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ABSTRACT

Nine experiments were conducted to study and evaluate the effect
of pelleting three rations on growth, feed intake, feed efficiency,
carcass quality, ration palatability, energy digestibility, nitrogen
digestibility, and rate of food passage, The three test rations were
(1) fortified corn-soybean meal, (2) 20 percent oats by weight replacing
corn, and (3) 40 percent oats by weight replacing cora.

Pelleting significantly improved growth rate when the three test
rations were ad libitum-fed to pigs and rats, The daily gains were the
same for all pellet-fed pigs; however, in the meal form of these rations,
the gains decreased as the fiber level increased, Feed consumption was
generally increased with the pelleted rations, The feed required per
pound of bodyweight gain increased with the higher fiber rations, but
the increase was less with the pelleted rations, Carcass data showed
there were no differences between the experimental rations in regard to
dressing percentage, carcass length, backfat, percent lean cuts, percent
primal cuts, loin area and percent fat trim,

Pelleting significantly improved daily gains and feed efficiency
when the three test rations (pooled data) were equally and ad 1ibitum-
fed to paired pigs,

In both the equal and ad 1ibitum feeding trials, the apparent
energy digestibility of the high corn (low fiber) pelleted rations was

significantly greater than the meal form of the same ration, On an

Robert W. Seerley



ABSTRACT Continued

equal feed intake, the apparent energy digestidility of the 40% oat
(high fider) meal and pelleted rations was not significantly different;
however, digestibility of the meal form was significantly improved
when ad libitum-fed, Apparent nitrogen digestibility was the same for
the high corn and 40% oat rations in either meal or pellet fomms,

In the rate of food passage studies, pelleted low and high fiber
rations passed significantly faster through the alimentary tract than
meal rations when equal and ad libitum-fed. FPooled data showed that
the 5% fecal excretion time, 95% fecal excretion time, and the mean
ingesta retention time were less with the pelleted rations,

A palatability study with the high corn ration in the forms of
meal, pellets and reground pellets showed that pigs definitely preferred
pellets,

Two feeding trials were conducted to study the effect of processed
corn on the nutritive value of a rat ration, On the dbasis of growth,

different processing methods did not improve the mutritive value of corn,
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I. INTRODUCTION

Although pelleting was used more than a century ago to alter the

physical form of formulated rations (Commissioner of Patents, U. S.
Patent Office, 1860), only within the last decade has pelleting brought
an inportant change to feedingApractices. A recent survey (Wornick,
1959) indicated thet over 50 percent of all commercial feed sold in the
United States was in the physical form of either pellets or crumbles.
The percentage of pelleted rations is increasing and will probably
continue to increase in the next few years.

Fundamental research on pelleted swire rations has been extremely
limited. Therefore, this study has been underteken in an attempt to
determine the effects of pelleting on the nutritive value of swine

rations.



II, REVIEW OF LITERATURS

A, JEffects of replacing corn with oatg in swipe rations,
Carroll et a}. (1937) summarized that oats may make up one-half of

the ration for growing-finishing swine without appreciadbly decreesing
rate of gain; however, the feed required per pound of gain will be in-
creased., Alego, ground oats have a higher corn replacement value than
whole oats. It was stated that the degree of fineness had little effect
on the nutritive value. Later Crampton and Bell (1946) studied the effect
of fineness of grinding on the utilization of oats when fed to pigs. They
concluded the finer ground oats suprorted greater growth. Sorting was a
problem with the coarsely ground ration with young pigs, while sorting

was not a problem regercless of grind with pigs over 100 pounds bodyweight.
Average feed consumption wes about the same for coarsely and finely ground
oats. No differences in digestibility were noted. Lloyd and Crampton
(1955) fed oats at levels of 75, 52, 28 snd 4 percent of the cereal grain
source, Crude fiber levels were 8.6, 6.5, 4.4 and 2.3 percent, and crude
protein was 8.4, 10,3, 12,3 and 14.2 percent, respectively. When the
daily dry matter intake wes the same, the decrease in fiber and increase
in protein increased the apparent digestibility of protein. Ir recent
years, Jensen gt _al. (1957, 1958, 1959b) re-evaluated oats in rations for
growing-finishing swine. By feeding oat levels of O, 29, 60 and 95 per-
cent, they found growth rate decreased as the level of oats increased

and feed required per pound gain increased as the oat level increesed.

They concluded the higher fiber content caused poorer performance. The






crude fiber levels were 2.8, 4.9, 6.7 and 8.1 percent for the respective

oat levels of O, 29, 60 and 95 percent. Adding 15 and 30 percent oat

hulls to hullless oat rations decreased geins 18 and 25 percent, respectively.

Adding corn oil to correct for total digestible nutrient reduction in 30
percent oat hull rations overcame the reduction in growth rate.

Axelsson (1948) summarized the data from several experiment stations
to establish the optimum crude fiber level for growing pigs, and concluded
that tkhe optimum level was between 5.5 and 7.0 percent. In subsequent
research Axelsson (1953) found optimum crude fiber levels were 6,57
percent for growth, 7.26 percent for feed efficiency and 6,64 percent for

economical growth.

B, Comparisons_betwyeen rations in meal and pellet forms,

1, SWINE

A summary (Table 1) of pelleting research on corn rations, for
growing-finishing swine, indicates average daily gains and average daily
feed consumption were increased .08 pound and .15 pound, respectively,
by pelleting. Feed efficiency was improved abo:t 6 pounds per 100 pounds
bodyweight gein (Dinusson et al., 1952; Werner and Meade, 1956; Self and
Chapman, 1960; Hoefer gt gl., 1958; Conrad and Beeson, 1958; Carlisle
et al., 1959; Arkansas, 1959; Jensen gt a)., 195%; Young and Wingert,
1959; Rutledge and Teague, 1959; Larson and 0Oldfield, 1960; Wahletrom,
1959).

Conrad and Beeson (1958) reported a corn-and-cob ration was improved
by pelleting. 1In fact, the corn-end-cob pelleted ration supported more
growth than a ground shelled corn ration (?able 2).

Pelleting studies on oat rations for swine showed a general improve-

ment in performance by pelleting (Lehrer and Keith, 1953; Hoefer et al.,
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1958). However, Jensen et_al. (1959a) did not show any improvement in

oat rations by pelleting.

Schneider and Brugmen (1950), Thomas and Flower (1953), Dinusson et
al. (1952, 1956, 1958), Lehrer snd Keith (1953), Jensen gt al. (1959a),
Young and Wingert (1959) and Lerson and Oldfield (1960) consistently
demonstrated that pelleting improved barley rations for ewine. FPelleted
barley rations versus the meal form, with and without other cereazl grains,
increased average daily gain by .14 pound, yet feed irnteke was about the
same, FYeed efficiency was improved approximately 55 pounds per 100 pounds
bodyweight gain.

Steffen (1953) revorted a pelleted wheat and barley ration irncreesed
daily gains and saved 32 pounds of feed per 10C pounds gein. Jensen gt el.
(1959a) calculated a relative feeding velue (besed on corn) on four dif-
ferent grains in meal and pellet forms. Giving corn a value of 100 for
both meal and pellet, they gave values of 97 and 101 for milo, 98 and 99
for wheat, 91 and 85 for oats, and 46 and 61 for barley in meal and
pellet forms, respectively. Dinusson and Bolin (1958) and Larson and
0Oldfield (1960) did not find reground barley pellets to have any advantege
over the originsl meal, Hillier and Mertin (1959) did not find that
pelleting improved a milo ration.

Bohman et a)}. (1953) found that a 50 percent alfelfa ration as a
meal was unpalatable and inefficient, but pelleting improved the pelata-
bility and supported more rapid growth on 140 pounds less feed per
hundredweight gain,

The effects of pelleting have been postulated by several authors,
Schneider and Brugman (1950) suggested pelleting reduced feed wastage,
changed the feed chemicelly, and that heat improved the nutritive value

of the feed. Smith (1957) steted that pelleting increased certainty that
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Plgs receive all dietary essentials by reduction of sorting and rooting
out unpslatable ingredients. He also stated that feed wastage wes
reduced, and that in general, pigs benefit from the effects of partial
cooking in the pelleting process, and the partial gelatinization of
starches,

Conrad (1958) has stated that "pelleting certain swine rations
appears to have some definite advanteges. but these advantages are more
pronounced with swine rations which contein large amounts of barley, oats
or other fibrous feeds, such as alfelfes meal. Z=Effect of pelleting swine
rations is largely associated with the fiber portion of the ration. The
advantages of pelleting fibrous swine rations are as follows:

1. Increased density -- pelleting the ration allows the pig to

eat more, which results in faster pains and improved feed
efficiency.

2. Less feed wastage -- pelleting prevents sorting and the pigs

'root' less feed out of the feeder.
3. Greater palatability -- pelleting appears to increase the
palatability of fibrous rations,"
Conrad continued that, "the main disadvantage of pelleting rations is the
added cost incurred through pelleting, and the increased cost of trans-
portation and handling."

In a pelatability trial, Young and Wingert (1959) showed that pigs
preferred pellets. On a free cholice basis, pigs ate 1500 pounds of a
pelleted corn ration, 348 pounds of a pelleted barley ration, 177 pounds

of a ground corn ration, and 5 pounds of a ground barley ration,

2. RUMINANTS
" Workers at Ralston Purina (1959) summarized the literature cn meal

versus pelleted roughage cattle rations and meal versus pelleted fattening



cattle rations (Table 3).

Ralston Purina workers (1959) also summarized their own experiments
on meal versus pelleted lamdb fatiening rations, which is presented in
Table 4. They concluded that pelleting increased feed intake with unpslata-
ble, high roughage rations, Feed wastage was reduced, and the animals
received a balanced ration. It was suggested that less rumination helped
conserve energy. There was no advantage to pelleting fattening beef
cettle rations; the rumen seemed to need some coarse roughage to remain
normel,

Pope (1959) reviewed the litersture on pelleted sheep rations. A
sunmary of the equel feeding trials showed that pelleting increased daily
gains 0.058 pound and saved 1.5 pounds of feed per pound bodywecight gain.
When data on all lamb feeding trials were compiled, pelleting increased
gains 0,065 pound and improved feed efficiency 1.7 pounds per pound body-
weight gain. Feed consumption was the same for meal and pelleted rations.

Murdock and Miller (1951) remorted that pelleting a finely ground
sheep ration increased digestibility of crude fiber. Blaxter et al. (1956)
studied the digestibility end rate of passage of dried grass as long
material, medium ground and cubed, and finely ground and cubed when fed
to sheep. The cubed grass passed through the digestive tract fester than
the long grass. The finely ground cubed gress passed faster than the
medium ground and cubed material, Also, the faster passage rates were
associated with lower digestibility of the dry matter,

In a later study, Blaxter and Graham (1956) studied the digesti-
bility of dietary cellular components and energy utilization on two levels
of feeding. Coarsely choprned, medium ground and cubed, and finely ground
and cubed dried grass were fed to sheep. They concluded that high feed

intake and cubing medium and finely ground gress increased the rate of



TABLE 3.

PERFORMANCE OF BEEF CATTLE WHEN FED RATIONS AS MEAL AND PELLETS

Iype ration . _ High roughage® Fattening’

Form of ration Meal Pell ot Meal Pellet
No. of lots 17 18 2l 22
No. of steers 181 195 230 230
Av, no. of days fed 127 127 122 122
Av, initial weight, lbs, 434 431 679 691
Av, daily gain, 1lbs. 1.26 1.88 2.50 2.35
Av, daily inteke, lbs. 18,00 19.25 24.20 21,90
Av, feed per 100 1bs. gain, 1lbs., 12351 976 896 872

®Includes tests at Illinois, Celifornia, Stanford Research Institute,
Oklahoma, Georgia, Oregon and Ralston Purina

PIncludes tests at Illinois, Stanford Research Institute, Washington,
Kansas, Wyoming, Purdue, California, Georgia, Oklahoma and Ralston Purina

TABLE 4.

