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ABSTRACT

Rehydrated and ensiled mature ground corn has high
ruminal starch digestibility, but particle size (PS) and
dietary starch proportion (ST) can affect starch diges-
tion and lactating cow performance. We evaluated the
effect of rehydrated and ensiled corn (REC), PS, and ST
on intake, lactation performance, nutrient digestibility,
ruminal fermentation profile, and chewing behavior of
dairy cows. Kernels from an 84% vitreousness hybrid
were finely (FN) or coarsely (CS) ground, yielding
geometric mean particle sizes of 1,591 and 2,185 pm,
respectively. Ground kernels were rehydrated [60% dry
matter (DM)] and ensiled in 200-L buckets for >205
d. The grinding rate (t/h) was 3.9 for FN and 11.7 for
CS. The PS did not affect DM loss (11.3% of ensiled)
or silage pH (3.8). Samples of each bucket (n = 15/PS)
before and after silage fermentation were incubated in
situ for 0, 3, 6, 18, and 48 h in 4 rumen-cannulated
lactating cows. Ensiling increased the effective ruminal
in situ DM degradation (63.7 vs. 34.1%), regardless of
PS. Sixteen Holstein cows (152 + 96 d in milk) in 4 x
4 Latin squares (21-d periods) were individually fed a
2 x 2 factorial combination of low (LO) or high (HI)
starch diets with FN or CS. Cows were fed the same
REC incubated in situ. Varied concentration of starch
in the diet (29.2 vs. 23.5% of DM) was achieved by
partial replacement of REC (22.0 vs. 14.2% of DM)
with citrus pulp (0 vs. 8.2% of DM). Milk, protein, fat,
and lactose yields did not differ. Milk fat percentage
was reduced and protein percentage was increased by
HI. Treatment FN increased feed efficiency (energy-
corrected milk/digestible organic matter intake) when
fed with HI. Total-tract starch digestibility tended to
be reduced by CS (96.4 vs. 97.2% of starch intake).
Serum (-hydroxybutyrate was increased by LO. High-
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starch diet reduced the molar proportions of acetate
and butyrate in ruminal fluid and increased propio-
nate and isoacids. Particle size did not affect ruminal
fermentation profile. Coarse grinding reduced plasma
D-lactate concentration with HI. Diet HI reduced the
proportion of daily intake from 1900 to 0700 h and
induced preferential intake of feed particles <8 mm
and greater refusal of particles >19 mm in the morn-
ing. Fine REC reduced rumination time per day and
increased eating time per DM intake. Milk and plasma
urea-N did not differ. Ensiling of mature flint corn
for >200 d largely eliminated the effect of the PS of
REC on the studied outcomes. The proportion of REC
in the diet affected ruminal fermentation profile and
milk solids concentration, but did not affect short-term
performance and digestibility. Coarse grinding of REC
may allow increasing the grinding rate and thus save
labor and energy during ensiling.

Key words: corn grain silage, particle size of corn,
reconstituted corn, starch digestibility

INTRODUCTION

Corn hybrids with a high content of vitreous en-
dosperm have lower ruminal and intestinal starch
digestibility than floury endosperm hybrids (Taylor
and Allen, 2005), and such hybrids are the predomi-
nant form of corn cultivated in Brazil (Correa et al.,
2002). Storage of this corn by rehydration and ensiling
of ground mature kernels can increase total-tract diet
digestibility relative to finely ground mature flint corn
(Bitencourt, 2012; Arcari et al., 2016). The degradation
of prolamin by microbial and plant proteases during
ensiling can increase corn digestibility (Heron et al.,
1986; Hoffman et al., 2011; Junges et al., 2017), and
the gain in digestible starch seems to be related to the
duration of storage (Kung et al., 2018). The increase in
starch digestibility can improve lactation performance
and feed efficiency of dairy cows (Firkins et al., 2001;
Ferraretto et al., 2013).
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Particle size at milling can affect the grinding rate of
kernels and the cost per ton of corn processed for stor-
age as rehydrated and ensiled corn (REC; Headley and
Pfost, 1968). Particle size of corn can also determine
the degree of prolamin degradation in the silo (Baron
et al., 1986). Fine grinding (1,020 vs. 3,780 pm) of
high-moisture corn (HMC) increased total-tract starch
digestibility but had no effect on milk yield, DMI, and
ruminal fermentation profile of cows fed 35% starch in
the diet (San Emeterio et al., 2000). Reis et al. (2001)
observed that fine grinding of HMC (2,220 vs. 3,140
pm) increased milk protein secretion and tended to
increase the total-tract starch digestibility but had no
effect on ruminal pH and fermentation profile, DMI,
and milk yield of cows fed a direct-cut forage and 39%
starch in the diet.

Variation of the particle size of corn can be used to
manipulate the proportion of dietary starch digested in
the rumen or intestines (Galyean et al., 1979; Rémond
et al., 2004). Knowlton et al. (1998) fed HMC ground
or rolled after ensiling (489 vs. 1,789 pm) to lactating
cows with ruminal, duodenal, and ileal cannulas and
observed trends for increased ruminal (+5.6 percentage
units), intestinal (+9.2 percentage units), and total-
tract (42.5 percentage units) starch digestibilities and
milk yield with fine grinding, with no change in ruminal
pH or fermentation profile. Grinding of corn can in-
crease the rate of passage of grain from the rumen as
well as the rate of digestion within the rumen (Ewing
et al., 1986), both having opposing effects on ruminal
starch digestion and fermentation profile.

Increased ruminal starch digestibility can reduce
DMI (Allen, 2000), and the effect of starch digestibility
on productivity of dairy cows may differ by concentra-
tion of starch in the diet. Oba and Allen (2003a) fed
cows diets with 21.2 or 31.6% of starch in DM either
by partially replacing HMC (1,863 pm) or mature
ground corn (885 pm) in the high-starch diet with for-
ages. The HMC reduced DMI with high starch but did
not affect DMI with low starch, which was associated
with reduced meal size on HMC. The high-starch diet
increased solids-corrected milk yield compared with the
low-starch diet for cows fed ground corn, but it did not
increase solids-corrected yield for cows fed HMC. The
difference in ruminal starch digestibility between HMC
and ground corn was greater for high compared with
low dietary starch concentration.

Therefore, the objective of this study was to evalu-
ate intake, lactation performance, nutrient digestibility,
ruminal fermentation profile, and chewing and sorting
behaviors of lactating dairy cows fed high (HI) or low
(LO) starch diets containing fine (FN) or coarse (CS)
particle size (PS) REC. Our hypothesis was that feed-
ing diet HI with FN would induce ruminal acidosis,
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thus impairing performance, and feeding LO with CS
would result in decreased milk yield.

