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ABSTRACT Laysel N. Hochstetler

A total of 108 pigs were used in four trials de­
signed to study the effect of replacing part of a basal 
ration with different fibrous feeds. Data were obtained 
on feed-lot performance, carcass characteristics, and 
gastro-intestinal tract. In the first trial, oats re­
placed 20 and 40% of the basal ration. There were no 
significant differences between treatments. In the 
second trial, wheat bran replaced 20 and 40% of the 
basal ration* There was a highly significant (P .01) 
decrease in daily gain and a significant (I5 < *05) in­
crease in feed required to produce a pound of gain be­
tween the pigs receiving 40% wheat bran and those re­
ceiving the basal ration.

In the third trial, alfalfa replaced 10 and 20% 
of the basal ration. There were no significant dif­
ferences between treatments. In the fourth trial, 
wheat bran replaced 20 and 40% of the basal ration.
In this trial, there was a significant (P < .05) de­
crease in rate.of gain, backfat thickness, dressing 
percentage, and a highly significant (P <  .01) decrease 
in percent fat trim and increase in feed per pound of 
gain between pigs receiving the 40% wheat bran and 
those receiving the basal ration.



2

ABSTRACT Laysel R. Hochstetler

The carcasses from the 40% lot exhibited a sig­
nificant (P <  .05) increase in both the percent of 
lean cuts and primal cuts (carcass basis) over both 
the basal and 20% wheat bran lots. The large intes­
tines of pigs fed 40% wheat bran (trial II and IV) con­
tained significantly (P <  .05) more fecal material 
than the large intestines of pigs fed the basal ra­
tion. Carcass length and area of the longissimus 
dorsi were not measurably affected by any of the ra­
tions fed.
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INTRODUCTION

Much research has been directed toward ways and 
means of producing leaner pork carcasses. In 1931* 
Ellis and Zeller were conducting some experiments on 
the utilization of feed by swine as affected by the 
level of intake and discovered when the energy intake 
was restricted to hogs they produced leaner carcasses. 
Other workers followed up the study of relative effi­
ciency of limited and full-feeding for fattening pigs 
(St. Pierre et al. 1934, Burroughs and Carroll, 1939)- 
Although there was some disagreement on the relative 
efficiency of gain, all agreed that restricting the 
energy intake produced hogs with less fat.

Hand feeding swine in the United States is 
rather impractical and expensive. The logical ap­
proach to such a problem would be to self-feed a low 
energy ration. Crampton et ad. (1954) were able to 
produce leaner pork carcasses by diluting part of a 
high energy, self-fed ration with such high fiber 
feeds as alfalfa, wheat bran, and wild oats. On the 
other hand, Teague and Hanson (1954) fed a purified 
ration in which they increased the fiber content by
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adding Ruffex and found that carcass characteristics 
could not he correlated with the level of fibrous ma­
terial fed*

The effect on swine of diluting the energy of a 
ration with high fibrous feeds is not clear as was in­
dicated by the conflicting reports in the literature. 
The purpose of the investigation reported here was to 
study this problem. The objectives were as follows:

1. To study the effect of increasing the 
fiber content of rations on rate and ef­
ficiency of gain.

2. To study the effect of fiber on carcass 
characteristics.

3. To study the effect of using different 
high fiber feeds.



REVIEW OE LITERATURE

Effect of Limited Feeding on Carcass 
Characteristics

Ellis and Zeller (1931) hand-fed pigs at three 
levels: full feed, three-fourths full feed, and one-
half full feed. They reported the three-fourths ra­
tion resulted in a small decrease in the amount of 
fat, hut the one-half ration decreased the fat by 20%. 
Mansfield and Trehane (1935) reported on an experiment 
in which one-half of the pigs were full-fed and the 
other half were fed on a restricted diet. The pigs 
on the restricted diet consumed less feed per unit of 
gain and yielded a higher percentage of carcasses that 
graded A and B under the British grading system.

McMeekan (194-0) found that for the first sixteen 
weeks the skeleton and muscle increased at a higher 
rate than fat. At about sixteen weeks, the rate of 
fat increase was equal to the rate of muscle increase. 
After that time, the fat increased at a faster rate 
than the muscle. McMeekan then conducted an experi­
ment with high and low planes of nutrition, and found

- 3 -
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that in the high plane pigs the skeleton was 221%; 
muscle, 291%; and fat, 1007% of the weight of these 
tissues in the low plane animals*

McMeekan and Hammond (1939) planned an experiment 
in which they fed pigs to gain at four different rates. 
The first rate was to get a pig to 200 pounds as 
rapidly as possible, called the H-H; the next was to 
have the pig gain rapidly for sixteen weeks, then slow 
down the rate of growth, called the H-L. The other two 
rates were to have the pigs gain slow for the first 
sixteen weeks, then feed one-half of them for rapid 
gains from sixteen weeks to 200 pounds, called the L-H; 
the remaining half was grown slow from birth to 200 
pounds called the L-L. According to the grading stand­
ards, the H-H pigs were too fat; the H-L pigs were 
nearer correct in the amount of fat; the L-H pigs were 
much too fat; and the L-L pigs had the least fat but 
had a larger proportion of bone to muscle.

