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Grinding, pelleting affects nutritional
value of cereal grains, diets for swine

While few pork producers
today would consider feeding
their pigs adiet without giving
attention to proper processing,
there remains much tolearn
aboutdiet processing if the
nutritional value of feedstufTs is
to be maximized.

By KELLY J. WONDRA,
JOED. HANCOCK,
KEITHC. BEHHKE,
ROBERTH. HINES and
GEORGEA. KENMEDY

In the 1930k and 1940%, experiments
were reported that demonstrated improved
;',Iu_m'lrm.mu. ol p:guull hvarinusy pt..ull
grauin processing. Prior to thase repons,
whnlc griin wirs used as aconvenent wiay
tor feed pigs withown the need for expen-

TABLES

1. Processing characteristics of corn and hard and soft
sorghums and economic evuluanun of particie size reduction*

sive processing equipment. In today's
swine industry, few producers would con-
sider feeding their pigs a dier without
2IVing allention Lo proper processing,
However. there is sl much 1o leam about
diet processing 1o maximize nuirtional
value of feedsiufls. This anicle reviews

the current knowledge of the effects of

gnnding and pelleting on nuinitional value
ofcereal grains and complete diets.

Particlesize reduction

The first steps toward the grain process-
ing technigues thul are prevalent towday
were taken when Fraps ( 1932) reportedd
improved nutrient digestibility of ground
sorghum grain compared with whole sor-
ghum grain. Aubel {1945, 1955)alsore-
ported improved efficiency of feed utili-
ranon when milled grain was fed rather
than whaole grain. These repons did not
ackdress, however, the extent of grinding
neded for mazimum pig performance.
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2. Efiects of particie size radur.:uun on growth performance of pigs
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3. Etfects of corn particle size on
nutrient meta bull smin mr.:ond-puriw SOWs"
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Wondsman et al.4 1932) reported in-
creased digestibility of oat-based diets
with smaller punticle size of the cereal.
Imterest in that cxperiment sparked an
area of research that continues today, with
the hjective o deline the optimum par-
tiche size of different grains for differem
phases of production in pigs

Economics of milling. There are two
factors that, toa large extent, dictate the
costsof milling: (1) the energy required to
mill a given quantity of grain and (2) the
prosfuction rate per horsepower hour when
grinding, The encrgy required to mall
wrain is a varible cose, and the expense of
erinding the cereal grain for 2 complered
diet can be calculated by multiplying the
energy required-to mill the grain by the
cost of electricity. The production rate of
milling affects fixed cosis, I production
rate is slowed., Nixed cosis (depreciation,
PETRLINS, IMdiMenance, #1c. ) are spread over
feweer tons of graim and, thus, the fixed
CLesl peer o ul ground gprin % EREEr,
With an understanding of these factors
and the major effects they have on milling
costs, it becomes readily apparent why
Erain processors stress the importance of
knowing the impact of any new process-
ing technology on grinding efficiency
and production rate.

In research conducted ar Kansas State
University, Wondraetal.{ 1995b) milled
corn with a hammermill to mean particle
sizes of 1000, 800, 600 and 200 microns.
and reponed that milling energy increased
slightly from 2.7 1o 3.8 k'Wh per ton as
panticle size was decreased from 1,000 10
600 microns (Figure 1). However, the
energy required o reduce particle size
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another 200 microns 1o 2 peometric mean
particle size of 400 microns was more
than 1wice {1.e.. 3.1 kWh per ton) the
energy required to mill the corn w 600
microns. Production rate also decreased
slightly as mean particle size was de-
creased from 1 (00 o 600 microns, com-
pared with the murked decrease when
malling to 400 microns, The dataclearly
demonstrated that energy requirements
increased and production rates decreased
when malling corn e smaller particle sizes.

Inanother experiment at Kansas State
University (Healy et al., 1994), milling
data were collected when com and two
vaneties of sorghum (3 hard endosperm
sorghum and a soft endosperm sorghum)
were ground 1o mean paricle sizesof 900,
T4, 500 and 300 microns, The largest
three particle sizes (SO0, 700 and 500
miberons ) were dehieved with a three-high
rolber mill. and the smallest particle size
{300 microns ) was achieved withadouble-
pass through a hammermill. Because the
00 micron treatment was processed dif-
ferently than the other treatments, it wall
be excluded from this discussion.

