Influence of Tempering on the Feeding Value of Rolled Corn
in Finishing Diets for Feedlot Cattle
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ABSTRACT: Crossbred yearling steers (n = 125;
372 kg) were used in a 109-d finishing trial. Steers
were fed an 88% concentrate diet containing 65% corn
(DM basis) as 1) dry rolled corn (DRC); 2) tempered
rolled corn (TRC), 43 mg surfactant (SarTemp®)/kg
corn; 3) TRC, 172 mg surfactant/kg corn; 4) TRC, 430
mg surfactant/kg corn; and 5) steam-flaked corn
(SFC). Corn moisture was greater (3.5%, P < .01) for
TRC than for DRC but less (10%, P < .05) than for
SFC. Starch enzymatic reactivity was less for TRC
than for either DRC (18%, P < .05) or SFC (42%, P<
.01). Tempering increased the integrity of rolled corn
and reduced the amount of particles less than 2 mm in
diameter by 54% (P < .01). Steam flaking corn
increased (P < .01) proportion (78%) of the grain
having a particle size distribution of greater than 8
mm, as compared with TRC (25%) and DRC (3%).
Compared with DRC, tempering enhanced (P < .10)
ADG (9%), feed efficiency (5%), and dietary NE

(3%). Daily weight gain was similar (P > .10) for
TRC and SFC. Feed efficiency (7 < .10) and dietary
NE (P < .01) were greater (6%) for SFC than for
TRC. There were no differences (P > .10) between
DRC and TRC in ruminal and total tract digestion of
OM, N, and starch, and in ruminal microbial effi-
ciency. Ruminal digestion of OM decreased (linear
effect, P < .05) and ruminal microbial efficiency
increased (linear effect, P < .05) with increasing
surfactant concentration. Ruminal digestion of OM
and starch, and flow of nonammonia N to the small
intestine were greater (31, 56, and 14%, respectively,
P < .01) for SFC than for TRC. Postruminal and total
tract digestion of OM, N, and starch, and dietary DE
were greater (P < .01) for SFC than for TRC. We
concluded that tempering corn will enhance animal
performance. Increasing the concentration of surfac-
tant used in tempering may enhance ruminal
microbial efficiency and lean tissue growth.
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Introduction

Tempering grain before processing has become a
common practice in the feedlot industry. Tempering
refers to the softening of the grain kernel that occurs
following the addition of 4 to 8% moisture. Surfactants
or wetting agents typically are added to the water
during tempering to accelerate the rate of moisture
uptake by the kernel. The primary objective with
tempering is to lower energy costs and reduce the
number of fine particles produced during grain
processing. However, tempering may also enhance
digestive function and the feeding value of corn. In a
previous study (Zinn, 1988), we observed that,
compared with dry rolling corn (DRC), tempering
and rolling corn (TRC) enhanced ruminal microbial
efficiency 19%, total tract starch digestion 6.5%, and
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DE value of the diet 5.2%. The improved microbial
efficiency seemed to be directly related to the sarsapo-
nin surfactant used to temper the corn. The objective
of this study was to evaluate the influence of
tempering on the feeding value of corn.

Experimental Procedures

Trial 1. Crossbred yearling steers (n = 125;
approximately 25% Brahman breeding with the re-
mainder represented by Hereford, Angus, Shorthorn,
and Charolais breeds in various proportions) with an
average initial weight of 372 kg were used in a
109-d finishing trial. Steers were blocked by weight
and randomly allotted within weight groupings to 25
pens (five steers/pen). Pens were 43 m? with 22 m?2 of
overhead shade, automatic waterers, and 2.4-m fence-
line feed bunks. The trial was initiated on December
27, 1995. Average daily minimum temperature was
9.2°C and maximum air temperature was 26.1°C.
Average daily relative humidity was 44.5%. Total
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and starch were not affected by surfactant concentra-
tion.

Ruminal digestion of OM and starch were greater
(31 and 56%, respectively, P < .01) for SFC than for
TRC. Consistent with previous studies (Zinn, 1987,
1988, 1990; Zinn et al., 1995), steam flaking corn did
not influence ( P> .10) ruminal digestibility of feed N.
However, flow of nonammonia N to the small intestine
was greater (14%, P < .01) for SFC than for TRC,
because of increased (20%, P < .01) net synthesis of
microbial N. Consequently, ruminal N efficiency
(nonammonia N flow to the small intestine/N intake)
was greater (12%, P < .01) for SFC than for TRC.
Increased ruminal N efficiency is a highly characteris-
tic response to steam flaking corn (Prigge et al., 1978;
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Zinn, 1987, 1988, 1990; Zinn et al., 1995). Consistent
with Zinn (1988), postruminal and total tract diges-
tion of OM, N, and starch, and dietary DE were
greater (P < .01) for SFC than for TRC.

