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Ccrﬁal grains are

the primary energy
source in swine and
poultry diets. Therefore,
not only must producers
be concerned about the
composition of the
grain, but also how it is
processed so the animal
may fully utilize the
nutrients.

Since feed repre-
sents 65 to 75 percent
of overall production
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between age of the pig,
grain type, and particle
size. In general, it ap-
pears the young pig
does a better job of
chewing its feed than
growing-finishing hogs.
The greatest potential
for fine grinding to
improve feed efficiency
will be for finishing
pigs. However, fine
grinding or rolling will
improve feed efficiency

costs in a swine or poul-

regardless of age.

try operation, improv-
ing the efficiency of
feed utilization will .
have a tremendous impact on the cost of production.
Mearly all feed ingredients will be subjected to some
type of particle size reduction.

Particle size reduction increases the surface area of
the grain, thus allowing for greater interaction with
digestive enzymes, It also improves the ease of han-
dling and the mixing characteristics. However, fine
srinding will increase the energy costs of feed pro-
cessing and may result in feed bridging, dust prob-
lems, and increase the incidence of gastric ulcers in
swine. Therefore, the increased costs of fine grinding
must be offset by improved feed conversion.

Particle Size and Pig Performance

In the past, there has been confusion regarding the
optimum particle size in swine diets. This was a result
of broad generalizations classifying dietary particle
size. In the past, terms like fine, medium, and coarse
were used to define particle size. Recently, a more
precise classification of determining particle size has
been developed based on the mean geometric diam-
eter of particles measured in microns and the geomet-
ric mean standard deviation of the particles or their
distribution (ASAE 1973). These measurements al-
low more precise definition of particle size and allow
us to make specific recommendations to optimize
swine performance.

Complicating the data available on the effects of
particle size on pig performance are the interactions
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A study conducted
at Kansas State Univer-
sity demonstrates the
effects of particle size on starter pig performance. In
the study, 192 pigs (initial weight 13 to 18 pounds)
were fed either corn- or sorghum-based diets (Table
1)

The grains were either processed through a ham-
mer mill equipped with an 'fs-inch (539 to 624 mi-
crons) or 'fa-inch (722 to 877 microns) screen. Each
grain was rolled either fine (822 to 885 microns) or
coarse (1,147 to 1,217 microns) by adjusting the

Tuble 1. Effect of Particle Size of Corn and Sorghum Based Diets
on Starter Pig Performance®

Mean Average Daily
particle size  daily feed
diameter gain  intake® Feed/
Grain  Mill Type (microns) {1b) (lb)  gain®
Corn Hammer 624 1.00 1.72 1.70
mill &77 99 1.77 1.78
Roller 82z 1.02 1.83 1.1
mill 1,147 1.04 2.00 1.92
Sorghum Hammer 539 96 1.72 1.78
mill T22 1.00 1.79 1.79
Roller BES 1.00 1.91 1.92
mill 1,217 4 1.82 1.94

Kansas State University » Manhattan

30hh et al., 1983, Values represent means from 192 weanling
pigs initially 15 to 18 pounds with a final weight of approxi-
mately 51 pounds.

Nifference between hammer mill and roller mill (P < .05).




roller gap and feeding rate.

As expected, fine grinding or rolling reduced
mean particle size of the diet. Although the differ-
ences in particle size did not affect average daily gain
(ADG), feed etficiency (feed/gain) was improved by
either fine grinding or rolling (Table 1). By pooling
the data across grain type and processing method and
classifying it based only on particle size, the im-
proved feed efficiency appears to be a result of im-
proved nutrient digestibility (Table 2).

Recently, Healy et al. (1994) evaluated growth
performance of pigs weaned at 21 days of age and fed
starter diets in which the grain (corn and hard or soft
endosperm milo) was ground to 900, 700, 500, or 300
microns (Table 3). These results confirm that reduc-
ing grain particle size had little improvement on
ADG. Average daily feed intake (ADFI) decreased
{linear, P < .08) as particle size of the diet was re-
duced. Feed efficiency (F/G) improved then became
poorer (quadratic, P < .01) as particle size decreased
suggesting an optimum particle size between 500 and
700 microns.