Winters et al. (194-9) reported on an experiment 
designed like that of McMeekan and Hammond and found 
the animals fed the restricted diet throughout pro­
duced the leanest carcasses. On the other hand, 
Shorrock (1940) reported that restriction of feeding 
made little difference in carcass quality, but what
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slight advantage there was, was on the side of the 
most restricted ration* However, the lowest feeding 
scale was above 70% of the full-fed ration until the 
pigs reached 16b pounds. On the other hand, Brugman 
(1950) reported that carcass qualities of swine can 
be changed by limiting the feed intake to 70% of full 
feed up to 150 pounds, and full feeding from then 
until the animal reaches approximately 220 pounds live 
weight* This method of feeding brought about a signi­
ficantly higher percentage of primal cuts and lower 
percentage of lard as compared to full feeding through­
out the growing-fattening period.

The Effect of Adding Eibrous Reeds 
to Self-fed Rations

If restricting the energy intake to pigs by hand- 
feeding will produce leaner carcasses, it seems logi­
cal to expect that self feeding a low energy ration 
would produce similar results. Vestal (1921) reported 
that when fibrous feed was added to a basal ration of 
corn and tankage the rate of gain decreased, and the 
feed required to produce the gain increased as the 
fiber in the ration was increased. Robison (1930)
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reported that when the fiber content of a basal ration 
containing less than one percent was brought up to 
6, 9, and 12% with peanut hulls and oat hulls the rate 
of growth decreased with each increase in fiber with 
the exception of 9 to 12%. He stated, "With few ex­
ceptions an increase in the fiber content of the ration 
increased the feed required per unit of gain, even with 
the feed calculated on a fiber free basis." Kobison 
also commented that pigs fed a relatively bulky ration 
tend to grow rather than fatten.

Fargo et al. (194-1) found that it made relatively 
little difference in the rate of gain whether 5» 10, 
or 15% of ground alfalfa hay was mixed in the ration 
or whether 8 or 16% of oat hulls or oat feed was fed 
in addition to a ration containing 5% alfalfa hay if 
the fiber or roughage was finely ground.

Whatley et al. (1951) reported on an experiment 
in which they fed all pigs alike up to 14-0 pounds and 
then self-fed one-half of them a high energy ration to 
225 pounds. The other one-half were self-fed a low 
energy ration to the same weight. Restricting the 
energy intake by substituting ground hay for part of 
the corn in the ration reduced the rate of gain and
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increased the feed cost. It also resulted in a leaner 
carcass with a higher yield of lean cuts; hut because 
of the lower dressing percentage, the carcass value 
per cwt. of live hog was not increased.

Bohman et al. (1953) found little difference in 
rate of gain of pigs fed rations containing from 10 to 
50% alfalfa. They reported fair gains were observed 
in animals fed 50% alfalfa compared with those fed the 
10% alfalfa level, and a pelleted 50% alfalfa-grain 
mixture increased the rate of gain as compared with 
the ground mixture. Carcasses of pigs grown on ra­
tions containing 50 to 50% alfalfa were graded medium 
with a small proportion of Choice No. 1.

Axelsson and Eriksson (1953) used wheat straw 
meal to raise the fiber content from a low of 4.8% to 
a high of 9*3% of the dry matter in the ration. They 
reported the daily feed consumption increased a small 
amount as the crude fiber content increased. However, 
this increase was too small to keep the amount of 
daily metabolizable energy from decreasing. They 
found that a crude fiber content of 6.57% of the dry 
matter was optimum for growth, and a content of 7*26% 
for feed efficiency. The higher fiber tended to pro­
duce carcasses with less fat.
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Coey and Robinson (1954-) reported on an experi­
ment in which they fed rations containing 3*5 to 11.5% 
crude fiber. They equalized the intake of digestible 
nutrients by adjusting the feed intake according to 
the amount of fiber in the ration. Their results 
showed that a rise in the level of dietary crude fiber 
was accompanied by a fall in the dressing percentage 
and hence, lower carcass weights. This effect was 
produced even by comparatively small changes, such as 
a rise from 3-9 to 5% crude fiber. Carcass weight was 
positively correlated with back fat thickness. Conse­
quently the high fiber pigs had thinner backfats and 
tended to grade higher.

Crampton et al. (1954-) reported that they were 
able to produce bacon carcasses with less shoulder and 
loin fat and a higher percentage of lean in the bacon 
rasher by "diluting" relatively high digestible ra­
tions with fibrous feed during the finishing period. 
Bacon carcass improvement was accompanied by a decrease 
in rate of gain when one-half of a high energy basal 
ration was replaced by either alfalfa or wheat bran 
or when the basal portion of the ration consisted en­
tirely of oats. Increases in the percentage of Grade 
A carcasses were also obtained when wheat bran or wild
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oats replaced 23% of a high energy "basal ration. In 
these cases, the improvement was not associated with 
any change in rate of gain. On the other hand, Teague 
and Hanson (1934-) studied the effect of replacing corn 
starch in a purified hasal ration with Euffex at 3>
10, 19, and 20% levels. They found that carcass char­
acteristics could not "be correlated with the level of 
fibrous material fed. They reported that growth rate 
and feed utilization appeared to "be adversely affected 
"by the higher levels of Euffex ingested.

Gard et ad. (1934-) found that 10% dehydrated 
alfalfa meal depressed growth, "but equivalent woodflock 
crude fiber failed to influence gains. Hanson et al. 
(1999) found when 15 to 30% alfalfa meal was added to 
a self-fed ration (replacing the corn in a corn-soy bean 
oil meal ration) a significant depression of rate and 
efficiency of gains was evident. However, when the 
pigs were equally fed, the depression in rate of gain 
was not as severe. The addition of corn oil completely 
overcame the depression produced by the 30% alfalfa 
level when equally fed. However, under ad libitum con­
ditions, corn oil did not appreciably improve rate of 
gain but increased feed efficiency. They stated that 
the growth-depressing property of alfalfa meal in the
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ration appears to be due to a lowered TDN content of 
tbe ration and to a lowered feed intake of the pigs. 
Sheffy et al. (1955) reported that increases in rough­
age content over 12.5% resulted in slower growth even 
when the energy content of the ration was kept con­
stant by addition of fat.