As in Trial 1, DE value of TRC and SFC can also be
determined using the replacement technique.
However, because tabular (NRC, 1984) DE values are
based on measures at a maintenance level of intake, it
is necessary first to adjust the DE values in Table 5
for this differential. The expected DE value of the diet
containing SFC is 3.95 Mcal/kg (Table 1). Accord-
ingly, the observed DE values in Table 5 may be
standardized by dividing by .92. Given that the DE
value of SFC was 4.19 (NRC, 1984), then the DE
value of DRC and TRC were 3.66 and 3.63 Mcal/kg,

Table 5. Influence of corn processing on characteristics
of digestion in steers (Trial 2)

Tempered rolled corn with

Dry a Steam
rolled surfactant, mg/kg corn flaked

Item corn 43 172 430 corn SD
Steer wt, kg 493 493 493 493 493

Intake, g/d

DM 7.187 6,879 7,075 7,194 7.373

OM 6,788 6,478 6,670 6,739 6,972

Starch 3,054 2,765 3,035 3.036 3,296

N 143.0 143.8 143.6 150.4 148.2

Gross energy, Mcal/d 31.51 30.16 31.02 31.54 32.32

Flow to the duodenum, g/d

OMPe 4,747 4,268 4,660 4,975 4,084 123
Starch%¢ 1,635 1,359 1,610 1,688 854 287
Nonammonia N® 142.5 140.6 144.1 152.3 166.0 12.3
Microbial N® 65.3 71.0 68.5 74.8 85.5 7.9
Feed N4 71.3 69.7 75.6 77.5 80.5 6.6
Ruminal digestion, %

OMbe 39.6 45.1 40.5 37.4 53.9 5.4
Feed N 45.8 51.5 47.4 48.8 46.0 4.3
Starch® 46.3 50.9 47.1 44.5 74.2 9.1
MN efficiency’® 28.0 24.5 26.0 33.9 23.8 6.0
N efficiency®" 1.00 98 1.00 1.01 1.12 07
Fecal excretion, g/d

OM* 1,797 1,394 1,470 1,571 1,049 176
Ned 43.8 40.6 41.4 458 36.6 4.4
Starch® 313.1 259.8 328.3 319.4 46.4 81.8
Gross energy, Mcal/d® 7.63 7.20 7.52 8.07 5.56 82
Postruminal digestion, %

OM* 67.0 67.2 68.4 67.7 73.9 3.3
Ne 70.1 72.1 72.1 70.3 78.1 2.2
Starch® 775 80.7 79.7 80.6 94.7 6.2
Total-tract digestion, %

oMme® 77.9 785 78.0 76.6 85.1 2.3
Ne 69.4 71.8 71.2 69.6 75.5 2.6
Starch® 89.7 90.6 89.3 89.4 98.6 2.6
DE, Mcalkg® 3.32 3.34 3.32 3.26 3.64 03
DE, %* 75.74 76.12 75.82 74.38 82.92 2.28

aSarTemp® (Sartec Corp., Auoka, MN).
bSurfactant linear effect, P < .05.
°Steam-flaked vs tempered corn, P < .05.
empering agent, linear effect, P < .10.
eSteam-flaked vs tempered corn, P < .01.
Steam-flaked vs tempered corn, P < .10.
BMicrobial N, gfkg OM fermented.

hNonammonia N leaving the abomasum/N intake.
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Table 6. Influence of corn processing on ruminal pH, volatile fatty
acid profiles, and estimated methane production (Trial 2)

Tempered rolled corn with

Dry a Steam

rolled surfactant, mg'kg corn’ faked
Item corn 43 172 430 corn SD
pH 6.35 6.47 6.43 6.54 6.34 31
Ruminal VFA, mol/100 mol
Acetate 61.1 62.1 62.8 61.1 59.3 3.3
Propionate 23.4 22.8 21.9 23.3 25.8 38
Butyrate 10.8 10.3 10.0 10.2 9.9 T
Methane production® .57 .58 .59 .57 .54 .05

aSarTemp® (Sartec Corp., Aucka, MN).

b\ethane, mol/mol glucose equivalent fermented.

respectively. Based on the relationship between DE
and NE, (NRC, 1984), the NE,, of DRC and TRC in
Trial 2 were 2.03 and 2.01 Mcal/kg, respectively.

The NE value of DRC as measured in the
metabolism trial (Trial 2) is in close (98%) agree-
ment with the estimate value based on growth
performance in Trial 1. However, the NE;, value of
TRC in Trial 2 was 93% of the estimate based on
growth performance in Trial 1. The basis for the
discrepancy between Trials 1 and 2 in estimates of the
NE value of TRC is not certain. A general assumption
in the calculation of dietary NE based on growth
performance is that energy retention is a predictable
function of BW and ADG (Garrett, 1980). In Trial 1,
carcasses of cattle that received TRC were slightly
leaner than for cattle fed DRC and SFC, and had
larger longissimus muscle area and lesser external fat.
Consequently, energy retention may have been
slightly overestimated for that treatment.

Treatment effects on ruminal pH and VFA molar
proportions 4 h after feeding are shown in Table 6.
There were no treatment effects (7 > .10) on ruminal
pH, which was comparatively high and averaged 6.43.
In previous trials that compared DRC vs SFC
(Johnson et al., 1968; Zinn, 1987; Zinn et al., 1995),
steam flaking corn decreased ruminal pH. There were
also no treatment effects (P > .10) on ruminal VFA
molar proportions or estimated methane production.
However, numerically, ruminal propionate was
greater (13%) and methane was lower (6%) with
steam flaking corn. Even though increased ruminal
molar proportions of propionate have been a rather
consistent response that is due to steam flaking corn
(Galyean et al., 1976; Zinn, 1987; Zinn et al., 1995),
there have been reports (Lee et al., 1982) in which no
differences in ruminal VFA molar proportions were
detected.

Implications
In addition to the primary objective of reducing

energy costs during grain processing, tempering corn
before rolling may enhance animal growth perfor-

mance and net energy value of the diet. Improved
performance owing to tempering can result from a
reduction in the number of fine particles produced
during grain processing and enhanced rate of lean
body growth. Increasing the concentration of surfac-
tant used during tempering may enhance ruminal
microbial efficiency and lean tissue growth. Steam
flaking will increase the feeding value of corn by 16%
over dry rolling.
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