Pigs fed grain ground to 500 microns had a 6 per-
cent improvement in feed efficiency compared to
those pigs fed diets containing grain ground to 200
microns. However, production rate (tons of grain
ground per hour) was reduced 43 percent by decreas-
ing particle size from 700 to 500 microns. Also im-
portant is the numerical trend for decreased ADG and
ADFI and poorer F/G of pigs fed the diets containing
grain ground to 300 microns. The decision on opti-
mum diet particle size needs to include assessment of
improvements in feed efficiency versus reductions in
milling production. These and other data suggest a
dietary particle size of approximately 700 microns to
optimize both pig performance and milling efficiency.

Particle Size and Aiternative Grains

The type of grain in the diet also will influence the
pig’s response to particle size reduction. Studies with
high-fiber feed ingredients like barley indicate fine

grinding of these types of ingredients may greatly
improve their feeding value. A study was conducted
with finishing pigs fed diets containing barley ground
through a hammer mill equipped with either a 's.,
*/i6., or '{u-inch screen or coarsely rolled (Table 4).
Performance of pigs fed these diets was compared to
those fed a diet containing milo ground through a */ s
inch screen.

Pigs fed the barley diet ground through the Ys-inch
screen had similar average daily gain and feed effi-
ciency compared to pigs fed the milo diet. Daily gain
and feed efficiency became poorer as particle size of
the barley diets increased. These data indicate grind-
ing of fibrous feed ingredients to approximately 700
microns improves their feeding value and may make
them more attractive as substitutes for corn and milo.

Because of its high protein content and propensity
to become floury, wheat presenis some unigue pro-
cessing problems. If ground too fine, wheat can re-
duce feed intake. Recommendations for optimum
particle size for wheat for use in swine diets should
be coarser than corn or milo, between 800 and 900
microns. Roller mills with a differential drive produce
a uniform particle size and less fines and may be
suited for processing wheat in swine diets.

Particle size data also may be confounded by the
kernel size of the grain and the screen size or roller
mill settings by which it is processed. For example,
corn ground through a */is-inch screen will have a
finer particle size than either milo or wheat because
of its larger kernel size. Com kernels must be frag-
mented before they can pass through a *is-inch screen
opening; however, milo or wheat may fall through the
opening intact because of their smaller kernel size.

It is difficult to make a specific recommendation
for one screen for each type of grain, however, screen
size should be adjusted to produce a mean particle
size of 700 microns. In addition, other factors such as

Table 2. Effect of Particle Size of Corm and Sorghum on
Apparent Digestibilities”

Particle Digestibility, %

size

(microns) Dry Matter Protein Energy  Feed/gain
<700 6.1 82.9 85.8 174
700 to 1,000 24.9 80.5 24.4 1.84
=1,000 33.7 79.1 82.6 1.92

*Adapted from Ohh et al., 1983,

Table 3. Effect of Dier Particle Size on Growth Performance of
Starter Pigs®

Particle Size, microns

Ttem 900 T00 S0 300
ADG, Ib .4 B0 A5 L
ADFI, Ib" 1.29 1.21 1.23 1.19
EfGs 1.55 1.52 1.46 1.53
Production

rate, t'h 4,06 2.84 1.63 .B5

*adapted from Healy et al., 1994, Data represent means of pigs
fed either com and hard or soft endosperm milo ground to the
respective particle sizes.

*Linear effect of particle size (P < .08).

sQuadratic effect of decreasing particle size (P < .01).
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hammer mill revolutions per minute, tip speed, and
the number of hammers also will atfect what screen
size 18 necessary to produce 700-micron feed.

One of the disadvantages of fine grinding is the
increased incidence of gastric ulcers. Finely ground
feed is more fluid when mixed with the digestive
secretions of the pig’s stomach compared to a more
coarsely sround feed. As a result, the acids in the
stomach have a greater chance of coming into contact
with and irritating the esophageal region of the stom-
ach. The frequency of ulceration increases when par-
ticle size drops below 500 microns. Other
disadvantages of fine grinding include bridging prob-
lems in bulk bins and feeders as well as increased
dustiness of the feed.