PELLETED COMPLETZ RATIONS FOR FATTENING LAMBS

Meal  Pellet
No, of comparisons 10 10
No. of lambs 229 229
Av. initial weight, 1lbs. 74 75
Av, daily gain (57 days), 1bs. .48 .53
Av, daily intake, 1lbs, 3.86 3,95

Av, feed per 100 lbs. gain, 1bs. 794 748
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passage of ingesta through the digestive tract and reduced the overall
digestibility of the energy of the feed. Digestibility of the cell wall
constituents was depressed to a greater extent than those of the cell
contents. Methane production was lower, due to a lack of extensive fermenta-
tion, Fecel losses of energy were considerably greater when the cubes

were fed.

Long et 8l. (1955) compared & lamb ration as natural roughage-grain,
ground, and ground and pelleted. Grinding lowered digestibility of dry
matter, organic matter, crude protein, crude fiber and nitrogen-free extract,
But pelleting the ground ration returned the digestibility to approximately
the same as the nstural diet.

Lindahl and Davis (1955) stated that pelleting a lamb ration increased
ether extract digestibility and lowered crude fiber digestibility. The
digestibllity of total nutrients was about the same.

Esplin et al. (1957) fed three groups of lambs on a 47.5 percent
ground corn, 47.5 percent ground alfalfa meal, and 5 percent molasses
ration as meal and pellets, The first group was pair-fed on an enual
intake, the second group was individually penned, but fed ad 1ibitum, and
the third group compared the meal and pellets by group feeding., The
lembs fed an equal emount of feed gained the same. Gains, feed consump-
tion, and feed efficiency were the same for the individually ad 1lidbitum-
fed lambs, The pellet group-fed lambs gained .07 of a pound faster,
which was significant. Apparent digestibility between pelleted and
unpelleted feed for dry matter, ether extract, crude fiber and nitrogen-
free extract was the same for all three groups. Nitrogen balance wes
not different between the two physical forms,

Smith (1958) summarized a number of pelleting experiments and con-

cluded that the increesed rate of gain associated with pelleting was
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best explained on the basis of a greater intake of total feed. Net
energy appeared unaffected,

Meyer et al. (1959) reported that with pair-fed lambs the digesti-
bility of 1lignin and holocellulose of alfalfa hay was not greatly influenced
by pelleting, but nitrogen digestibility was higher with the pelleted hay.
Total digestible nutrients and digestible, metabolizable and net energy
were not significantly different between the pelleted and chopped hay.
They postulated thet increased geins were due to increased feed intake.

A faster passage of ingesta from the reticulo-rumen seemed to be responsible
for this increased feed intake. This, in turn, was due to & faster rate
of holocellulose digestion by the rumen microorganisms as indicated by
the lignin-holocellulose ratios and in yvitro fatty acid production by
the rumen contents. An increase in the nitrogen content occurred in the
small intestine. The abomasum nitrogen passage was calculated as 10.7
and 14.6 grams nitrogen, and the small intestine passage was 21.4 and
22.6 grams nitrogen for the chopped hay and pelleted hay, respectively.
Yet only 5.3 and 5.4 grams of nitrogen were excreted in the feces of
these animals, They said this increase was due to enzymes and other
intestinal secretions. Also, the mixing of endogenous, microbial and
food nitrogen could possidbly be a large factor in the overall nitrogen
and amino acid economy of the body.

Weir et 21. (1959) designed & lamb digestion trial to study alfalfa
in chopped and pelleted forms with and without added barley. Protein
digestibility was about the same. Fiber digestibility was lowered by
pelleting, particularly when berley was included in the ration, Pellet-

ing did not affect the total digestible nutrient content of the rations.
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3. POULTRY

After reviewing the literature, Smith (1957) stated that pelleting
rations significantly increased growth rate and improved feed efficiency.
Significant growth responses were noted in both high-cnergy and low-
energy rations., When pellets were crumbled, the growth response was nearly
as great as it was with whole pallets. He suggested the grain portion of
the ration was benefited more by pelleting than other ingredients.

The importance of density as related to pelleted poultry rations
is not clear. Allred et al. (1956, 1957a, 1957b) suggested that growth
response was due to increased density and a chemical changs in the feed
ingredients. Neither steaming, autoclaving, nor water soaking improved
growth response over the untreated corn.

Pepper gt a). (1960) reported that pelleting, in general, resulted
in significent growth improvement, but was greatest at low fat levels,
and improvement declined as fat level increased.

Bearse gt al. (1952) found that pelleting increased growth rate
with rations contszining 8, 13 and 18 percent fiber. The difference
between mash &and pellets became more marked as the fiber level increased.
Feed efficiency was improved the most at high fiber levels by pelleting,

Dymsza et al. (1957) investigated turkey rations with reference to
energy level, fiber level, meal and pellets. Pelleting increased growth
with rations containing less than 639 Calories per pound and more than
10 percent fiber. As the level of fiber decresscd and the energy per unit
of feed increased, the advantage of pelleting was less,

Hinds and Scott (1958) found pelleting improved growth response
when the corn fraction of practical-type rations was pelleted, yat no
greater growth response occurred on a corn-fraction pelleted gemi-purified

diet. Growth response disappeared when the corn was soaked. Pelleting
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benefits were less 88 the chickens became older. They postulated the
inhibitory factor effect in corn may also be in other parts of the ration
and possibly pelleting improved availability of a nutriert or nutrients
in corn., Pelleting the corn fraction only changed the density of corn
by 1C grems per liter. Therefore, density was not considered as an

important factor ir pelleting poultry rations.

C. Effect of pelleting on nutrients,

Wornick (1959) surveyed the feed industry to determine the pellet
mill conditions and pelleting effect upon micro-ingredients. In reply to
a questionnaire, feed manufacturers stated that on an average, maximum
moisture added to mash during conditioning wae 4.9 percent (1.5 to 10
percent range). Minimum average was 1.3 percent (O to 5 percent range).
It was theorized that ircreasing the moisture content of feed products,
by steaming or otherwise, will accelerate the decomposition of sensitive
micro-ingredients. High production rates and rapid moisture removal from
cooled pellets probadbly do not prevent decomposition since the moisture
adsorption and dissolution of additive particles are believed to be
irreversible. Pelleting temperatures were reported as:;

TABLE 5.

TEMPERATURES DURING PELLETING

Maximun Minirum
Av, Range Av, Range
Location oF _°F oF oF
Instentaneous in
die, estimated 242 170-600 —-—— —
Steamed mash 183 120-250 113 RT®-160
Hot pellets 199  140-4C0 143 100-185

aRoom temperature
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A leading pellet mill manufacturer reported temperatures exceeded
350°F inside the die. Little was known concercing the instantaneous
maximum pressufes exerted in the die during feed pelleting. Pellet mill
menufacturers varied widely on the subject, reporting values from 1,000
to 40,000 pounds per square inch.

Wornick state¢ that animal fats, seed-coatings and several micro-
ingredients melt when pelleted. Deta were presented to show that vitamin
A was not only partly destroyed by pelleting, but retention upon storage
may not be better then meal. The entire fat-soluble vitamin group was
sensitive to oxidation, temperature, moisture, minerals, etc. Consequently,
all fateoludle vitaming were probably decomposed equally as much or more
then vitamin A, Vitemin K as menadione and its bisulfite derivative, wes
known to be very easily destroyed by heat. ‘Water-eoluble vitamins vary
widely in feed and pellet stability.

Reported effects of pelleting on antiblotic stability are variable.
By microbiological technique, Stokstad gt 2l. (1952) heve shown that
pelleting destroys commercial aureomycin, procaine penicillin and diamine
penicillin by 15, 45 and 47 percent, respectively. Blakely et_al. (1952)
found procaine penicillin to be entirely stable to pelleting when measured
by poult growth., McGinnis and Stern (1953) reported that the effect of
aureomycin was improved by pelleting as meesured by more poult growth
response, No differences were nqted with diamine penicillin or procaine
penicillin. .The results with aureomycin disagreed with Stokstad's findings.

Dinusson and Bolin (1958), Lindahl and Reynolds (1959), Jenzen et al.
(1959a) and larson and Oldfield (1960) revorted that pelleting lowered
the crude fiber fracticn as measured by proximete analysie, Larson and
Oldfield stated further that the decrease in fiber was primarily due to

& decrease in cellulbse; however, it was not associated with increases
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in either reducing sugar or total soluble carbohydrates, except for a

slight increase of reducing sugar in corn rations. The lowering of fiter
was likely due to a breakdown of fibrous components of the ration, allow-
ing for their more extensive solution during leboratory digestion. However,
it was thought that these changes were small in magnitude and of doubtful
nutritional significance. They found the primary benefit of pelleting a
barley ration to be reduction of feed wastage. In laboratory studies

Jensen et pl. (1959¢) found that starch in pelleted corn to be more suscepti-
ble to malt amylase digestion than starch in regular ground corn.

Smith (1957) suggested possible chemical change in the pelleting
process, He stated their tests indiceted that an adequate steam condi-
tioning cepacity in the pellet mill, plus the heat and pressure engendered
in the pelleting process itself, did partialiy gelatinize the sterches in
graing, He thought the degree of gelatinization obtainadble was significgnt,
and that this partiel gelatinization made the grain portion of the retion
more easily digested than when grains were fed in a non-pelleted form,

Perkas (1959) has studied the stability of enzymes to pelletirg.

The losses due to pelleting ranged between 7.5 percent and 47.4 percent,

The results are reported in Tabdle 6,

D, Effects of artificiel dryings on the nutritive value of corn,

Several scientists have studied the effects of artificlally drying
corn on its nutritive value. Adams gt 21. (1943) found that drying
temperatures of 160°F to 190°F decremsed fermentable carbohydrate yield
by 2 to & percent, Simms (1949) reported that drying temperatures as
high as 190°P for 10 hours did not significently reduce feeding value of
corn, Cernimni (195la) concluded that thermal decomposition of corn, rice,

corn and potato starch started at 100°C. Weight losses became increasingly
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TABLE 6.

STABILITY OF ENZYMES TO PELLTPING®

19

Percent Loss
added during
to Recgvered by essay pelleting Assay
__Enzyme ration Meal Pellet method
Pancreatin 0.50 0.57 ©.30 47.4 Disc-plate
Pabst L-297 0.25 0.26 0.21 19.2 Disc-plate
Pabst L-56-D 0.125 G.17 6.13 23.5 Disc-plate
Pepsin 0.25 0.24 0.17 29.2 Milk clot
Protease-30 0.50 0.53 0.39 26.4 Disc-plate
Proteage-31 0.50 0.51 C.42 17.6 Digc-plate
Rhozyme B-6 0,50 0.52 0.33 37.0 Disc-plate
0.40? 0.37 7.5 Gelatin-vis-
0.50 ) cosity
0.47 0.28 40.4 Disc-plate
0.80 0.67 16.2 Gelatin vis-
1.00 ) cosity
1.00 0.55 45,0 Disc-plate
Rhozyrme P-11 0.5C 0.31 0.24 22.6 Disc-plate
0.39 0.36 7.7 Gelatin vis-
0.50 ) cosity
0.40 0.28 30.0 Disc-plate
0.83 0.76 8.4 Gelatin vis-
1.00 ) cosity
0.64 0.44 31.2 Disc-plate

@Pelleted by California Pelleting Mill, die 3/16 x 1 3/4"; temp-
erature of pellets after coming from die to 160°C.

Y) Indicates two values are from same sample of diet,



greater as temperatures were increased above 170°C. Weight losses ur to
200°C were due to elimination of carbon dioxide. Prolonged heating at
200°C in the presence of air caused roasting and subsequent starch carboni-
zation, Maximum dextrinization in corn and rice occurred, respectively,

at 170°C (84,47 percent) and 18C°C (77.34 percent).