Bohman et al. (1955) rations containing 0, 10,
30, and 50% alfalfa. They found as the level of al­
falfa in the ration increased, the rate of gain, dress­
ing percentage, depth of back fat, and percent of bacon 
belly decreased while the percent of shoulder, ham, and 
loin increased. They also found the weight of the 
stomach and large intestines increased as the alfalfa 
level increased. They concluded that swine apparently 
adjust to a high level of alfalfa intake by enlarging 
the size of their digestive tracts where limited trans­
itory feed storage takes place as indicated by the 
increased weights of the stomach and large intestines.

Merkel et al. (1958) found that restricting the 
TDN level by incorporating fibrous feeds into swine 
rations decreased daily gains and increased the feed 
required to produce the gains. However, the TDN con­
sumed per 100 pounds of gain was essentially equal ex­
cept when the ration contained approximately 52% "poor
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quality'1 alfalfa hay. They found no significant dif­
ferences when the crude fiber content was less than 
10%. In another article, Merkel et al. (1958) reported 
the incorporation of the fibrous feeds, corn cobs, or 
alfalfa hay into swine rations decreased dressing per­
centages, carcass fatback thickness, and leaf fat 
weights.

The Digestibility and Utilization 
of Crude Fiber by Swine

The capacity of pigs to digest fiber is usually 
regarded as very limited. However, Fingerling et al. 
(1915) reported the results of a series of digestion 
trials with 2 wethers and 2 pigs, using an alkali- 
digested straw pulp, immature grass and wheat chaff as 
sources of cellulose. The average digestibility of 
crude fiber in the straw pulp in the case of the pigs 
was almost 95 percent and was appreciably higher than 
the coefficients obtained in the trials with the sheep. 
However, the crude fiber of the other feeds was di­
gested much better by the wethers than by the pigs. 
Woodman et al. (1929) reported an average crude fiber 
digestion coefficient of 90% for sugar beets and 84% 
for sugar beet pulp. On the other hand, Mitchell and
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Hamilton (1933) reported crude fiber digestion coeffi­
cients of 2% for oat hulls and 1.8% for alfalfa.

Mitchell and Hamilton comment that the alkali 
treatment of the straw pulp may have initiated hydro­
lytic changes in the cellulose that would make it more 
amenable both to bacterial fermentation and to further 
hydrolytic changes in the intestinal tract of the pig 
so that it would, in a large part, pass from the crude- 
fiber constituents of the feed to the nitrogen-free 
extract of the feces.

Bohstedt and Fargo (1933) studied the relative 
effect of adding ground peanut shells, ground cotton­
seed hulls, oat feed, ground oat hulls, and timothy 
hay to swine rations. When they compared a unit in­
crement of fiber of the above feeds with the check 
ration, peanut shells and cottonseed hulls caused a 
smaller increase in feed required for 100 pounds gain 
than either oat feed, oat hulls, or timothy hay.
Timothy hay, although ground to the same degree of 
fineness and having approximately the same chemical 
composition as oat feed, was less efficient than oat 
feed. They reported that the heat treatment of oat 
hulls produced as a by-product in oat meal manufacture 
has a favorable effect on the nutritive value as
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compared to "green” oat hulls. Crampton and Bell (1944) 
reported that the fineness to which oats was ground 
made a difference in rate of gain of young pigs. They 
found that 50 pound pigs fed coarse, medium, and finely 
ground oats for 60 days gained 71» 82, and 105 pounds, 
respectively. However the degree of fineness of the 
oats did not affect the digestibility of the dry mat­
ter.

Teague and Hanson (1954) reported crude fiber, 
supplied by Ruffex, was poorly digested at all levels, 
and its inclusion depressed the apparent digestibility 
of the protein and nitrogen-free extract portions of 
the diet. Forbes and Hamilton (1955) studied the 
utilization by swine of such cellulosic materials as 
woodflock, ruffex, wheat straw, wheat straw pulp, and 
oat hulls. They found the digestibility of cellulose 
in rations containing about 50% of their cellulose 
from woodflock, ruffex, or wheat straw pulp averaged 
4-1, 46, and 68 percent, respectively. Comparisons of 
varied fiber sources with woodflock showed the follow­
ing decreasing order of cellulose digestibility: 
alfalfa meal, woodflock, wheat straw, and oat hulls. 
Forbes and Hamilton (1955) also reported that
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metabolizable energy values, expressed as a percent of 
the digestibility energy, show that the organic acids 
produced in the digestion of cellulose are highly 
utilizable by the animal.



EXPERIMENTAL PROCEDURE

Pour feeding trials were conducted involving a 
total of 108 pigs. The breeds represented were Berk­
shire, Chester White, Duroc, and Chester White-Duroc 
crossbreeds from the University herd. The pigs were 
started on trial after they were weaned and wormed. 
Twenty-seven pigs were used in each trial. Fifteen 
of the 27 head were divided into 3 groups of 3 each 
and self-fed, and the remaining 12 pigs were self-fed 
in individual pens. There were three ration treat­
ments with 9 pigs per treatment, (five fed in a group 
and 4 fed individually), in each trial. They were 
weighed at 14-day intervals and feed consumption re­
corded. Daily gain and feed efficiency were calcu­
lated.