The results from the experiment clearly
demonstrined that dilTerent griins vaned
inmilling characteristics, Corn required
more energy 10 grind and had a slower
production rate than either sorghum grain
(Table 1). Indeed. less energy was needed
togrind the sorghums to 300 microns than
to grind the com 1o (0 microns. Surpris-
ingly, there was lintle difference between
the energy required o grind the soft and
hard endosperm sorghums. Baker ( 1960)
also found that sorghum grain was easier
to grind than cormn. and that corn was
easicr to grind than oats. Silver (1932)
reporied that energy reguired for milling
corm was less than that for milling barley,
which was less than that for milling oats.

Healy et al. applied the milling cosis
suggested by McEllhiney (1986) 1o the
their milling data. The authors accounted
farthe variable cost of electricity and the
fixed costs of depreciation, interest, taxes,
insurance. maintenance, repairs and la-
bor. The 1otal milling costs ranged from
64 cents per ton for the hard sorghum

Bam 1.200 400
DOry maer digestibdiny. %" a2z 852 858 88,1
Mitragan digeabbiley, %w* 80T 856 B89 885
Biciogical value, % &80 82,7 2.0 570
Nitnagen retaniian, g per day* e &30 B3 8.7
GE digesnhbility, %* 8.9 855 853 1]
GE ratantion, Mead par day® 13.2 141 14.4 4.3
Dugastible snergy. noalfhg of ger 1513 1.658 1705 1857

Mstabohzable enaegy. ieadg of s 3139 1572 3.801 ATAS

*From Wondra ot al. (15995d). Al vahues are Spoaren.
*Linaar effect of pamcie sira reguction {P<0.02).
"Cruadralic effect ol pamcie Size raduclisn (P<0 J4)

Join The Team!

Pennfield believes in a team concept with our
Customers! Pennfield has had the same owner-
ship and management for over 25 years in the
animal health and nutrition business. Our goal

is consistency, quality and working together.

PennField

14040 Industrial Road m Omaha, Mebraska 68144 USA
(402) 330-6000 w (800) 832-8303 w FAX (402) 330-6004




= 14— FEEDSTUFFS, January 23, 1996

milled o a mean pamicle siee of 9K
microns e 33,98 per ton for the cormn
mitled 1o a mean pamicle size af 500
microns. Both sorghum grains were milied
1 300 microns with less expense than for
corn milled o 90 microns. Todetsrmine
the changes in nueritional value that might
result from decreased mean particle size
of the cereals. the milled grains were
substituted on a weight by weight basis
intediets for nursery pigs. The diets were
fed o 240 pigs ina 35-day growth assay
Analysis of costs during the experiment
indicated that as particle size wis reduced
from 900 to 500 microns. diet costs in-
creased because cosis for grinding in-
creased. However, those subtle changes
in diet costs were mare than offset by
improved efficiency of gain such that cost
per 100 kg of gaindecreased forall three
ceneal grainsas particle sige wisdecreased.
Thus, differences in milling cosis versus
anticipated improvements in animal per-
formance should be included in making a
final decision of how 1o maximize profits
with any cereal grain.

Animal performance. Advancedtech-
niques for ingredient preparation usually
increase cost of the finished diet. Thus,
the added processing costs must be offset
by some beneficial response or the tech-
noloey will not be adopted. Although ne
the only potential benefit of advanced
processing technigues, improved animal
performance is the most visible and eas-
est tn measure, and of inlense interest to
the end-users of the finished diets (..
livestock feeder).