MATERIALS AND METHODS

The experimental protocol was approved by the Uni-
versity of Lavras Bioethic Committee in Utilization of
Animals.

Rehydrated Corn Grain Silage

Kernels from a mature corn hybrid (Dow 2B707, Dow
AgroSciences Industrial Ltda, Sdo Paulo, Brazil) with
a high proportion of vitreous endosperm (84% of endo-
sperm; Correa et al., 2002) were ground with a station-
ary hammer mill (Nogueira TN-8, Nogueira Maquinas
Agricolas, Sdo Jodo da Boa Vista, Sdo Paulo, Brazil)
using either a 3-mm (FN) or a 9-mm (CS) mesh diam-
eter screen. Twenty kernels of various physical forms
were randomly selected for vitreous endosperm deter-
mination. Briefly, kernels were immersed in distilled
water for 3 min and dried with a paper towel, and the
total endosperm was weighed after pericarp and germ
removal. The floury endosperm was removed, and the
vitreous endosperm was expressed as a percentage of
total endosperm. The grinding rate (t/h) of 30-kg corn
samples was measured (n = 39/PS). Ground corn was
mixed with water in a TMR mixer to achieve at least
35% moisture for ensiling without additives in 200-L
buckets. The mean duration of storage was 247 + 24 d
(205-289 d).

Fifteen 200-L buckets of each REC were fed to dairy
cows during the 84-d experimental period (126 + 4 kg
of corn DM/bucket). A sample from each bucket was
obtained daily, and a composite sample was made per
bucket and frozen until analysis. The loss of DM during
storage was calculated by measuring the DM concen-
tration of the rehydrated corn before and after ensiling,.
The DM concentration was measured in a forced-air
oven set at 55°C for 72 h and subsequent drying at
105°C for 24 h. Thawed REC samples (25 g) were
blended with 225 mL of distilled water, and solution pH
was measured (HI 2210 pH meter, Hanna Instruments,
Woonsocket, RI). This solution was diluted (1:1) with
distilled water and the concentration of NH;-N was
evaluated according to Chaney and Marbach (1962).
The proportion of CP as NH;-N was determined.

Corn PS was measured for unfermented and fer-
mented samples from each bucket (n = 15 buckets/
PS). Corn samples were dried in a forced-air oven at
55°C for 72 h, as described previously, and then dry-
sieved. Samples (125 + 1.4 g) were dry-sieved for 10
min with a Bertel shaker (Bertel Industria Metalirgica
Ltda., Caieiras, Sao Paulo, Brazil) with sieves of square
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diagonal apertures of 4,750, 2,830, 1,400, 1,000, 600,
and 250 pm and a pan. The proportion of particles
retained on each sieve was determined. The geometrical
mean particle size (GMPS, um), particles per gram,
and surface area (cm’/g) were calculated as in Baker
and Herrman (2002).

The ruminal in situ DM disappearance of unferment-
ed and fermented corn samples from the 15 buckets of
REC was evaluated in 4 rumen-cannulated cows in mid
lactation (26.3 £ 3.6 kg/d of milk) fed a TMR based
on corn silage, soybean meal, and REC. Corn was dried
at 55°C for 72 h, and 5.52 + 0.04 g of each unground
sample was inserted into 10 x 20 ¢m nonwoven textile
bags (100 g/m?). Incubation times were 0, 3, 6, 18, and
48 h (duplicate bags for each time point). Bags were
soaked for 30 s in warm water before incubations. After
removal from the rumen, bags were immersed in icy wa-
ter for 15 min. The 0 h bags were immersed in water at
room temperature for 30 min before washing with the
incubated bags in 2 washing machine cycles. A 2-pool
model was used to describe corn DM degradation kinet-
ics (Fernandes et al., 2018). The rapidly degradable A
fraction (% of DM) was the 0 h bag disappearance,
and the slowly degradable B fraction was 100 — A.
The fractional degradation rate of B (kq, %/h) was the
slope of the linear regression of the natural logarithm of
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the bag residue as a proportion of the incubated sample
size over times 0 to 48 h. The effective ruminal degra-
dation (ERD) was A + B x [ky/(kq + k)], where k,
is the fractional passage rate of concentrates (6.5%/h)
estimated with the equation of Seo et al. (2006) for the
average experimental cow and diet.

Cows and Treatments

The lactating cow experiment was conducted from
January 1 to April 3, 2016. Cows were individually
fed in an open-walled, sand-bedded tie-stall barn with
fans and high-pressure sprinklers at the Better Nature
Research Center (Ijaci, Minas Gerais, Brazil). Sixteen
lactating Holstein cows (152 + 96 DIM, 4 primiparous)
were grouped in 4 homogeneous squares by parity (1 vs.
>1) and milk yield during 5 d before blocking. Within a
square, cows were randomly allocated to a sequence of
4 treatments in 4 x 4 Latin squares balanced for carry-
over effects, with 21-d periods, and 14 d of adaptation
to treatments. Treatments were a 2 x 2 factorial ar-
rangement of dietary starch concentration (LO vs. HI)
and REC PS (FN vs. CS) (Table 1).

Feeds were mixed and offered at 0700 and 1300 h
in amounts to allow for 7 to 10% of offered as daily
refusal per cow. Feed was pushed up at least 10 times/d

Table 1. Ingredient and nutrient composition (% of DM) and particle size distribution (% of as fed) of the
TMR on treatments with high or low starch concentration and fine-ground (FN) or coarse-ground (CS)

rehydrated and ensiled corn (REC)

High Low

Ttem FN CS FN CS
Oat hay 4.0 4.0 4.0 4.0
Corn silage 43.4 43.3 43.2 43.1
Whole cottonseeds 8.6 8.6 8.6 8.6
Soybean meal 18.7 18.7 18.6 18.6
Fine or coarse REC 22.0 22.2 14.2 14.4
Citrus pulp pellets 8.2 8.1
Magnesium oxide 0.28 0.28 0.28 0.28
Sodium bicarbonate 0.88 0.88 0.87 0.87
Salt 0.19 0.18 0.18 0.18
Limestone 1.37 1.37 1.37 1.36
Minerals and vitamins' 0.46 0.46 0.46 0.46
CP 17.0 17.2 17.0 17.0
NDF 35.1 35.0 36.1 36.1
Forage NDF 26.2 25.7 25.6 25.6
Ether extract 5.5 5.5 5.3 5.3
Ash 7.4 7.3 7.8 7.8
NFC? 35.1 35.0 33.8 33.9
Starch 29.1 29.2 23.5 23.5
Particle size distribution®

Feed particles >19 mm 10.0 + 2.3 94+ 29 11.3 £ 3.3 10.6 + 3.6

Feed particles 8-19 mm 40.1 + 4.8 40.4 + 4.6 41.2 + 3.9 41.2 £ 5.1

Feed particles <8 mm 49.9 + 6.0 50.2 £ 5.7 47.5 + 6.3 482 + 7.6

121.5% Ca, 15.6% P, 3.0% Mg, 4.0% S, 150 mg/kg Co, 2,000 mg/kg Cu, 5,000 mg/kg Mn, 11,900 mg/kg Zn, 82
mg/kg Se, 200 mg/kg I, 1,000 kIU /kg vitamin A, 220 kIU/kg vitamin D, 6,200 IU/kg vitamin E.