All rations were analyzed chemically, using offi­
cial A.O.A.C. methods. The percentage of protein, 
crude fiber, and estimated TDN are presented in table 
1.

All pigs were slaughtered at the University Meats 
Laboratory when they reached approximately 210 pounds.

- 15 -



16

Table 1
Percent of Protein, Crude Piber, and TDN in Rations

Trial I Under 100 lbs. 100 lbs. to Slaughter
Oat Rations Basal 20% 40% Basal 20% 40%

Protein 14.9 13.2 13.2 12.9 12.8 12.6
Crude Piber 3-1 4.3 6.3 2.9 5.0 6.3
TDN* 74.47 72.23 69.98 73.33 73.42 71.24

Trial II 
Wheat Bran Basal 20% 40% Basal 20% 40%
Protein 14.6 14.6 14.6 13.0 13.2 13.4
Crude Piber 3.1 4.4 3-8 2.6 3.9 5.2
TDN* 74.72 70.88 66.93 73.33 71.51 67.68

Trial III 
Alfalfa Meal Basal 10% 20% Basal 10% 20%

Protein 13.0 14.9 13.0 13.1 12.7 13.0
Crude Piber 2.8 3*3 8.2 2.3 5.2 8.1
TDN* 74.81 70.92 66.68 75.26 71o 32 67.10

Trial IV 
Wheat Bran Basal 20% 40% Basal 20% 40%

Protein 17.8 18.7 18.0 13.2 14.5 14.2
Crude Piber 3.3 3-2 6.3 2.8 4.2 5.3
TDN* 74.62 70.70 66.73 75.40 71.48 68.48
*TDN calculated using National Research Council tables.
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The following measurements were made on the chilled 
carcasses: dressing percentage, backfat thickness,
carcass length, lean cuts (both live and carcass basis), 
primal cuts (both live and carcass basis), area of 
longissimus dorsi at the 10th and last rib, and per­
cent of fat trim. All data were analyzed by an analy­
sis of variance (Snedecor, 1946) and multiple range 
and multiple F tests (Duncan, 1955)-

Trial 1

The first trial was started in June 1955? using 
oats to replace 20 and 40% of the basal ration. The 
constituents of the rations are given in table 2.
Seven Duroc, 3 Chester White, and 5 Chester White-Duroc 
crossbred pigs were lotted as uniformly as possible 
according to litter, sex, and size into three groups 
of five pigs each. These pigs were group fed on a con­
crete slab with a house at one end. 'Water and feed 
were available at all times. An additional 6 Chester 
White and 6 Chester White-Duroc crossbred pigs were 
assigned to lots on the basis of litter, sex, and 
size. The pigs were taken from these lots and placed 
in an (81 x 3 1) individual pen where they spent the 
rest of their lives except for weighing every two weeks.
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Each pen was equipped with an automatic waterer at one 
end and a self-feeder at the other.

The pigs were removed for slaughter at a minimum 
weight of 204 pounds. All pigs were in excellent 
health throughout the experiment.

Trial II

Wheat bran replaced 20 and 40% of the basal ra­
tion in the second trial (Fall and Winter 1955 and 
1956). The constituents of the rations are presented 
in table 3* Twenty-four Duroc and 3 Chester White pigs 
were used in this trial. They were lotted according 
to litter, sex, and size in the same manner as in the 
first trial.

Bohman et al. (1955) suggested that increasing 
the fiber in swine rations caused an increase in the 
weight of the stomach and large intestine. Conse­
quently, weights were taken of the stomach (both full 
and empty), small intestine, and large intestine (both 
full and empty). In addition, the volume of the 
stomach was estimated by filling it with water. His­
tological samples were taken from the fundus portion 
of the stomach, anterior portion of the duodenum, and 
center portion of the colon. Special care was taken
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to remove as much, fat as possible from the visceral 
organs before weighing. After the histological sam­
ple was taken the contents of the large intestines 
were washed out with water and the intestines allowed 
to drip dry before taking the empty weight.

Trial III

Alfalfa meal replaced 10 and 20% of the basal ra­
tion in the third trial (Summer 1956)* The constitu­
ents of rations are given in table 4. Nine Berkshire 
and 18 Chester White pigs were used in this experi­
ment. The experimental procedure was carried out in 
the same manner as trial II.

Tri al IV

In this trial wheat bran was used as the fibrous 
feed in the same proportions as the second trial (see 
table 5)* Eighteen Duroc and 9 Chester White-Duroc 
crossbred pigs were used in this trial. They were 
lotted according to litter, sex, and size. The group 
fed pigs were managed in the same manner as the other 
trials. However, excessive feed wastage was encoun­
tered in the individually fed lots. In order to bet­
ter control this feed wastage, the feeders were placed