Aubel (1955) reported a 12% increase
in rate of gain for growing-finishing pigs
fed ground sorghum versus whole sor-
ghum. Heddeetal. { 1985 repored an 8%
increase inrate of gain for finishing pigs
fed corn-based digts when the particle
size wiis reduced from a coarse grind (fess
than 20% of the ground gram passing
througha 1.2 mm screen) to a fine grind
(greater than 809 of the ground grain
passing through a 1.2 mm screen).
Goodband and Hines ( 1988) fed nursery
pigs a bariey-whey-based diet with the
barley ground (o mean particle sizes of
768 and 635 microns and reported a 5%
increase in rate of gain for pigs fed the
smaller particle size. However, there have
been no improvements in rate of gain in
many cxperiments; instead, improvements
in efficiency of gain are more typical. The
results of expeniments by Mahan et al.
(19661 and Lawrence (1983} showed
greater gainffeed when the particle size of
prain was reduced from coarse (o fine.
Giesemann etal, { 190 reponed improved
efficiency of gain for finishing pigs fed
corn and a bronze sorghum variety as
particle size was reduced. In our work
(Wondraetal., 1995b), for com ground to
particle sizes ranging from 1,000 to 400
migTans, there was a 1.3% improvement
in gain/feed for every 100 microns de-
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4. Effects of mill type and particle size on grain
characteristics and utilization of nutrient in pigs*
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5. Effects of pelleting on growth performance*®
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sige of the com in

diets for finishing e
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gainffeed for each
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seemed appropri-
ate for growing
pigs fed diets with
the corn ranging from 1,200 to 400 mi-
croms in mean particle size, Thus, atten-
tion e proper milling is an effective way
[ ensure masimum performance of grow-
ing pigs and this is likely o beespecially
true when pigs need greater intakes of
digestible nutrient.

Table 2 provides a summary of several
experiments in which grain was ground to
different particle sizes and fed o growing
pigs.

Unfortunately, experiments designed o
determine the effects of feed processing
on performance of lactating sows are very
few innumber. It is generally recognized
that high-producing sows have nutrient
requirements that may not be met by

1. Energy consumption and production rates when
hammermilling com. (From Wondra et al. 1985b.)

traditional dietary regimens. [ncreased
nutrient intiake of sows has been shown to
improve performance (Brooks.and Cole,
1972; King and Williams 1984; Reese et
al., 1982: Brendemuhl etal., 1987). The
method most often used 1o increase nutr-
enl intake of soows is to increase nutrient
density of the diet by adding more protein
andior) fat (which increases diet costs).
Anather approach is o increase feed in-
1ake by keeping the sow comfortable,
e.g., use of dripcooling or fogging in the
hodt summer months, This increases feed
intake, but unfortunately. also increases
the amount of nutrients excreted as feces,
Surprizingly, litthe thought has been given
1o third poasibilivy, and that is (o increase
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digestibility of the nutrients already in the
dier. We conducted a lectation expen-
ment {Wondra er al.. 19952) using 100
primiparous sows fed diets with com
milled to four particle sizes (1,200, 9040,
i) and 400 microns ). Thers wasconcem
that the diets with finely-ground corn
waould not be palatable: however, this was
not the case and feed intakes actually
increased as particle size of com was
reduced from |, 200 to 400 microns (Fig-
ure 2. This increased feed intake and
marked increases in nutrient digestbility
resulted in 1 4% greater intake of digest-
ible energy and an 1 1% increase in litter
weight gain. Finally, because of the im-
proved digestibility of nutrients with re-
duction of particle size, there wasa 21%
decrease in fecal excretion of dry matter
and a 3 1% decrease in fecal excretion of
nitrogen. These reductions in fecal excre-
tion of nutnents have obvicus and imme-
diate implications in reducing the burden
of waste management for swine produc-
ers,

Mutrient utilization. As mentioned in
the previous section, the improved per-
formance of growing pigs and lactating
sows in response to diet processing is
probably best attributed 1o greater nuiri-
entdigestibility. Several experiments have
been conducted since the carly report of
Woodsman et al. (1932) that indicated
greater digestibility of a diet as the grain
{oats ) was ground 1o smaller particle sizes,
Owesleyetal. (1981 ) reponed that reduc-
tion of particle size in sorghum (from
1,262 to 47 | microns ) omproved the ap-
parent digestibilities of dry maner, starch,
nitrogen, and gross energy (GE) mea-
sured at the rerminal ileumn and for the
total digestive tract of growing pigs.
Giesemannet al. (1990} reported greater
digestibilities of dry matter, nitrogen and
GE of corn-based diets fed to growing-
fimshing pigs as parmicle size was reduced
from |.506 1o 641 microns, Saver et al.
{1977 determined that apparent ileal re-
coveriesof amino acids were significantly
greater for finely-ground wheat than in
cracked wheat. Lawrence (1967, 1970)
demonsirated i mproved digestibilities of
nutrients as particle size was decreased in
corn-, sorghum- and barley-based diets.
Chhetal. ( 1963) suggested that increased
surface area of finely-ground feedsiuffs
and increased fluidity of the digesta {thus,
more potential for mixing with digestive
engymeshmay be involved withimproved
digestibility of diets.