*NFC = 100 — (CP + NDF + ether extract + ash).

*Penn State Particle Separator. Mean =+ SD of 16 samples/treatment.
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to stimulate intake. Cows were milked 3 times per day
at 0500, 1300, and 2000 h in an adjacent herringbone
parlor. Corn silage DM concentration was measured
weekly and REC DM concentration was measured daily
with a microwave oven, and the TMR was adjusted
accordingly.

Sample Collection and Analysis

Samples of orts per cow and feeds were obtained daily
during the third week of each experimental period and
frozen, and period composites (equal as-fed amounts of
daily samples) were frozen. Period composite samples
were dried in forced-air oven at 55°C for 72 h and
ground to pass a l-mm-diameter mesh screen (Wiley
mill, Thomas Scientific, Swedesboro, NJ). The DM con-
centration was determined by drying samples at 100°C
for 24 h. The CP concentration was determined with a
micro Kjeldahl apparatus (AOAC International, 2006;
method 990.03), ash by incineration at 550°C for 8 h,
the ash-free NDF by filtration in porous crucibles with
heat-stable a-amylase and sodium sulfite (AOAC Inter-
national, 2006; method 2002-04), and the ether extract
as in AOAC International (2006; method 2003.05). The
NFC fraction was calculated as follows: 100 — (CP +
ether extract + ash + NDF). Starch was analyzed en-
zymatically according to Hall (2009). The ingredient
composition of the offered TMR was calculated based
on the offered as fed amounts of each feed multiplied
by its DM concentration (Table 1). The composition of
the consumed diet in nutrients was the nutrient intake
of all cows on a treatment (offered minus orts) divided
by the entire experiment DMI of the treatment. The
PS distribution of the fresh TMR was measured on the
weekly composites with the Penn State Particle Separa-
tor using the 8- and 19-mm-diameter screens and pan
(Lammers et al., 1996).

Milk yield was recorded daily throughout the experi-
ment, and the mean yield of d 15 to 21 was used to
compare treatments. On d 18 to 21, daily milk samples
were collected in proportion to the amount produced
in each milking. Samples were stored in flasks contain-
ing 2-bromo-2-nitropropane-1-3-diol under refrigeration
until shipping to the laboratory of the Parana State
Holstein Breeders Association (APCBRH, Curitiba,
Parand, Brazil). Milk solids concentration and MUN
were measured by mid-infrared analysis (Bentley In-
struments Inc., Chaska, MN). Milk energy secretion
(Mcal/d) was calculated according to the following
equation (National Research Council, 2001): [(0.0929 x
% fat) + (0.0547 x % protein) + (0.0395 x % lactose)]
x kg of milk. The secretion of ECM (kg/d) was calcu-
lated as milk energy secretion divided by 0.70 (assumes
0.70 Mcal/kg of milk with 3.7% fat, 3.2% protein, and
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4.6% lactose). The BW and BCS were measured on
d 21 of each period. The BW was measured after the
morning milking, and BCS (1-5, thin to fat) was the
mean of 3 independent evaluators.

Total-tract apparent digestibilities of DM, OM, NDF,
and starch were determined by collection of feces on d
19 to 21. Feces were collected in buckets by 1 person for
every 2 cows concurrent to defecation during three 8-h
sampling periods and weighed. The second and third
sampling periods were each delayed by 8 h, thus rep-
resenting a 24-h collection. Fecal aliquots (equal fresh
weight basis) were immediately frozen throughout the
collection period, and a composite sample was formed
per cow. Composite fecal samples were dried for 72 h
at 55°C in a forced air oven. Concentrations of DM,
NDF, starch, and ash were determined as previously
described. The daily digestible OM intake (DOMI)
was calculated. Feed efficiencies were calculated as milk
yield/DMI, ECM/DMI, and ECM/DOMI.

The urinary output was collected in buckets as cows
urinated (1 person/2 cows), simultaneously with fecal
sampling, to estimate the relative ruminal microbial
yield based on allantoin excretion (mmol/d). A 20%
sulfuric acid solution (200 mL) was placed in 20-L
buckets, and urine was added to it during the collection
period. At the end of the 3-d collection period, compos-
ite urine samples were diluted 1:5 with 4% sulfuric acid
solution and frozen at —20°C. Allantoin was analyzed
according to Chen and Gomes (1992). The efficiency
of microbial growth was estimated as allantoin/DOMI
(mmol/kg).

Ruminal fluid samples were obtained on d 21 with
a flexible oro-gastric tube at 10.5 £ 0.5 h after morn-
ing feeding. All cows were randomly sampled within
squares. Samples were strained through 2 layers of
cheesecloth. A sample was frozen in liquid nitrogen to
suppress fermentation and stored at —20°C until prepa-
ration for analysis of VFA by HPLC (LC-10Ai, Shi-
madzu Corp., Tokyo, Japan). An ion exclusion column
from Shimadzu (Shim-pack SCR-101H; 7.9 mm i.d., 30
cm long) operated at 50°C was used. The mobile phase
consisted of 100 mM perchloric acid solution at a flow
rate of 0.6 mL/min. The organic acids were detected
by UV absorbance. Another ruminal fluid sample was
mixed to a 36% formaldehyde solution for protozoa
counting. The sample was stained according to Dehor-
ity (1984) and total protozoa was enumerated with an
optical microscope in a Neubauer chamber (Warner,
1962).

During d 15, 16, and 17, eating and rumination behav-
iors were monitored by visual observation of the buccal
activities of each cow at 5-min intervals continuously
for 24 h. The buccal activities evaluated included eat-
ing, water ingestion, rumination, and idleness. Eating
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and rumination per unit of DMI were calculated using
the intake on the days on which chewing activity was
evaluated. A meal was defined by at least 2 consecutive
5-min eating events following at least 10 min of idleness
or rumination. To generate the meal pattern data, the
minimum 10-min intermeal interval was adopted based
on the reasoning of Mullins et al. (2012) for a 12-min
interval. Meal duration was the ratio between eating
time (min/d) and meals per day. The duration of the
first daily meal (conditioned meal) was measured with
a chronometer. Five evaluators observed the behavior
of all cows after feed was offered at 0700 h until the last
cow finished its first meal.

