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ABSTRACT

Nutritionally adequate diets fed to pigs can be
expected to yield varied responses due to physical attribute
differences, feeding and processing methods, ingredient
selection and other factors. Independent and interrelated
effects of such dietary characteristics are of special interest
where feed intake control in self-fed pigs is of prime economic
importance. Evidence is provided in this thesis that rate of
'gain, feed conversion and carcass quality can be influenced by
nature and texture of fibrous ration ingredients, pelleting,
antibiotic supplementation and pig sex.

A 3 x 2° factorially arranged swine feeding experi-
ment was conducted with finishing rations to assess the effects
of: three fibrous diluents (cellulose, wheat bran, oat hulls),
two or three daily feedings, two fiber moduli, pelleting,
antibiotic supplementation and sex (gilt vs. barrow) comparisons.
Response criteria included weight gains, feed intake and con-
version, energy and protein digestibility coefficients, carcass
traits, gastrointestinal weights, and chemical and physical
measurements upon the ingesta from selected gastrointestinal
segments. Ingesta assessment included specific gravity,
Klasson lignin, proximate principle components, and ingestal
fluid physical characteristics.

Treatments increasing daily feed intake included
oat hulls, three daily feedings, fine moduli, pelleting or
barrows. Growth rate increased only in barrows or pellet-fed

~groups. Cellulose or/antibiotic supplementation improved feed



conversion, whereas oat hulls impaired it.

Oat hulls depressed digestible energy coefficients
but increased protein digestibility. Both energy and protein
digestibility coefficients were improved by antibiotic
supplementation; however, both bulk type and moduli exerted
an influence on this response.

Module effects were many and varied; the finer
module generally increased feed intakes and conversion. It
was noteworthy that fine wheat bran failed to exhibit many
characteristic responses of wheat bran. This effect was
attributed to destruction of the physical form in bran, namely
"flakiness".

Carcass quality paralleled nutrient digestibility
and feed intake alterations. The degree of finish, as in-
fluenced by fibrous diluent type, feeding frequency or sex,
was associated with carcass yield. It was postulated that
fluid retention differences in the gut, primarily between
fibrous diluent sources, influenced the relative degree of
tissue hydration and thereby affected carcass yield. Changes
in carcass yield were associated with visceral weight differ-
ences observed on fibrous diluent or antibiotic comparisons.

Gastric density characteristics reflected attributes
of dry feed. Pelleted, fine module or antibiotic-fortified
feed increased gastric density but this effect became dissi-
pated in the intestinal regions. It is possible that appetite-

inducing effects of these treatments were manifested in terms



of stomach filling capacity. Ingesta differences attributable
to fibrous diluent sources were maintained throughout the
tract. The most voluminous ingesta source was wheat bran and
the least, oat hulls. In terms of dry matter percentage, oat
hull ingesta was the highest and wheat bran the lowest. Larger
quantities of ingesta occurred in the rectal segment of oat-
hull fed animals. It was postulated that this affect reflected
ingesta volume differences upon lumen distention and defecation
initiation.

Although dry matter and ingestal fluid physical
measurement differences prevailed, these were difficult to
correlate with animal performance and ration utilizatipn. In-
creased fat levels were present in rectal samples from animals
fed wheat bran. Antibiotic supplementation increased ingestal
fluid pH and viscosity, but tended to reduce surface tension.

The large number of significant high order inter-
actions rendered specific interpretation difficult, but such
findings emphasize the important role that physical character-
istics of the diet play in determining growth and development

of animals fed nutritionally balanced rations.
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PHYSICAL ASPECTS OF WON-RUMINANT WUTRITION

INTRODUCTIOK

The use of known chemical values in formulating rations to
meet recognized nutritional standards may result in varied animal re—
sponse, Such a situation reflects our still imperfect knowledge of
nutrition and inability to describe an ideal diet in adequate terms,
Based on the implication that if the animél body is provided with an
appropriate assortment of chemical constituents it can perform the
functions expected of it, considerable effort has been expended equating
nutrient needs to chemically assessable elements. Possessing adequate
information on the specific nutrient requirements of a living organism,
and on the digestive availability of the nutrient source material, the
major problems surrounding nutrition are usually surmounted., However
in certain instances ingredient selection for ration make~up is such
that inconsistencies occur between expectations and performance. Re-
search has disclosed that, in addition to the chemical constituents,
certain physical attributes of some ingredients and subsequently of the
ration itself, may be the causative agents for the observed divergences.

Nutritive quality and quantity control, chiefly by caloric
manipulation has been a long established practise in the production of
desirable carcass characteristics in domestic animals destined for
slaughter. A ration with a reduced caloric density, yet adequate in
other essential components, reduces growth rate and adipose tissue pro-
duction, Self-feeding practises in swine raising and the production of
lean carcasses may be made compatible through the selective use of fibrous

feedstuffs for purposes of controlling caloric intakes., The growth in-—
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hibitory effects of dietary fibrous feedstuffs, utilized for caloric
dilution by virtue of their indigestibility and bulk contributing attri-
butes, have been shown to be dependent not only upon their level but also
on the origin of these constituents.

The use of fibrous or bulky feeds has implications other than
the reduced digestible energy per unit weight of food. Apart from their
nutrient contributions, the behaviour of these feedstuffs in the diges-
tive traect may modify enzymatic and absorptive processes, passage rates
and intestinal microflora. Alterations of feed consumption by animals
receiving such rations may result from an attempt to fulfill appetite.
There is a suggestion that in an effort to increase feed processing
capabilities an adaptive change in the digestive tract capacity may occur
within the animal,

The study reported herein was instigated to observe performance
of finishing market pigs on rations similar in protein and energy, but
differing through the use of three dietary fibrous diluents, In order to
elucidate the behaviourial differences of these, additional treatments
involving feeding frequency, modulus of fineness, ration pelleting, anti-
biotic supplementation and pig sex comparisons were superimposed. It was
expected by using such treatments that ration density, digestibility and
other factors could be evaluated, The measures adopted to assess the re-
sults included ration utilization, animal productivity, ingesta character-

istics and changes in alimentary tract weight.



LITERATURE REVIEW

The developing animal is in a sense a product of its nutritional
environment., Expression of the inherent growth potential and direction
is dependent on the establishment of adequate nutrition, This in turn is
contingent upon appetite, access to food and the contribution the diet
can make to the developing organism, For the purposes of classifying the
relevant literature, the aforementioned factors have been grouped into
either appetite, its origin, abatement and related factors or into growth,
its definition and control,

Appetite and its control

Body needs for energy and nutrition are met by food intake, and
subsequent anabolic and catabolic processes within the organism. The
implicationsof a balanced intake are obvious in influencing the magnitude
of weight losses or gains, It has been interpreted from studying calorie
intake patterns in fistulated dogs (Janowitz and Hollander, 1955), that
there are two appetite regulatory mechanismg,namely: a homeostatic meta-
bolic device to insure adequate caloric intake under varying caloric need;
and a neural mechanism tending to maintain the ingestion act regardless of
calorie need,

Neural

The resulting obesity from Frolich's syndrome, due to a tumor of
the hypophysis, has long been observed., In addition, it has been shown
that injury to the hypothalamus, in the region of the hypophysis, perpet-
ratedia similar condition (Best and Taylor, 1962). An indication of ele-

vated activity in particular areas of the hypothalamus in hungry animals
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has been demonstrated by detecting increased levels of high energy phos-
phate compounds during this state (larsson, 1954). Bilateral lesions in
the ventromedial nucleus of the hypothalamus crestes obesity (Khairy et
al., 1963). Injuries to the hypothalamic nuclei, just lateral to those
involved in obesity, cause the animal to stop eating (Best and Taylor,
1962). It has been demonstrated that even in those animels with hypo-
thalamic lesions excessive food intakes stopped when the animals became
obese (Khairy et al., 1963). The effect of drugs that control obesity
can be destroyed in animals with hypothalamic lesions (Kennedy and Metra,
1963). Such data have been reviewed by Holder (1963), and present day
concepts are that the neural aspects of appetite control are localized in
the hypothalamic centers. The locale for appetite has been established
as being in the lateral hypothalamic region, and that for satiety in the
ventro-medial hypothalamus.

Brobeck (1957) suggested the hypothalamic centers control food
intake by facilitating or inhibiting the reflex mechanisms involved in
food acquisition and ingestion, which he calls “feeding reflexes". Of
these, sensory, olfactory, auditory, tactile, gustatory and enteroceptive
(intestinal) reflexes are the sensory mechanisms arousing the reflexes of
attention, approach, examination, incorporation and rejection. The hypo-
thalamic centers therefore control food intake indirectly by varying the
response of the lower brain centers to stimuli and subsequent control of
food acquisition, consumption and assimilation.

Metabolic
Starvation or food absence initiates hunger and excites the

feeding centers, subsequent food consumption induces satiety and stimulates
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impulses inhibitory to feeding, Gastro-intestinal mechanisms, mainly
physical, acting on sensory nerve endings, and metabolic agents, chiefly
chemical substances detected by a hypothetical sensory device in the
central nervous system, are postulated as acting on the appetite control
centers, Hunger contractions of the stomach and small intestine have
been linked with blood sugar level (Sparchez et al., 1957; Best and
Taylor, 1962), others (Quisgley, 1955) deny any link with this., Best and
Taylor (1962) state that severance of nerve supplies merely removes the
hunger sensation but not the state in man.