Pe
rc
en
ta
ge
 
Co
mp
os
it
io
n 

of 
Ra
ti
on
s 

Us
ed
 
in 

Tr
ia
l 

II
I

a
0 cR cr\
P O •
P CM O  00 ot£ CN CM
0
ctS

(—1
CQ

SR 0- A
O o • •
-P i—i co o  o

[>- H  rH•
03
P
•—1i—i

0 i—1 E>~
O 03 • •
o 0 A  A  O
1—1pq co i—i

•
03 O «
P CM a- a - o
(—1 CD rH CM

o
o
1—1

eR Cf\
o o o *
-p 1—1 H  O - O

O - rH r—1
1—I
0

•H
P rH
•H 0 rH A
0 03 • •

M 0 00 o  o
pq O - CM

cd
pa
0
a
0
H p
P rH

03 0  P  0
P a a 0
0 o 0 a
<D o

•H 0  cd
d d  *H °H
03 0  0  H
*H 0  p  cd
bO O O Cm
0 0 0 i—1
M P Ph

A A CMLC\ LT\ O O O
• • * • •

O

A
A A CM

A LTN O O O• • • • •
O

A
A A A

Lf\ LA A O O O• • • « • •

A
A A CM

CfN A O O O• • • • •o

A
A A CM

A A O O Oo * • • •o

A
A A CM

lrs A A O O O
• • ♦ • • •

o
o
0
•H

o
+ CO

P A
0 rH Rb
P 0
0 03 K
P •H dP + f——i Q
0
O i—1 0 d

0 ■H 0P a o s 0
0 1—1 CD

a 0 0 -P *0
p •H 0 •H
*H a O o > a
O P 0
)—1 0 03 p
0 O 0 O o 0
o 0 a a 0 P
•H a •H 0 0 •H
n EH p “0 >

a
i—1 a0
i—1 p
0
0 pa • a
0 0
<H P 3
)—1 0 CD
0 P -P
<H P
rH 0 >
0 OP#*■ P O
oR
O a 0
CM a P

•H ■rH
0 O a
P i—1 a
0 0
0 o Ph
O ■H CQ
0 d P

0 <H O
a O O
O O
p d •>

a A
d a
a o d
0 p

3
p a
0 0 ■a
0 p
a a

0 •H
** P a

<5̂ 0 0
A a p
A o ■H

p t>
i—f a
0 0
0 o O
a • o 0
i—i • a a P
•H'cR ■H •H •H
o o 0 N a

1—1 P a
a O «H
CO 0 a O p
0 5D p CQ
p a 0 P
r’id aO  rH o- 0 o
0 d H a od bO o

*H i—1
•• a 0 o o
p 0 H Ha p a
0 0 0 0
a ® 0 a a
0 P «H *H •H
rH R i— I 0 0 •P 0 P P a
p d a a 0a a i—1 o o a
CQ 0 -a o o bO

0 P o d



U
0 O  cO
-P O * •
ft d ” CM GA­
E£ LA
d
cd

1—1
cq

00 00o o • •
-p OJ o -  o

CO i—I

> 0
M rO

I—I i—i
i—1 cd CM d"
0 o CO • •

■H o cd CO LA
Fh 1—1pq 00 rH

EH

d
•H

f t
CD • LA rH
0 0 o •  •
ft f t d * rH O -

1—1 d" rH0
d oo o

•H I"" 1
L f\ -P O  cD

cd o O • •
0  P h -P CM CA c a

(—1 LA i—1
r-Q ft rH
cd o cd

Eh •H
d -P i—1o •H 0 rA  rA

•H Pi 0 - • •
-p H cd CO OJ
•rH pq O - CM
COo
f t
a
oo
0
EO
0

f t
Pi
0 cd
O -P
Fh r i0 0

d
0
rH
ft

Pi ft
-P u  d

q O 0
0 O

•H Pift f t  *H
0 Pi 0
U d  -P
EO O O
Pi Pi U

H f t  pH

LA LA
Li \
CMo LT\ LA fA o o O• ♦ • • • • •o

d -

LA
LA LA CMo LA LA (A O o O• • * • • • •o

CM

LA
LA LA CM

LA LA rA O O O• • • * • •o

LA
LA LA CMo LA LA rA O O O* • • • • • •o

d *

LA
LA LA OJo LA LA rA O O O

• • * • • • •o
CM

LAlA LA CM
LA LA !A O O O• • • • • •o

ft
o
Pi

•H

O
+ 00

LA
0

-P f t
cd i—1 X

f t 0 •H o
f t 0 )s* P I
0
o {—! Pi f t
f t 0 •H Pi
f t Sh o a 0

Pi 0 I—1 0
cd p Pi 0 =& -P ■=*1
Fh p •H Pift •H d O o > PI

o -P 0 •H
f t i—i 0 0 f t ft P0 0 O 0 o o 0
0 O 0 Fh Fh -P
r j •H Fh ■H d 0 •H

rfS P i EH i-q <3* >

LA H1—1 0
f t

rH0 pq0
a • d0 •H0 ftft 0 0i—1 f t -p0 ft ■Hft 0 >i—1 o0 P i f t

f t O
C*

P 0o P ft
CM •H •H

O d
f t i—1 d
0 0
Fh o fto •H CQ
0 ft ft
0 f t O
Pi O o
O o

rA f t #■»
d rA

f t d
PI o f t
0 ft d

0ft Fh
0 0 <*!
0 fta d

0 "H
f t a0 0

LA d -p
LA o •Hft >
rH Fh
0 0 ft
0 o Oa o 0i—i • d f t*H qR. •H •H
o o 0 d

<—i
f t

d

§ 0 o f t
0 ED CQ
ft d 0 ft
rA ft a
O rH 0 O
0 ft Fh Oft E0 o

•H•• a O o
f t i—1 ft
d f t
0 0 0 0a 0 d d0 ft ■H • Hft *5 0 0
Pi ft ftftft d d
d d o o
CQ 0 o o

cd rn o



24

in the pens for only 3 one-hour periods per day (morn­
ing, noon, and night).