Influence of Particle Size

in Lactation Diets

Many producers believe that finely ground feeds
are unpalatable and will decrease feed consumption
by the lactating sow resulting in lower litter weaning
weight and increased sow weight loss. In order to
determine the appropriate particle size for the lactat-
ing sow, a study using 100 first parity sows was con-
ducted at Kansas State University (Wondra, 1993).
The same dietary formulation was used for all treat-
ments with the only difference being the particle size
of the corn in the diet. Corn was ground to 1,200,
200, 600, or 400 microns by either a roller mill (1,200
microns) or hammer mill equipped with a /s, 'Ys. or
Yes-inch screen, respectively. Diet particle sizes were
tested to be 1,298, 925, 619, and 476 microns.

Litter size, pig survivability, sow weight loss, and
sow back fat loss were not influenced by particle size
of the diet (Table 5). However, litter weaning weight
gain increased linearly (P < .05) as particle size
decreased from 1,200 to 400 microns. However, the
largest response was observed by reducing particle
size from 1,200 to 600 microns (9 percent increase in
litter weight gain). Surprisingly, feed intake actually
increased (linear, P < .05) as particle size was reduced

suggesting finely ground feed does not decrease pal-
atability of the diet. Digestibility of dry matter, en-
ergy, and protein in the diet all improved linearly as
particle size was reduced. The reduction in particle
size improved nutrient digestibility since small par-
ticles have more surface area available for enzyme
digestion in the intestinal tract of the pig. The improve-
ment in digestibility is the reason that litter weaning
weilghts were improved as particle size was reduced.

Reduction in particle size is not without a cost.
Stomach ulcers and keratinization are always a con-
cern with finely ground diets. Keratinization is an
indicanon of stomach irritation that may lead to ul-
cers. Stomachs were scored from 0 to 4 (normal to
severe ulcer) and from O to 3 (none to severe keratini-
zation). Ulceration and keratinization of the stomach
was increased as particle size of the diet was reduced.

These data may have greater implication for prob-
lems with ulceration considering that the diets were
ted for only the 21-day lactation period. Feeding
finelv ground diets during gestation and lactation may
increase the potential for sow death loss because of
gastric ulcers. Another study by Wondra et al. (1992)
demonstrated production rates decrease and energy
utilization increases as particle size is reduced (Figure
1). Considering these factors, diets for lactating sows
should be ground to a similar mean particle size as
growing-finishing pigs of approximately 700 mi-
CIOnS.

Particle Size for Poultry Diets

In poultry diets, the effects of diet particle size
appear to be confounded with complexity of the diet
as well as further processing such as pelleting or
crumblizing. Cabrera (1994) found no effect of diet
particle size (1,000 to 400 microns) on growth perfor-
mance of broiler chicks fed a complex (added tallow,
meat and bone meal, and feather meal) diet fed in a
crumblized form. In a second tral, feed efficiency
was improved 3 percent by reducing particle size
from 1,000 to 500 microns in simple diets fed as a

Table 4. Effect of Barley Particle Size in Finishing Diets®

Grain: Milo Barley Barley Barley Barley

Screen Size, inches: e Ya e Ya Rolled
Item Particle Size, microns: 698 714 902 1,146 2,200
Average daily gain, Ib 2.05" 1.96" 1.B(F 178 1.74¢
Average daily feed intake, b 6.93° 6.47" 6.2(¢ f.49¢ 6.49°
Feed efficiency 3.39¢ 3.32" 3.58° 3.65¢ 3T

Goodband, =t al., 1987,
=heans on the same row with different subscripts differ (P < .02).




meal form but not in crumblized diets. Therefore, the
response to reduced particle (500 to 600 microns) size
in broiler chicks appears to be greatest when fed
simple (grain-soybean meal) diets in a meal form.
Feeding a complex diet in a crumblized form did not
appear to require particle size below 1,000 microns.
Studies with laying hens suggest no advantages in
reducing particle size below 800 microns.