Brobeck (1957) has outlined a schematic diagram.of the balance

between appetite and satietys:

Appetite
Feeding
¥ ¥ * ¥ ¥
Gastric G. I, Hyperglycemia "3.D.AH
distention secretion
, i
Tissue Rising heat
dehydration production
» Satiety le

Figure 1 - Factors involved in appetite and satiety (Brobeck, 1957)

Holder (1963) cited literature indicating that the postulated
stimulators of the hypothalamic centers are. S.D.A. of feed eaten, os-—
motic effect of the diet, sensory impulses from the tract and concentration

of metabolites in the blood., In monogastric animals the utilization of
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glucoseAby hypothalamic centers had been implicated, however Holder found
that in the sheep neither glucose nor acetafe level of the blood served
to regulate appetite. Nasset et al. (1963) proposed that chemoreceptors
in the intestinal mucosa may serve to regulate food intake even before
possible changes in the chemical composition of the blood could initiate
regulatory changes in the central nervous system,

Hutritionists tend to consider food intake regulation in terms
of caloric requirements. According to Best and Taylor (1962) a theory
exists that total energy stores, predetermined by a balance between hunger
and satiety, are maintained at a set level., Animals consuming adequate
amounts of all dietary components, except calories, can be expected to
exhibit a tendency toward caloric regulation of dietary food intake (Rice
et al., 1957). Others (Winchenden et al., 1957; Wilger, 1957, Yoshida et
al., 1957) suggest that when dietary energy levels are at or near main-
tenance, body weight changes are correlated with protein intake. The in-
vestigations of Sibbald et al. (1956, 1957) led them to conclude that in
the rat there was an optimal digestible energy level for nitrogen retention
within each caloric density., Singsen (1957) suggested that growth rate and
feed efficiency were more closely correlated to total energy than calorie:
protein ratio, It was his concept that the calorie:protein ratio was modified
by the total protein in the diet and the proportion of calories derived
from fat, The work of Bowland et al. (1958) would tend to confirm the
beneficilal effect of added fat on nitrogen digestibility and retention.
Clawson et al. (1962) have concluded that energy utilization in swine was
not influenced by the calorie:protein ratio, however, daily feed intaké

was,. Variations in protein intake have been demonstrated to affect carbon



and energy retention in swine (Cunningham et al., 1962).

Intestinal fill

Food consumption has been related to passage rates (Miller and
Kriss, 1934; Castle and Castle, 1957). The effector mechanism appeared
to be related to intestinal tract pressures exerted by the amount of fill
(Miller and Kriss, 1934; Cooper and Tyler, 1959). In administering food
via gastric fistula to dogs, Share et al. (1952) observed that a bulky
inert substance in the stomach only exerted an influence on appetite if
given just prior to a meal., Holzel (1947), Janowitz and Grossman (1949)
and Janowitz and Hollander (1955) all indicated that stomach distention
via inert substances, balloons or fistula feeding decreased hunger.,

From observations following removal of the influence after vagotomy, Paintal
(1954, 1954a) concluded that stretch receptors in the stomach are responsi-
ble factors in hunger sensation. Share et al. (1952) felt that gastric
distention although a factor in hunger, was accompanied by a systemic
factor, and neither method alone was totally effective,

James (1957) considered “food factors" such as quantity, physical
and chemical nature, osmotic strength, temperature and bacterial content
capable of influencing the effluent emerging from the stomach and the sub-
sequent characteristics in the intestinal ﬁract. Sellers et al. (1961),
suggested that motor activities of the forestomach of cattle were dependent
on ingesta characteristics,

In general, it would appear that rather than serving in the
longterm regulation of energy input and output blance, gastric factors

are more important in determing the relative size of an individual meal,



Gastric filling and evacuation

Best and Taylor (1962) state that food first eaten passes to
the fundic region of the stomach to lie against the greatest curvature.
Successive portions consumed are nearer the lesser curvature and as the
organ is filled the final portions remain in the cardiac region, ILiquids
tend to flow near the lesser curvature towards the pylorus. larger
volumes of liquid may even flow around the entire food mass and pass on
into the duodenum. In the stomach the main energy of contraction is
directed towards mechanical movemenis rather than expulsion of food, The
rate of stomach emptying is determined by numerous factors including
total volume of the gastric contents and its consistency, chemical compo-
sition, pH, and osmolar concentration. The rate of emptying has been
described as an exponential function (Hunt and Macdonald, 1954; Beccari,
1957; James, 1957; Rosenthal and Nasset, 1958; Hunt, 1959; Best and Taylor,
1962). Rogers et al. (1960) found the pattern varied from nearly expo-
nential to nearly linear., They attributed this to animal differences,
completeness of the diet, level of dietary protein, the type of carbohy-
drate and amount of diet fed. The amounts of nitrogen received from the
stomach and small intestine in the first hour were always less than fed.
Cannon (1911) state& that undigested solids do not pass the pyloric
sphincter but remain in the stomach until they are reduced to a fluid or
semi~fluid consistency. Cannon further noted that the retention times of
foods (in man) in order of increasing time were carbohydrate, proteins
and fats,

Hunt (1956) showed that in humans adding salt to water to a con-

centration of 100 meq./l. hastened emptying of water from the stomach,
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above 150 meqg./l. the effect was delaying. He concluded that gastric
contents made either hypertonic or hypotonic with respect to blood caused
variations in stomach emptying., Castle and Castle (1957) noted increased
water consumption accelerated intestinal passage rates. There are reports
that there is an increase in apparent absorbability when the watering in-
terval 1s lengthened, this effect is most apparent on crude fiber digestion
(Konish and McCay, 1960). However these authors cite references that the
gastric content of rats were maintained at a constant moisture percentage
regardless of water intake, A significant effect of water on feed con~
sumption in swine and rats has been demonstrated (Smith et al., 1959;
Barber et al., 1963). Injections of increasing volumes of water into the
stomach, prior to feeding, inhibited the posi~feeding water intake to some
extent in rats, but even twice the previous voluntary consumption did not
prevent it completely (Moyer and Bunnel, 1962).

James (1957) states that there are individual variabilities for
gastric emptying rates., Others have noted similar variations in gastro-~
intestinal passage rates (Teague and Hanson, 1954; Reynel et al., 1956;
Rogers et al., 1960). The actual control of stomach emptying is still
being debated (Best and Taylor, 1962), however it is usually conceeded
that the sphincter muscle and the gastric motor reflexes are the control-
ling mechanisms.' Factors such as gastric fluidity cause the initial flow
to begin into the intestine in man, flow regulation begins when material
in the intestine reaches the point where one of the controlling stimuli
has reached threshold value. Regulation depends on the chemical and to
some extent volume characteristics of the chyme,

Hunt (1959) and Rosenthal and Nasset (1958) indicated the de-
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pendence of gastric emptying on chemical characteristics of the ingesta.
However, Hunt felt that the rate was dependent on caloric rather than
osmotic effects. The conclusion was that the greater the gastric volume,
the greater the outflow, Hunt stated that the volume of the intestine,
therecepticle capacity", set a resistance to stomach outflow. Gastric
emptying has been observed even in the absence of peristalsis. Ritter
(1956) failed to detect evidence of intestinal tract swelling behaviour
in response to application of Sméll pressures, However the duodenum and
colonic portions displayed elastic hysteresis. Ioops of duodenum and
small intestine expanded rapidly under applied pressure and the colon re-
tracted. It has been demonstrated that stomach emptying responded to the
action of sensory receptors receiving impulses from osmotic conditions in
the duodenum and small intestine (Hunt, 1960; Hunt and Pathak, 1960).
Best and Taylor (1962) state that in the chyme the chemical stimuli in
order of inhibitory potency on gastric emptying are fats, fatty acids,
proteoses, peptones, amino acids, sugars and other starch degradation
products, pH, osmotically active substances and non-specific irritants.
The effect is to reduce stomach tone and subsequent pressure against the
pyloris, Powerful inhibitors, i.e. fat (Louckes et al., 1961) may actu-
ally reverse the pressure and fesult inﬂregurgitation back into the stomach,
The enterogastric reflex is exerted through the vagus nerve, or via enter—
ogastrone, a hormone acting in the blood stream, either or both of these
can cause inhibition., Other factors such as hormonal components of HCIL,
protein digestion products, pyloric sphincters control and other unknowns

may be implicated in ways as yet unknown.
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Alimentary canal filling and evacuation

Current theories involving motivating factors for alimentary
canal movements are merely descriptive and often contradictory. The
following is a summery derived mostly from Best and Taylor (1962).
Movements in the small intestine are confined to segmented contractions
occurring along short segments'and so called pendular movements, which
many consider the same as segmented movements. The frequency of these
movements lessen as the distance from the pylorus increases (Hasselbrack
and Thomas, 1961; Best and Taylor, 1962). Many feel that the control
of these contractions arises from excitation centers in regions above
the contraction site. Such movements aggitate, increase subdivision and
change fluild contact of the ingesta with intestinal walls to facilitate
nutrient absorption. Peristaltic waves originate at irregular intervals
and may travel a few inches to several feet. Irritants, such as cath-
artics, frequently produce contractions that may sweep through the entire
small intestinal tract., The control of these waves may be local or
central reflex centers, by hormones, circulating metabolites, or actual
muscle history - i.,e. fatigué, etc. Hasselbrack and Thomas (1961) con-
sidered their experiment supported the pacemaker concept in control of
the intact intestine,

The intestine has been observed to have peristaltic waves
traveling in one direction only. Bayliss and Starling cited by Best and
Taylor (1962) derived their %Iaw of the Intestine" in 1899 and 1911. This
law states that the response of the small intestine to local stimuli is a
contraction of the smooth muscle above the stimuli and relaxation below

it. The stimuli site is propagated as the stimulant moves, this induces
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new contraction and relaxation sites and thereby propells the ingesta
through the tract., Best and Taylor (1962) also refer to a second theory
to explain intestinal functioning. Alvarez in 1940 proposed a “gradient®
theory, suggesting a mechanism in the intestine comparable to the pace-
maker of the heart. This concept has its adherants, among them Hasselbrack
and Thomas (1961) and others. Diament et al, (1961) studying the isolated
guinea pig ileum concluded that if any sensory neurons existed they were
located in the basal layer of the intestinal wall and not the layer con-
taining the villi,

