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Influence of Cracked, Coarse Grind, or Fine Grind of Corn on Digestion and
Rumen Function in Steers Fed a 73% Corn-Based Diet

'Alejandro Plascencia and *A.V. Jose Maria
Instituto de Investigaciones en Ciencias Veterinarias-UABC, Mexicali, México
Aguayo # Frace. Vistaherrmosa CP 21240. Mexicali, Baja California, Mexico

Abstract: Four Holstein steers (14249.3 kg) with cannulas in the rumen and prroximal duodemun were used
in a 4x4 Latin square experiment to evaluate the influence of corn processing on digestive function. Four
dietary treatments were compared: 1) SFC (density = 0.31 kg L7"); 2) coarsely-ground corm (DRC-CG,
density = 0.55 kg L™"); 3) Medium-coarsely Ground-corn (DRC-MG, density = 0.50kg L.™") and 4) Fine-ground
corn (DRC-FG, density = 0.45 kg L™").The basal diet contained 73.25 corn and 9.8 % forage. Method of comn
processing had no effect (p=0.10) on ruminal pH, VFA or methane production. There were no treatment effects
(p=0.10) on ruminal digestion of feed N and ruminal microbial efficiency. Ruminal and total tract digestion of
ADF was not affected (p=0.10) by corn processing. Ruminal digestibility of OM and starch was greater
(12.6 and 14%, respectively; p=0.10) for SFC than for DRC-CG, DRC-MG and DRC-FG. Total-tract digestibilities
of OM, starch, N and DE were greater (6.1, 3.9, 8.4 and 7.3% respectively, p>0.10) for SFC than for DRC
treatments. Total tract digestibility of starch tended to mcrease (linear component, p>0.10) with degree of dry
processing, although total tract digestibility of OM and GE was not improved (p=0.10). Given that the DE value
of SFC was 4.10 Mcal kg™, the DE values for DRC-CG, DRC-MG and DRC-FG were 3.88, 3.71 and 3.60 Mcal
kg™', respectively. Tt is concluded that the feeding value of dry-processed corn is not enhanced by reducing

the particle size of the kernels beyond to that obtained following coarse rolling.
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INTRODUCTION

The potential for improved starch utilization and
energy value of com as a result of processing 13 well
documented (Owens et al., 1997, Zinn et al., 2002). In a
summary of trials evaluating processing effects on the
feeding value of corn, (Huntington, 1997) observed that
the average digestibility coefficients of starch in Steam-
Flaked Corn (SFC) were: ruminal, 84.8%24.1; postruminal,
14.1%+3.7 and total tract, 98.2%+0.8. Corresponding
values for Dry Rolled Com (DRC) were: 76.2%+7.9,
16.2%+6.7 and 92.2%+3.0, respectively. The variation in
site and extent of digestion of starch for DRC was greater
then that of SFC. This vanation i digestibility may be due
in part to differences in degree of processing (fineness of
grind) of the DRC. The objective of this study was to
investigate the influence of the degree of processing of
DRC on the site and extent of starch digestion in steers
fed a corn-based finishing diet.

MATERIALS AND METHODS

Four Holstein steers (142+9.3 kg) with cannulas in the
rumen and proximal duodenum (6 cm from the pyloric

sphincter) were used in a 4x4 Latin square experiment.
Steers were mamtamed in slotted-floor pens (6.2 m’) with
ad libitum access to water. Dietary treatments were:

»  Steam-flaked comn (SFC, density = 0.31 kg ™Y

¢  Coarsely-ground comn (DRC-CG, density =
035keg L7™hH

»  Medium-coarsely ground-corn (DRC-MG, density
=050kg L™

»  Fine-Ground corn (DRC-FG, density = 0.45 kg L™").