Gausman et al. (1952) found that artificially drying excessively
high moisture corn at either 180°F or 130°F reduced its niacin, pentothenic
acid, riboflavin, pyridoxine, total sugar and starch content. However,
if the moisture content wes 40 percent or lower, there was only a small
loss of these constituents,

Hathaway et al. (1952) artificislly dried 27 percent corn to 14
percent by 80°, 120°, 140°, 160°, 180°, 200° and 240°F temperatures.
Proximate analysis did not reveal changes 1h percent ash, fat, protein,
ni trogen-free extract or crude fiber, Heat damege was observed at
200°F and 240°F, Rat growth tended to be reduced when corn was dried
above 140°F, It was thought protein nutritive velue was adversely
affected at 160°F and above. David end Cabell (1957) reported drying
temperatures above 135°F decreased protein nutritive value as measured
by rat growth, In a subseaquent report (1958) they found corn protein
nutritive value was not affected if dried four hours at 198°F. One and
one-half hours drying time at 240°F did not d~mage corn, but drying at
280°F caused a marked discoloration, parched corn odor and lowered
protein nutritive value. McGuire and Earle (1958) concluded that drying
temperatures from 120°F through a range to 2000F caused increased de-
raturation or some physical change in the protein., These conclusions
were based on the solubility of proteins in water and in 0.01 N pcotassium
hydroxide solutions at 756° ¥ 5°F. Solubility decressed with higher tempera-

tures. Bonzer et al. (1958) found droilers grew equally well on 1CO°F,
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190°F, 200°F artificielly dried, and neturally dried corn. Jensen et al.
(1960) studied the nutritive value of corn dried at 140°F, 180°F and 220°F.
While organic solubles apparently were not affected, the starch became
slightly less susceptible to malt‘amylase digestion, Temperature did

not affect total content of riboflavin, niacin or carotene. However,
pantothenic acid values were 2.58, 240 and 2.31 milligrams per pound,
respectively, as the temperature increased. Drying at 240°F increased

ether extract and crude fiber values,

E. Cooking 2nd heat effects on nutrients,

Mitchell et 8]l. (1949) cooked cut corn from 20 to 45 minutes at
45 to 5C pounds pressure, then toasted at 350°F to 400°F for 3 to 4
mirmutes. Average digestible protein of the pre-toasted corn and toasted
corn was 90 and 75.8 percent, respectively. However, in another trial the
protein digestibility increased from 73.8 to 79.8 percent. Average
blological velue dropped from 59.6 to 56.4 percent. Kurelec and Barabas
(1950) reported pig gains were the same when fed either cooked or uncooked
corn,

The effect of processing on breakfast cereals has been studied by
Murlin and others. In 1938 Murlin found that egg replacement value of
torn wheat, flaked wheat and inflated wheat, was 92,8, 82,1 and 79.8
percent, respectively. The processes used to make these three wheats
were, respectively, (1) steem cooked under pressure, (2) steamed cooked
at 220°F then heeted 450°F for one minute, and (3) steamed cooked under
pressure then heated 350°F for seven minutes, Comparisons of true digesti-
bility proved that heat decreased the availability of nutrients for

metabolisem,
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Ross et_al. (1941) reported digestitility of starch by enzymes
wae significantly different in pablum, rolled oats, quick oats, farina
and meads cereal. Finer grindirg cracked wheat improved the digestibility
of starch,

Stewart et al. (1943) studied the effect of processed oat cereals
upon rat growth. Conditions for four cereals were: {1) boiling point
of water for fifteen minutes, then dried fifteen seconds at 130°C, (2) seme
as (1) except dried one to two mimites at 200°C, (3) processed at 190°C
to 232°C for 55 to 6% minutes at 80 to 100 pounds pressure, then released
the pressure to explode, and {4) heated 122°C for five minutes, then live
steam at 198°C with 200 pounds pressure for two minutes. All except the
third process had equivalent growth rate to rolled oat-fed rats. Oser
(1952) reported that heat processing affected most of the proteins and
thiamine. A smaller effect was noted on carbohydrates, fats, inorganic
salts, ascorbic acid, pantothenic acid, vitamin A and vitamin E, Other
vitamins were apparently stable to heat,

Cerniani (1951b) studied the effects of heat on the decomposition
of glucose, sucrose and lactose, ZEleven samples of each carbohydrate
were placed in & 100°C oven. At the end of 12 hours a sample was removed
end weighed. Then the oven was turned up 10°C and repeated after 12
hours. This was continued for 132 hours to 200°C. Total weight losses
were 21, 33,6 and 26 percent, respectively. A sharp break at 140°C was
noted and indicated sudden decomposition,

Frazier et al. (1953) observed that dry heating of fibrin at
160°C to 210°C with cornstarch, sucrose, glucose or fructose caused
considerable nutritional damsge as determined by rat feeding tests. The

lose in protein quality produced in dry heating fidbrin at 210°C was not
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restored with various combinations of essential amino acids. All nine
es sential amino acids were necessary to restore quality.
Heintze (1955) reported 0.5 to 1 percent deamination of glycine,
glutamic acid, valine, leucine, isoleucine, iysine, histidine and
metz 1onine by heating in 15 percent hydrochloric acid at 112°C to 179°C
undexr pressure. Addition of 25 milligram percent of sucrose increased
decomx>osition to 2 percent. Up to 47 percent of cystine, cysteine,
serine and arginine was decomposed. Block et al. (1946) fed rats an
exper X mental human diet which had been made into & cake. This diet was
fed ass mon-toasted and toasted at 100°C to 130°C. The rats just maintained
weigh® on the toasted, but when .63 percent of lysine was added, the rats
respornA ed normelly. They concluded lysine was susceptible to heat damage.
Kuetnex~ and Myers (1948) reported no effect on lysine by explosion of
cereal as measured by nitrogen balance with human subjects.

Studies by Krehl et 8l. (1945) suggested that corn diets increased

the r equirement for niacin. A later study by associates of Krehl
(Rendqerson et al., 1947) showed that the replacement of raw sterch with
deXtrinjzed starch eliminated the requirement for niacin. Streightoff
8L 2], (1949) reported losses of vitamins from corn by bolling. Corn
( ) boiled 30 minutes, (2) boiled 30 minutes then held over boiling water
for one hour, (3) stesmed at atmospheric pressure for 30 minutes yielded,
respectively, 80, 81, and 85 percent thiamine, 97, 97, and 101 percent
l.5“15<>.1‘letviiz'x, 87, 87, and 103 percent niacin, and 63, 58, and 64 percent
Yitamin ¢ of the uncooked corn. 3Boiling caused riboflavin and niacin
to leach into the water, while thiamine and vitamin C were destroyed,
Laguna and Carpenter (1951) have shown that lime cooked corn enhances the
8Vailability of niacin, Also, wetting a normally pellagragenic raw diet

improved rat erowth. By replacing certain fractions of corn, it was






found that gluten, germ, and feed meal (the non-starchy portions) produced

the same benefit as lime water treatment.

Research by Pellett and Platt (1956) did not agree with some of the
prewv 1ous work. They reported that lime cooked corn depressed rat growth
rat e - Supplementation with a B complex vitamin mixture improved growth
respoxse. The addition of riboflavin produced a response which was
equiva=alent to the B complex addition. Thiamine fortification was not
benef i cial. Chemical and biological assays showed a great decrease in
thiam% ne, ridboflavin and niacin content; however, the remaining niacin

was thhowught to be more available,
X t hes been proposed by Kodicek (1956) that niacin of cereals may
be in & m elkeli-labile bound form that differs from the known nicotinoyl

deriveat ives. They found that corn hes 73 percent of its total niacin in

hominy and bran., Hydrolysis with 0.5 N NaOH freed the bound form of niacin.
Pearson gt al. (1957) agreed with previous work that niacin in corn

18 in a bound form. Niacin improved a raw corn diet, but did not help

& Cooked corn dlet. The authors concluded by using paper chromatographic
'ech_nu“e that niacin was 100 percent bound in raw corn, but 100 percent
free in cooked corn. Also, the cooking process may have destroyed some
lac in, but the remaining niacin was available for metabolism,
Griswold (1951) reviewed the literature extensively on the effect

o heat upon the nutritive value of proteins. The following reviews
M8V been cited from Dr. Griswold's article., Hayward et al. (1936a)
°h°\'ed that soybean digestibility and biological value were improved
by 3 and 12 percent, respectively, when heated by a commercial sovbean
T™eal process. Mitchell and Smuts (1932) found that raw soybeans were

Qeficient in cystine. Hayward et el. (1936b) showed that cystine supple-

TWentation did not improve a cooked soybean rat diet, but did improve a



raw 8oybean rat diet. These authors hypothesized that cystine became

awva 1lable when raw soybeans were cooked. Later, Johnson et al. (1939)
forarnd that while sulfur absorption was the same for raw and cooked soy-
bemmrs, the retention was about 2.5 times more with the cooked beans. A
simdi 1l &r trend was noted with nitrogen. These authors concluded a sulfur-
nitxro&en complex existed in the raw soybean. This complex was not available
for maetabolism, Hayward and Hafner (1941) stated that raw soybeans were
defic dent in methionine. Cooking improved the availadbility of methionine,
but & supplemental source of methionine suprorted more rat growth, Ham
and Ssmndstedt (1944), Bowman (1944, 1945, 1946, 1948) and others showed
that x~saw soybeans contained one to several anti-tryptic factors, which
lower & the biologicel value of raw soybeans. Heating rendered these
anti- € x-yptic factors inactive, resulting in a higher biological value.
W¥hile =& proper degree of heat improved the nutritive value of soybeans,
Bird and Burkherdt (1943), Parsons (1943) and Bvans end McGinnis (1946)
showed that excessive heat, such as autoclaving above 120°C, lowered the
MALT i tive value. Certain amino acid deficiencies were noted with exces-
sive heating. Methionine, cystine and lysine deficiencies have been
T®Ported by McGinnis and Evans (1947) and leucine by Klose et al. (1948).
It hag been suggested by Riesen gt al. (1947) and Patton et al. (1948)
8NQ  gthers that a complex occurs between the aldehyde group of sugar and
8 free nitropgen group of an amino acid. Lysine, arginine or tryptophan
e Possibly involved in these complexes.

Melnick and Oser (1949) stated in a summary of a number of papers
©N the effect of heat on proteins that heat had a great eifect on the
Tutritive value of the protein without affecting the totel protein content,

©Ssential amino acid composition, or protein digestibility. They showed

With heat processed proteins that the rate of enzymatic liberatisn of the
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amino acids, rather than the degree of amino acid availability, was of
cx i tical importance for proper metabolism. They suggested as a hypothesis
that 1t was important to heve amino acids liberated during digestion at
ra t s permitting mutual supplementation., Heat processing influenced the
relative rate of liberation of amino acids.

Geiger (1947) has shown that incomplete amino acid mixtures which
laclkkc a&an essential amino acid cannot be used for protein synthesis, Experi-
ments with lysine, methionine and tryptophan suggested that essential amino
acids must be present simultaneously in order to builé protein tissue from
absor Ded amino acids,

Callison (1948) found that addition of moisture when cooking soy
grits =t boiling temperature improved the biological value, With little
moistwzx e, longer cooking helped. Also, while 50 percent of thiamine was
destr oy ed, neither riboflavin nor nicotinic acid were affected by 60
ninate cooking.

Kahler (1948) reported that untreated soybeans contained & saponin
Yoich yas respongible for a bitter taste. Hydrolysis, hydrothermal treat-
Tent | or infrared radiation destroysd this taste., Steaming at not more
than 100°C destroyed methyl n-monyl ketone and diacetone alcohol, which
vere responsible for bad odors and flavors of crude soybean preparations,
st‘€¥3Jn also destroyed peroxidases and other enzymes responsidble for
T8 Nncidity and for destruction of fat-soluble vitamins.