During absorption the villi, under neural and (or) hormonal
control become active, as indicated by apparent lashing, shortening and
lengthening movements, Ivanov (1958) using ganglionic blocking agents
inhibited glucose absorption in rats, This inhibition of such an absorp-
tion process may be indicative of neural mechanisms acting on the villi.
Razin et al. (1961) indicated existance of a hormonal link not only invol~
ving lymphatic flow but intestinal motility., Secretin was used to initiate
greater lymphatic flow through the secretory flow from the thoracic duct,
this flow persisted after pancreatomy, but was abolished after excision of
the small intestine including the duodenum. They suggested that a sub-
stance other than secretin: caused some of these effects,

The ileo-colic valve controls flow from the small intestine via
its unique form, a constricturé composed of circular muscle fibers. This
Yvalve' yields to low pressure from the small intestine but only to high
pressures in the cecum, The colon receives the residues after they have
transversed the intestine., Water is extracted in this region and the in-

digestible residues constitute the fecal mass. The colon has two functions,



13
absorption and propulsion, Colonic contents are aggitated and mixed by
various contractions. Trautman and Asher (1940) detected a definite
series of movements in the pig associated with anatomical arrangement,

In the proximal portion,oscillating, bending and tonic movements were
noted and then peristaliic waves of varying intensity. In the terminal
region only peristaltic movements were noted. Yasukawa and Otsubo (1954,
1954a) noted that such movements were initiated in the cecum when food

was sighted, inhibition of oral and mucosal senses. prevented this.
Strengthened contractions and vasodilation during feeding were inter-
preted as increasing the "meotility" of the pacemaker. Espe and Cannon
(1940) noted that stomach filling caused colonic movement and often
defecation in calves. Best and Taylor (1962) state that the mere sensing
or sight of food or its ingestion can instigate colonic movements, others
indicated a positive correlation of frequency of cecal movements and
quantity of food taken (Yasukawa and Otsubo, 1954). Colonic peristalisis
may propel the ingesta analward, into the rectal area, wherein defecation
reflexes are instigated. Neural centers for the eliminatory act have been
localized in the hypothalamus, in the spinal cord, and in the ganglionic
plexus of the gut. During evacuation the anal sphincters are relaxed, and
both reflex and voluntary action ensues. Swine exhibit patterns of
elimination, influenced by feed and water locations (Hafez, 1962). Peri-
staltic waves, producing pressures of 4O - 50 mm Hg in the dog (Karlan et
al.,, 1959) and reported as high as 200 mm Hg (Best and Taylor, 1962),
evacuate fecal material from as far as the distal colon. The defecation
reflex i1s normally initiated by passage of feces into the rectum (Best and

Taylor, 1962}, others (Cooper and Tyler, 1959) have suggested that it may
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also be due to pressures prevalent in upper regions of the tract.

Nutrient absorption

Transport

Wilson (1962) indicates that transport of absorbed nutrients is
accomplished in the lymphatic and blood flow systems. Absorbed trigly-
cerides containing long chain fatty acids, cholesterol, absorbed protein,
the latter in some instances unaltered i,e. colostrum, egg albumin, etc.
can be detected in the lymph. Up to 500 to 1,000 times lymphatic levels
of carbohydrate and protein derivatives are found in the blood stream.
Wilson (1962) suggests that the practically complete absorption of protein
and carbohydrate by blood is not due to selective resorbtion but chiefly
attributable to volume flow differences between blood and lymphatic fluids
circulating through thé intestgnal walls,

Mechanisms

The actual mechanisms of intestinal absorption have been parti-
ally elucidated, however only passing reference can be made to the volu~-
minous data on this subject. Wilson (1962) has presented a comprehensive
review on the subject and only selected portions of his treatment will be
reported here, Permeability phenomena can be subdivided into passive
diffusion, and special forms such as active diffusion, facilitated diffusion
and pinocytosis. Although the latter mechanisms are responsible for the
absorption of most nutrients, simple diffusion is important for water solu-
ble vitamins, nucleic acids and lipid soluble substances., Diffusion is
proportional to the concentration gradient, the membrane thickness and area
of membrane. Sugars such as sorbose, xylose (Small et al., 1959) and fru-

ctose, have been shown to pass through by such a pathway, The evidence that
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these sugars are absorbed by such a mechanism was inferred from behaviour
over & wide range of concentrations. They were not absorbed against a
concentration gradient; were dependent upon initial concentration for
rate, other sugars did not compete with them and metabolic inhibitors did
not affect their diffusion rate, Some starch compounds with molecular
weights of 200 to 400 can also penatrate the cell membranes by the simple
diffusion process, Many drugs and other substances which are lipid solu-—
ble may pass through by dissolving in the lipid cellular membrane. Cells,
intestinal epitheliﬁm among them, are known to be more readily permesble
to the undissociated rather than the dissociated molecule. The rate of
penetration of weak acids and bases may be increased by altering the pH
of the en&ironment in the direction of the pK of the compound.

In spite of such apparent unselective mechanisms as mentioned
above the intestinal barrier 1s considered a relatively impermeable and
selective membrane, There are exceptions, Juhlin (1959) stated that there
were indications of particulate passage through the wall,4however, he
showed that spheres ranging in size from 0,1 to 0.2 microns failed to be
absorbed, Wilson (1962) states thet bacteria, starch grains and hydro-
carbon emulsions are rejected. ZDvidence of particulate abs?rption,fre—
guently thought of as being restricted to the .newborn,, has%been shown to
occur in adults. The intestinal epitheium serves as an effﬁctive barrier
for a variety of substances, among them are compounds that %re charged or
those of higher molecular weights, The cathartic action ofgsubstances
like phenol red, an example of a charged molecule of moderaté molecular
welght, are attributable to their non-absorption.

In some instances bulk flow of water may occur. This is a
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process differing from osmosis., Water can flow to regions of differing
solute concentration through cell membrane pores, The flow may be capable
of dragging along smaller solute molecules, and if of sufficient magnitude
produce electric potentials, Such a mass fluid movement, induced by
hydrostatic pressure, has been demonstrated to inhibit intestinal glucose
transport (Wilson, 1962).

For many substances, membrane traversing by simple diffusion is
too slow, and in instances where this movement is against an electrochemical
gradient energy is required. To overcome such obstacles to membrane move-
ment, the living cell has developed an active transport mechanism, Such
an active process facilitates the movement of glucose, amino acids, fats

and NaCl, The latter is also followed by an osmotic movement of H,O.

2
(Fridhandler and Quastel, 1956, 1956a; Jervis and Smith, 1959; Small et al.,
1959; Lin et al., 1961; Wilson, 1962). With the exception of B),» active
transport mechanisms are responsible for little if any movement of water-
soluble vitamins., The absorptive mechanisms of the fat-soluble vitamins is
currently unknown, Non-electrolytes, such as glucose, once transported
across the celi membrane, are removed from possible interference by conversion
into other associated compounds, such as phosphorylated derivatives, The
altered derivatives are prevented from diffusing back into the lumen by
differential cell permeability.

To explain the active transport mechanism a membrane carrier has
been postulated. Substances approaching the outer cell membrane combine with
it and form = = a substance-carrier complex which then moves across the per-
meability barrier, to the inner membrane surface where the compound is released.

Carrier mediated diffusion, known as facilitated diffusion, can be accomplished

without energy expenditure, wheére there is no electrical gradient



17
established, James (1962) states that D-xylose in the intestine is be-
lieved to move this way. Pinocytosis is a primative mechanism, the food
particle being actually engulfed or dissolved by a process of vesiculation.
Protein and particulate absorption in infants is believed to occur this
way. Dye, particle,and according to recent evidence, lipid absorption, has
been demonstrated to occur via this mechanism in older animals, as well as
in the young.

Sites
Sugars and degradation products of the more complex carbohydrates
are acted upon by the hydrolytic enzymes in the small intestine. The upper
portion of the small intestine, particularly the duodenum, absorbs sugars,
while the stomach and colon absorb little if any. However, Reynel and
Spray (1956) indicated evidence of glucose absorption in the stomach. Un—
hydrolized disaccharides passing into the colon are subjected to bacterial
hydrolysis and fermentation. A patient lacking invertase may pass large
amounts of fatty acids in the stools following sucrose ingestion, but not
on a sucrose~free diet. In young children in certain instances diarrhea
and weight losses have been traced to the inability of the gut to split dis-
accharides with consequent excretion of the unabsorbed sugar with an osmotic
equivalent of fluid. Sugar absorption, dependent on its form, is chiefly
through active absorption mechanisms, however, as mentioned for certain
sugars some of the other mechanisms are also implicated (Wilson, 1962).
Protein absorption is unique in that it is diluted severai fold
by endogenous protein originating mainly from the enzymatic secretions and
also from such sources as mucoids and desquamated cells (Ju and Nasset,

1959; Nasset and Ju, 1961; Wilson, 1962; Nasset et al., 1963 and others).
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Rosenthal and Hasset (1958) estimated that protein recovery in the rat
varied from 31 to 1400%, Twombly and Meyer (1961) were more conservative
in their estimates and reported that a dilution of 175% may occur in the
small intestine, Wilson (1962) indicated a three fold dilution as a
reasonable representation, Nasset et al. (1963) considered the mixing of
exogenous and endogenous protein in the gut as a homeostatic mechanism to
prevent large changes of free amino acids; The feeding of imbalanced pro-
teins over a proloﬁged period of time may result in a breakdown of this
mechanism. The dilution veries with differing conditions in different
animals, however, it is an importanﬂ factor in protein digestion and ab-
sorption. The importance of pinocytosis in protein absorption is chiefly
thought of as a feature of the newborn, it may be of minor importance in
adults, Wilson (1962) has indicated that the pinocytosis phenomenon shows
predilection for the lower segments of the small intestine.