RESULTS AND DISCUSSION

The Effect of Rations Containing 0, 20, and 40% Oats 
Upon Growth and Carcass Characteristics

Trial 1
The means and standard deviations of daily gains 

and feed efficiency are given in table 6. Those of 
the carcass characteristics are presented in table 7 
and 7a*

Pigs on the basal ration gained 1.67 pounds per 
day and consumed 5*59 pounds of feed per pound of gain, 
while the pigs fed 40% oats gained 1.99 pounds per day 
and required 3*79 pounds of feed per pound of gain. 
However, the differences were too small to be signifi­
cant. The average backfat of carcasses from the basal 
lot pigs was .1 inch thicker than carcasses from the 
40% oat lot. Again, the difference was not significant. 
Mention is made of these non-significant differences 
because they fit into the general trend when all trials 
are compared (Figure 1). Other carcass traits were not 
affected regardless of the level of oats in the ration.

- 29 -
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The Effect of Rations Containing 0, 20, and 40% Wheat
Bran Upon Growth and Carcass Characteristics

Trial II
Means and standard deviations of daily gains and 

feed efficiency are presented in table 8, while those 
for the carcass traits are given in table 9 and 9a.

In the second trial, one pig in the group fed 20% 
bran lot had to be removed from the experiment because 
of extremely poor growth. The data were treated for 
missing values as outlined by Goulden (1952).

Pigs fed the 40% wheat bran ration grew at a 
significantly lower rate (P < 0.01) than those fed the 
basal ration. Pigs receiving the basal ration required 
significantly less (P < 0.05) feed per pound of gain 
than either those receiving the 20% or 40% bran rations 
(table 8). The 40% wheat bran pigs tended to yield 
leaner carcasses than those from the basal lot as in­
dicated by backfat thickness and percent fat trim 
(table 9). However this trend was not significant. 
There was a trend for the percentage of primal cuts 
(carcass basis) to increase as the bran was increased 
in the ration, but at a non-significant rate. Carcass 
length and dressing percentage were not measurably af­
fected by the different levels of bran in the ration.
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The full large intestine was significantly heav­
ier (P <  0.05) in pigs fed the 4-0% bran ration than 
those on the basal ration; however, there was no sig­
nificant difference in the weight of the empty large 
intestines* Neither the weight of the stomach both 
full and empty, nor the volume of the stomach (as 
measured by the amount of water required to fill it) 
were significantly affected by the various levels of 
bran, in the ration (table 10),

Trial IV
Table 11 shows the means and standard deviations 

for daily gains and feed efficiency. Tables 12 and 
12A show the means and standard deviations for the 
carcass characteristics.

In the fourth trial pigs receiving the 40% bran 
ration gained at a significantly slower rate (P < 0.03) 
and consumed more feed per pound of gain (P < 0.01) 
than those receiving the basal ration. Carcasses from 
the 4-0% bran lot had significantly less (P < 0.01) 
backfat thickness than those from the basal of 20% 
bran lots. This was accompanied by a lower percent 
fat trim (P < 0.01) in carcasses from the 4-0% bran lot 
as compared with those from the basal lot. The per­
centage of lean and primal cuts (carcass basis) was
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significantly larger (P < 0.09) in carcasses from the 
4-0% "bran lot than in carcasses from either the basal 
or 20% bran lots. On the other hand, the dressing per­
centage of pigs from the 40% lot was significantly 
lower (P 0.09) than that of the pigs from the basal 
lot. There was significantly more fill in the large 
intestines of pigs from the 40% bran lot than of pigs 
from the basal lot (table 19)* Thus, the amount of 
feed and water retained in the digestive tract ap­
peared to contribute some to the lower dressing per­
centage. The weights of the empty stomach, small in­
testine and empty large intestine were not significantly 
affected by any of the rations.

The Effect of Rations Containing 0, 10, and 20% 
Alfalfa Meal Upon Growth and 

Carcasses Characteristics

Trial III
The feedlot performance results are presented in 

table 15 while the results of the carcass traits are 
given in tables 14 and 14A. In this trial the daily 
gains of pigs in the basal lot were much lower than 
the average gains for the basal lots of the other
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three trials. The author has no valid explanation for 
the reduced gains.

There were no significant differences due to 
treatment, in feedlot performance or carcass traits 
studied. However, certain trends are apparent. These 
include a tendency for the rate of gain to decrease as 
the level of alfalfa meal was increased (table 12). 
(There was also a tendency for the carcasses from pigs 
on 20% alfalfa meal ration to be leaner than those 
from the basal lot as indicated by the backfat thick­
ness and percent fat trim. There were no significant 
differences between treatments in the weight of any 
parts of the gastrointestinal tract.



DISCUSSION AND COMPARISONS 
OP COMBINED TRIALS

Pigure 1, page 29, shows the general trend of the 
effects that the various rations had on daily gain and 
backfat thickness. There was a tendency for the daily 
gain and backfat thickness to decrease as the fiber 
content of the ration was increased. There was a cor­
relation of .4-84- between daily gain and backfat thick­
ness (see table 19)* While this may not be a high 
correlation it does indicate that there is a tendency 
for the backfat thickness to decrease as the rate of 
gain is slowed up. Blunn and Baker (194-7) reported a 
correlation of .29 between rate of gain and depth of 
backfat and Dickerson (194-7) reported a correlation of 
.6 between rate of gain and degree of fatness. This 
is also in agreement with Crampton et al. (1954-).