Mann and Briggs (1950) showed heating soybeans altered protein
Peaxs on electrophoretic patterns. Because several small pesks changed

to One large peak, amino acid interaction and denaturation were suggested.
Carroll et al. (1952) discovered the site of nitrogen absorption
to be different in raw and processed soybean meal, The mean digestibil!iiy

Coefficient of material from the terminal end of the smell intestine was
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32.65 ¥ 13,53 and 78,66 & 3.08, but the fecal digestion coefficients were

76.96 1,23 and 81,70 * 1,23 percent for the raw and processed meals,
respectively. Therefore, processing accelerated the rate of digestion
anA significantly increased digestibility. The pH of the intestinal
connt ents was the same for the two groups,

In 1931 Morgen stated thatshe was not aware of any experiment
indicating a decrease in protein digestibility due to either moist or
dry neat. SHe tested heat treated cereal proteins and casein, and
repor €ed protein digestibility did not change. However, a nitrogen loss
was no ted in the urine and it was concluded that though absorbed, some
nitro&z en was not available for tissue metabolism.

Gresves gt al. (1934, 1938) and Block (1934) found that casein
heated above 140°C lowered the biological value and possibly altered
lysine structure. Chemicel enslysis of heated casein detected no decrease
in to<tal lysine content, yet 0.2 percent supplemental lysine overcame
the Qecficiency when measured by rat growth, Fldred and Rodney (1946)
conducted in vitro digestion studies on raw and heated casein. Using
COmbB ined crystalline pepsin, trypsin and chymotrypsin, the degree of
d"gestinn did not differ between the raw and heated. Availeble lysine,
", Qetermined by the specific enzyme lysine decarboxylase, was appreciably
less in the heated casein.

Aughey and Deniel (1940), Lincoln gt el. (1944), Blund and Goddard
(1945) and Pai et al. (1957) agreed that cooking of cereal and other
foods had 11ttle effect on thiamine content.

Cheldelin et al. (1943) measured the losses of certain B vitamine

after cooking thirty different foods. The degree of loss was slight for
Tiboflavin and niacin, moderate for pentothenic 2acid, and extensive for

inositol and folic acid.



Evans and Butts (1951) concluded that autoclaving soybean meal for

4 howurs at 15 pounds steam pressure per square inch inactivated basic
ami mo &cids and tryptophan in three different ways, The types of inacti-
vat £ on were: (1) protein-bound amino acids react with glucose or sucrose
to A e=stroy biological activity of the amino acids, (2) protein-bound
amino acids react with some other constituent of the protein to form a
linkags e, which was resistant to in vitro digestion with trypsin and
erepsi n but not to acid hydrolysis, and (3) protein-bound amino acids
react with sucrose or glucose to form a linkage similar to the linkage
in typ e two. Inactivation of lysine was of types 1 snd 2, arginine of
types = and 3, histidine of types 1, ? and 3, tryptophan of types 2 and
3. Ly s dne was inactivated most severely, while histidine and tryptophan
were a £ fected to 2 lesser extent.

¥ronin and Dakh (1952) observed that B-emylese activity of flour
declined as heating temperatures were increased. A 5 percent flour
eXtract heated to 42°C, 68°C and 720C formed 71, 51 and 16 milligrame of
"81 tose from starch the first minute and 186, 186 and 16 millipreme
during the first 15 minutes, respectively. It was postulated that e
Ch'e‘nge in the B-amylase molecule occurred, thereby slowing the formation
or the enzyme-substrate complex. This decreased the initial yield, but
in Time the enzyme became saturated with the substrate, so that the total
yxeln‘ remained the same. Higher heat inactivated the enzyme and resulted

in Poor yields.

F. Effects of processing on the cellular structure of cerosl grains,

Wolf et al. (1952, 1958), Cannon gt &l. (1952), and MacMacters
M. (1957) reviewed the gross anatomy, microscopic structure and chemical

Composition of meture corn. Wolf et al. (1952) stated the endosperm was
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swur rounded by an aleurone layer, which varied in thickness from 11 to 50
micxrons, Since there were no intercellular spaces in this layer,
vater and dissolved substances must diffuse through the cell walls

be FOoT e reaching the starch parenchyma cel'e, The cells of the starchy
end o sDerm were elongate in shape, Most of the cells were arranged
rouaglrly end-to-end, their long axes radiating in all directions from the
verti cal fissure under the dent in the upper part of the endosperm,
Averaage cell thickness was 1 to 1,1 microns in the horny endosperm and
1,27 +to 1,3 microns in the floury endoeperm, It was stated by the
autho x & that some structural stress was apparent, which was thought to
be cawx ged by rapid growth, Within the cells, the starch granules were
erbed A ed in a proteinaceous matrix, This matrix was loose in the floury
poTti o n of the endoaperm, but dense and well developed in the outer horny
endospern,

Canncn ¢t 8l. (1952) reviewed the literature on the chemical composi=-
tlon of the mature corn kernel, They cite the work of Porst (1912) who
Btated the average pentosan content of corn was 5,77 percent of the total,
AA of this 48.62 percent was in the hull, 1,69 percent in the endosperm
8na g,as percent in the germ,

Rothman and Polak (1941) found the structurs of several cercal
Tooas changed after cooking. Phnotomicrcgraphs revealed that the endo-
SPern was broken down, which the germ was resistant to structural change
C1\1,3 to cooking. The cells of the kernel covering shrank and vacuolized
8fter prolonged cooking,

Personnel at Central Soya Company, Inc. (1958) postulated that their

8Clvent extraction process "exploded" the cellular structure inside each

80y tean flake, thus releasing the protein and rendering it more availabdls,

I‘hc»tomicrogt‘apl-m illustrated the breakdown of the cellular structure,



Cagtle and Castle (1956) studied the digestidility of a rsticn con-
¢l sting of wheating (45%8), barley meal (30%), flaked corn (14,5%), fish-
real (7.5%), lucerne meal (2,5%) and vitamin A and D (.56), and determined
the xate of passage through the alimentary tract of pigs. Using four pigs,
the mean 5 percent excretion times were 20.3 and 21,5 hours (standard
eryox~ £ 0.3, range 11 to 26 hours), respectively, for the A.M, and P.M.
feed A nge, Means for the 95 percent excretion time were 52,3 and 53.5
houre (standard error £ 0.9, range 42 to 83 hours), respectively, for the
A M. &xnd P,M, feedings. There was no marked trend with age snd increas-
ing we ight.

By subtracting the 5 percent from the 95 percent excretion time,
the © X% me over which most of the ingeste wae excreted was determined. These
value s were 32.0 and 31.5 hours (standard error * 0.9) for the A,M, and
PM, T eedings. Mean ingesta retention times were 33.1 and 35.2 hours
(steandard error t 0.4) for the A.M. and P.M. feedings, Mean retention
timeg, A,M. only, were correlated with the pig's live welght, digestibility

of Ary-matter of the ration, and the mean weighed dry-matter content of

the feces. These correlations were & 0.233, -0.019 and 4 0.228, respectively.

None yere statietically significant,

In a later report (1957) these authors used the same techniques to
B tuqQy the effect of (1) level of feeding, (2) amount of water, (3) fixed
“&ter and veriable amounts of feed, and (4) rations with different crude
T1lber on the rate of food pessage and percent digestibility of dry matter
8&nad crude protein.

In Experiment 1, these investigators found that a one-hslf normal

t°eding significantly slowed down food passage rate, while 14 or 2 times

Normal significantly increased food passage rate, The dry matter content



of the feces and the digestibility of dry matter were significantly

different (P< 0,05) between the two extremes in feeding level, High feed
intake decreased the fecal dry matter content, and increased the dry
matter digestibility. Digestidble protein was not altered, In this
experiment water and feed were held in a constent ratic of 2*:1 pound,

In Experiment 2, the renges in water feeding were 2% (which was
considered normal), 14, 3 and 3 3/4 pounds per one pound of meal, Results
of a low level feeding wers the same as the normal; however, the high
levels of feeding water significantly increased food passage rate, The
percent dry matter in the feces, digestidle dry matter and digestibdle
protein were not altered by the various levels,

In Experiment 3, the water was held constant, and the ration fed at
two levels, nemely, 0,6 times normal &nd 1,5 times normal, Mean reten-
tion values were 35,0 hours and 23.2 hours for the low and high feeding
levels, respectively, This was a difference of 11,8 hours which was
significant at the P< 0,02 level. The fecal dry matter content, digestible
dry matter and the digestible protein were the same,

In Experiment 4, normal and high fiber retions were compared, One
ration had 5,6 percent crude fiber and the other ration 10.9 crude fiber.
The rate of food passage for these two retions was the same, The percent
dry matter in the feces was significantly higher with the high fiber-fed
Pigs. ODry matter, nitrogen-free extract and crude fiber digestidbility
coefficients were significantly lower for the high fiber-fed pigs. Digesti-
bility coefficients for crude protein and ether extract were not signifi-

cantly different between the two rations,
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III. EXPERIMENTAL PROCECURE

The objectives of these experiments have been to study and eveluate

the effects of pelleting on three different swine retions. The test

rations were formulated to compare three fibder levels, Thig investiga-

tion consisted of nine experiments:

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment

Experiment
Experiment

1,

9.

Pigs ad 1iditum-fed three test rations in mesl and
pellet forms,

Rate ad libitum-fed three test rations in meal and
pellet forms,

Palatability study -- high ccrn rations.

Performance of paired pigs -- equally fed to 180-20C
pounds bodyweight, then ad 1ibitum fed to heavier
weights,

Apparent digestible energy studies with equal and
ad 1ibitum feeding.

Apparent digestible nitrogen studies with equal and
ad 1ibitum feeding.

Rate of food passage studies with equal and ad 1ibitum
feeding,

Double reversal studies with paired pigs.

Rat performance when fed processed corn,

It was hypothesized that the first ad libitum feeding experiment

would provide information pertaining to the expected performance of pigs

32



when fed with normal feed lot conditions, Subsequent experiments were

conducted to provide explanations for differences observed in the ad

libitum feeding experiment,

e orm

The three test rations were (1) fortified corn-soybean meal, (2) 2%
oats by weight replacing corn, and (3) 40% oats by weight replacing corn.
For convenience, hereafter these rations will be designated as high corn,
20% oats and 40% oats., The ingredient composition of these rations is
listed in Table 7, Each ration was prepared as high protein and low
protein., When pigs averaged 125 pounds bodyweight, the high protein
ration was replaced by the low protein ration (based on the Natioral
Research Council's protein requirements fcr swine). One-half of the meal
rations were made into 3/16 inch pellets by a California pelleting mill,
Stéam was used to condition the meal before pelleting. Proximate analysis
of the six high protein rations is shown in Table 8, Analytical determins-
tions were done in accordance with the A,0,A.C. methods (1950),

Sixty thrifty weanling Duroc, Hampshire-Chester White and Hampshire-
Duroc crossbred pigs w;;o grouped into six uniform lots, The pigs were
allotted on the basis of genetic relation, weight, sex and general
appearance., During the early phase of the experiment the pigs were
vaccinated for hog cholera, wormed with piperazine and sprayed with lindane
for external parasites. Facilities for each pen included a portadle
sleeping house with ajoining concrete slab, automatic waterer and a six
compartment self-feeder, Feeders were checked often to insure proper
Plate setting. All pigs were weighed individually every two weeks, Feed

placed in the self-feeders was weighed and recorded, and feed weigh backs






TABLE 7.