Peptides as such are poorly absorbed, and chiefly amino acids are
present in the portal blood following digestion. It has been demonstrated
that active transport, associated with a considerable specificity, moves
the amino acids across the epithelial barriers (Lin et al., 1961; Wilson,
1962). The specific carriers are thought to be selective for carboxyl and
amino groups and for hydrogen, however the side chain does not appear to
influence the selection. The site of amino acid absorption is the small
intestine, the entire region being similar in importance, however neutral
amino acids are absorbed more in the mid region. There is some question
about amino acid absorption in the colon.

One of the major functions of the intestine is the ingestion,

secretion and regulation of electrolytes (Grim et al., 1955; Wilson, 1962).
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As an example, man ingests an average of 1.5 liters of fluiildéiiygfﬁéﬁ%;“/
ever coupled with intestinal secretions a total load of over 7 liters is
imposed on this system. Of this fluid, about 150 ml. are lost in the feces
indicating that over & liters are reabsorbed. The stomach, although a site
for water flux, doee not serve as an absorption site for fluids and electro-
lytes. One of the functions of the duodenum is the equilibration of in-
testinal lumen and blood contents, The major site of fluid resorption in
man is the upper region of the small intestine (Grim et al., 1955; Wilson,
1962). Considering the jejunum as the Mupper® segment, Wilson (1962) in-
dicates that most electrolytes are absorbed in the upper and mid regions

of the small intestine, although there are absorption processes occurring
in the lower region., The colon is indicated as a site for Na% and HY ab-
sorption and HCQ§ and K secretion. Other electrolytes such as Ca++, Fe++,
SQZ, Sr™ and le may possibly be absorbed or secreted in the colon as well,
however their primary route is in the small intestine,

Fat and triglyceride absorption have been indicated as occurring
in the small intestine, however opinion varies as to the exact location,
Best and Taylor (1962) and Wilson (1962) consider the more distal sections
as the probable sites. There is a suggestion of triglyceride absorption in
the colon. Recent work has established the absorption of volatile fatty
acids (VFA) in the cecum and colon of swine (Friend et al., 1962, 1963).
osmell amounts of fat hydrolysis have been reported to occur in the stomach.
Wilson (1962) states that all animals excrete fat in the feces. The origin
of fecal fat is the subject of controversy, however it is postulated that
it originates from unabsorbed food fat, from bacterial synthesis, or accord-

ing to recent views, from desquamated intestinal epithelium (Burr et al.,
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1960; Linazasoro and Diaz, 1960; Wilson, 1962). The actual mechanism of
fat absorption is thought to be active transport, however particulate
absorption, dependent on particle size, pinocytosis and the lipid solu~-
bility diffusion hypothesis have all been advanced as possﬁble absorption
mechanisms.,

Information concerning the absorption of vitamins is very sparse,
however Wilson (1962) feels that many of the water soluble vitamins are
probably absorbed by simple diffusion. There is a suggestion of an active
transport mechanism for choline, Vitamin Bjp is unigue in that it requires
almgaﬁmwmﬁnmdﬁmﬁetMmjimﬂffM’ﬂmemmmmﬁmh'TMBﬁimﬁngm
is referred to as the "extrinsic factor® and the protein compliment as the
“intrinsic factor®, The latter is produced by the chief cells in the
fundic region of the stomach, There is evidence that the intrinsic factor
and the absorption site are species specific. In many species the ileum
1s implicated. as the absorption site and recently there has been & sugges-—
tion that pinocytosis is the mechanism for membrane transport of the
vitamin B,, - intrinsic factor complex (Wilson, 1962). Fat soluble vita-
mins are known to require bile for their absorption. Wilson (1962) feels
that the probable mechanism for membrane diffusion is by the lipid solu~
bility mechanism. Carotene is unique in that it is absorbed into the
intestinal epithelium where it is converted to vitamin A, In some species
following the injection of carotene it was shown that this conversion
could occur elsewhere (in the rat), however in other animals (in calves)
there was no conversion following removal of the small intestine,

In the absorption of drugs, factors such as pH, liplid solubility

and others affect their uptake. The absorption can occur as early as the
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stomach or be delayed until lower regions are reached., There is sparse
information concerning antibiotic absorption, however some of the above
mentioned factors undoubtedly play a role., Some antibiotics, being highly
charged, such as streptomycin and bacitracin, are poorly absorbed. Others,
such as erythromycin and carbomycin, being weak bases are readily absorbed
in the ileum where favourable pH ranges exist‘for these compounds to be in
the undissociated form,

Based on the behaviour of mecamylamine, a drug used in relieving
hypertension, Wilson (1962) infers that many drugs may recirculate through
the intestine. This drug is "secreted" into the stomach and is resorbed
in the small intestine, Certain endogenous compounds are also known to be
recirculated through the intestine, secretion of substances into the bile
and their subsequent resorption in the small intestine is a well known
example, JIodine is anofher example, it is secreted in the saliva and is re-
absorbed in the stomach or the small intestine (Wilson, 1962), It is very
probable that some glandular secretions may possess similar reciruulatory
patterns.

Growth

Definition and forms

Growth has been defined as "“a correlated increase in the mass of
the body in definite intervals of time, in a way characteristic of the
species™, (Schloss, 1911). The individual animal cell represents the ultimate
~unit of growth., Cellular growth is accomplished by hyperplasia - an
increase in cell numbers, and by hypertrophy - an increase in cell size,

Unlike embryonic growth, where both cellular hyperplasia and hypertrophy
cccur, in the adult three forms of cells exist, These forms are the per-

manent cells, such as nerve cells which cease division in early prenatal
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life and become fixed in number; the stable cells, such as most of the
organs, which divide for a varisble but major portion of the growth cycle
and become fixed in adulthood; and the labile cells, such as epithelial
and epidermal cells, dividing throughout life, with the exception that in
the adult the process becomes limited to cellular replacements, Cells of
all three groupings undergo hypertrophy during growth, some such as muscu-
lar development, mey be increased with physiological demsnds, others such
as adipose tissue may be influenced to an extent by the nutritional environ-
ment.
Development

In the developing animal there must be complete and co~ordinated
growth of all its parts, thereby involving a multitude of interrelated
processes. Growth conforms to the "law of developmental direction", as
evidenced by the existence of a well defined anterior-posterior gradient
from earlier to later developing regions (lclMeekan, 1941). The classical
work of Hammond (1932) indicated that this involves an increase in
structural tissues such as bone and muscle, next the organs, and lastly
an increasing tendency for fat deposition. Subject to individual and
species variability, maximal size and develorment rate are attributable
to heredity; however, as Mendel and Hubbell (1935) observed, planes of
nutrition can exert a profound influence on these growth characteristics
and the ability of the organism to attain its hereditary possibilities,
Such observations have been repeatedly cénfirmed by numerous research
workers as well as being common knowledge to both laymen and scientists,

During development of an individual there will be a preferential

growth of parts at a given time, Nutrient intake will of course be capable
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of influencing this development rate and during the growth cycle the
quantitative and qualitative aspects of the diet can create conditions
that influence subsequent growth phases, especially adipose tissue de-
position, When growth is directed towards adipose tissue formation, in-
creasing increments of growth are attained at an ever increasing cost in
terms of feed increments per unit gain., Crampton (1956), quoting cal-
culations of Kriss, estimated that in cattle, "double the calories deposited
as body fat would be required in the ration in excess of maintenance
energy®, Dole (1959) considered fat as both structural and mechanical,
serving the animal as an insulator, a cushioning agent and an energy store,
Fat, averaging 88% carbon and hydrogen is a highly efficient form of energy
storage, however, it is then evident that it must also be costly to form.
Fat serves as a throttle to body energy flow by adjusting to cellular needs
and responding to hormones, the latter being the regulators of body proces-
ses., Substantial portions of the dietary sugars, starches and even excess
protein may be channeled into adipose tissue, where it is available for
cellular use should the occasion arise, Fat was once considered solely as
a consequence of intakes of food in excess of quantities utilized or ex~
creted, Dole (1959) considers that fat should be considered in terms of
body needs, as imposed by production and activity demands, when considering
means of control over its deposition.

Bacon~type hogs in this country are marketed at about 200 1b.
liveweight and well under a year of age. Hammond (1932) noted that during
the fihal stage, as the animals are approaching market weight, body depth
changes and fat aeposition tend to be maximal in the bacon-type hog.

