear and quadratic conponents
by means of orthogonal polynom als (H cks, 1973).



Implications
Dietary sulfur levels in excess of .20% of dietary dry

matter may have a detrinmental effect on average daily gain, feed
i ntake and net energy value of the diet. The decrease in dietary
net energy value with increasing dietary sulfur level is not due
to decreased rum nal protein synthesis or conponent digestibility
of the diet. Excessive dietary sulfur may al so conprom se carcass
merit by decreasing |ongissinus nuscle area.



Table 1. Conposition of experinmental diets fed to steers (Trials
1 and 2?)

Dietary sulfur, %

| tem 15 . 20 25
Al fal fa hay 4. 00 4. 00 4. 00
Sudangr ass hay 6. 00 6. 00 6. 00
Fl aked corn 73. 60 73. 49 73. 38
Yel | ow grease 4. 00 4. 00 4. 00
Mol asses cane 6. 00 6. 00 6. 00
Cot t onseed neal 2.00 2.00 2.00
Li mest one 1.65 1.65 1.65
Ur ea 1.20 1.11 1.02
Sodi um bi car bonat e 1.00 1.00 1.00
Magnesi um oxi de .15 .15 .15
Trace m neral salt?® .40 .40 .40
Ammoni um sul fate . 20 . 40

Nut ri ent conposition (DM basis)

NE, Mcal /kg®

Mai nt enance 2.26 2.26 2.26
Gin 1.58 1.58 1.58
Crude protein, % 11.8 11.8 11.8
Et her extract, % 7.3 7.3 7.3

ADF, % 6.8 6.8 6.8
Calcium % .70 .70 .70
Phosphorus, % .32 .31 .31
Pot assium % .75 . 75 . 75
Magnesi um % . 28 . 28 . 28
Sul fur, % 15 . 20 25

aChrom c oxide (.35% was added as a digesta nmarker in Trial
2.

®Trace mineral salt contained: CoSQ, .068% CuSQ, 1.04%
FeSO,, 3.57% ZnO 1.24% MSQ,, 1.07% KI, .052% and Nad ,
92. 96%

°‘Based on tabul ar values for individual feed ingredients (NRC
1984) with the exception of supplenental fat, which was assigned
NE, and NE; val ues of 6.03 and 4.79, respectively.



Table 2. Influence of sulfur |evel on growth-perfornmance response
of feedlot steers and dietary NE (Trial 1)

Dietary sulfur, %

ltem .15 . 20 . 25 SD
Days on test 76 76 76
Pen replicates 6 6 6

Li ve wei ght, kg?®

Initial 385. 7 386. 0 380. 6 17.6
Fi nal ® 487. 9 489. 7 464. 4 16. 4
Wi ght gain, kg/db 1.35 1.37 1.08 .17
DM i nt ake, kg/d¢ 8.51 8. 64 7.83 . 60
DM i nt ake/ gai n®° 6. 40 6. 32 7.44 . 69

D et net energy, Mal/kg

Mai nt enance®® 2.23 2.24 2.07 .10
Gai n° 1.55 1.55 1.41 . 09
(bserved/ expected diet NE

Mai nt enance®® . 99 . 99 .92 . 04
Gai n° . 99 . 99 90 . 06

A nitral and final BWreduced 4%to account for fill.
Li near effect (P < .05).

‘Quadratic effect (P < .10).

dLi near effect (P < .10).



Tabl e 3. Influence of sulfur |evel on carcass characteristics of
feedl ot steers (Trial 1).

Dietary sulfur, %

I tem .15 .20 .25 SD
Carcass w, kg? 301.9 301.0 288. 1 12.8
Dr essi ng percent age 61.9 61.4 62. 1 1.1
Longi ssi nus area, cnt® 81.8 78.7 75.1 3.9
Fat thickness, cm 1.38 .95 1. 06 . 48
KPH, 9% 1.92 1.87 1.90 .21
Mar bl i ng score, degree! 3. 06 2. 86 3. 06 . 29
Retail yield, % 50.5 51.2 50. 8 1.3
Li ver abscess, % 11.1 16.7 16.7 11.7

i near effect (P < .10).

Li near effect (P < .05).

°Ki dney, pelvic, and heart fat as a percentage of carcass
wei ght .

dCoded: Mnimumslight = 3.0, mininumsnmall = 4.0, etc.



Table 4. Influence of sulfur level on characteristics digestion
in steers (Trial 2)

Dietary sulfur, %

ltem .15 . 20 . 25 SD
Steer weight, kg 218 218 218
Steer replicates 6 6 6

I nt ake, g/d

DM 4,617 4, 607 4,613

oM 4,343 4,334 4, 339

ADF 314.0 313.3 313.7

N 87.3 87.1 87.2

Starch 2,332 2,327 2,330

Flow to the duodenum g/d

ow 2,163 2,212 2,273 107
ADF® 198. 1 227. 4 216. 2 23.1
St arch?® 395.7 441. 7 451. 4 46. 3
Nonamoni a N 91.7 87.6 92.1 7.7
M crobial N 54.5 51.6 54.7 7.2
Feed N 37.2 36.1 37.5 4.5
Rum nal digestion, % of intake

oM 62.7 60. 9 60. 2 2.6
ADPFP 36.9 27.5 31.1 7.3
St arch? 83.0 81.0 80.6 2.0
Feed N 57. 4 58. 6 57.0 5.3
M\ ef ficiency® 20. 2 19.6 21.3 2.6
N ef ficiency? 1. 05 1.0 1. 06 . 09
Fecal excretion, g/d

oM 752.5 719.5 758. 4 90.0
ADF 170. 3 152.7 169. 8 27.6
St ar ch® 30.2 20.1 25.9 8.0
N 21.7 23.2 22.7 2.3
Postrum nal digestion, %of that |eaving abomasum

oM 65. 3 67.6 67. 2 2.8
ADF*® 12.0 32.6 22.2 12.0
St ar ch@® 92.7 95.8 94. 6 1.7
N 77.2 74. 6 76. 4 3.1
Total -tract digestion, % of intake



oM 82.7 83.4

ADF 45. 8 51.3
Starch 98.7 99.1
N 75. 1 73. 4

82.5
45. 8
98.9
73. 9

NN
~NwoR

ali near effect (P < .10).
bPQuadratic effect (P < .10).
cGranms mcrobial N kg OMfernented.

dNonanmoni a N | eavi ng t he abomasunl N i nt ake.

cQuadratic effect (P < .05).



Tabl e 5. Influence of sul fur
VFA profiles,

feeding (Trial 2)

| evel

on rum na
and estimated nethane production 4 hours after

pHa

|l actic acid,

Dietary sul fur,

%

I tem .15 . 20 .25 SD
pH 6. 05 5.90 5.96 .15
D-Lactic acid, ng/dL 10. 59 10. 38 10. 30 1.81
L- Lactic acid, ng/dL 7.42 7.40 7.27 .92
Rum nal VFA, nM 82.6 82.1 84.5 9.5
Rum nal VFA, nol /100 nol

Acet at e®” 50. 7 51.3 47. 4 2.5
Pr opi onat e? 30.8 30.5 35.5 4.2
Butyrate 13.0 12.7 12.2 2.0
Met hane, nol / d° 6. 81 6. 59 5. 66 . 23

aLi near effect (P < .10).
bQuadratic effect (P <
°Li near effect (P < .01).

. 10).

dQuadratic effect (P < .05).