On d 16, the proportions of daily intake in the morn-
ing (0700-1300 h), afternoon (1300-1900 h), and night
(1900-0700 h) were determined by measuring feed
availability per cow at 0700, 1300, and 1900 h and
orts at 1300, 1900, and 0700 h. Particle size sorting
behavior was evaluated by the proportion of particles
above the 19-mm mesh diameter screen and above and
below the 8-mm mesh screen of the Penn State Particle
Separator (Lammers et al., 1996) at 0700 and 1300 h
for the offered TMR and at 1300, 1900, and 0700 h
for refusals. Feed refusals at 1300 h were mixed with
feed offered at 1300 h for measurement of the offered
TMR particle size of each cow. The predicted intake
(as-fed basis) of particles on each screen was calculated
as % TMR retained on screen x kg of TMR consumed.
The observed intake of particles was % TMR retained
on screen x kg of TMR offered — % orts retained on
screen X kg of orts. For the calculation of starch and
NDF sorting behaviors, the predicted intake of a nutri-
ent was % of nutrient in offered TMR DM x kg of
DMI. The observed intake was % of nutrient in offered
TMR DM x kg of offered TMR DM — % of nutri-
ent in orts DM X kg of orts DM. The selection index
was: 100 x (observed intake/predicted intake). Sorting
values below 100% represent selective refusal, above
100% represent preferential intake, and equal to 100%
represent no selection.

On d 18, plasma urea-N (PUN) was measured for
samples obtained from the coccygeal vessels at 0, 1,
3,6, 9, 15, and 21 h after morning feeding. After col-
lection in vacutainer tubes with EDTA, blood was
centrifuged at 2,000 x g, and the plasma was frozen
at —20°C. The analysis was performed using a com-
mercial kit (Urea Enzimdtica, Bioclin, Belo Horizonte,
Minas Gerais, Brazil). Blood was also collected 12 h
post-feeding in tubes containing potassium fluoride to
analyze the concentrations of glucose (Glicose Enz-
imética Liquida, Doles Reagentes para Laboratorios
Ltda, Goiania, Goids, Brazil) and D-lactate (D-Lactate
Colorimetric Assay Kit, MAKO058, Sigma-Aldrich, St.
Louis, MO). Serum BHB concentration was determined
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12 h post-feeding (FreeStyle Optium 3-Ketone, Witney,
UK). Jugular blood pH and gases were analyzed 6 h
post-feeding with an AGS 22 blood gas analyzer (Drake
Eletronica e Comércio Ltda, Sao José do Rio Preto,
Sao Paulo, Brazil). Samples were obtained in heparin-
ized tubes and analyzed less than 1 h after sampling.
The duration of the entire sampling procedure was less
than 30 min, sampling was performed at random within
squares, and samples were kept under refrigeration un-
til analysis.

Statistical Analysis

Data were analyzed with the MIXED procedure of
SAS (SAS Institute, Cary, NC). Silage variables were
analyzed as a completely randomized design. Particle
size and ruminal degradation kinetics of FN and CS
were analyzed with a model considering unfermented
and fermented samples as repeated measures of the
same bucket of REC (n = 15/PS). The model contained
the fixed effects of PS and ensiling and the interaction
between PS and ensiling. Bucket nested within PS was
the whole plot error.

The Latin square model had the fixed effects of pe-
riod (1-4), ST (HI, LO), and PS (FN, CS), and the in-
teraction between ST and PS. Cow (1-16) was random
in the model. The Kenward-Roger method was used to
calculate degrees of freedom. For data obtained over
time (PUN), the fixed effect of time (0, 1, 3, 6, 9, 15, 21
h) and the 2- and 3-term interactions between time, S,
and PS were added to the previous model. The whole-
plot error was the interaction between cow, period, S,
and PS. First-order autoregressive covariance structure
was used based on the lowest Akaike information crite-
rion value. Statistical significance was declared at P <
0.05 and trends at P < 0.10. The Bonferroni test was
performed to detect differences among treatments after
having a P < 0.10 for the interaction between ST and
PS.

RESULTS

The composition of the consumed TMR is shown in
Table 1. Dietary starch proportion was 29.1% of DM
for HI and 23.5% of DM for LO. The proportion of
REC was 22.1 and 14.3% of DM in diets HI and LO, re-
spectively. The nutrient composition of FN and CS was
similar (Table 2). Silage DM concentration was 60% of
as fed (P = 0.26), and pH was 3.8 (P = 0.21) (Table 3).
Silage PS did not affect the loss of DM during storage
(11.3% of ensiled, P = 0.33) or the proportion of N as
NH;-N (4.7%, P = 0.16). Grinding rates were 3.9 + 0.2
t/h for FN and 11.7 £ 0.5 t/h for CS (n = 39/PS).
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Table 2. Composition of feed ingredients (% of DM); mean £ SD of composite samples per period (n = 4)

Ingredient CP NDF Ether extract Ash NFC! Starch

Oat hay 8.7+ 0.2 67.0 £ 0.8 3.9+0.3 74 +£0.3 139+ 0.8 2.3 £0.2
Corn silage 7.7 +0.2 48.3 £ 1.7 4.0+ 04 4.4+ 0.3 32.8 £ 3.2 25.0 £ 3.4
Whole cottonseed 21.6 £ 0.2 50.4 £ 0.2 20.5 £ 0.5 4.2+ 0.1 3.5 £0.2 8.5+ 0.4
Soybean meal 49.6 = 0.9 15.5 £ 04 2.8 £0.2 6.5 £ 0.3 23.6 £ 0.4 2.6 £0.3
REC? fine 9.1 £0.1 9.6 £ 0.2 6.1 £0.3 1.3+ 0.1 74.5 £ 0.6 72.3 £ 1.7
REC coarse 9.0 £ 0.1 9.5+ 04 6.1 £0.2 1.5+ 0.2 74.7 £ 0.8 72.1 £ 1.8
Citrus pulp 7.3+£0.2 23.7 £ 0.5 2.9 £ 0.1 7.3 +£0.2 59.0 £ 0.6 4.5 £ 0.4

'NFC = 100 — (CP + NDF + ether extract + ash).
*Rehydrated and ensiled corn.

The PS and ruminal degradation kinetics of unfer-
mented and fermented corn are presented in Table 4.
Fine grinding reduced GMPS from 2,185 to 1,589 pm
and increased particles per gram and surface area (P
< 0.01). Ensiling increased surface area and particles
per gram (P < 0.02) but had no effect on GMPS (P =
0.94). At similar GMPS, ensiling affected the propor-
tion of particles in 6 of the 7 PS ranges evaluated (P
< 0.04). A trend was detected for the interaction of
ensiling and PS (P = 0.10), and the Bonferroni test
(P < 0.05) suggested that the number of particles per
gram was increased more by fine grinding on fermented
corn than on unfermented. Significant interactions be-
tween ensiling and PS were detected for the proportion
of particles retained on the 1,400- and 1,000-pm mesh
screens (P < 0.01). Fine grinding increased the propor-
tion of particles on both screens, but the magnitude of
the effect on unfermented corn differed from that on
fermented corn.