Examination of performance data would suggest that the point of inflection



2Ly
on the growth curve, mentioned by Crampton and Lloyd (1959) as the point
where maximal growth rate and efficiency of feed utilization is prevalent,
has been reached and passed by the time the bacon hog is marketed. At
the time of market one of the measures of productivity is carcass quality,
serving as a basis for financial remuneration when eqguated with carcass
weight.. Although the carcass may be partially separable into the three
major components of bone, lean and fat, consumer demands and the grading
system specifications (Anonymous, 1954) lay considerable emphasis on the
proper distribution and quantity of lean and fat. In spite of the pro-
ducers' desire to obtain maximum economic returns, overfinish has been
cited as the chief reason why many 200 1b. bacon pigs fail to attain top
grades. This excess fat has been produced not only at the expense of in~-
creased feed costs but reduéed market returns as well,

Growth restriction

Growth in animals must of necessity be correlated to feed quality
and intake. Waters (1908, 1910) and Mendel and Hubbell (1935), reported
the effects of dietary interrelationships on growth. The control of daily
weight gain and of carcass quality in swine was demonstrated by the classi-
cal work of MclMeekan (1941)., Employing various high-low combination planes
of nutrition McMeekan showed that by feeding a high plane of nutrition
during the phase of maximal bone and muscle development (the grower stage),
and employing a low plané of nutrition during the phase of declining growth
rate where fat deposition predominates (the finisher stage), a desirable
swine carcass was produced. Such work of course reflects on the calorie:
protein ratios (Sibbald et al., 1956, 1957; Rice et al., 1957; Wilger, 1957

and others) mentioned previously. Recently it has been indicated that a
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narrow ratio which gave a rapid gain at earlier stages of growth in swine,
failed to do so as the finishing stage was approached (Clawson et al.,
1962). These authors indicated that the ratios used by them, although
influencing feed consumption and growth rate, failed to significantly
affect gross energy intake, These authors, however, achieved variation
of calorie:protein ratios through the use of high energy fats and carbo-
hydrates, therefore it may not be reflective of conditions encountered
during energy dilution wvia fibrous bulks,

Restriction methods

Variations in the nutritional plane can be achieved through
hand feeding to produce a leaner carcass (Henson, 1958); however, according
to Troelsen (1960) even in these instances one may readily note usage of
ingredients suggestive of reduced caloric density as the finishing period
is approached, The self feeding method of swine raising has become well
established in America (Hanson, 1958), to control feeding on such a system
it is necessary to either restrict supplies, control feeding time (Barber
et al., 1957; Bowland and Berg, 1958) or to use ration dilution (Crampton,
1956 and others). Currently there is resurgent interest on this topic and
recent reports on the subject (Passbach et al., 1964; Wallace et al., 196L)
serve to reconfirm rate of gain and backfat reductions on restricted
feeding.

Basing his views on the restriction methods in existence at the
time, Crampton (1956) felt that actual feed restriction was impracticalj
however, the recent development of mechanical feed restricting systems has
once again revitalized this approach to the problem. Ixperience at this

institution (personal communication) on mechanical swine feeders, and



26 -
Crampton's (1956) views that over-glutinous or timid individuals may
alter their expected feed intakes during competition for restricted feed
due to their social behaviour, indicate that mechanical restriction may
not be as practical as originally anticipated. The added eguipment and
operational costs of such methods must be considered as well when making
comparisons with self feeding. Yet another factor to consider is the
data of Cunningham et al. (1962a) indicating that severe feed restriction
(50% of ad 1lib consumption) may adversely affect nitrogen retention in
swine.,

To self feed at the finishing stage, and at the same time limit
caloric intake, ration dilution with fibrous feedstuffs offers another
alternative. Fibrous feedstuffs serve’to adequately dilute ration caloric
density and still satisfy the animals appetite through their bulk effect
(Castle and Castle, 1957; Crampton and Lloyd, 1954, 1959). Troelsen (1960)
cited numerous references where fibrous materials were utilized to re-
strict energy intakes in mice, poultry and swine, Hoelzel (1947) demon-
strated the use of non-nutritive substances fo dispel appetite in man and
found cellulosic bulk formers the most suiltable,

High level of dietary fibers were demonstrated to be inhibitory
on growth rate in growing-finishing swine by Vestal (1921) and Robinson
(1928), and more recently by others (Teague and Hanson, 1951; Whatley et
al., 1951; Axelsson and Erikson, 1953; Coey and Robinson, 19543 Bohman et
al., 1955; Scott and Noland, 1959; larson and Oldfield, 1961; Pond et al.,
1962; Siegl, 1962). It has been pointed out that the source of this fiber
is important in creating this effect (Bohstedt and Fargo, 1933; Forbes

and Hamilton, 1952; Bell, 1960; Troelsen, 1960; Troelsen and Bell, 1962),
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As mentioned previously, and on observations of others (Crampton, 1956;
Crampton et al., 195L; Bohman et al,, 1955; Merkel et al., 1958a, Hochstetler
et al., 1958, 1959; Troelsen and Bell, 1962; Cunningham et al., 1962), such
growth retardation results in the production of a leaner hog carcass.

Daily feed intake, growth rate and feed conversion have been shown
to vary with the type and level of fiber used. Cunningham et al,(1962)
found that the levels of crude fiber digestibility varied from O to over 90%.
The work of Bell (1960) demonstrated that the overall efficiency of feed
conversion was dependent upon a multitude of factors, amongst them fiber type.
On the basis of such work it can be inferred that on diluted rations growth
rate reductions and feed intake increases may be expected, in addition car-
cass quality modification shall vary with fiber type and extent of caloric
restriction. Troelsen and Bell (1962) indicated that statistical adjustment
of carcass criteria for differences in energy intake removed most of the
carcass criteria variation. These workers observed a reduced dressing per-
centage as the level of bulk in the ration rose. Selecting from their trials
the diluents of interest in this project, it is noted that oat hulls pro-
duced the highest, solka-floc the medial, and wheat bran the lowest dress~
ing percentages, however the R.O.P. scores were slightly lower on solka-
floc rations than on either wheat bran or cat hulls.

Fiber influences

It has been indicated that fibrous feedstuffs assessment on the
basis of digestible energy content is inadequate (Bell, 1960; Larsen and
0ldfield, 1961; Troelsen and Bell, 1962 and others). In addition to con-
sidering the fiber's nutrient quality and content, influences of the enzy-

matic or microbial action and adaptation in the digestive tract, as well
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as physiological changes influencing ingesta passage rates and tract modifi-
cations should be taken into account,

Passage rate

It has been reported that ingesta transit time variations prevail
not only between species but amongst individuals (Holzel, 1930), This may
be‘partial support of a report suggesting slight differences in "organic
matter" and crude protein digestibility between individual pigs (Ziolecka,
1960), however, in this instance one must bear in mind that the report was
based on only four animals. Reduced feed intakes and increasing age of the
animal increases transit time (Cunningham et al., 1962a). Feed passage
patterns in fattening swine were shown to follow a sigmoid curve, with the
5% excretion being 21 hours, mean retention 34 hours, and the 95% point was
reached at 53 hours (Castle and Castle, 1956). 1In sows mean retention times
were found to be increased to 51 hours. With the exception of some slight
variations in time, others have obtained similar results in swine (Brandt
and Thacker, 1958; Horszczaruk, 1962). Complete assurance of meal passage
from the tract of swine for purposes of digestibility trials in swine has
been set at four days (Moore and Tyler, 1955).

In man (Rose, 1932; Morgan, 1934), and in swine (Cooper and Tyler,
1959) the use of wheat bran or fibrous cellulose, and in poultry "fibrous"
feeds (Saito and Kibe, 1956) accelerated passage rates, However, Horszczaruk
(1962), employing fifteen 7 month old pigs, six with cecal fistula, observed
an initial particle excretion at 12 - 18 hours on 4% crude fiber, When the
fiber level was increased to ll%, initial emergencies rose to 18 -~ 24 hours.
The final elimination range of 8, to 90 hours for the 4% crude fiber ration

was increased by an additional 18 hours in animals on the higher fiber diet.
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Differences in passage rates in rabbits, attributable to crude fiber, were
not observed (Mangold and Behn, 1956), and others (Kruger and Meyer, 1958)
felt that in pigs transit time was less dependent on feed type (bran vs
“ground cereal®) than on feeding time. Partialbexplanation for some of
these observations may be the report that if cellulose passes through the
tract qguickly it retains water, if it goes through slowly it looses water
(Cooper and Tyler, 1959, 195%a, 1959b). These workers demonstrated that
powdered cellulose had no lexative effect and fibrous cellulose more closely
resembled bran in action. Such results may suggest that differing feeds
may possess similar passage rate patterns in the intestine.

The initial impression would be that intestinal passage rate and
absorption are related., Wilson (l962)»refutes the ideavthat accelerated
intestinal motility is always associated with reduced absorption, An in-
stance is cited concerning methantheline, (a parasympathetic blocking
agent useful for its relaxant effect on smooth muscle, such as found in
the G.I. tract, as well as for its antisecretory propérties), induced
motility reduction coupled with a reduced Na® absorption. Suchvwork how-
ever should be viewed with caution, since it has been indicated that gang-—
lionic blocking agents have reduced glucose uptake in rats, (Ivanov, 1958).
The work of Castle and Castle (1957) has further demonstrated that one
should be cautious from over emphasizing passage rates, they demonstrated
that small variations in passage rates had little effect on ration digesti-
bility. The indications are that fecal dry matter ratios are influenced
by rates of passage (Cooper and Tyler, 1959). Rates of passage are in turn
affected more by levels of fibrous feeds than water intakes (Cooper and

Tyler, 1959b). The retention time and passage rate and moisture level of
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morning fed meals has been demonstrated to be higher than evening feedings
(Castle and Castle, 1956, 1957; Kruger and Meyer, 1958; Cooper and Tyler,
1959a).