INGREDIENT COMPOSITION OF RATIONS®

Be i M e B i

Ineredient "lfL 4 i:"“éy 'f%:“z,_

Corn® 77.25 85,25 58,75 67,75 40.25 49.25
Oats® -— -— 20.00 20.00 40.00 40.00
Soybean meal (44%) 16,00 7.00 14,50 5,50 13,00 4,00
Meat and bone scraps (50%) 2.00 2,00 2,00 2,00 2,00 2.00
Fishmeal (60%) 1,00 1,00 1,00 1,00 1,00 1.00
Alfalfa meal (17%) 2.00 2.00 2,00 2,00 2,00 2.00
Limestone 0.70 0,70 0.70 0,70 0,70 0,70
Dicalcium phosphate 0.30 0,30 0.30 0.30 0.30 0.3
Trace mineral salt (0.5% zinc) 0.50 0,50 0.50 0.5 0.5 0,50
Trace mineral (CCC - swine) 0.025 0.025 0.025 0.025 0,025 0.025
B vitamin mix (Merck 58C) 0.10 0.10 0.10 0,10 0.10 0.10
Vitamin A and D mix¢ 0.025 0.02%5 0,025 0,025 0.025 0.025
Vitamin By2 (Pfizer 9 plus) 0.05 0,05 0.05 0.05 0,05 0.05
Aurofac 10 0.05 0.05 0.05 0.05 0.05 0,05

Sreane - — e - - -venn

8Ration cost (per cwt.): High corn - meal $2.86 pellet $3.11
20% oats - mesl $2.83 pellet $3.08
40% oats - meal $2.80 pellet $3.05
Ration costs included $5.00 per ton for pelleting in addition to $2.00 per
ton for grinding and mixing,

bHigh was approximately 17 crude protein., Llow was approximately
13% crude protein.

CCorn and oats were ground through an 1/8 inch screen,

dv1tamin A and D supplement supplied 1000 USP units A and 300 USP
units of D per pound of ration,
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TABLE 8,

FROXIMATE ANALYSIS OF HIGH PBOTEIN RATIONS

Ether Crude Crude Nitrogen-free
H-0 extract fiber protein Ash extract
i $ 4 %
High corn®  MNeal 13.21 3.7 3.00 18,38 4,09 57,60
Pellet 12,98 3,77 3,07 18,13 4,07 57.98
20% oats Meal 11.92 4,01 5.07 17,63 4,26 57.11
Pellet 12.07 3.84 4.70 17,44 4,26 57.69
40% oats Mesl 11.10 3,79 7.71 17,38 4,66 55,36
Pellet 10.80 4,00 7.39 17.00  4.44 56,37

8High corn ration analyzed 0,56 percent celcium, 0,53 percent
phosphorus and 99,20 parts per million zinc.
followed the weighing of the pigs. As the pigs individually reached 210
pounds, they were sacrificed and the carcasses were evaluated by conven-

tional methods,

c. me d 1iditum- three t rptions in men] end
pellet forms,

This experiment was designed to measure rat performance when the
test rations were fed as meal, pellets and reground pellets. The hypothesis
wag that the reground pelleted ratione would provide more information per-
taining to the nutritive value of pelleted feed, Criteria used were:

(1) growth rate, (2) feed intake, (3) feed efficiency, (4) ration palate-
bllity, and (5) ration density as related to feed intake.

Ninety individually-fed rats were fed the three high protein test
rations as reported in Table 7, Five weanling male and five female rats
vere agsigned at random to each treatment with the stipulation that a mﬁle

and a female rat must be caged on each tier and on opposite sides of the



Tack. The rats were caged in two 60 cage racks. The rats were weighed

weekly for four consecutive weeks. Water and feed were fed ad 1ibitum,

D. Experimant 3, Palatability study -- high corn ration.

This experiment was initiated to study the pelatability of the high
corn ration, Smith (1957) and others stated that pigs prefer to eat the
pelleted ration. Conrad (1958) observed that pelleting improved consump-
tion of high fiber rations, and attridbuted the increased feed intake to
improved palatadbility,

A group of pigs was offered the following three forms of the corn
ration, each in a separate self-feeder: a meal, a pellet, and a reground
pellet, The location of the feedars was alt=rnated dally tc avold habit

in feeder selection,

E. Experiment 4, Performance of paired pigs -- equally fed to 180-200
pounds bodywelght, then =24 libitum fed to heaviaer weilghts,

Six replicate pairs of pigs were used in this experiment for each
of the three test rations. The pigs were paired on the basis of genetic
relation, weight, age, sex and general appearance, Pigs were fed indi-
vidually in a 20' x 24' Doane-type house which has twelve 3' x 8' pens.
Teed was provided twice daily, at 8:00 AM, and 4:30 P M, During the
equal feed intake phase, the amount of feed provided at each feeding was
baged on the consunptisn of the pig eating the lesser amount of feed.
Therefore, one pig was near maximum intake at all times while the other
Plg probadbly was receiving somewhat less than maximum desired feed
intake. Feed weigzhts were not taken at each feeding. Instead, 20 pounds
of feed were weighed into a can and recorded, Each feeding was simply
& volume mecagsurement. Care was taken to insure that the cans provided

for the pair emptied at a uniform rate. Single compartment feeders
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with a deep cup were used in order to minimize feed wastage. Water wes
provided ad 1ibitun in Jamesway steel hog pens. The pigs were weighed

every two weeks, and feed conmsumption for the two week perind was determined,
Thie routine continued until the pigs weighed between 180 and 200 pounds;

at this weight they were ad 1ibitum fed to the end of the trial,

F. Experiment 5, Apparent digestible energy ptudies with equal and
ad 1ibitum feedinp,

The same pair-fed plgs used for Experiment 4 were utilized in this
experiment., Three weeks before the end of the equal feeding trial, these
pigs were transferred to another barn where each pig was confined to an
8' x 8' pen, It was not necessary to altsr feeding and management
practices for this study. Accurate daily feed records were kept prior
to the start of the equal feeding digestion trial in order to estadblish
the best level of feeding. During the ad lidbitum feeding digestlion
trials, the pigs were fed twice daily, but the quantity fed always
exceeded the amount the pig could consume before the next feeding.

In the initial feeding of each trial, ferric oxide was utilized
for the purpose of marking the beginning of the fecal collection period,
The appearance of red color in the feces marked the start of fecal
collection, After five days, ferric oxide was again added to the ration;
fecal collections were terminated at the appearance of the red color,

During the digestion trial, weight records were kept on feed
consumed and feces excreted. Feed samples were collected at each feed-
ing for analysis, Four fecal collections were made daily--8:00 A.M.,
1:00 P.M,, 5:00 P.M, and 11 P.M. After recording the weight of the
fecal material, it was thoroughly mixed, and approximately a 10 percent

aliquot was taken for analysis, The aliquots were put into a jar, sealed



and stored at 5°C, After the five day collection period, the fecel

samples were dried in a 100°C oven for the purpose of dry mattor and
energy determinations. Prior to the energy determinations, the dried
fecal samples were finely ground in a Wiley mill, then thoroughly mixed,
Feed and fecal samples were analyzed for energy in a Paar plaia
Jjacket oxygen bomb calorimeter, Procedure followed was in accordance
with the bomd calorimeter instructioa manual,
The percent apparent digestible energy was calculated on the basis

of the formula;

A.D.E.2 (£) _{Tota]l feed energy®) - (Total fggg; enerey®) 5 100
(Total feed energy®)

8Apparent Digestible Energy
b [(gra.ms of feed x § DM, of feed) x Calories per gram of feed D.M.]

¢ Egrams of feces x § D.M, of feces) x Calories per gram of feces D.M.]

@. ZExperiment 6, Avparent digestible nitrogep studles with equal spd

bi eedi

This experiment was conducted simul taneously q}th the energy study
(Experiment 5). Fecel samples for nitrogen and energy analysis were
teken at the same time., The fecal samples for nitrogen analysis were
placed into a jar which contained 200 milliliters of a 1 percent dboric
acid solution, This solution was used to avoid loss of nitrogen in the
form of ammonia. The samples were sealed and stored at 5°C., At the end
of the trial, the fecal solution was increased to known volume with tap
wvater., The grams of fecal mnaterial were then calculated as grams of
dry fecal material per milliliter of solution, Each sample was thoroughly
mixed and a 20 milliliter aliquot was taken for macroXjeldahl determina-
tion. The macroKjeldahl determinations were done in accordance with

standard A.0.A.C. methods.



Apparent digestidble nitrogen was calculated using the formula:

e b) - (T e nitrogen®) y 100

T
A.D.N.2(f) = (Total feed nitrogenP)
8Apparent Digestidle Nitrogen
b[(grams of feed x DN, of feed) x % nitrogen per gram feed D.M.]

c Egrams of feces x $ D.M. of feces) x % nitrogen per gram feces D.M.}

The method used in this experiment was a modification of the method

used by Balch (1950) and Castle and Castle (1957). 1% was postulated

that the rate of particle passage was an indication to the rate of food
passage through the alimentary tract, By thoroughly mixing colored
particles with a day's ration, the time the feed remained in the alimentary
tract was estimated by recording the time fed and the average particle
excretion time, Finely ground corn cobs were used as the reference parti-
cle., Ground corn codb particles were sized by screening and then dyed,

The particles that would pass through a .156 inch (5 mesh) seive, but
would not pass through a ,131 inch (6 mesh) seive were selected for the
passage studies., One-half of the selected particles were dyed red, and
the other half dyed blue., Permanently dyed particles were prepared by
soaking the particles 24 hours in either a 2 percent solution of acid
Tuchsin dye or methylene dbiue chloride dye.

These studies were conducted simultaneously with the digestion
trials (Experiments 5 and 6), except the particles were fed 24 hours
before the start of the digestion trials. This permitted a majority of
the particles to be excreted before the start of the fecal collection
period of the digestion trials. On the evening which preceded the start

of the experiment, the pigs were allowed to eat only one hour, This



h“““red.a.good appetite the next morning, which was important for rapid

and complete consumption of the feed and particles. Approximately 400
red particles were thoroughly mixed with the 8;00 A.M. feed, and approxi-
mately the same number of blue particles were mixed with the 4:30 P.M,
feed. Fecal collections were made daily at 8.00 A,M,, 1:00 P.M,, 5:00
P.M, and 11:00 P.M. The fecal material was washed through a .,110 inch
(7 mesh) sieve by water, but the particles were retained by the sieve.
Particles were counted at each collection. When all particles were
excreted, the total number was taken as 100 percent. Then, the percent
passage at any given time could be calculated by dividing the total
mumber of particles into the number passed up to that particular time,

A particle passage curvé was developed by calculating the percent
excreted after each collection., Thie curve was developed by placing

the hours after feeding on the abscissa and the percent particle passage
on the ordinate, and plotting the points for percent passed at each
collection, The curve was produced by drawing a line through these

points, This curve was used to analyze the data statistically,

I. Experiment 8, Doudle reversgel studieg with paired pigs,

In this experiment each pig was tested twice with the meal and
pelleted high corn ration; thereby each pig was his own control in compar-
ing the two physical forms of the ration. Four pairs of uniform pigs
were selected and pair-fed an equal amount of a ration. Feed consunp-
tion between pairs was not considered. This experiment required four
test periods during which one pig of a pair was given the ration in the
order of meal, pellet, meal, then pellet while his mate received pellet,
meal, pellet, then meal. Experimental procedure was otherwiase identical

to Experiments 5, 6 and 7,
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J. Experiment 9, Rat performance when fed procesgsed corn,
Two trials were conducted to determine the effect of processing corn

on rat growth. Smith (1957) stated that the grain portion of a poultry
ration appeared to be benefited more by pelleting than other ingredients.
Since most other ingredients had been previously cooked, it was unl ikely
that heat would have much effect on these ingredients. BRothman and Polak
(1941) found the structure of several cereal foods changed after cocking.
Peracnnel at Central Soya Compeny, Inc. (1958) postulated that their
solvent extraction process "explcded®? the cellular structure inside each
soybean flake, thus releesing the protein end rendering it more available.
In this experiment, Central Soya Company, Irc. prepared corn by
several different processes, which were:
PTrial 1 -- (1) unprocessed corn, ground
{2) corn conditioned to 180°F, ground, pelleted, and
reground
(3) same as (2) except conditioned to 208°F
(4) conditioned to 1800F, flaked
(5) same as (4) then toasted (20% initial moisture, 5
ninutes live steam, 25 pounds jacket pressure per
square inch, 25 minutes toasting time)
(6) same as (5) with 25% initisl moisture
(7) seme as (5) with 15 minutes tcasting time
(8) same as (5) with 35 minutes toasting time
(9) same as (5) then grcund
Trial II-- (1) unprocessed corn, ground
(2) same as (5) of Trial I with 50% initiel moisture
(3) same as (2) with pR of the mixture adjusted to

9 before toasting



(4) unprocessed finely ground corn

(5) medium ground corn pelleted at high temperature--
approximately 208°F
Ten rats were selected at random and assigned each test ration,
Menagement of the rate was the seme as reported in Experiment 2, The
vasic ingredients in the test rations are listed in Table 9. The reticns

and water were ad libitum-fed.