The degree of grinding did not determine the size of
fraction A, estimated by the 0 h degradation (P = 0.36).
Ensiling increased fraction A from 12.5 to 52.0% of DM
(P < 0.01). Interactions between ensiling and PS were
detected for the 3-, 6-, 18-, and 48-h ruminal degrada-
tions (P < 0.03). Fine grinding increased the ruminal
DM degradability of unfermented corn at the various
incubation times, but PS did not affect the degradabil-
ity of fermented corn. Ensiling tended to reduce the ky
of fraction B (2.03 vs. 2.15%/h, P = 0.08), but PS did
not affect the kg (P = 0.17). The estimated ERD was
34.2% of DM for unfermented corn and 63.8% of DM
for fermented corn (P < 0.01).

Intake, lactation performance, and feed efficiencies
are shown in Table 5. No effects of ST (P > 0.39) or PS
(P > 0.38) were found for the yields of milk and ECM.
A high proportion of REC in the diet reduced milk fat
percentage (3.22 vs. 3.34%, P = 0.04), increased pro-
tein percentage (3.20 vs. 3.13%, P = 0.03), and tended
to reduce lactose percentage (4.42 vs. 4.46%, P = 0.06),
but yields of fat, protein, and lactose did not differ
(P > 0.19). Particle size of REC had no effect on the
concentrations and yields of fat, protein, or lactose in
milk (P > 0.34). Trends were observed for the interac-
tions between ST and PS for DMI and DOMI (P =
0.08). Cows fed FN with HI tended to have lower DMI
than FN with LO (P < 0.10 for Bonferroni), but DMI
of the CS diets did not differ. Diet FN with HI tended
to reduce DOMI relative to CS with HI (P < 0.10 for
Bonferroni), but PS of REC did not affect DOMI with
diet LO. A trend for an interaction between ST and PS
was detected for ECM/DMI (P < 0.10) and an interac-
tion was detected for ECM/DOMI (P < 0.04). Diet FN
with HI tended to increase ECM/DMI (P < 0.10 for
Bonferroni) and increased ECM/DOMI (P < 0.05 for
Bonferroni) compared with CS with HI, but PS did not
affect feed efficiencies with LO.

Table 6 reports the total-tract apparent digestibility
of nutrients, the relative ruminal microbial yield es-
timated by the daily urinary allantoin excretion, and
plasma glucose and serum BHB concentrations. The
total-tract starch digestibility tended to be increased
by FN relative to CS (97.2 vs. 96.3%, P = 0.06), and
ST did not affect starch digestibility (P = 0.25). The
daily excretion of urinary allantoin was not affected by

Table 3. Silage DM loss, pH, DM, CP, and NH;3-N concentrations of fine-ground (FN) or coarse-ground (CS)

rehydrated and ensiled corn; n = 15 buckets (200 L)

Ttem FN CS SEM P-value
Nonvolatile DM loss, % of ensiled 11.1 11.5 0.91 0.33
pH 3.7 3.8 0.03 0.21
DM, % of as fed 59.7 60.3 0.36 0.26
CP, % of DM 8.8 8.4 0.27 0.37
NH;-N, % of N 4.4 5.0 0.31 0.16
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Table 4. Particle size distribution, geometric mean particle size (GMPS), particles per gram, surface area, ruminal in situ DM degradation
(Deg) on incubations for 0 to 48 h, effective ruminal degradation (ERD), and the fractional degradation rate, k,, of the slowly degradable
fraction B of fine-ground (FN) or coarse-ground (CS) corn unfermented and fermented; n = 15

Unfermented Fermented P-value'
Item FN CS FN CS SEM E PS E x PS
% retained on screen
4,750 pm 1.0 4.9 0.9 5.6 0.37 0.41 <0.01 0.31
2,830 pm 6.4 27.1 9.3 31.6 0.89 <0.01 <0.01 0.36
1,400 pm 55.6" 48.7" 55.0" 42.2° 0.90 <0.01 <0.01 <0.01
1,000 pm 17.3% 9.1° 13.4° 7.9¢ 0.35 <0.01 <0.01 <0.01
600 pm 14.2 74 12.6 6.9 0.40 0.01 <0.01 0.17
250 pm 4.8 2.5 7.6 5.1 0.35 <0.01 <0.01 0.83
Pan 0.7 0.4 1.1 0.5 0.12 0.04 <0.01 0.19
GMPS,? pm 1,591 2,185 1,586 2,186 29.9 0.94 <0.01 0.92
Particles,” g 809" 351¢ 1,240" 539" 77.3 <0.01 <0.01 0.10
Surface area,” cm®/g 24.7 20.9 25.3 21.4 0.24 0.02 <0.01 0.98
% of DM
Deg 0 h 14.7 10.2 52.6 51.5 2.77 <0.01 0.36 0.53
Deg 3 h 19.1° 14.5° 76.3" 78.4* 0.78 <0.01 0.49 <0.01
Deg 6 h 22.7° 18.2° 78.1% 78.2% 0.68 <0.01 <0.01 <0.01
Deg 18 h 43.3" 35.9 84.9" 82.7° 0.72 <0.01 <0.01 <0.01
Deg 48 h 69.9 66.6° 87.8" 87.6" 0.72 <0.01 0.03 0.03
ERD 36.3 32.0 64.6 62.9 2.04 <0.01 0.17 0.49
k, of fraction B, %/h 2.21 2.09 2.10 1.96 0.077 0.08 0.17 0.85

"“Means in a row with differing superscripts differ at P < 0.05 by the Bonferroni’s test.

'E = ensiling; PS = particle size; E x PS = interaction between E and PS.
*Kansas State University: MF-2051. Baker and Herrman (2002).

ST (P = 0.12) and tended to be increased by CS (244
vs. 269 mmol/d, P = 0.09), but allantoin excretion per
kilogram of DOMI did not differ (P > 0.27). Plasma
glucose concentration was not responsive to treatments
(P > 0.24), and LO increased serum BHB (P = 0.01).