Mitchel (1942) indicated that fecal protein was of dietary and
body origin. This latter factor, the metabolic fecal nitrogen (MFN) was
related to dry metter consumption, and Mitchel found that in monogastric
animals this equalled 0,20 to 0,25 gm. MFN per 100 gm. dry matter consumed.
On reduced feed intakes fiber digestion rises, however with higher levels
of fiber MFN increases (Cunningham et al., 1962), Generally with increasing
levels of fiber, depression of protein, energy, crude fiber digestibilities
tend to occur (Shehata, 19563 Scott and Noland, 1959; Bell, 1960; Horszczaruk,
1962; Troelsen and Bell, 1962 and others),

The relative importance of pH in the digestive tract, particularly
on the dissociation and subsequent absorption of weak acid and bases, was
indicated by Wilson (1962). Food type and s£omach pH relationships have
been demonstrated in dogs (Rumjaneeva, 1962). Wiseman et al. (1956) found
no correlation between food type and intestinal pH in poultry fed either a
corn or molasses based diet. Maner et al. (l962)>reported associative
effects or gastric pH and passage rates, They studied the behaviour of iso-
lated soybean protein and casein in young pigs. The soybean protein,
through a buffering action, produced a pH value higher than casein, Passage
rates of soybean meal were approximately half that of casein. As the pigs
reached 8 weeks the in vivo pH differences between the two diets became
negligible. An initially greater gastric secretion, instigated by the con-
sumption of bulky feeds, was detected in swine equipped with Pavlov pouches

(Gridin, 1956). Gridin concluded that the relative composition rather than
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feed bulkiness was an influential factor on secretory activity.

Tract development

Crampton and Lloyd (1959) felt that animals attempting to sat-
isfy energy needs on low caloric density diets might reach a limiting
point in feed ingestion brought on by limitetions of the animals digestive
capacity. Reports of influences of fibrous feedstuffs on the digestive
tract are contradictory. Increased tract weight in pigs attributable to
fibrous feeds (Bohman et al., 1955; Horst, 1956) and in poultry (Halls-
worth and Coates, 1962) were reported. Bohman et al (1955) felt that
swine adapted to high levels of bulk (alfalfa) by enlarging the tract
where limited transitory feed storage occurs, viz. stomach and large in-
testine, Such enlargement however wasn't accomplished by increasing tract
length as the literature citations by Halsworth and Coates (1962) con-
cerning poultry would suggest. The histological studies of Halsworth and
Coates (1962) revealed that in poultry high levels of fiber caused detect~
able tissue ' abrasions, some irregularities in glandular structures, and
increases in the intestinal musculature. Antibiotic supplementation tended
to mitigate these effects somewhat. Mucosal hyperplasia of the mouse cecum
has been associated with dietary influences of sugars (Fburnier and Guillam,
1960). loinudden and lee (1958) reported similar influences in rats, in
this instance cellibiose particularly resulted in increased weights. Celli-
biose is a degradation product of cellulose and could be present in the gut
during digestion. Others report the absence of gastric size modifications
in response to dietary regimes involving fibrous feeds (Handgrodinger, 1955;

Brownlee, 1959; Pres and Nowicki, 1959).
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Site of decomposition

The site of fiber digestion varies with the species, in the pig
the cecum and colon are implicated (Crampton and Lloyd, 1959). The degree
of fiber digestibility varies within species and individuals as mentioned
above., Part of the digestibility variation is due to the fluctuations of
the number and type of intestinal microflora in response to the gastric
environment., Crampton and Lloyd (1959) assigned a value of 3 ~ 25% crude
fiber digestion in accord with the usual diet consumed by swine, however,
Cunningham et al. (1962) indicated fiber digestibilities ranged from O to
90% for this species. In swine the chief site of microbial activity and
VFA production is the cecum and particularly the colon (Friend et al.,
1962). Lower fatty acids, gases and products such as reducing sugars were
found and shown to be absorbed from these regions (Crampton and Lloyd, 1959;
Cools and Jeuniaux, 1961; Friend et al., 1962, 1963). Cecectomy in pigs,
although producing no ill effects, depressed dry matter, crude protein,
crude fiber and NFE digestibilities (ILloyd et al., 1958). Vitemin synthesis,
notably B12 has been demonstrated in this area (Michel, 1961). This author
suggested that intestinal microflora were capable of producing losses of
food energy and pass toxic substances such as l\iH3 into the portal circulgtion.
The proximal region of the colon in swine has been cited as containing larger
amounts of organic acids; up to twice the levels present in cattle were found
(Friend et al., 1962). These levels were depressed by some diets (cellulose)
and in vitro studies indicated a depression due to antibiotic additions as
well. In vivo antibiotics may contribute further effects by depressing
peristalisis (Reber, 1955; Halsworth and Coates, 1962) and by their influences

on intestinal microflora types and population levels (Freerksen, 1955).



Cellulose

Cellulose is one of the supporting components of plant tissue
according to Cantarow and Shepartz (1962). There may be over 3,000 glu-
cose residues per molecule, as exemplified by the emperical formula
(CéHlOOS)X’ vielding molecular weights of a half a million. Cellulose can
exist as the crystaline form, know as sccellulose, an orderly arrangement
of molecular units, or exist as tﬁe amorphous or ﬁ? cellulose form.
Ballmilling has been shown to destroy the crystalinity of native cellulose
(Wiseman, 1959), it has also been indicated that processing methods can
affect its recrystalization and structual characteristics (Tarakow, 1950).
This is similar to other fibers, where cyrstalinity can be reduced or des—
troyed by stretching, rolling or other processes causing distortions, It
would appear that the source and method of preparation is important in
affecting cellulose degradation. Baker (1959) felt that this wasn't solely
attributable to the particle size or average mass of the glucose side chains.
The degree of swelling and incorporation of water was greater following cry-
stalinity alteration (Jakubovic, 1959). .Jakubovic also indicated that
intramicellular capillaries, larger aliphatic side chains, and nitrogen
contents all played & role in the degree of swelling in cellulose. It has
been shown that grinding or swelling increased Y“accessibility', a factor
related tc not only Crystélinity, but to the capillary networks between the
fibers and their nature (Whitaker, 1957). Unlike crystaline cellulose, the
binding site availability as well as "accessibility" of amorphous cellulose
renders it capable of absorbing water up to 2 or 3 times its dry weight
(Stamm, 1950). There are 3 hydroxyl groups in the cellulose monomer that

can bind water, however crystalites are impermeable to water whereas in
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amorphorus regions these sites are Haccessible®, In addition to varying
with the carboxyl content and degree of hydration of cellulose, those that
swelled in solution were capable of retaining 2 or 3 times the enzyme
activity when used as an absorbant in enzyme purification techniques (Mitz
and Summaria, 1961). The amorphous form of cellulose has been indicated
to be more susceptible to enzymic degradation (Walseth, 1952). Bayley and
Rose (1960) stated that alpha cellulose exhibited poorer cation binding
properties, These authors felt that native cellulose had other substances
such as pectins and lignins that would increase their binding capacities.

Natural celluloses are encrusted with other structural elements
(Norman and Jenkins, 1933; Armstrong et al., 1950), the proportions of some
of these structural components, such as lignins, increase with maturity and
very with the plant source (Crampton, 1956; Crampton and Lloyd, 1959).
Tomlin and Davis (1959) failed to correlate cellulose digestibility with
its crystalinity. Lyford et al (1963) noted similar results, in addition
no influence of the pentosan component was detected. Such divergencies
indicate that other factors apart from cellulose crystalinity may be involved
in affecting digestibility (Tomlin and Davis, 1959). Dehority et al. (1962)
indicated that associateéd structures such as pectins and heml-cellulose were
more resistant to decomposition, probably as a result of lignin encrustation.
Hvidsten and Homb (1948) indicated cellulose digestibility to be
low when fed to swine, UNeither fermentation nor NaOH treatments influenced
digestibility and a dependence on age and individual variation amongst animals
was revealed. (NaOH has been utilized as a solvent for alpha cellulose by
Iyford et al., 1963)}. The literature review presented by Cunningham et al.

(1962a) would tend to contradict these results since it was indicated that
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processing caused increases in cellulose digestibility. Cunningham et al.
(1962a) concluded that the pig expended more energy in utilizing cellulose
than it derived from it. As mentioned previously they pointed out that
there appeared to be no adaptability to cellulose with time, Feeding level
of fiber level intake and age of pig were important factors., Johnson et al.
(1960) force~fed a 31% suspension of Clé-labelled cellulose to rats. Of
this 31% was metabolized, 1% excreted in the urine and 6% retained in the
body, the remainder was expired in the respiratory gases. Oxytetracycline
markedly suppressed the metabolizing of Clh-labelled cellulose in these
trials, this being in accord with earlier observations concerning cellulose
digestibility (Forbes and Hamilton, 1952). Franz (1959) had indicated that
even at levels of 60% rats failed to exhibit cecal enlargement, although
at the 40% level animals could not eat enough food to satisfy their needs.
Feed utilization at the 20% level of dilution was equivalent to the control
groups. It has been pointed out that while "“normal' levels of celluloses
contribute to proper intestinal motility excessive amounts are irritating
to mucous membranes and may even produce constipation (Crampton and Lloyd,
1959; Cantarow and Schepartz, 1962).

Wheat bran

Wheat bran consists of the coarse outer coatings, the aleurone
layer and abouf half of the germ of the wheat kernel. This by-product
possesses about 16% crude protein, 10% fiber and has approximately 0.2% 6f
a per cent of phosphorus: and slightly less calcium. The cellulose and
lignin levels for bran have been reported to be 17% cellulose and 8% lignin
(Crampton and Lloyd, 1959). Bran is paiatable to livestock, but its chief

use lies in its laxative properties. The bulky nature of bran is particulerly
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adaptable in the dilution of swine rations., Sheely, cited by Gorrill
(1960), suggested that the flaky nature of bran tended to make the ingesta
susceptible to enzymatic action, Part of the laxative effects were attri-
buted to its water~holding and gas-trapping abilities,

Cooper and Tyler (1959) have noted that bran fed to pigs in-
creased fecal moisture, an effect reproducable with fibrous cellulose.