To determine the effects of reducing
particle size of cereal grains on nutrient
wtilizaticn during lactation, we used 38
second-parity sows in o metabolism ex-
periment {Wondra et al., 1995d). The
sows were fed corn-sovbean meal-based
diets, with the corn ground to 1,200, 900,
600 and 400 microns. The results indi-
cated greater digestibilities of dry matter,
nitrogen and GE as comn particle size was
reduced from 1, 200 0 400 microns (Table
3). Digestible energy and ME values were
maximized with the diet having 400 mi-
cromcorm. Indeed. the metabolizable en-
ergy concentration of the diet was in-
creased from 3,399 10 3,745 keal'kg as
particle size of com was reduced from
1,200 to 400 microns, To achieve the
same increase inenerey density with diet
formulation methods, a 9% addition of
sovbeanoil would be needed. Biological
value and nitrogen retention increased as
particle size was reduced from 1,200 to
B microns, but decreased as the particle
size was further reduced (o 400 microns.
The decrease in biological value and ni-



duced (o HIHImicrons may have resulied
lroamthe amno scid profile ol com. Asa
proeinsagree, cornis delicient im bysine.
threanine. iy prophan amd valine verex-
ceeds the requirements for other aming
acids suchas leucine | National Ressarch
Council. |988). The amineacid compos-
Lion of sovbean meal complements thag of
corn very well: however. by increasing
the digestibility of anly the corm. dicrs
wollld be high in non-Tmiting sminegae
is. The niroge o rom those e gecss aminag
acids would be excreted in the urine
thereby decreazing biological value and
percentage nitroEen relention,

Thus. inexperniments with nursery pigs.
finmishing pigs, and lactating sows, our
ata indici

chinn pt imm pasmicle < e of
Y microns or less, Though we feel
contident abut this recommendation for
AR OpH MU mean pariiele siee, ie gues
ten of an ideal ameunt of uniforminy
within thatmeanis sullasked on aregular
hases.

Uniformity of particle size

We recently published dara from a se-
riesof experiments designed to determine
the effects of particle size uniformity on
growth performance and nutnent digest-
iblity in finishing pigs ( Wondra t al.,
1995¢), Inthe firstexpenment. treatments
wera! [ ad0 60 hlead of coarsely rofled
and finely ground corn with a large stan-
dard devianonof punicle size (s bar2.7;
( 2y hammermilled com withan s, of 2.3,
and (3) roller milled corn with on 5 of
2.0, Mean particle size of the corn was
near 850 microns for all wreatments.
Digestibilities of dry matter, nitrogen and
GE were indeed greater whenthes | was
smaller (Figure 3}, although no differ
ences in growth performance were noted.
In & second experniment, reatments were
corn ground in a hammermill or roller
mill o 80or 400 microns. Com ground
in the hammerm:ll to B0 and 4060 mi-
cronshads  of Z5and |7 respectively,
and corn ground in the roller mill o 8O0
and 400 microns had » il of 20 and 1.9,
Pigs fed comn ground inthe roller mill had
greater digestibilities of nutrients than
pigs fed corn ground in the hammermill,
whichdecreased excretions of dry maner
und nitrogen as feces by 19 and 12%,
respectively, for the roller mill versus
hammermill treatments {Table 4}, Sur-
prisingly, digestibilities were greater when
corn was milled to 400 microns in the
redler mill even though the hammermilled
corn had aslightly lowers . This effect

: oo

suggested amill-type effect separate from
thes  effact, albeit less pronounced. Reece
et al, {1985} described particles of
hammermilled com as more spherical in
shape with more uniform edges than par-
ticles of roller milled corn. The spherical
shape would reduce susceptibility to at-
tack by digestive enzymes, thus decreis-
ing digestibility of nutrients in
hammermilled com. Although this expla-
naticn would be difficult to verify, the
possibility of particle shape affecting nu-
tritional value of cereals is intriguing.
Although nod related to nutritional value,
anequally interesting chservation invalves
the unecdotal repansof greater Mowability
and improved handling characieristics for
the uniform and granuiar particles result-
ing from roller mills, compared with the
less uniform particles resulting from ham-
mermill grinding.