Ruminal fermentation profile and PUN are shown in
Table 6. High starch reduced the molar proportions of
acetate and butyrate and the acetate to propionate ra-
tio, and increased the molar proportions of propionate
and isoacids relative to LO (P < 0.01). Particle size of

Table 5. Intake, lactation performance, MUN, feed efficiencies, BW, and BCS on treatments with high or low starch concentration and fine-

ground (FN) or coarse-ground (CS) rehydrated and ensiled corn

High Low P-value'
Item FN CS FN CS SEM ST PS ST x PS
DMI, kg/d 20.28 20.748 21.0% 20.748 0.51 0.12 0.74 0.08
DOMI,? kg/d 12.6° 13.8* 13.648 13.3P 0.46 0.50 0.23 0.08
Milk, kg/d 31.1 30.9 31.3 30.7 1.24 0.93 0.38 0.63
ECM, kg/d 28.7 28.3 29.0 28.8 0.93 0.39 0.50 0.85
Fat, kg/d 0.991 0.980 1.008 1.023 0.0369 0.19 0.91 0.57
Protein, kg/d 0.976 0.966 0.962 0.941 0.0248 0.31 0.44 0.76
Lactose, kg/d 1.372 1.383 1.386 1.368 0.0587 0.98 0.92 0.63
Solids, kg/d 3.640 3.637 3.659 3.631 0.1288 0.92 0.83 0.86
Fat, % 3.22 3.21 3.28 3.39 0.095 0.04 0.34 0.30
Protein, % 3.20 3.20 3.13 3.13 0.106 0.03 0.90 0.99
Lactose, % 4.42 4.42 4.46 4.45 0.044 0.06 0.87 0.80
Solids, % 11.81 11.81 11.84 11.94 0.185 0.20 0.38 0.42
MUN, mg/dL 18.4 18.3 18.3 17.5 0.62 0.26 0.24 0.39
Milk/DMI 1.53 1.47 1.47 1.45 0.059 0.09 0.10 0.15
ECM/DMI 1.43% 1.37° 1.38" 1.39° 0.038 0.57 0.28 0.10
ECM/DOMI 2.39* 2.08" 217 217" 0.063 0.37 0.04 0.04
BW, kg 607 599 605 597 15.9 0.52 0.21 0.99
BCS, 1-5 2.99 3.00 2.96 2.95 0.057 0.29 0.96 0.79

ABMeans in a row with differing superscripts differ at P < 0.10 by the Bonferroni’s test.

**Means in a row with differing superscripts differ at P < 0.05 by the Bonferroni’s test.
IST = starch; PS = particle size; ST x PS = interaction between ST and PS.
*Digestible OM intake.
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Table 6. Total-tract apparent digestibility (D) of DM, OM, NDF, and starch; urinary allantoin (Allant); Allant over digestible OM intake
(DOMI); plasma glucose; serum BHB; molar VFA proportions and protozoa in ruminal fluid; and plasma D-lactate and urea-N (PUN) on

treatments with high or low starch concentration and fine-ground (FN) or coarse-ground (CS) rehydrated and ensiled corn

High Low P-value!
Item FN s FN cs SEM ST PS ST x PS
% of intake
DMD 63.9 68.0 66.9 66.7 1.41 0.53 0.18 0.12
OMD 66.4 70.3 69.1 68.8 1.34 0.62 0.17 0.12
NDFD 50.1 55.2 54.4 54.8 2.21 0.39 0.22 0.15
StarchD 97.7 96.4 96.7 96.3 0.43 0.25 0.06 0.32
Urine, L/d 22.1 23.5 22.9 23.4 1.82 0.57 0.23 0.48
Allant, mmol/d 232 260 257 279 15.2 0.12 0.09 0.83
Allant/DOMI, mmol/kg 189 19.3 19.3 21.4 1.17 0.27 0.27 0.42
Glucose, mg/dL 69.8 73.1 67.4 69.1 2.62 0.24 0.35 0.77
BHB, mM 0.77 0.81 0.96 1.03 0.079 0.01 0.42 0.88
% of VFA
Acetate 60.6 60.5 62.8 63.0 0.74 <0.01 0.91 0.82
Propionate 24.3 24.1 22.0 20.6 0.77 <0.01 0.17 0.35
Butyrate 10.0" 9.9" 10.6" 11.6" 0.32 <0.01 0.15 0.10
Isobutyrate 0.98 0.97 0.90 0.91 0.026 <0.01 0.89 0.80
Isovalerate 2.36 2.31 2.14 2.16 0.080 <0.01 0.82 0.60
Valerate 1.72 1.67 1.54 1.61 0.061 0.01 0.86 0.18
Acetate/propionate 2.60 2.60 2.94 3.10 0.126 <0.01 0.41 0.39
Protozoa, x 10°/mL 3.41 3.84 3.64 4.09 0.542 0.65 0.42 0.98
p-Lactate, pM 81.1* 60.1 73.8% 76.2" 6.91 0.50 0.17 0.08
PUN,” mg/dL 17.3 18.1 17.1 17.5 0.69 0.44 0.32 0.67

**Means in a row with differing superscripts differ at P < 0.05 by the Bonferroni’s test.
ST = starch; PS = particle size; ST x PS = interaction between ST and PS.
“Samples obtained at 0, 1, 3, 6, 9, 15, and 21 h after morning feeding. P < 0.01 for hour post-feeding, P = 0.92 for ST x hour, P = 0.96 for PS

X hour, and P = 0.88 for ST x PS x hour.

REC had no effect on ruminal fermentation profile (P
> 0.17), except for a trend for the interaction between
PS and ST for butyrate (P = 0.10). The proportion of
butyrate in VFA was increased for CS with LO relative
to the other 3 diets (P < 0.05 for Bonferroni). A trend
for an interaction between ST and PS was detected for
plasma D-lactate (P = 0.08). Diet FN with HI induced
higher plasma D-lactate than CS with HI (P < 0.05
for Bonferroni), but PS of REC had no effect on D-
lactate with LO. The concentration of total protozoa in

ruminal fluid was similar in all treatments (P > 0.42).
Blood pH and gases (Table 7) did not differ (P > 0.21),
suggesting that treatments did not determine the de-
gree of systemic acidosis. No evidence was found for
an effect of ST and PS on PUN (P > 0.24) and MUN
(P > 0.24. Table 5). Plasma urea-N peaked at 1 to 3 h
after morning feeding and was lowest in the afternoon
(Appendix Figure Al).

Chewing behavior is reported in Table 8. Fine grind-
ing of REC reduced rumination time (466 vs. 486

Table 7. Jugular blood acid-base balance 6 h post-feeding on treatments with high or low starch concentration and fine-ground (FN) or coarse-

ground (CS) rehydrated and ensiled corn

High Low P-value?
Item' FN CS FN CS SEM ST PS ST x PS
pH 7.44 7.44 7.43 7.45 0.010 0.94 0.27 0.62
pCO,, mm Hg 41.4 43.2 41.8 41.9 1.02 0.67 0.37 0.43
pO,, mm Hg 22.7 20.8 24.9 23.7 2.28 0.27 0.50 0.89
HCO, ", mmol/L 29.1 28.8 29.0 28.8 0.61 0.97 0.64 0.94
CO, total, mmol/L 30.4 30.2 30.3 30.1 0.63 0.89 0.67 0.99
Base excess, mmol/L 5.5 4.8 5.2 5.1 0.63 0.97 0.49 0.55
SatO,, % 41.3 36.7 36.5 42.3 4.13 0.93 0.88 0.21
Oyct, % 9.3 8.4 9.7 9.5 0.94 0.42 0.57 0.70

'pCO, = partial pressure of COy; pO, = partial pressure of O,; SatO, = oxygen saturation of hemoglobin; O,ct = oxygen of the total volume.
ST = starch; PS = particle size; ST x PS = interaction between ST and PS.