Experimental diets are shown in Table 1. The DR comn
treatments were prepared by passing corn through rollers
that had been adjusted so that kernels were broken to
obtain the desired density. The SFC was prepared as
follows: A chest situated directly above the rollers
(46x6lem, corrugated) was filled to capacity (441 kg)
with comn and brought to a constant temperature (102°C)
at atmospheric pressure using steam (boiler pressure 60
psi). The comm was steamed for 20 mm before
starting the rollers. Approximately 441 kg of the initial
steam-processed grain that exited the rolls during warm-
up was not fed to steers on this study. Tension of
the rollers was adjusted to provide the indicated flake
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density (0.31 kg L.7"). Retention time of grain in steam
chamber was approximately 18 min. The SFC was allowed
to awr-dry (5 d) before use m diet preparation. The
experiment was carried out at the Ruminant Digestion and
Metabolism Test Umit of the Veterinary Science Research
Institute of the Autonomous Umiversity of Baja Califorma,
located in Mexicali City, in the state of Baja California,
Mexico. Dry matter intake was restricted to 3.13 kg d™'
(2.2% of BW). Diets were fed at 0800 and 2000 daily.
Experimental periods consisted of a 10-d diet adjustment
period followed by a 4-d collection period. During the
collection period duodenal and fecal samples were taken
from all steers, twice daily as follows: d 1, 0750 and 1350,
d 2, 0900 and 1500, d 3, 1050 and 1650; and d 4, 1200 and
1800. Individual samples consisted of approximately 500
mlL duodenal chyme and 200 g (wet basis) of fecal
material. Samples from each steer and within each
collection period were composited for analysis. During the
final day of each collection period, ruminal samples were
obtained from each steer 4 h postprandial via the ruminal
cannula. Ruminal fluid pH was determined on fresh
samples. Samples were strained through 4 layers of
cheese cloth. Two mL of freshly prepared 25% (w/v)
meta-phosphoric acid was added to 8 mL of strained
ruminal fluid. Samples were then centrifuged (17,000=G
for 10 min) and supernatant fluid stored at 20° C for VFA
analysis. Upon completion of the trial, ruminal fluid was
obtained from all  steers and composited for
isolationof ruminal bactena via differential centnfugation

Table 1: Composition of experimental diets fed to steers (DM basis)

Treatments®
Ingredient SFC DRC
Alfafa hay 3.90 3.90
Sundagrass hay 5.80 5.80
Steam-flaked com 73.40 --
Dry-rolled corn -- 73.25
Cane molasses 7.30 7.30
Yellow grease 3.50 3.50
Cottonseed meal 1.85 1.95
Urea 0.97 0.97
TM salt® 0.35 0.35
Magnesium oxide 0.13 0.13
Sodium bicarbonate 0.85 0.90
Ammonium sulphate 0.15 0.15
Phosphate rock 1.40 1.40
Chromic oxide 0.40 0.40
Nutrient cmp ositoin
NE. Mcal kg™!
Maintenence 2.23 2.13
Gain 1.57 1.47
Crude protien, % 12.51 12.73
ADF, % 6.11 6.52
Lipid, % 6.90 6.90
Calcium, % 0.70 0.70
Phosphorus, % 0.47 0.47

*8FC = Steam Flaked Comn, DRC = Dry Rolled Comn. "Trace mineral sal
contained: CoSQy,, .068%; CuS0Q, 1.04%; FeS0Q, 3.57%;, Zn0, 1.24%;
MnS0,, 1.07%; KI, .052%; and NaCl 92.96%. “Based on tabular values for
individual feed ingredients (NRC, 199¢)
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(Bergen et al,, 1968). Samples were subjected to all or part
of the following analysis: DM (oven drymg at 105°C until
no further weight loss), ash, Kjeldahl N, ammonia N
(AQAC, 1984) ; purines (Zinn and Owens, 1986); Gross
energy (GE) (Plascencia et al., 2002), VFA concentrations
of ruminal flmd (gas chromatography (Zmn and
Plascencia, 1993) chromic oxide (Hill and Anderson, 1958)
ADF (Goermg and Van, 1970) and starch (Zmn, 1990).
Microbial Orgamic Matter (MOM) and N (MN) leaving the
abomasum were calculated using purines as a microbial
marker (Zinn and Owens, 1986). Orgamc Matter Fermented
1n the rumen (OMF) was considered equal to OM intake
minus the difference between the amount of total OM
reaching the duodenum and MOM reaching the
duodenum. Feed N escape to the small mtestine was
considered equal to total N leaving the abomasum minus
ammonia-N and MN and, thus, includes any endogenous
contributions. Methane production was calculated based
on the theoretical fermentation balance for observed molar
distribution of VFA and OM fermented mn the rumen
{Wolin, 1960). The statistical medel was: Y, = F+C+A+
P,#E,;,, where Y}, is the response variable, C; is the comn
processing effect, A, is the animal effect, P, is the period
effect and B, 1s the residual error. Treatment effects
were tested for the following orthogonal components:

+ SFCvsDRC
*  Linear effect of density of DRC
»  Quadratic effect of density of DRC (Hicks, 1973).

RESULTS AND DISCUSSION

The influence of processing on characteristics of
particle size and bulk density of corn are shown in
Table 2. As expected, increasing the intensity of grinding,
decreased the integrity of the kernel during dry rolling.
Thus, the amount of particles less than 4 mm (as
percentage of the total) were 67, 52 and 40% for DRC-FG,
DRC-MG and DRC-CG respectively. Similar to previous

Table 2: Treatment effects on average particle size distribution and bulk
density of corn

Dry-rolled corn®

Sieve, mm SFC FG MG CG
16.00 0.0 0.0 0.0 0.0
8.00 28.6 2.2 3.0 7.0
4.00 34.9 30.7 51.2 531
2.00 20.2 43.7 334 33.2
1.00 8.5 13.1 6.3 2.0
0.50 3.5 4.5 2.6 1.9
0.25 2.6 2.7 1.4 1.1
0.00 1.7 31 2.1 1.7
Total 100 100 100 100
Bulk desnity kg T.”! 0.31 0.45 0.50 0.55
4C = coarse grind (density = 0.55), M = medium coarse grind

(density = 0.50) and F = fine grind (density = 0.45)
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Table 3: Treatment effects on ruminal pH, VFA molar proportion and
methane production 4 h after feeding

Dryrolled com?®
Ttem SFC FG MG cG SEM
Ruminal pH 5.86 5.89 5.83 6.06 011
Total VFA, Mmol 107.1 78.5 78.1 73.0 1.1
Ruminal VFA,
mol/100 mol
Acetate 58.0 58.1 60.0 62.9 4.6
Propionate 332 354 31.0 27.3 4.8
Butyrate 8.7 6.4 8.9 9.7 1.1
Methane production®  0.46 0.44 0.49 0.54 0.07

C coarse grind (density = 0.55), M = medium coarse grind
(density = 0.50) and F = fine grind (density = 0.45)*Methane moles/mol
de glucose equivalent fermented

Table4: Treatment effects on characteristics of rmuminal and total tract

digestion
Dry-rolled com?*

Item SFC FG MG CG SEM
Replicates 4 4 4 4
Intake, g d™!
DM 3,130 3,130 3130 3130
oM 2.942 2.947 2.947 2955 -
Strach 1.544 1.441 1.462 1.462 -
ADF 239 2.55 2.52 244 -
N 56 60 6l 58 -
GE, Mcal/d 13.8 13.6 13.7 13.8 -
Ruminal degestion, %
oM® 68.2 6l.4 58.0 59.5 7
Strach® 84.4 74.2 68.3 75.1 9
ADF 28.0 30.0 33.9 20.2 9
Feen N 81.1 76.5 81.3 74.5 7
Microbial efficiency® 20.1 26.2 82.4 23.9 2.6
Nitrogen efficiencd? 0.93 1.01 0.93 0.97 0.04
Postruminal
oM 61.3 57.7 56.3 58.4 4.6
Strach 90.0 87.5 73.2 75.8 6.2
ADF 18.4 12.1 6.3 14.7 11.0
N 72.4 68.9 65.6 67.9 2.7
Total tract digestion, %6
oM® 822 76.9 76.9 777 1.9
Strach® 98.6 96.6 94.0 93.9 1.0
ADF 41.5 39.0 390.5 40.5 4.9
N 737 67.2 67.3 67.9 2.4
DE, % 78.8 72.4 73.1 75.0 4.2
DE, Mcal/ kg® 3.48 3.16 3.20 3.32 0.02
AC = coarse grind (density = 0.55), M = medium coarse grind