TABLE 9,

INGREDIENT COMPOSITICN OF PAT DIET

Ingredient Poundsg
Corn 72
Crude casein (90%) 13
Fishneal (60%) 6
Dehydrated alfalfa meal (17%) 5
Corn o1l 3
Dicalcium phosphate 0.25

Trace mineral salt (98,0004 ¥aCl, ,012% Co,
013% I, .4554 Mn, .045% Cu, .240% Fe,

.006% 2n) 0.5

B vitamin supplement (Merck 58c) 0.1l
Vitemin A and D concentrate® 0.05
Vitamin B} supplement (Pfizer 9+) _ 0,25
TOTAL 100.15

8vitemin A and D supplement supplied 1000
USP units A and 300 USP units of D per pound of
ration.






IV. RESULTS AND DISCUSSION

A, Experiment 1. Pigs ed 1ibjitun-fed three test rations in me
pelle§ jgmg.

Table 10 summarizes plg performence, Analysis of variance (Tadble 11)
shows a significant difference between rations, Carcass data are reported
in Tadble 12,

Student's range test revealed that pigs given the pelleted rations
gained significantly faster than the pigs on the same ration in meal form
(P<0.05), The daily gains were the same for all pelleted rations, but
the geins were significantly (P<0.01) reduced with the 40% meal ration.

There were only slight differences in feed consumption with the
rations containing no oats and 20% oats in either the meal or pellet forms,
In the case of the 40% oat ration, the pellet-fed pigs ate 5.15 pounds
per day, while the meal-fed pigs ate only 4.66 pounds per day. Surprisingly,
the highest feed consumption for all lots was in the 40% oat pelleted lot.
Wastage, sorting and low consumption of the 40% meal retion indicated this
ration was unpalatable. It appeared the energy intake was reduced with
the high fiber meal ration and resulted in poorer performance., Feed intake
wes increased by pelleting the 40% oat ration and wes undoubtedly partially
responsible for increased growth. The results were in sgreement with the
data from the recent evaluation of oats by Jensen et a]l. (1959b).

Pelleting improved feed efficiency by 0.24, 0,40 and 0.49 pounds feed
per pound gain, respectively, for the high corn, 20% oats end 40% oat

rations. In general, as the oat level incressed, the feed efficiency
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TABLE 10,

PERFORMANCE OF PIGS AD LIBITUM-FED
THREE RATIONS IN MEAL AND PELLET FORMS

Ration High cora 20% oats 40% oats
Ration preparation Meal Pellet Meal Pellet Meal Pellet
Lot pumber -1 2 3 4 -5 6
No. pige 98 10 10 10 10 10
Av, initial weight, 1lbs, 31.1 3l.1 30.9 31.1 31.2 31.0
Av, finel weight, lbs, 183,8 198,6 177.4 195.6 160.1 196,2
Av, daily gain, 1bs. 1,53> 1,686 1.,47® 1,654 1,29 1.65¢
Av, daily feed intake, 1lbs, 4.76 4.83 4.87 4,81 4,66 5.15
Feed per pound gain, lbdbs, 3.12 2.88 3,32 2,92 3,61 3.12

Feed cost per 100 lbs, gain $8,75 $8.80 $9.27 $8.86 $9,.98

$9.35

80ne pig died (hemorrhagic enteritis)
bSignificantly different then Lot 5 (P<0,01)
CSignificently different than Lote 3, 5 (P<0.01); 1(P<0.05)

dsignificently different than Lots 5 (P<0,01); 3(P<0.05)

TABLE 11,

ANALYSIS OF VARIANCE OF WEIGHT GAINS

ource varianc 8 ms__ f
Total 59 22,660
Rations 5 .11,056 2,211 10.478
Error 55 11,604 211

8Highly significant (P<0,01)
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dec‘reaeed, but efficiency decreased much faster with the meal rations,

Feed cost per 100 pounds bodyweight gain increased with increasing levels
of oets, Thie was primarily due to poorer feed efficiency. The cost
differences were less between the pelleted rations, but followed a trend
similar to that of meal rations. Although gaine were more costly with
oat raticns, it appeared that the cost of pelleting wes justified only
with the higher fiber rations,

With reference to the optimum crude fiber level for growing-
finishing swine, it would seem that the value (6.57 percent) reported by
Axelsson (1953) is too high, On the basis of this experiment and observa-
tions by Jensen gt al. (1959b) and Conrasd and Beeson (1958), probably tke
optimum level is lower than the level suggested by Axelsson,

Carcass results showed there were no differences between the
experimental rations in regard to dressing percentage,6 carcass length,
backfat, percent lean cute, percent primal cuts, loin area and percent
fat trim., The 40% meal-fed pigs were slaughtered approximately three

weeks later than the mejority of the other pigs.

B, Experiment 2, Rats ad libitum-fed three test rations ip meal and

llet form

Table 13 shows the results of this experiment. The date were
enalyzed by analysis of variance (three way claesification, Snedecor,
1956). The daily geins and feed efficiency of the rats on various rations
were generally consistent with the observations on the pig experiment
(Experiment 1), Rat gains were significantly (P<0.05) improved by
prelleting. Reground pellets were as effective in stimulating growth as
the pellets. Feed consumption was reduced on the 40% meal ration, and

the reground pellt-fed rats consumed more feed than the meal-fed rats,
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Yet these differences were not significent at the 5 percent level. Palat-
8bility of the rations as measured by feed consumption appeared to be
improved by the pelleting process., It was concluded that changing the
physical form of the ration was not the only nutritionsl improvement
provided by the pelleting process,

The importance of ration density is not known. Allred ot al. (1956,
1957a, 1957b) reported that density was important in poultry rations for
increased energy intake, Pepper et a]l. (1960) found that pelleting
poultry rations resulted in growth improvement, but was greatest at low
fat levels and improvement declined as fat level increased. This suggested
density was important for adequate energy intake. In contrast, Hinds and
Scott (1958) concluded that density was not an important improvement of
poultry rations. Bearse et al. (1952) found the pelleting of high fiber
rations improved growth; Dymeza et al. (1958) had a similar response with
turkeys. Conrad and Beeson (1958) concluded that pelleting improved the
palatability of a corn-and—;ob swine retion,

The density of the three test rations was inversely related to
the fiber level of the ration. The density of the meal rations was
measured to be 1,21, 1,09 and 0.86 pounds per quart for the high corn,

20% and 40% oat ratioms, respectively, These same rations in pellet

form measured 1,45, 1,36 and 1.25 pounds per quart, respectively., Ration
density decreased as the fiber level increased, but the decrease was less
with the pelleted retions. Although ration density was improved by pellet-
ing, it cennot be concluded that an animal can consume more feed because
the feed occupies less space in the alimentary tract. Visuel observa-
tions of slaughtered pig and sacrificed rat stomech contents revealed that
the pelleted ration appeared the same as the mesl ration, These observa-

tions were made as soon as possidble after pigs and rats had eaten the
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Pelleted rations. It was believed that the pigs and rate thoroughly
masticated the pellets., Therefore, it was concluded that ration density

was importent only to improve the palatadility of the ration,

C. Zxperiment 3. JPelatability gtudy -- high corm ration.

In 30 days, 11 pigs ate 1220 pounds of pellets, 350 pounds of
reground pellets and 325 pounds of meal, While a statistical analyeis of
thie data was not attempted, the results clearly favored the pellets,
Consumption of the meal and the reground pellets was essentially the same,
These results were similar to those observed by Young and Wingert (1959),

The reasons pigs liked pellets were not definitely known. Some
observations were that pelleting (1) masked unpalatable ingredients,

(2) reduced dustiness, and (3) the pigssimply liked to chew on the pellet.
Pigs in the equal feeding experiment (Experiment 4) developed different
eating habits, The pellet-fed pigs usually consumed their feed faster

than the meal-fed pigs, Many pigs on the meal ration made several trips

to the water source before consuming all of the feed, On several occasions,
the pigs did not appear to teke a drink, but would merely blow into the
water, It was possible that either dust or oat hulls were irritating

the nose and membranes in the nostrils.

D, Experimen% 4, Performance of red pigsg -- equally fed to 180-200
unds bodyweight, then ad 1ibitum fed to heavier weights,
The results of this experiment are shown in Tables 14 end 15. The
data were analyzed by tests of differences as outlined in Snedecor {1959),
section 2,9,
Pelleting the high corn ration significantly (P<€0.05) improved
growth rats and feed efficiency when equally fed, Trends were the sgame

for the 20% and 40% oat rations, but the differences hetwesn meal and



TABLE 14,

PERFORMANCE OF MEAL AND PELLET-FED PIGS
WHEN ON EQUAL FEED INTAKE TO 180-200 POUNDS
THEN AD LIBITUM FED TO 230-260 POUNDS BODYWEIGHT

No, Average ‘Average Average feed per
pairs deily gain, 1bs, daily feed, lbs, pound gain, 1bs,
Meal Pellet Meal Pellet Meal Pelle}
High corn
Equal intake®6 1.47%,102 1,58:,119 4.96%.18 4.96%.18 3,36%.13 3.14%.16¢
Ad 1ibitum® 6 1.82%,22 2,03%,19 7.18%,30 7.46%.40 3.,93%,38 3,67%.28
20% oats
Equal intakeb6 1.392,06 1.45%£.07 4.71%.18 4,71%,18 3.39%.09 3.26%.13
Ad 1ibitum® 6 1.50%.16 1,92%,088 6,67%.69 8.38+.05 4,44%.26 4, 36%.17
40% oats '
Equal intake®6 1,45%,09 1,53%,08 4,99%,37 4,99%.,37 3.,43%,12 3,27%,14
Ad 1ibitum® 4  1,88%,13 2,21%,109 8,58+,36 8,52%.44 4.56%.32 3.85%,36

8Mean ¥ gtandard error

b'l'hree pairs were started at 40-50 lbs, and three pairs started at

70-85 1bs. and equally fed to 180-210 1lbs. bodyweight.

CAfter equully fed.

bodyweight,

dsignificantly different from the meal (P<€0.05)

Started at 180-200 1bs, and fed to 230-260 lbdbs,



TABLE 15.