Carcasses can be divided into three main portions: 
bone, muscle, and fat; and a change in the percentage 
of any one of the three affects the percentage of the 
others. Since the bone is included in the lean and 
primal cuts, a decrease in the amount of fat would 
tend to increase percentage lean and primal cuts in

- 44- -
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the carcasso Therefore- the other correlations given 
in tahle 15 are more or less related to the backfat 
thickness of the carcass. For this reason the indi­
vidual correlations are not specifically discussed.

Carcass length and area of the longissimus dorsi 
were not measurably affected by any of the rations.
The data indicate that the source of the fiber influ­
enced the feedlot performance and such carcass char­
acteristics as backfat thickness, percent of fat trim, 
lean and primal cuts, and dressing percentage. This 
is in support of work carried out by Forbes and 
Hamilton (1955) and Bohstedt and Fargo (1953).



HISTOLOGICAL STUDY

Tissues from the center of the fundus region of 
the stomach, anterior portion of the duodenum, and 
middle portion of the colon were fixed in a solution 
of FAÂ " for microscopic inspection. The tissues were 
imbedded in parafin, sectioned at 8 micra, cleared in 
xylene, and stained with hematoxylin and eosin to re­
veal cell arrangement.

Microscopic examination did not reveal any dif­
ferences in thickness of smooth muscle or cell arrange 
ment of the mucosa, that could be related to the ra­
tions fed.

■^Formalin, 15%; 95% ethanol, 80%; glacial acetic 
acid, 5%*

- 4-7 -



SUMMARY

Twenty-seven pigs were used in each of four trials 
designed to study the effect of replacing part of a 
"basal ration with different fibrous feeds. Data were 
obtained on feedlot performance and carcass traits.
In the first trial, oats replaced 20 and 40% of the 
basal ration. There were no significant differences 
between treatments in the first trial. In the second 
trial, wheat bran replaced 20 and 40% of the basal 
ration. In this trial, there was a highly significant 
(P< .01) decrease in daily gain accompanied by a sig­
nificant (P < .05) increase in the feed required per
pound of gain, between pigs receiving 40% wheat bran 
and those receiving the basal ration. In the third 
trial, alfalfa meal replaced 10 and 20% of the basal 
ration. The results exhibited nonsignificant trends 
similar to the second trial. Wheat bran was repeated 
in the fourth trial at the same levels as the second.
In this trial, there was a significant (P< .05) de­
crease in rate of gain, backfat thickness, dressing 
percentage, and a highly significant (P< .01) decrease
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in percent of fat trim and an increase in feed per 
pound of gain, between pigs receiving the 40% wheat 
bran ration and those receiving the basal ration.
The carcasses of the 40% lot exhibited a significant 
(P <  .05) increase in both the percent of lean cuts 
and primal cuts (carcass basis) over both the basal 
and 20% wheat bran lots. The large intestines from 
pigs fed the 40% wheat bran rations (trials II and IV) 
contained significantly (P < .05) more fecal material 
than those fed the basal rations. There were no sig­
nificant differences, in the fill or any parts of the 
gastrointestinal tract, between the alfalfa rations. 
Carcass length or area of the longissimus dorsi at the 
tenth and last rib were not measurably affected by any 
of the treatments.



LITERATURE CITED

Axelsson, Joel and Sture Eriksson. 1955* The opti­
mum crude fiber level in rations of growing pigs. 
J. Animal Sci. 12:881.

Blunn, Cecil T. and Marvel L. Baker. 1947. The re­
lation between average daily gain and some car­
cass measurements. J. Animal Sci. 6:424.

Bohman, V. R., J. E. Hunter, and J. A. McCormick.
1955* The effect of graded levels of alfalfa 
and aureomycin upon growing-fattening swine. J. 
Animal Sci. 14:499*

Bohman, V. R., J. E. Kidwell, and J. A. McCormick.
1953. High levels of alfalfa in rations of grow­
ing-fattening swine. J. Animal Sci. 12:876.

Bohstedt, G-. and J. U. Fargo. 1933* The effect o£. 
varying amounts and kinds of fiber in rations 
for swine. Wis. Expt. Sta. Bull. 425.

Brugman, H. H. 1950* The effect of the plane of nu­
trition on carcass quality of a line of swine 
bases on a Chester White and Danish Landrace 
cross. J. Animal Sci. 9:602.

Burroughs, Wise and W. E. Carroll. 1939* A new tech­
nique for limited feeding experiments. Am. Soc. 
An. Prod., pp. 407.

Coey, W. E„, and K. L. Robison. 1954-. Some effects 
of dietary crude fiber on live weight gains and 
carcass conformation of pigs. J. Agr. Sci. 45:40.

Crampton, E. W. , G. C. Ashton, and L. E. Lloyd. 1954-• 
The effect of restricting feed intake of market 
hogs during the finishing period on the quality 
of bacon carcass. J. Animal Sci. 13:321.

- 50 -



51

Crampton, E. W., G. C. Ashton, and L. E. Lloyd. 1954* 
Improvement of bacon carcass quality by the in­
troduction of fibrous feeds into the hog finish­
ing ration. J. Animal Sci. 13:327.

Crampton, E. W., and J. M. Bell. 1946. The effect of 
fineness of grinding on the utilization of oats 
by market hogs. J. Animal Sci. 3:200.

Dickerson, G. E. 1947* Composition of hog carcasses 
as influenced by heritable differences in rate 
and economy of gain. Iowa Agr. Expt. Sta. Res. 
Bull. 334.