Journal of Dairy Science Vol. 102 No. 11, 2019



PARTICLE SIZE OF REHYDRATED CORN GRAIN SILAGE

min/d, P = 0.05) and eating time/DMI (16.2 vs. 17.4
min/kg, P = 0.04). Meal frequency, size, and duration
were not affected by treatments (P > 0.16). Cows on
HI compared with LO consumed a smaller proportion
of the daily intake at night (P = 0.02) and tended to
consume a larger proportion of the daily intake in the
afternoon (P = 0.10). Coarse grinding of REC tended
to increase the proportion of intake between 1300 and
1900 h (P = 0.10). A trend for an interaction between
ST and PS was observed for the proportion of daily
intake in the morning (P = 0.06). High starch with CS
increased the proportion of daily intake in the morning
relative to LO with CS (P < 0.05 for Bonferroni), but
ST did not affect the proportion of morning intake with
FN.

Starch, NDF, and PS sorting behaviors are presented
in Table 8. Orts as a proportion of the offered daily
TMR was 7.2% (P > 0.51). Fine REC reduced the
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refusal of NDF compared with CS (98 vs. 96%, P =
0.03), but it had no effect on starch sorting behavior (P
= 0.56). Fine grinding also tended to increase the pref-
erential intake of short particles in the morning (P =
0.06). The proportion of REC in the diet did not affect
starch and NDF sorting behaviors (P > 0.53). In the
morning, diet HI increased the refusal of long feed par-
ticles (65 vs. 79%, P = 0.01) and the preferential intake
of short particles (107 vs. 103%, P = 0.05). High-starch
diets also increased the selective behavior in favor of in-
termediate particles at night (P = 0.05). An interaction
between ST and PS tended to be detected for sorting
of short particles at night (P = 0.07). For this variable,
the effect of PS on sorting behavior occurred with HI
and did not occur with LO. Diet FN with HI increased
the refusal of long particles at night relative to CS with
HI (P < 0.05 for Bonferroni), but PS did not affect long
and intermediate particles sorting behavior with LO.

Table 8. Chewing behavior, proportion of intake in periods of the day, and selectivity on treatments with high or low starch concentration and

fine-ground (FN) or coarse-ground (CS) rehydrated and ensiled corn

High Low P-value!

Ttem FN CS FN CS SEM ST PS ST x PS
Meals/d 10.6 10.3 11.0 10.9 0.35 0.65 0.95 0.81
Meal size, kg 1.90 2.05 1.94 1.89 0.083 0.45 0.46 0.21
Meal duration, min 31.8 31.5 33.0 30.6 1.74 0.93 0.38 0.50
First meal duration, min 43.0 42.6 46.1 41.3 2.35 0.60 0.16 0.22
Time, min/d

Eating 339 317 356 335 15.3 0.15 0.51 0.78

Rumination 465 501 468 472 19.1 0.11 0.05 0.98

Chewing® 803 817 823 806 29.9 0.84 0.94 0.49
Time, min/kg of DMI

Eating 17.3 15.8 17.4 16.6 0.78 0.41 0.04 0.50

Rumination 23.7 24.7 22.7 23.2 0.95 0.14 0.35 0.72

Chewing® 41.0 40.6 40.2 39.9 1.43 0.50 0.75 0.95
% of daily intake

0700-1300 h 35.4" 36.4° 35.4" 33.6" 0.84 0.06 0.62 0.06

1300-1900 h 36.7 38.0 34.5 36.7 1.35 0.10 0.10 0.70

1900-0700 h 28.0 25.6 30.1 29.8 1.78 0.02 0.31 0.46
Observed/predicted,® %

Starch sorting 105 105 104 105 0.7 0.86 0.56 0.36

NDF sorting 98 97 98 96 0.5 0.53 0.03 0.34
0700-1300 h

>19 mm* 63 68 78 80 3.6 0.01 0.55 0.84

8-19 mm 100 100 100 102 1.7 0.49 0.73 0.53

<8 mm 109 105 105 101 2.1 0.05 0.06 0.98
1300-1900 h

>19 mm 69 71 80 7 6.6 0.19 0.91 0.66

8-19 mm 96 104 102 100 2.9 0.69 0.40 0.11

<8 mm 111 112 113 109 5.5 0.71 0.65 0.47
1900-0700 h

>19 mm 61 77 78" 77 5.5 0.06 0.11 0.07

8-19 mm 103 100 104 104 1.1 0.05 0.41 0.11

<8 mm 113 109 108 108 2.4 0.27 0.32 0.38

“"Means in a row with differing superscripts differ at P < 0.05 by the Bonferroni’s test.
ST = starch; PS = particle size; ST x PS = interaction between ST and PS.

*Chewing = eating + rumination.

#5100 = preferential intake; <100 = refusal; 100 = no sorting.

Screens of the Penn State Particle Separator.
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DISCUSSION

The increase in grinding rate from 3.9 t/h with FN to
11.7 t/h with CS is large in magnitude. Faster grinding
is operationally desirable at most farms from a labor
and energy demand standpoint, but it also increases
the necessity of water flow rate for homogeneous hydra-
tion of ground corn for storage as REC. The FN and
CS silages had moisture concentrations around 40%
and similar pH (3.7), DM loss during ensiling (11.3%
of ensiled), and nutrient composition. The DM loss and
pH of whole corn were larger than rolled corn stored as
HMC and REC (Goodrich et al., 1975). The similarity
in DM loss within the range of PS evaluated suggests
that PS was not a factor in the storage of corn as REC.

The degree of grinding did not affect the in situ deg-
radation of fermented corn, but unfermented CS corn
was less degraded in the rumen than FN. Rehydration
to 40% moisture and ensiling of flint corn for more than
200 d eliminated the impact of PS on the ruminal deg-
radation of corn grain DM. Similarity in the proportion
of CP as NH;-N (Hoffman et al., 2011) suggests that
coarse grinding did not reduce prolamin degradation
during storage in the silo. Ensiling increased fraction
A, the ruminal degradation of DM at all incubation
times, and ERD, compared with unfermented corn.
The kq of fraction B tended to be reduced by ensiling,
with the regression line describing the In of bag residues
over time becoming flatter with increased fraction A.
The difference in ERD estimates of unfermented and
fermented corn (34.2 vs. 63.8% of DM) seems to make
sense biologically. Ruminal starch digestibility ranged
from a mean value of 44.6% of intake for diets based on
dry corn cracked or rolled to 86.8% of intake for HMC
diets in the meta-analysis of Firkins et al. (2001).