(density = 0.50) and F = fine grind (density = 0.45). *DRC vs SFC,
p=0.10. °Grams microbial N‘kg organic matter fermented. ®Non-ammonia N
leaving abomasum/N intake "DRC vs SFC, p=0.05. ‘Linear effect of degree
of diy-rolled processing, p=0.10

report (Scott ef al, 2003; Corrona et al., 2006), steam
flaking com increased proportion of grain that having a
particle size distribution of greater than 4 mm (64 vs 33, 54
and 60%, respectively for SFC, DRC-FG, DRC-MG and
DRC-CQG).

Treatment effects on ruminal pH, VFA profiles and
estimated methane production are shown in Table 3.
Ruminal pH 4 h after feeding averaged 5.91 and was not
affected (p=0.10) by treatments. Accordingly to NRC
(1996), observed ruminal pH was lightly higher (3.4%)
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than expected and this effect may be due to the
inclusion of sodium bicarbonate {0.87%; Table 1) in the
experimental diets. Even so, the pH value observed here
15 consistent with those obtained at similar experimental
conditions i.e., level of grain, DM intakes as % of BW and
time of sampling (Corrona et al., 2006, Zinn et al., 1995;
Sindt et al., 2006) Consistent with Galyean et al. (1976),
Barajas and Zmn (1998) and Zinn ef al. (1998), grain
processing did not affected pH, VFA molar proportion
and methane production. However, numerous studies
(Zum et al., 2002; Corrona et al., 2006; Cooper et af., 2002)
have reported decreased ruminal pH and acetate,
increased propionate and reduced methane production
due to steam flaking corn.

Treatment effects on site and extent of digestion are
shown in Table 4. Coarseness of grind of DR corn did not
affect (p>0.10) ruminal digestion of OM, N, starch and
ADF. Harmon et al. (2004) indicate that the ruminal
digestion of starch averaging 77% when starch is
consumed in a wide range of intake of 1 to 5 kg d™. In the
present study, starch intake and ruminal digestibility of
starch averaged 1.47 kg d™' and 75.5%, respectively.
Rummal starch digestibility was greater (85 vs 73%,
p=0.10) for SFC than for DRC treatments. Observed
ruminal starch digestion for SF cormn is in good agreement
with the average values of 85% as summarized by
Huntington (1997). In another hand, for feedlot cattle,
ruminal digestibility of starch in DR com ranged from 68
to 76% (Zinn, 1990, Corrona et al., 2006, Zinn et al., 1995,
Cooper et al., 2002 Cole et al., 1976) with an average of
71.5%. The 14% greater (p=>0.10) ruminal starch digestion
with SFC explains most of the increase (12.6%, p>0.10) in
ruminal OM digestion due to steam flaking.

Ruminal digestibility of feed N was similar (p>0.10)
across treatments averaging 78%. Thus, consistent with
previous trials (Zinn, 1990; 1987, Zinn er al., 1995),
Undegradable Intake Protem (UIP) of com was not
affected by method or degree of processing. Ruminal
microbial efficiency averaged 24.8 g of N kg™ of OM
fermented in rumen and was not affected (p> 0.10) by
treatments. The expected microbial efficiency based on
NRC (1995) Level 1 was 2311 g of N kg™ of OM
fermented (21.5 vs 24.8 for SFC vs DRC respectively). In
the same manner, there were no effects (p=0.10) of com
processing on ruminal protein efficiency (NAN leaving
abomasum/N intake). In previous studies no differences
were detected by processing of com on protein
efficiency (Corrona et al., 2006), but n others (Zinn et al.,
1995; Barajas and Zinn, 1998) protein efficiency was
greater for SFC than for DRC. In those cases, the increase
1n protein efficiency was due to increased MN synthesis
related to mcreased ruminal OM digestion.