Fecal dry matter as well as water output rose, and colonic distention due
to gas formation was noted. It has been shown that gas production was
hiéher on vegetable~origin and high crude fiber diets (Hedin, 1962; Hedin
and Adachi, 1962). Of the gases produced, CO,, CHA’ H,, 0, and N, only

N2 tended to remain in solution in the intestine, the others tended to be
taken up by the circulatory fluids. The proportion of CHL rose with de~
creased motility in the intestinal tract. Bran rations, with their laxative
effect would certainly not be in such a category,

Gorrill et al. (1960) noted that the effect of bran on energy
digestibilitvaas small relative to its enhancing effect on protein digesti-
bility in growing pigs; this effect was particularly predominant when fed
as meal or in conjunction with plant protein. This latter observation con-
firmed the earlier reported associative effects of wheat bran and all plant
protein rations (Norfeldt et al., 1954). Troelsen and Bell (1962) fed
rations containing various bulk diluents to swine, Of those of concern in
this thesis, wheat bran produced the lowest dressing percentages and average
backfat. These authors reported that per unit addition of bulk, wheat bran
resulted in the lowest daily Di intake decrease, Selecting the three bulks
utilized in this trial from the ones used by Bell (1960), wheat bran exhibited

the largest volume of feces and oat hulls the least on rations permitting
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60% of 'mormal! gains. This is a reflection of earlier reports (Olmsted
et al., 1936) that fiber content per se, although contributing materially
to it, is not a true indicator of total stool bulk.

References in the literature were cited by Bell (1960) to in-
dicate increased fecal moisture and fatty acid levels in feces originating
from bran rations. It was inferred that this was evidence of increased
microbial action in the lower gut. However there have been reports of
labelled plasma fat being recirculated into the intestinal tract‘through
the intestinal wall (Burr et al., 1960; Linazasoro and Diaz, 1960) and
bran rations could conceivably affect this recycling mechanism. Friend et
al. (1962) have demonstrated gquantitative and gualitative differences in
organic acids present in the feces dependent on diet. Bran and whey
rations produced more fecal valeric,propionic and acetic acids than cellu-
lose. Further work (Friend et al., 1963) tended to confirm these trends
and quantitative and qualitative differences in levels of VFA in the tract,
dependent upon the diet, were evident. ILactic acid was found less often on
bran supplemented rations, however there was a high proportion of acetic
acid. Quantitatively, cellulose and wheat bran produced similar amounts of
VFA in the tract.

Cat hulls

Oat hulls are the fibrous outer coverings of the oat grain, having
not quite 4% protein, 32% fiber and 0.2% calcium and half as much phosphor-
us.. Cat hulls have an éverage of 51% cellulose (NRC Pub. 585, 1958) and
two values for lignin: 14.2% (MRC Pub. 585, 1958) and 21% (Bryner et al.,
1936) have been reported. Therefore, in comparison to wheat bran on a dry

matter basis, oat hulls provide higher levels of both cellulose and lignin,
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{n the basis of a TDN comperison the 27% value of oat hulls for swine is
slightly less than half of that in wheat bran.

Possibly one of the first tests conducted using this by~product
was Buckley et al. (1912) who, after feeding & Jersey bull, a mule and a
seventy~five pound plg, observed that while the former two fared well,
the latter lost twenty-one pounds in six weeks! QOat hulls have been fre-—
quently considered as a diluent in finisher rations fed to swine., Gorrill
(1960) cited literature references indicating that for small pigs oat hulls
were costive, There was a suggestion that oat hulls did not absorb water as
freely _as = bran (Bell, 1960; Gorrill, 1960).

Digestibility coefficients for energy were reported by Bell
(1960) as 40O, 10 and 0% for wheat bran, oat hulls and cellulose in mice,
Indications were that these bulk sources exerted varying effects on the
animals' ability or desire to ingest feed. Vhile growth, adjusted for
feed intake difference, was reduced in oat hulls at a lower level of ration
dilution than that of wheat bran, it was considerably higher than ﬁhat
achieved using cellulose,

Crampton and Bell (1946) have indicated a beneficilal effect on
fine grinding of oat hulls fed to pigs. Larlier reports have indicated that
oat hulls entailed a lower loss of IMFN than cellulose (Whiting and Bezeau,
1957). Others indicate that on the basis of equal crude fiber intake this
effect was removed (Cunninghem et al., 1962). Jensen et al. (1959) con-
cluded that due to a TDN dilution, graded levels of oat hulls depressed
growth rate in swine., As levels of oat hulls were increased, gains, feed
intake and conversion declined. The addition of dried rumen bacteria failed

to exert any effect on the performence. Troelsen and Bell (1962) reported
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that oat hull-diluted swine rations, in spite of a lower TDW, promoted
faster gains than either wheat bran or cellulose. Dressing percentage
was highest on oat hull rations,

feeding frecuency

Both literature and husbandry practices abound with various
feeding regimes for swine. Animals may have access to feeds at all times
under ad lib feeding systems, or they may be restricted as to time and
duration, feed quantity or number of feedings per day. Such restrictions
can be imposed by manual or mechanical methods. For the purposes of this
report comnsideration shall be given to work analagous to the system em~—
rloyed in this trialj that is, a restriction chiefly to number of feedings
but not guantity, slthough a control over time and duration was practised.

Braude et al. (1963) compared pigs fed once or twice daily and
noted that the only variable factor among growth rate, feed conversion,
carcass length, grade and 'kill-out' percentage was the latter, due chiefly
to the amount of fill at the time of kill.

Berg and Bowland (1958) compared three systems where pigs were
allowed to self feed once or twice daily for one hour periods or fed ad lib.
Daily feed intake and gain increased with access to feed, however, feed
utilization was reduced on ad 1ib feeding, Restricted feeding resulted
in improved carcasses, and ad lib produced the poorer gquality carcasses in
these trials. The authors felt that due to labor costs and general gquality
of pigs used, feed restriction was not warranted., Pig Industry Development
Authority (1962) reported in comparisons involving animals fed twice a day
with some full fed, that the latter exhibited poorer feed conversiomn,

higher kill out percentage, greater backfat, shorter carcasses, less lean



and poorer grades,

Satter and Baumgard (1962) reported that on 2, 4 or & times a
day feeding the bovine exhibited fewer fluctuations of VFA, NH3 and pH
on more frequent feedings. Feegenbaum et al. (1962) noted that in com~
parison to restricted chickens, those full fed had, with the exception
of the small intestine, larger digestive orgaﬁs; however, fat and water
retention was higher in restricted groups. The pertinence of data derived
from so widely diverse specles to swine is debatable, however the possi-

bilities for similar effects exist,

- FModulus of fineness

Stevens, cited by Dyer (1963), defines modulus of fineness as
the indication of sieve mesh size through which ingredients will pass.
Food remaining on screens 4 to & (U.S5.B.5. sieve No.) was designated coarse,
16 to 30 medium, and that on 50 to 100 as fine. It is a fundamental con-
cept that the finer a material the greatef will be the actual surface area
exposed, Bulky fibrous components that are processed into reduced particle
size will be reduced in apparent volume and will become a denser product.

Ubservations of Whitaker (1957), Dehority (1961), and Dehority
et al. (1962) indicate that reduction in particle size provides increased
accessibility of cellulose to enzymatic and bacterial degradation., Crampton
and Bell (1946) had demonstrated the beneficial results of fine grinding oat
grains and oat hulls in the rations of growing pigs. Clawson (1962) hed
demonstrated an increased feed consumption by swine of fine ground corn in
comparison to a coarser product,

Charlet-Lery and leroy (1955) demonstrated that bran ground by

pressure and ultrasonic forces exhibited increased feeding value, feed in-
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take and crude protein digestibility in pigs. Frumin and Beesonev (1958)
subjected wheat bran to autoclaving and grinding treatments and observed
that its fiber digestibility by rats was improved as a result of the
grinding process. King and Moore (1957) have indicated that at a density
of 1.2 gm./cm. a plastic pellet was excreted more readily than a lighter
one, However these authors indicated reservations about the concept, when
they stated that the excretion of Cr203 marker from the digestive tract
was more rapid than expected from iﬁs density characteristics,

In man, undigested solids are usually expelled from the stomach
only when convefted to a relatively fluid consistency (Best and Taylor,
1962). It is probable that finer module feeds are capable of being rendered
sooner to the necessary state of fluidity conducive to gastric expulsion.

Calder et al. (1959) observed a reduced dressing percentage in
swine on coarse ground oats when compared to the finely ground rations.
Pelleting

Pelleting of feeds has resulted in increased growth rates, feed
consumption and utilization in poultry, ruminants, and swine (Davidson,
1957; Aldred et al., 1957, 1957a; Black et al., 1958; Hoefer et al., 1958;
Dinusson et al., 1960; Gorrill and Bell, 1960; Hussar amd Robblee, 1962;
Seerley et al., 1962, 1962a; Troelsen and Bell, 1962; Lindahl and Terrill,
1963 and others).

The compaction of bulky feeds, and subsequent increase in density
has made pelleted feeds more palatable to swine (Hoefer et al., 1958).

The re-grinding of pellets has been generally shown to maintain at least
part, if not all the beneficial results in poultry rations (Hussar and

Robblee, 1962), Chickens have been shown to be more tolerant of higher
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levels of crude fiber and to perform better on pelleted rations (Black
et al., 1959).

Aldred et al. (1957, 1957a) suggested that in pelleted chick
rations certain chemical or physical changes mey have developed as a re-
sult of heat and pressure. Hussar and Robblee (1962) reported temperatures
rising to 7200 on a small pelleting mill, (temperature obtained in com~
mercial operations may exceed this due to the use of live steam_and higher
pressures during mill operations). These authors pointed out though that
the actual temperature attained on the outside of the pellets may have
exceeded that of the imner core, They further demonstrated that lysine,
an amino acld particularly susceptible to heat damage, was unaffected by
pelleting, Lindahl and Reynolds (1959) observed increased ether extract
and decreased crude fiber in pelleted alfalfa meal fed to sheep. Uright
et al. (1963) noted no differences in ether extract or crude fiber digesti~
bility but considered in vitro digestion of cellulose greater on pelleted
hays.