COMBINED PERFORMANCE OF MEAL AND PELLET-FED PIGS
WHEN OF AN EQUAL INTAKE TO 180-200 POUNDS, THEN
AD LIBITUM FED TO 230-260 POUNDS BODYWEIGHT

No. Average

galn

Average Average feed per

Equal inteke
Meal 18 1.44 ¥ 058 4.88 £ .20 3.39 .06
Pellet 18 1.51 £ ,06® 4,88 % ,20 3.23 £ 08¢
Ad 1ibitum
Meal 16 1,71 £ .11 7.28 £ .34 4,26 ¥ .19
Pellet 16 2.03 & ,08° 8.06 T .23 3,97 £ .16°

8ean ¥ standard error
bSignificantly different from the meal (P <0.05)

€Significantly different than the meal (P<0,01)

reliets were not significant. Since analysis of variance on growth rate did
not indicate any interaction among rations, the data from the three rations
were pooled to measure the difference between meal and pellet when equally fed.
¥With the pooled data, the meal and pellet average daily gains were 1,44 ¥ 0.05
and 1,51 ¥ ,06, and average feed efficiency was 3.39 ¥ .06 and 3.23 T ,08,
respectively, Pelleting improved gains significantly at the 5 percent level
and feed efficlency at the 1 percent level,

When ad 1ibitum fed, the 20% and 40% oat pellet-fed pigs gained signi-
ficantly faster (P<0.05) than the meal-fed pigs. Pigs fed the pelleted
high corn ration followed the same trend, Feed intake and feed efficlency
favored the pellet-fed pigs, but the differences were not significant,
Feed consumption was the same by pigs on the 40% ration, yet the pigs
receiving pellets gained significantly faster. Comdbining the data on ad
1libitum feeding made the differences in daily gains (.32 1b,) and feed

efficiency (.29 1b,) significant (P£0,05). Average daily feed consumption
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Wa® increased by .78 pound per day, and this difference ie significant
at the (P£0.20) level of probability. While some of the observed feed
intake may have been lost as wastage, it was believed that feed wastage
was so minor in this experiment that the observed differences in growth
could not have been due to differences in true feed intake., On the basis
of this experiment, it appeared that pelleting benefits were not due
entirely to increased feed intake,

Research by Lehrer and Keith (1953), Warner and Meade (1956),
Dinueson and Bolin (1958), Young and Wingert (1959) and Rutledge and
Teague (1959) showed that pigs fed pelleted rations gained faster than
meal-fed pigs without increased feed intake. While it is logical to
assume that a greater feed intake supports more growth, the results
of this and other experiments suggest other factors are involved. It
is hypothesized that the pelleting process causes some chemical altera-

tions which improve the nutritive value of the ration,

d 11b4 eeding,

The results of this experiment are shown in Table 16, The results
on the equal feed intake trial include data from four pigs that were used
on the double reversal study (Experiment 8), On an equal feed intake, the
digestidle energy of high corn pelleted ration was significantly greater
than the same ration in meal form (P<€0,05), The average differences
between meal and pellets on the high corn ration and the 40% oat ration
were 2,07 percent and 1,43 percent, respectively. The high corn ration ad
libitun-fed, followed the same trend (P<€0.20). In fact, the difference
between the meal and pellet rations was greater than when the same rations

were eqully fed, The standard deviations were the same, but the number



TABLE 16,

AVERAGE APPARENT DIGESTIBLE ENERGY FOR PIGS FZD
A CORN OR 40 PERCENT OAT RATION IN MZAL AND PELLET FORMS

No. Meal Pellet

pairs % £_
High corn b
Equal intake 12 82,54 * .56 84,61 * ,58
Ad 1ibitum 4 81.88 t .50 84.45 £ .55

40% oats

Equal intake 8 75.45 £ .90 76.88 £ .88
Ad 1libitum 4 78.80 % .37° 75.82 .69

8Mean + gtandard error

bSignificantly different (P <.05)

of replicates was less on ad libitum foeding, thus the treatment difference
must be substantially greater to be significant at the 5 percent level
of prodbability,

When the 40% oat ration was ad libitum-fed, the digestibility of
the meal ration was significantly greater (P<0.05) than the same pellet
ration. These results were opposite the results of equal feeding., A
review of the data showed the digestibility of the pelleted ration was
not particularly lowered, but the digestidility of the meal ration was
greater than the other 40% oat rations. A decrease in the fecal dry matter
appeared to be the main reason for the increase in digestibility., The feed
intake was not different between the meal and pellet-fed pigs. The Calories
per gram of fecal dry matter were greater for three of four meal-fed pigs,
but when the Calories per gr=m of feces were multiplied by the total
fecal dry matter, the total fecal energy was consistently less for the

meal-fed pigs,



Analysis of the combined data showed the difference between equally

fed meal and pelleted rations was highly significant (P<0,01). The ad
1ibitum data were not combined since it appeared that energy digeetidility
may not be the same for the two test rations under ad 1libitum feeding con-
ditions.

An analysis of fecal energy revealed that the Calories per gram
of fecal dry matter was significantly (P<0,01) less for the pelleted
rations. Average meal and pellet ration values were 4,941 and 4,625
Calories per gram of fecal matter for the high corn ration, and 4,702 and
4,590 Calories per gram of fecal matter for the 40% oat ration, The total
fecal energy was significantly less (P<€0.05) for the high corn pellet
ration, The total fecal energy was not different in the case of the meal
and pelleted 40% oat ration.

The digestibility of the high corn ration was consistently greater
than the 40% oat ration, Castle and Castle (1957) also found that dry
matter digestibility was decreased by adding fider to a swine ration.,

They concluded that a high level of feeding increased the dry matter
digestidility. However, feed intake had to be quite different to make the
digestibility significantly different. In this expériment the dry matter
intake was always greater on the ad 1iditum feeding, yet the digestidle
energy was approximately the same. Therefore, dry matter energy digesti-
bility did not appear to be changed when the feed consumntion approximated

the maximum desired intake.

¥F. ime nt d stidb rozen udies with e

ad 1ibitum feeding,

e

The results of this experiment showed no significant differences
between either the meal and pellets, or between the fwo experimental

rations., Replicates did not indicate any particular change in digestibility
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oy Pelleting. The variation within groups was as great as the variation
between groups. Table 17 summarizes the experiment, These data include
the pigs on the double reversal experiment (Experiment 8). The largest
difference between meal and pellets was with the ad lidbitum-fed 40$ oat

group. Digestibdility was 4.38 percent greater in the meal-fed group,

TABLE 17,

AVERAGE APPARENT DIGESTIBLE NITROGEN FOR PIGS FED
A COBRN OR 40 PERCENT OAT RATION IN MEAL AND PELLET FORMS

No, Meal Pellet
pairg £ 4
High cora
Equal intake 12 78,71 £ 1,32% 78,09 £ 1,74
Ad 1ibitum 4 81,02 % 1,67 80.04 % 2,96
40% oats
Equal intake 8 79.11 £ 1,48 78,59 £ 1,81
Ad 1iditun 4 83,75 £ 1,83 79,37 £ 1,65

®Mean + standard error

Morgan (1931) stated thatshe was not aware of any experiment indi-
cating a decrease in protein digestibility due to either moist or dry
heat. Melnick and Oser (1949) concluded that the rate of enzymatic
liberation of amino acids, rather than the degree of amino acid availa-
bility, was of critical importance for proper metadbolism., They thought
that heat processing influenced the relative rate of liberation of amino
acids. Carroll gt al. (1952) reported the site of nitrogen absorption was
different for raw and processed soybean meal., They concluded that processing
accelerated the rate of digestion and significantly increased digestibility.
The results of this experiment and other research sugg2st that

protein digestibility is not changed by the pelleting process. However,
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¥his 18 not conclusive evidence that proteins are not altered by pelleting.
The effects of pelleting on protein utilizatiosn or densturation are not
known at this time., It is believed that some changes do occur, and these
changes may either improve or harm the mutritive value of the protein and
feed. In view of the improvement in animal performance by pelleting, the

overall effects are probadly good,

Table 18 summarizes the experiment, Average curves for each group

of pigs are shown in Figures 1, 2, 3 and 4. The curves in Figures 5 and 6
illustrate the difference between meal and pellets when the two test
ration data were combined., Five percent excretion time, 95 percent
excretion time and mean retention time were used to analyze the data. -
These same methods of analysis were used by Castle and Castle (1956, 1957).
The excretion curves are sigmoid in shape. Usually particles
appeared first in either the 11:00 P.M, fecal collection on the first
day, or in the 8;00 A.M, fecal collection on the second day. The initial
recovery of particles varied quite extensively in the number of particles,
This was attributed to the rather voluminous defecations. The rate of
recovery of particles following the initial recovery depended on the form
of the ration, Generally, the pellet-fed pigs continued to excrete
particles rather rapidly, but the meal-fed pigs excreted particles at a
slower and more consistent rate, After approximately 95 percent of the
particles had been recovered, the excretion of the last 5 percent was
slow and inconsistent. It was concluded that any excretion of particles
beyond 95 percent of the total was not useful for the evaluation of

excretion time, Therefore, the 5 percent excretion time and 95 percent
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excretion time were selected as accurate estimates of initial and final
excretion times,

The mean retention time estimated when about one-helf of the
particles appeared in the excreta. This value was determined by the
addition of the time after feeding at 5, 15, 25, 35, 45, 55, 65, 75, 85,
and 95 percent particle excretion, then dividing by 10,

The average 5 percent excretion time was significantly faster
(P.M. feeding) with the pelleted 40% oat ration when eoually fed, The
initial excretion time was usually less for both the high corn and the
40% oat pelleted ratione when fed equally or ad libitws fed. The excre-
tion rate differences between the A.M. and P.M. feedings were slight,
but generally, the P,M, feedings were excreted slightly faster,

The termination of the high corn ad liditum-fed pellet ration was
significantly faster (P <0.05) than the meal ration as measured by the
95 percent excretion time, The differences were 49,6 hours and 44.4
hours for the A.M, and P.M. feedings, respectively. The equally-fed
high corn ration and the ad libitum-fed 40% oat ration followed the same
trend, but the differences were not significant. With the equally-fed
40% oat ration, the meal-fed pigs had slightly faster 95 percent excre-
tion times than the pellet-fed pigs.

The average mean retention time was consistently less with the
pelleted rations. The differences between meal and pelleted high corn
rations were significant at the 5 percent level when these rations were
equally fed. Also, the mean retention tines were less for ths evening
feeding. When data from both rations were combined into equal-fed or
ad libitum-fed, the 5 percent evcretion time, 95 percent excretion time,

and the mean retention time indicated that particle passage was faster

64



with pelleted rations (Table 19). On equal feeding, the differences in

TABLE 19,

COMBINED AVERAGE BRATE OF PARTICLE PASSAGE FOR PIGS
FED A CORN (R 40 PERCENT OAT RATION IN MZAL AND PELLET FORMS

No, Time of Av. 5 excre- Av. 95b excre- Av. retention

pajrs feedin ion time, hrg, ¢4 ime ime, hr
Meal Pellet Megl Pellet Meal Pellet
Equal intake 19 AN, 21.4 17.62 61,5 57.5 37,1 31.3°
19 P.M. 2.7 17.6° 58,9 54.3 35.5 30,28
Ad 1ibitum 8 AM, 23,9 19,3 81.4 51,02 44,4 27,28
8 P.M, 23,0 17.8 77.4 48,82 42,7 25,52

8significantly faster passage rate than meal (P <0,05)

bSignificantly faster passage rate then meal (PLO0,01)

AM, 5 percent excretion time were significant (P<€0.05), while the
differences in the P.M. feeding werehighly significant (P<€0.01). Dif-
ferences in the 5 percent excretion time with ad 1ibitum feeding were as
great as the equal-fed groups; however, the standard errors were larger,
The 95 percent excretion time was approximately 30 hours (P<0.05) less
when pellets were fed ad 1ibitum, Combined average mean retention times
were significantly less in the case of the pelleted rations. With equal
intake both the A.M, (P <0.01) and the P.M. (P<0,05) feedings were
significantly less. When ad 1libitum fed, the pellet mean retention time
wag approximately 17 hours less (P<€0.05) than the meal-fed pigs.