Particle Size and On-Farm

Feed Processing

A survey of particle size analysis of feed samples
indicates that the majority of producers are possibly
losing 3 to 8 percent of their feed utilization costs
because of coarsely ground feed. Of the more than
2,500 samples analyzed. only 21 percent of them fall
within the 700 to 800 micron particle size range rec-
ommended for swine feed (Table 6).

If there are whole kernels in the diet, this is an
indicator that the feed isn’t ground fine enough. This
is a significant finding because particle size reduction
has a tremendous economic effect on a swine
operation’s profitability. If a 100-sow, farrow-to-
finish operation has an average diet cost of 5130 per
ton and reduces particle size from 1,100 to 750 mi-
crons, this would result in a savings of approximately
$4,750 per year based on improved feed efficiency.

Particle size should become a routine quality con-
trol measure and be incorporated into an on-farm
quality control program. Some guidelines for estab-
lishing a routine particle size monitoring program
should include checking ground grain or one com-
plete diet (grower, finisher, gestation or lactation) at
least twice a year and up to every 60 to 90 days for
large operations. Swine producers who wish to obtain
a particle size analysis of their feed can send a 150
gram (3 cups) sample along with $10 to Kansas State
Swine Extension, Room 206 Weber Hall, Kansas
State University, Manhattan, KS 663506. There also
are several commercial laboratories, as well as on-
farm particle size kits that can be used for determin-
ing particle size.

In analyzing results of several experiments evalu-
ating the effects of dietary particle size on pig perfor-
mance, it is clear that the greatest effect of particle
size is on feed efficiency. Below is a regression equa-
tion based on results from particle size studies. This
equation evaluated a range in diet particle sizes from
400 to 1,200 microns fed to pigs from 120 to 240 Ib (r
=.61; P < .01).

F/G = Analyzed Particle Size x 000415175 + 3.066333

This equation can be used as a tool for producers
and feed processors to assess the economic impact of

Table 5. Effects of Lactation Dier Particle Size on Sow and Litter Performance

Particle size, microns

Item 1,200 600 400 SE
Litter size, d 21 a1 9.5 5.9 2
Sow wt loss, Ib 231 15.9 18.1 22
Sow bf loss, in. A2 13 A2 A1 B
Litter wt, |b 103.4 1113 110.4 1.7
Litter wt gain, Ib® 76.9 . 4.2 £5.1 1.4
Feed intake, 1b" 9.3 035 .70 9.77 09
Diet dry matter digestibility, % 84.2 86.4 BR.3 4
Ulcer score 1.3 2.7 "9 b |
Keratinization score 1.2 1.3 27 A
“Wondra, 1993,
*Linear effect of particle size (P < .05).
Table 6. Summary of On-Farm Particle Size Reduction®
Particle Size, microns

400-599 600-799 B00-999 1,000-1,299 1,300-1,999 =2,000

Percentage of Samples 4.4 214 40.3 26.8 6.4 =

*Analysis of over 2,500 samples collected between 1986 and 1992 at Kansas State University.




particle size reduction. For example, projected feed/
gain for 700 micron feed would be 3.36 based on the
equation. If particle size increased to 1,100 microns,
the projected feed efficiency would be 3.52 or an
increase of about 5 percent. While it is important to
emphasize that the desired particle size should be 700
microns, an acceptable range of complete feeds is
between 600 and 800 microns.

Improving the efficiency of feed utilization in
swine by obtaining a proper particle size will have a
tremendous effect on the cost of production. How-
ever, improvements in digestibility and feed conver-
sion must be evaluated against potential problems
associated with obtaining fine particle sizes. These
include increased energy costs, feed handling prob-
lems (bridging), gastric ulcers, and dust, as well as
reduced production rates. While a specific circum-
stance may place greater emphasis on one or more of
these characteristics than others, a general recommen-
dation 15 to produce a mean dietary particle size of
approximately 700 microns.
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Figure 1. The Effects of Particle Size on Energy Consumption and Production Rare {Wondra er al., 1992)
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