Duncan, David B. 1955* Multiple range and multiple 
range and multiple F tests. Biometrics 2:1.

Ellis, N. R. and J. H. Zeller. 1932. Utilization of 
feed by swine as affected by the level of intake. 
Am. Soc. of An. Prod., pp. 270.

Fargo, J. M., G. Bohstedt, and J. J. Lacy. 1941. Feed­
ing and management of market hogs. Wis. Agr. Exp. 
Sta. Bull. 434.

Fingerling, G., E. Bretsch, A. Losche, and G. Arndt. 
1913* Vergleichende Untersuchungen uber die 
Verdauung der Rohfaser durch herbivore und omni­
vore Tiere. Landw. Vers. Sta. 83:181.

Forbes, R. M. and T. S. Hamilton. 1952. The utiliza­
tion of certain cellulosic materials by swine. J. 
Animal Sci• 11:480•

Goulden, C. H. 1952. Methods of Statistical Analysis. 
2nd Ed., John Wiley & Sons, N. Y. , New York.

Hanson, L. J., D. E. Becker, S. W. Terrill, and A. H. 
Jensen. Factors affecting the growth-inhibiting 
property of dehydrated alfalfa meal in the ration 
of swine. J. Animal Sci. 14:1206.

Mansfield, W. S. and W. R. Trehane. 1935- Interim 
report of pig feeding experiments conducted on 
Cambridge University Farm. J. Royal Agr. Soc.
95:137*



52

McMeekan, C. P. 194-0, Growth, and development in the 
pig with special reference to carcass quality 
characters. J. Agr. Sci. 30:276.

McMeekan, C. P. and John Hammond. 194-0. Improvement 
of carcass quality in pigs Agriculture. The J. 
Ministry Agr. 46:238.

Merkel, R. A., R. W. Bray, R. H. Grummer, P* H. Phil­
lips, and. G. Bohstedt. 1958. The influence of 
limited feeding, using high fiber rations, upon 
growth and carcass characteristics of swine. I. 
Effect upon feed lot performance. J. Animal Sci.
17:3.

Merkel, R. A., R. vV. Bray, R. H. Grummer, P. H. Phil­
lips, and G. Bohstedt. 1958* The influence of 
limited feeding, using high fiber rations, upon 
growth and carcass characteristics of swine. II. 
Effects upon carcass characteristics. J. Animal 
Sci. 17:13°

Mitchell, Bf* H. and T. S. Hamilton. 1933* True and 
apparent digestibility of oat hulls and alfalfa 
meal by swine, with special reference to the 
ability of swine to digest cellulose and crude 
fiber. J. of Agr. Research. 4-7:4-25*

Robison, W. L» 1930. Piber in rations for growing 
and fattening pigs. Ohio Agr. Exp. Sta. Bi­
monthly Bull. Ho. 14-5.

St. Pierre, J. M., P. B. Morrison, and J. P. Wiliman. 
1934-. Relative efficiency of limited and full- 
feeding for fattening pigs in dry lot. Am. Soc. 
of An. Prod. 101.

Sheffy, B. E., R. L. Holmes, L. C. Decosta, and J. P. 
Willman. 1955* The effect of different levels 
of fiber, fat and kind of fat performance and 
carcass characteristics of growing-fattening 
pigs. J. Animal Sci. 14-: 1222.

Shorrock, R. W. 194-0. The restricted feeding of 
bacon pigs. J. Agr. Sci. 30:598.



53

Snedecor, G. W. 195&* Statistical Methods. 5th. Ed. 
Iowa State College Press, Ames, Iowa.

Teague, H. S., and L. E. Hanson. 1954-* The effect of 
feeding different levels of cellulosic material 
to swine. J. Animal Sci. 13:206.

Vestal, C. M. 1921. Piher in rations for fattening 
hogs. Am. Soc. of An. Prod. Proc., pp. 43.

Whatley, J. A., Jr., D. I, Gard, J. V. Whiteman, and 
J. C. Hillier. 1951* Influence of breeding and energy content of the ration on pork carcasses.
J. Animal Sci. 10:1030.

Winters, L. M., C. P. Sierk, and J. N. Cummings. 1949* 
The effect of plane of nutrition on the economy 
of production and carcass quality in swine. J. 
Animal Sci. 8:132.

Woodman, H. E., Duckham, A. N., and M. H. French.1929* The value of dried sugar-beet pulp and 
molasses sugar beet pulp in the nutrition of 
swine. J. Agr. Sci. 19:656.



APPENDIX

- 54 -



Ap
pe
nd
ix
 

Ta
bl
e 

1. 
Me
an
s 

and
 
St
an
da
rd
 
De
vi
at
io
ns
 
for
 
Pe
ed
lo
t 

Pe
rf
or
ma
nc
e

f t
O f t

H H f l  •
0 bD 0
d  0  -H f t

•H 0  0  rHft 0  *S
ft

d <0

0 0
bC d

•H 0ft ft ft
o E3 rH

o
• oft

Fh
CDft
0
CD
CDft

CVJ I 0
0  CD 0ft • 
•H 0 
>  !>ift•H r—I i— Id  rH d  CCS 

tH

CD 
bG H cd 
Fh 0

CO
d
•H0b£
rH
*H
cdd
0
bd
cd
fH
0
4 iHft0 0 0  

o  0  f t  
Fh f t  0  ft

cd

-p 
•H

0 Fs

-Prd ObO 0 
•H rO 
0 (—I

d
o
♦H
-P
cdft

oooooo o o o
OJ OJ OJ
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