Although PS had no effect on ruminal in situ DM
degradation of fermented corn, the in vivo total-tract
starch digestibility tended to be reduced by 0.9 per-
centage units by CS. The fecal collection procedure for
3 continuous 8-h periods during 3 consecutive days to
represent the 24 h of the day has been previously de-
scribed (Salvati et al.; 2015; Dias et al., 2018), although
it has not been validated against total collection of
feces for continuous 24 h for 3 d. A linear regression
between fecal starch concentration (% of DM) and
total-tract starch digestibility (% of starch intake) was
generated with 633 lactating cow /observations from 15
experiments conducted in our laboratory and adopting
the same fecal collection procedure as in this experi-
ment (M.N. Pereira, unpublished data). The total-tract
starch digestibility coefficient of flint corn based diets
ranged from 86 to 99% of starch intake and the linear
regression was as follows: total-tract starch digestibility
= 100.5 — 0.9998 x fecal starch concentration (1* =

Journal of Dairy Science Vol. 102 No. 11, 2019

CASTRO ETAL.

0.96, P < 0.01). This regression had a lower slope (1.0
vs. 1.2) but a similar intercept (100%) compared with
the regression of Fredin et al. (2014), which was gener-
ated mostly with floury hybrids and various indirect
methods of estimating fecal excretion. Our fecal collec-
tion procedure to estimate total-tract nutrient digest-
ibility seems to have accuracy.

Oba and Allen (2003b) observed that the differ-
ence in ruminal starch digestibility between HMC and
ground corn in high- and low-starch diets were 24.2 and
12.6 percentage units, respectively, but the change in
total-tract starch digestibility was 1.6 and 0.3 percent-
age units. The compensatory action of the intestines
on starch digestibility reduces the difference in ruminal
digestibility between diets varying in corn processing
and content. Minor changes in total-tract starch digest-
ibility may occur between diets with a large difference
in the site of starch digestion in the digestive tract
(Noziere et al., 2014; Fredin et al., 2015).

Diet FN with HI increased plasma D-lactate concen-
tration relative to CS with HI, suggestive of a greater
degree of ruminal acidosis when REC was finely ground.
Diet FN with HI also tended to reduce DOMI and
induced short-term increase in feed efficiency (ECM/
DOMI), with a similar yield of ECM. These findings
suggest that FN was more rapidly degraded in the ru-
men than CS. The PS of REC had no effect on lactation
performance, intake, and feed efficiency with LO. Oba
and Allen (2003a) observed that solids-corrected milk
was increased when dietary starch concentration was
increased with ground corn, but it did not change when
starch was increased with HMC. Increased ruminal
starch digestibility may not be advantageous in diets
with high starch concentration. Varying the proportion
of REC in the diet affected the concentrations of fat
and protein in milk, but coarse grinding of REC did not
affect milk solids concentration, regardless of dietary
starch content.

More starch in the diet increased the molar propor-
tion of propionate and reduced acetate in ruminal fluid,
as expected (Ferraretto et al., 2013). The change in
fermentation profile was not associated with changes
in allantoin excretion in urine, ruminal protozoa con-
centration, and urea-N in milk and plasma, suggesting
that ruminal starch availability did not affect ruminal
microbial synthesis and ammonia loss. Particle size of
REC had no effect on ruminal fermentation profile,
supporting the minor effect of PS on the ruminal degra-
dation of fermented corn. The increase in butyrate pro-
portion for CS with LO probably reflected an increased
contribution of citrus pulp fermentation products to
the ruminal VFA pool. The ruminal fermentation of
pectin and sugars generates an increased proportion
of butyrate in ruminal VFA (Vallimont et al., 2004).
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The increase in plasma BHB when citrus pulp partially
replaced REC may reflect the metabolism of butyrate
to BHB by the ruminal epithelium (Bergman, 1990).

The concentration of REC in the diet determined
the proportion of daily intake in periods of the day
and PS sorting behavior. High-starch diets exacerbated
the refusal for long feed particles and in favor of short
particles in the morning. Voelker and Allen (2003) ob-
served that lactating cows rejected the fibrous portion
of the diet when beet pulp replaced HMC in the diet,
which was similar to the selective behavior observed in
this experiment when REC was replaced with citrus
pulp to reduce dietary starch content. Fine grinding
of REC reduced sorting against NDF and rumination
duration per day, suggesting some relationship between
these variables, but starch sorting behavior did not dif-
fer. Fine grinding of REC also reduced TMR eating
rate, without affecting meal pattern. Although REC
particle size and proportion in the diet affected chewing
and selective behavior, the effects were mostly driven
by the variation in dietary proportion. The composition
of the consumed diet in nutrients was not affected by
the sorting behavior. The impact on lactating cows of
varying the PS of REC when silage is stored for less
than 200 d requires further evaluation.

CONCLUSIONS

Coarse grinding (2,185 pm) of corn did not affect ker-
nel storage as REC, and the grinding rate was 3 times
faster than fine grinding (1,591 pm). Ensiling mature
flint corn for more than 200 d largely eliminated the ef-
fect of the PS of REC on intake, lactation performance,
nutrient digestibility, ruminal fermentation profile, and
chewing and sorting behaviors. Although the increase
in feed efficiency suggests that FN was more ferment-
able in the rumen than CS, the effect of PS on cow
productivity and behavior was minor. The concentra-
tion of starch in the diet affected ruminal fermentation
profile and milk solids concentration, but had no effect
on short-term performance and digestibility. Coarse
grinding of REC may be a strategy to increase the rate
of grinding to spare labor and energy during ensiling,
without affecting cow performance, and may be advan-
tageous when corn prices favor a high inclusion of the
grain in the diet, by reducing the propensity to ruminal
acidosis in relation to fine grinding.
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APPENDIX
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Figure Al. Plasma urea-N (PUN) in cows that were fed the following treatments: high-starch and fine-ground REC (HF), high-starch and
coarse-ground REC (HC), low-starch and fine-ground REC (LF), and low-starch and coarse-ground REC (LC). P = 0.44 for starch, P = 0.32 for
particle size, P = 0.67 for the interaction starch x particle size, P < 0.01 for hour postfeeding, P = 0.92 for starch x hour, P = 0.96 for particle
size x hour, and P = 0.88 for starch x particle size x hour. Vertical line represents + SEM. Cows were fed at 0700 h. REC = rehydrated and
ensiled corn.
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