J. Arim. Vet. Adv., 6 (1): 118-122, 2007

There were no effects (p=0.10) of treatments on
postruminal  digestion. Notwithstanding that the
postruminal starch digestion was numerically greater by
14.8% for DRC-FG compared to DRC-CG and DRC-MG,
the difference was not statistically significant (p=0.10).

There were no effects (p=0.10) of coarseness of DRC
on total tract digestion of OM, N and ADF. Total tract
digestion of starch of DRC treatments averaged 94.8%,
this result is in close agreement with the value of 95.1%
reported by Cooper et al. (2002) and Jaeger et al. (2006)
but 6% greater than that reported by Owens and Zinn
(2005). As result of an increase (14.8%, p>0.10) of
postruminal starch digestion to DRC-FG treatment
mentioned previously, total tract digestion of starch
tended (linear effect, p»0.10) to be greater for finely
ground corn. However, decreasing density of DRC below
0.55 kg L' appeared to have minimal effects on
characteristics of digestion. Owens et al. (1997, 1986) and
Gorocica-Buenfil and Loerch (2005) reported that grinding
of com did not improve starch digestibility. Findings
obtained in the present study support that the variations
observed in total tract digestion for dry rolled corn in
several studies are probably due to corn particle size.

Total-tract digestion of OM, starch, N and DE were
greater (6.1, 3.9, 8.4 and 7.3%, respectively, p=0.10) for
SFC than for DRC treatments. Improved total tract
digestibility of OM, starch and N along with little or no
change m fiber digestibility has been a consistent
observation in studies comparing SFC-with DRC-based
diets (Sundt et al., 2006; Cole et al., 1976; Zinn, 1987).

There were no effects (p>0.10) of coarseness of DRC
on the energy value of the diet. Similar results were
obtained in a growth-performance trial by Toe et al
(2006). They observed an identical energy value when
compared coarse-rolled (density = 0.60 kg L™") and fine-
rolled corn (density = 0.54 kg L™") diets. Given that the DE
value of SFC cormn are 4.10 (NRC, 1996) , the replacement
DE values of DRC treatments can be estimated as
follows: DE, Mcal kg ' of test cereal = [(DE observed for
each diet contamung dry rolled com-DE observed for the
diet containing steam-flaked corn)/0.73251H+4.10. The
divisor constant (0.7325) represents the amount of DRC
in diet (Plascencia et af, 2002). The Ne, and NE,
(Mg kg™ of DRC treatments can be estimated according
to the following relationship: NE_ = 0.736DE-0.661; NE, =
0.877NEm-0.41 (R* = 0.998 (Zinn amd Plascencia, 1993;
NRC, 1984). In this manner, the average of DE, NE_ and
NE, of DRC treatments were 3.75, 2.10 and 1.43 Mcal kg,
respectively. The 9% increase in DE value of corn due to
steam flaking is consistent with the average improvement
of 12% reported in previous metabolism trials (range 8.1
to 19.2%) (Corona et al., 2006, Zinn et al, 1995,
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Zinn, 1987). The derived NE value for DRC is 4% lower
than the corresponding tabular (NRC, 1996). As
discussed m previous reports (Zinn et af., 2002) , the NRC
(1996; 1984) overestimates the NE value of DRC m the
range of 5to 10%.

CONCLUSION

The feeding value of dry rolled corn is not enhanced
by reducing the particle size of the kernels beyond to that
obtamned following coarse rolling.
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