Thus, increased particle size uniformity
(i.e., using aroller mill) improved digest-
ibility of nutdients and seemed 1o decrease
(slightly) the potential for stomach le-
sions in finishing pigs. However, these
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2, Effects of corn particle size on lactation performance of primiparous sows and apparent digestibility and intake of

energy. (From Wondra et al., 1995e.)

effects were nol sccompanied by predict-
able improvements in growth perfor-
mance; therfore, it seems prudent (o focus
instead on the consisient improvements
inperformance observed with decreasing
migan particle size.

Milling costs For roller mills and
hammermills. Despite the inconsisient
elfects of punicle size umiformity on
srowih perfommance in pigs, processing
vosts are affected predictably by mill-
type. Itis estimated that more thin 90% af
the energy used in hammermill grinding
i5 lostas heat of friction (Rumpf, 1959),
Roiler mills generate bess heat while grind-
ing and, thus, are more efficient, espe-
cially at particle sizes of 70 microns or
greater (Heimann, 1983}, In our experi-
ments with corn ground 1o 800 and 4040
microns {¥ondra et al.. |995¢), less en-
ergy was required 1o mill cornin @ roller
mill with an average improvement of
225 in standardi 2ed production mte e,
kilograms of zrain milled per harsepower
howsr p, Olsen et al. (1980} reponed thi
roller mills use an average of 17,300
BTUsof electrical energy perton of pro-
cessed Teed compared to 73,400 BTUs
per 1on for hammermill grinding.
MeEllhiney(1983) suggested several ad-
vantages for roller mills, compared with
hammermills, that included lowerenergy
requirements when grinding, quieter op-
eration, more exact conirol of particle
sie, reduced moisnere loss from the grain
(1.2, shrink)and lower maintenance casts.
Wermeer( 19493) compared the economics
of prinding with roller mills versus
hammermills during a | 5-year period.
The cost of the grinders and related equip-
ment far the hammermill systems was
half that af the roller mill sysiems; how-
ever, the larger motors of the hammermill
systems cost twice as much to wire for
electricity. Thus, initial setupcosts were
anly slightly lower for the hammermill
systems. Capital and operating costs were
lower far the roller mill systems every
yearofthe | 5-yearanal ysis, except forthe
year in which the rollers had to be re-
placed. The long-term costsavings forthe
rofter mill systems was 12 cents per ton of
ground product. Thus, it seems that any
major advantages forroller mills may be
in decreased malling costs rather than
large and consistent effects on growth
performance of pigs. Nonetheless, ques-
tions ubout particle size uniforminy and
nutrtional value of grownd grain are com-
mon, especially with the potential for
using greater product uniformity as a

marketing tool forroller mills.

Pelleting

Pelleted diets have become extremely
popular during the fast four decades, es-
pecially for young pigs. From a feed
manufacturer’ s perspective, the proposed
benefits of pelleting inciude decreased
segrregation of mixed feedstuf s, incremsed
Bulk density, reduced dustiness and im-
proved handling and transpontation char-
acteristics (Skach et al,, 1983). Many
nutritionists, however. also consider
pelleting o means.of improving the nutri-
tional value of diets, Thus, inmaking the

decizion of whether or not to pelletize
diets for livestock, both the cost of this
technology and the potential benefits
should be considersd.