Al though digestive processes are different between‘ runipnants and
non-runinante, it appears that pelleting a retion causes faster food
passage through the alimentary trset of both., Blaxter and associetes

(1955, 1956) found the rate of food passage was faster when & lamd ration
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ves Pelleted, Later Meyer et al. (1959) reported that the fester passaege
of irgesta from the reticulo-rumen was possidly responsible for increased
feed intake. It was thought that the fester passage from the stomach
was due to faster holocellulose digestion by the rumen microorganisms,
The importance of feed intake as related to rate of food passage
was not consistent between the mesl and pelleted rations, When the pigs
were changed to ad 1libitum feeding, nearly eve¥y pig consumed more feed -
on a daily baeis than they had consumed just prior to the change, The

rellet-fed plgs consumed more feed during the ad libitum feeding passage

SR TS

study than during the equal feeding study, and a lower mean retention time -~

—T

was assoclated with the higher feed inteke, Likewise, the meal-fed pigs
consuned more feed on ad 1ibitum feeding, but mean retention time was
slightly increased in this cese. It appeared that higher feed intake may
increase the rate of passage with pelleted rations, Cestle and Castle
(1957) revorted that faster passage of ingeste (meal ration) was associated
with a higher feed consumption,

The faster passage associated with pelleted rations was probadbly
partially responsible for the increased feed intake., A logicel conclusion
was that higher feed intake due to pelle ting a ration could be attributed

to both increased rate of food pessage and improved ration palatability,

H, Experiment 8, Double revergal gtudieg with palred pigs,
Results of the apparent energy digestibility, apparent nitrogen

digestibility end rate of food passage are shown, respectively, ir Tables
20, 21 and 22, The results of this experiment provided additional evidence
that pelleting increased the energy digestibility of the ration end
accelerated food passage, The energy digestibility changed as the

ration was changed. Nitrogen digestibility was not altered. Focd passage
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DOUBLE REVERSAL STUDY--APPARENT
ENERGY DIGESTIBILITY OF MEAL AND PELLETS®

TABLE 20,

Averg_gé;P
Pig Meal Pellet Meal Pellet Meal Pellet
number ) % $ % %
1 80.10 80,61 82.16 86,48 81.13 83.55
2 84,21 85.70 84,96 87.09 84,59 86.40
3 81.51 83.41 80,35 84,42 80.93 83.92
4 81.34 84,39 82,58 8., 87 81,95 83,63
Average 81.79 83,53 82.51 85.22 82,15 . 84,38
aHigh corn ration
TABLE 71,
DOUBLE REVERSAL STUDY--APPARENT
FITROGEN DIGESTIBILITY OF MEAL AND PELLETS®
Av.
Pig Meal Pellet Meal Pellet Meal Pellet
number % % % % %
1 76,37 64,78 79.79 83.36 78.08 74,07
2 82.11 83.65 82,68 83,05 82,40 83,35
3 ?77.08 72,37 71.97 75.47 74.54 73.92
4 70,00 79,43 77,80 _.7,68 73,90 75,87
Average 76.39 75.06 78,02 78,39 76.21 76.73

aLHigh corn ration






TABLE 22.

DOUBLE REVERSAL STUDY--RATE OF FOOD
PASSAGE, A,M. AND P.M. DATA COMBINED2

Averape

Pig Meal Pellet Meal Pellet Meal Pellet
pumber hrs hr nrs. hrs, . hrs hrs

5 percent_excretion time

1 10.30 13.00 18.00 17.50 14.15 15.25
2 18.75 15.00 22,00 23.50 20,38 19,25
3 19.50 15.00 16.25 15.00 17.88 15,00
4 17,00 15,00 17,50 13,00 17,25 14,00
Average 16.39 14,50 18,44 17.25 17.42 15.88

95 percent excretion time

1 48,50 31.75 56,50 33.50 5°.50 32.63
2 60,00 57.75 57.50 66.50 58,75 62,13
3 56.50 46.00 62,75 58.00 59.63 2.00
4 55,75 46,00 41,75 92,00 48,75 69,00
Average 55.19 45,38 54.63 62.50 54.91 53.94

2High corn ration



TABLE 22-Continued

Pig Meal Pellet Meal Pellet ieﬁﬁm%eﬁﬁ
number hrg, hrg, _hrs. hrs, hrg,  hrs..
M retent im
1 25,94 19,20 33,77 25,98 29,86 22,50
2 33,32 32.99 32,34 37,98 32,83 35,49
3 31,28 23.16 31.66 24.82 31.47 23,99
4 31,49 26,10 29,17 9,57 30,33 32,84
Average 30.51 25,36 31,74 32,09 31,12 28,73

differences appeared small because two pellet-fed pigs in the last

experiment had very elow passage,

I, erim Ra ormance wh ed egsed

Two trials were conducted to determine the effect of proceesing
corn on rat growth, The results of Triale 1 and 2 are reported in
Tables 23 and 24, Analysis of variance (Snedecor, 1956) showed that
growth rates, feed consumption and feed efficiency were not significantly
different in either the first or second trial, Thus, processing the
corn fraction of the diet did not change the nutritive val ue of the corn
as messured by rat growth,

There is some reason to believe that the temperatures used in the
pPelleting process will have some effect upon micro-ingredients., Adams
et al. (1943) found that 200°F drying temperestures caused & decrease in
corn fermentable carbohydrate yield, Other scientists have observed
destructive effects of drying high moisture corn {McGuire and Earle, 1958;
Hathaway e% al., 1952; Jensen gt al., 1960), In contrast to the above

results, Simms(1949) and Bonzer et sl. (1958) reported that growth rate was

not reduced when corn was dried at 190°F,
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A review of literature concerning the effect of heat end cooking
on cereal grains and other ingredients revealed that high temperatures
destroy, denature, and/or prevent utilization of nutrients, With quanti-
tative analysis techniques, it has been shown that carbohydretes, proteins
and vitamins may be changed cr destroyed by heat (Mitchell ot al., 1949;
Murlin et al., 1938; Ross et al., 1941; Stewart et al., 1943; Oser, 1952;
Cerniani, 1951; Frazier gt _al., 1953; Heintze,1955; Block gt al., 1946,
Streightoff et _al., 1949; Pellett and Platt, 1956; Bird and Burkhardt,
1943; Parsons, 1943; Evans and McGinnis, 1946, 1947; Klose et _al., 1948;
Riesen et gl., 1947; Patton e} al., 1948; Mann end Briggs, 1950; Morgan,
1931; Greaves et al., 1934, 1938; Block et _al., 1934; Eldred and Rodney,
1946; Cheldelin gt gl., 1943; Evans and Butts, 1951; Pronin and Dakh,
1952), Extensive losses of lysine, cysteine, serine and arginine were
reported, EHigh vitemin losses included pantothenic acid, vitamin C,
riboflevin, inoeitol, and follc acid, Both slight and extensive thiamine
loeses were reported,

Research findings showed that niecin content was probably reduced,
but the remaining niacin was more available, Henderson et gl.(1947),
Laguna and Carpenter (1951), snd Pearson g} al. (1957) rerorted that
cooked corn eliminated the requirement for supplemental niacin in feed,
Krehl et al. (1945) suggested that raw corn diets incressed the require-
ment for niacin, Kodicek gt al. (1956) propoeed that niacin of cereal
grains may be in an alkali-labile bound form, Pearson e} al. (1957)
egreed with Kodicek'e work., They stated that niacin was 100 percent bound
in raw corn, but 1CO percent free in cooked corn,

The temperatures used in some of the previously cited experimentis
were within the range of pelleting temperatures., Wornick (1959) stated

that animal fats, grain seed-coating and several microingredients will
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melt when pelleted, ierkas (1959) has reported that certair enzymes are
destroyed dy pelleting.

Research with soybeans indicated that the raw bean must be properly
processed for improved nutrition value., Heat is necessary in order to
destroy inhibitory factors ian soybeans, yet, excessive temperatures
lower the biologicel value of aoybéan protein (Griswold, 1951; Hayward gt al.,
1936a, 1936b; Johnson gi 8)., 1939; Hayward and Hafner, 1941; Ham and
Sandstedt, 1944; Bowman, 1944, 1945, 1946, 1948; Bird and Burkhardt, 1943;
Parsons, 1943; Evans and McGinnis, 1946, 1947; Klose e% al., 1948; Riesen
et al., 1947; Patton et gl., 1948),

It 48 not clear that processing of corn or any one fraction of the
ration will suport more growth, Perhaps the pelleting vrocess affects
all ingredients in a manner to make nutrients available simultaneously,
Melnick snd Oser (1949) and Geiger (1948) have clearly shown that nutrient

mutual supplementation 1s important for growth,



V. SUMMARY

Nine experiments were conducted to study and evaluate the effect
of pelleting three rations on growth, feed intake, feed efficlency,
carcass quality, ration palatability, energy digestidbility, nitrogen
digestibility, and rate of food passage, The three test rations were
(1) fortified corn-soybean meal, (2) 20 percent oats by weight replacing
corn, and (3) 40 percent ocats by weight replacing corn,

Pelleting significantly improved growth rate when the three test

Arations were ad libitum-fed to pigs and rats, The dally gains were the
same for all pellet-fed pigs; however, in the meal form of these rations,
the gaing decreased as the fider level increased, Feed consumption was
generally increased with the pelleted rations, The feed required per
pound of bodyweight gein increased with the higher fiber rations, bdut
the increase was less with the pelleted rations, Carcass data showed
there were no differences between the experimental rations in regard to
dressing percentage, carcass length, backfat, percent lean cuts, percent
primal cuts, loin area and percent fat trim,

Pelleting significantly improved daily gains and feed efficiency
when the three test rations (pooled data) were equally snd ad libitum-
fed to paired pigs.

In both the equal and ad 1ibitum feeding trials, the apparent
energy digestibility of the high corn (low fibder) pelleted rations was

significantly greater than the meal form of the same ration., On an
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equal feed intake, the apparent energy digestidility of the 40% oat

(high fiber) meal and pelleted rations was not significantly different;
however, digestidility of the meal form was significantly improved

when ed libitun-fed, Apparent nitrogen digestibility was the same for the
high corn and 40$.oat rations in either meal or pellet forms,

In the rate of food passage studies, pelleted low and high fiber
rations passed significantly faster throuzh the alimentary tract than
meal rations when equal and ad libitum-fed. Pooled data showed that
the 5% fecal excretion time, 95% fecal excretion time, and the mean
ingesta retention time were less with the pelleted rations.

A palatadility study with the high corn ration in the forms of
meal, pellets and reground pellets showed that pigs definitely preferred
pellets,

Two feeding trials were conducted to study the effect of processed
corn on the nutritive value of a rat ration., On the basis of growth,

different processing methods did not improve the nutritive value of corn,



VI. CONCLUSIONS

The results of these investigations indicated that pelleting a
high corn, 20% oat or 40% oat ration resulted in (1) increased deily
gains, (2) increased feed consumption, (3) improved feed efficiency,
(4) reduced feed wastage, (5) improved the palatadbility of the rations,
(6) improved energy digestibility, (7) incresased food passage rate with-
out lowering digestibility, and (8) reduced dustiness, On the basis
of ad libitun and enusl feeding studies and digestibility studies, it
is postulated that the nutritive wvalue of the test rations was improved
by the pelleting process., Therefore, pelleting prodably altered the
chemical nature and/or availability of feed ingredients. Faster growth
was attributed to the improvement in the nutritive value of the ration
end increased feed intake,

Fagter food passege rate through the alimetary tract seemed to dbe
responsible for most of the increase in feed intake, Improved palata-
bility probably supplemented the faster passage rate to increase feed
intake., It was thought that improved ration density was important only
to improve the palatebility of the ration,

Better energy utilization probably had some influence on the
improvement of feed efficiency, Inconsistencies in energy digestibility
were noted when the low and high fiber rations were ad liditum-fed,
More studies must be conducted to properly evaluate this observation,

Apparent nitrogen digestibility was not changed by the pelleting process.

76
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Studies on processed corn indicated that pelleting or heat-treat-

ing this fraction of a ration did not improve the nutritive value,
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