Growth performance. Pelleting isone
of the few grain processing technigues
that can improve rate of gain in pigs. A
summary of the effects of pelleting on
performance of growing pigs is given in
Table 5. Hankeetal. ( 1972), Baird{ 1973)
and Wondra et al. (1995h) reported that
peliered dietsimproved average daily gain,
A number of other scientists found no
significant effect of pelleting on growth
rate iNCR-42 Committee on Swine Nu-
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tritvovn, DO4R ), bt s hean all of these re-

PHMTS WD COakse dered. averay o L.._:m. HHi
still was numencally greater lor '\Ib\ fed
pelleted diets. The repons indicaed an
average improvement of 6% in average
daily gain and a very consisient improve-
mem of 7% in eflficiency of gan for
crovw ing-Tinish as fedd pellered dicts
s dnmle =ML ikt
sy o .ﬂ.:rl_‘;,l“_'d |__|'|I|.'\.'_!'| merformanee ol
prgs fed pelleted diets. Skochetal o 1981
suggesied that pelleting increased the bulk
density of diets and reduced dustiness,
making the diets more palatable, How-
ever, improved palatabiliny is inconsis-
tem with the decreased feed intike gener-
ally ohserved for pigs fed pelleted diels

Seerlevetal. { [962bireponed increased
rate of food passage through the digestive
tracts for pigs fed pelicted diets, Although
the authors suggested that the increased
rate of passage was indicative of lesstime
needed (o digest the diets. increased rute
of passage usually results inleas ime for
digesnonand an ov erall decrease innutn-
Allernatively, many re

The the rea-

el utilization
searchers lend 1o annbute the improved
performance of pigs fed pelleted dicts o
decreased feed wastage. This hypothesis
would be valid if only efficiency of gain
was improved, but 15 inconsistent with
improvements innutrient digestibility and
rate of gain. Thus, it seems likely that
decreased feed wastage does helptoim-
prove efficiency of gain in pigs fed pel-
leted diets, but there is still a factor(s) that
enhances digestibility of nuirients.
Whether that factoris achange in feeding
behavior, achange in the way digestive
tracts react 10 feed when pelleted (e.g..
altered Mow of digesta), or adirecteffect
of thermal processing (e.g., gelatinization
of starch or denaturation of proteins) is vet
1o be determined.

Feed manufacturers and livestock feed-
ersofiencomplam about poor Mowability
of feed through storage bins and feeders
when the diets are made with Ninely-
ground {i.e., particle sizes of less than 700
microns)comn. Pelleting is a process that
eliminates bridging problems, potentially
making it less problematic to feed diets
with finely-ground ingredients. However,
some nutritionists gquestion whether the
agglomeration of feed particles that oc-
curs during pelleting will negate the ben-
efits of reducing particle size. Thus, we
(Wondraeral. 1995h) designed an expen-
ment with finishing pigs 1o determine the
effects of pelleting diets with comn rang-
ing from 1.000 (coarse) to 400 (fine)
microns. Pelieting increased average daily
gain and gain/feed. Reducing particle size
improved gain/feed for pigs fied both mash
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4. The etfects of reducing particie size of corn from 1,000 to 500 microns in simple and complex diets for weanling pigs.

(From Kim et al., 1995)

and pelletized dicts, In a subsequent ex-
periment at our laboratory (Kim et al..
19995}, comn was ground 1o 1,000 or 500
microns and fed in simple {com-soybean
meal-whey-based ) orcomplex (com-soy-
beanmeal-whey-based with plasma pro-
tein. wheat ghaen. blood meal and lac-
tose hdiets for nursery pigs. All diets were
pelletized, Growth and {or) efficiency of
gain wers improved as panticle size was
decreased inthe simple and complex diets
(Figure 4). Thus, neither complex diet
formulations nor pelleting negated the
positive effects of reducing particle size
of corn in diets for nursery and finishing
pigs.

Nutrient wtilization. Seerley et al.
(19620) and Skochetal. {1983} reponied
increased energy digestibility with
pelleting in corn-based diets. Lawrence
(1983} reported increased nitrogen di-
gestibility when oat-based diets were pel-
leted, burdry marter and GE digestibilines
were unaffected. Inexperiments from our
laboratory (Wondra et al., 1995b.c) dry
matter, nitrogen and GE digestibilities
were increased by pelleting. Jensen and
Becker (1965) suggested that pelleting
gelaumzed starch, thus making it more
susceptible to enzymatic digestion. Al-
though some argue that conditions during
the pelleting process are nol sufficient (o
gelatinize starch, others contend that the

What important nutrient
is your swine feed miss' g?
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We'll-have the answer, F ebruary 19.

heat. hydranon and shear when pelleting
do indeed disrupt the strecture of starch
and protein molecules, making them mone
accessible for digestive enzymes.

Anextrabenefitof increased digestibil-
ity 15 reduced excretion of nutrients in
feces. Mutrient excretion from pigs in
regions of intensive livestock production
is causing envirenmental concerns. In-
deed. many countries in Europe already
limae animai production based on excre-
tion of nitrogen and phosphorus
{Aumuller, 1991 ). However, a moderate
improvement in digestbility can resultin
subsiantial reductions in nutrient excre-
tion. Forexample, Wondra et al, ( 1995b)
reported 3o 8% increases in digestibilities
of dry matter, nitrogen and gross energy,
and 23 and 22% reductions inexcretion of
dry matter and nitrogen in feces asaresult
of pelleting. Therefore, any grain pro-
cessing technigue that increases nutrient
digestibility and reduces nutrient excre-
tion has value to the swine industry, The
only real question is how long it will be
before povernment regulations force care-
ful evaluation of every aspect of livestock
production in an attempt o minimize
waste production. When this finally does
occur, processing methods that maximize
nutrient digestibility will have special sig-
nificance.

Stomachmorphology

Stomach lesions have been recognized
asaconcern incommercial production of
swine since Bullard (1951} first docu-
mented esophagogastric ulcers as the cause
of death in an adult boar. Esophagogastric
ulcers are resurfacing in the U.S. as a
major concern with modern grain pro-
cessing technigues and the widespread
use of European genotypes. Studies indi-
cate that, as particle size of cereal grains is
reduced, the incidence of ulcers tends to
increase in growing-finishing pigs (Mahan
etal., 1966; Pickenetal., 1969; Wondra
etal., 1995b.c) and lactating sows (Wondra
etal., 1995d,e). Reimannetal. { 1968) and
Maxwell etal. ( 1970, 1972) reported that
smialler particle sizes increased Muidity of
stomach contents and increased the con-
centration of pepsin in the stomach. The
authors hypothesized that the increased
Muidiryallowed more mixing of stomach
contents; thus, pepsin and digestive acids

were continuously in contact with the
unprotected mucosa of the esophageal
region of the stomach, Pelleting alsohas
been shown toincrease ulcers in growing-
finishing pigs (Chamberlainetal,, 1967;
Wondraetal. 1995b.c). Itshould be noted,
however, that incidence of stomach le-
sions alsois affected by genetic predispo-
sition, grain type and stressful housing
conditions {Rickeretal.. 1967; Pickettet
al., 1969, Indeed, Berruecos and Robison
{1972} reported the heritability estimate
for gasiric lesions inpigs to be 0.52, e,
ashighly heritable as many carcass char-
acleristics. Thus, interactions with hous-
ing, management and genetic factors may
affect the extent 1o which particle size of
cereal grains can be reduced, at leastuntil
those problems are coarected.

Despite recognition of several factors
that contribute to increased incidence of
stomach ulcers, many producers feel they
have few viable options for combating
this problem. Major changes in genetics
and housing conditions are, al the least,
very expensive, Alzso, to forfeit the im-
provements in feed efficiency and de-
creased fecal excretion of nutrients result-
ing from fine-grinding and pelleting would
decrease the competitiveness of a
producer”s farm. Thus, identificationofa
diet supplement that would allow swine
producers o capitalize on growth perfor-
mance improvements without compro-
mising health status of their pigs would be
beneficial. Patience et al. (1986) indi-
cated that pH of the gastrointestinal tract
can be altered by adding buffers to the
diet. Because Maxwell et al. {1970) ob-
served acorrelation among decreased pH
inthe stomach and increased ulcerations,
it is possible that alkaline salts (buffers)
could helpto neutralize the acidity of the
stomach and improve morphology of the
gastric mucosa. Therefore, we designed
anexperiment todetermine the effects of
dietary buffers (NaHCO, and KHCO, Jon
stomach morphology in finishing pigs
(Wondra et al., 1995a). Pigs fed a com-
soybean meal-based dier with 1%
NaHCO, or 1% KHCO, showed a trend
for reduced stomachubcer scones(P<0.10),
Thisdifference resulted from fewer pigs
developing lesions (26 versus 37% forthe
buffer and control treatments, respec-
tively). These results suggest less gastric