In growing swine, pelleted rations were found superior only on
plant origin protein supplements and in the absence of bran or antibiotic
by Gorrill and Bell (1960). Johnson et al. (1964) noted that the response
to pelleting in ruminants was also contingent upon ration make up.

Increased dry matter and energy digestibility, but without apparent
benefit to digestibility of nitrogen, have been attributed to pelleting swine
rations (Gorrill and Bell, 1960; Troelsen and Bell, 1962; Seerley et al.,
1962, 1962a). Reddy et al. (1962) noted similar increases in productive
energy in pelleted poultry feeds., Hussar and Robblee (1962) considered the

slight changes in dry matter digestion, nitrogen and energy retention on
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pelleted feeds fed to chicks insignificant,

Some authors indicate pelleting as such does not affect carcass
quality (Cameron, 1960; Troelsen and Bell, 1962), however Bowland (1956)
indicated that pigs fed a pelleted oat ration ate more and produced a
fatter carcass., The apparent descrepancy in these reports may hinge
around differences in the digestible energy contents of the test rations,
which ranged widely among the three investigations.
Antibiotics

Mode of action

Jukes (1955) and Goldberg (1959) presented comprehensive reviews
on the possible modes of antibiotic action., Iuckey, who wrote the chapter
on "Antibiotics in Nutrition™ in Goldberg'!s book, has summarized these
modes of action and the following éutline is excerpted from his write-up.
"Proposed Modes of Action of Antibiotic Growth Stimulation

A. Indirect actions
1. Via intestinal microfloras
I. Increase numbers of "“good" microorganisms:

a) Vitamin synthesizers
b) Over populate (potential) pathogenic organisms

II. Decrease numbers of "bad" microorganisms:

N '3 .
a) Vitamin users
b) Toxin producers
c) Pathogens or potential pathogens

III. Change organisms present:

a) Produce (resistant) strains which are less harmful
b) Change metabolism of those present

c) Alter energy requirements in the rumen

d) Decrease invasiveness of normal flora

e) Increase susceptibility to phagocytosis
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IV. Relocate organisms into their usual habitat (prevent rising
of lower gut organisms).

2. Reduce infectious diseases:

I. %Sub-clinical! infection
IL. Help body defenses generally
IIT, Decrease frank infectious disease

3. External (or intestinal) mileux reaction:

I. Detoxication (chelation)
II. Remove inhibitor (metabolic waste product)
1II. Chelation-~activator :
IV. Reduce surface tension
V. Reduce pH of intestinal mileux

B. Direct action:
l. Cells:

I. Permeability of cell wall

II. Biological stabilizer against stress
III. Protoplasmic stimulant

IV. Activate anabolic regulator

V. Mutagenic agent (microorganisms)

VI. Mitotic stimulant
VII. Stimulate production of cell wall material
VIILI. Adaptation expeditor.

2. Tissues:

I, Intestinal wall length, weight and thickness made more
efficient

Ii. Increased absorption rate

II. Increased apparent utilization of metabolites

IV. Decreased energy expenditure '

3. Organism:

I. Hormone synergism
IT. Increased growth or thyroid hormone
1II. Increase palatability
IV. Over reaction to stimulant
V. Increase food utilization
VI, Increase adaptibility to a poor environment
VII. Decrease sensibility to poor environment
VIII., Biological stabilizer to stress
X, Adrenal cortex reaction



L5
L. Metabolic reactionss

-

L. Decrease vitamin requirement

{I. Increase vitamin synthesis by tissues
11T, Act as a metabolite

IV, Stimulate specific reactions:

a; rhotosynthesis
b) Sucrose synthesis
c) Vitemin A from carotene

V. Produce less (toxic) side products
VI. Increase enzyme synthesis

C. Combination of several of the above

D. Non~specific activation giving general mobilization of metabolic
enzymatic potential abilities,h

Effects

The response of swine to antibiotic has been a general growth
improvement of about 15%. This will vary depending on the type and quality
of the food, a greater response being exerted on poorer quality rations.
Appetite and feed efficiency improvements are more pronounced under stress
conditions such as sanitation and feed restriction to name but a few. Re~
sponse has been reported to be greater in young animals, High-level feeding,
levels of from 50 to 1000 ppm., are usually fed under disease conditions.

Antibiotice generally improve nitrogen and energy digestibility
and are frequently implicated in vitamin sparing.

Bowland and Berg (1957) indicsted the controversial ideas pre-

£

sent regarding the effects of antibiotic supplementation on hog carcass

guality. The results are reported to vary with the strains of animals used
and the feeding conditions. Iuckey, writing in Goldberg's book, suggested
that carcasses usually grade higher. Clausen (1957) and Jukes (1955) sug-
gested that in swine, due to the accelerated growth and feed intake, anti-

biotic supplementation is frequently accompanied by an increased backfat
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deposition., Under restricted feeding carcasses are not affected, however
it would appear that on lower levels of protein and under ad lib feeding
of swine, fat deposition will be increased (Goldberg, 1959). Comparisons
of swine carcasses indicated that moisture, lipid and protein levels were
relatively similar on either supplemented or unsupplemented feeds (Goldberg,
1959). Hall et al. (1963) did not detect any large differences in either
palatability or cooking losses in pork derived from antibiotic supplemented
enimals. Similar conclusions were drawn regarding fat and collagenous
tissues, and fiber size in raw and cooked rib eye, osome nutritionists
believe that during the finishing period antibiotics should not be fed to
pigs (Bowland and Berg, 1957).

Chlorﬁetracycline (Aureomycin), zinc bacitracin and oleandomyecin
were combined in ecual proportions and used as a supplement in these trials.
The following is a brief review of their properties, use and overall be-
haviour in nutritional studies. As a matter of general interest their

emperical and structural formulds are indicated in Figure 2.

Chlortetracycline (Aureomycin)

At levels of 12 to 15 grams per ton this antibiotic has been re-
ported as a growth stimulent, It is a broad spectrum antibiotic, primarily
bacteriostatic but bacteriocidal at high levels (Goldberg, 1959). It forms
stable chelates with most metals and there is a suggestion that its anti-
biotic properties depend on these properties, Aureomycin is readlly absorbed
from the intestine and is chiefly excreted through the urine.

Jany reports have attributed increased rates of gain, feed intake
end Teed conversion due to the feeding of this antibiotic to swine (Bohman

eb al., 1955; Beacom, 1959; Conrad and Beeson, 1960; Gorrill et al., 1960
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and others)., The antibiotic was usually fed at the feeding levels in-
dicated above, however Conrad and Beeson (1960) found that improvement
was independent of levels as high as 250 gms. per ton, Beacom (1960)
noted that the beneficial effects of aureomycin were particularly evident
on medium and low protein rations., Marked responses to this antibiotic
have been reported in the presence of an all vegetable source protein
ration and in rations formulated without bran (Gorrill et al., 1960).

Gorrill et al. (1960) observed an increase in energy digesti-
bility but not in protein when aureomycin was supplied to growing pigs.
Beacom (1959a) indicated that although carcass quality as a whole was
unaffected by this antibiotic, an increased backfat deposition was noted,
this is in agreement with other reports'(Clausen, 1955; Bowland and Berg,
1957).

There are reports that antibiotic feeding does not affect in-
testinal tract weights in swine (Pres and Nowicki, 1950), Klaus and
Fewson (1955) obtained similar results following the use of aureomycin,
Total small intestinal and cecal weight and dry mucosal weight reductions
were obtained by Vonk et al. (1957b) when young pigs were fed aureomycin.
Taylor and Harrington (1955) have noted decreased small intestine and
spleenic weight on aureomycin supplemented pigs,

Aureomycin supplementation increased both the level and activity
of intestinal and pancreatic cellulase, amylase and protease in young pigs,

and did not: exhibit an in vivo inhibition on the activity of these
enzymes, (Vonk et al., 1957, 1957a, 1957b). Malek et al. (1959)
contradicted these results by demonstrating an inhibitory effect of this

antibiotic on pancreatic enzymes, they suggested that a similar action was
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manifested in the gut. By the demonstration of an in vitro inhibition
of sugar breakdown by bacteria in a solution containing chlortetracycline,
Michel (1961) suggested that a similar in vivo action might enhance glu-
cose absorption, An increased phosphatase output following aureomycin
supplementation in fistulated pigs has been reported (Cajkina, 1963).
Chlortetracycline has been shown to depress plasme cholesterol levels
(Howe and Bosshard, 1960). Destruction of the antibiotic activity by
heating still perpetrated this effect and the authors felt that the effect
was due to an interference with the absorptive processes involving choles-
terol or cholic acid from the gut rather than an effect on the bacteriel
flora in the tract.

A speed-up of barium meal passage rate on aureomycin supplemented
diets was observed in rats (Kimbel et al., 1956). Combs (1955) has re-
ported the occurrence of similar effects in other species and with other
antibiotics. Reber (1955) indicated that in vitro motility of rabbit and
plg intestinal muscle was decreased in the presence of aureomycin.

Braham et al. (1959) have indicated that raw soybean meal fed to
chicks was rendered less toxic by the inclusion of antibiotics in the feed,
Among the antibiotics they used were chlortetracycline and zinc bacitracin,
These authors noted that this effect was most marked when dietary methionine
was merginal, they concluded that perhaps the antibiotics exerted a “sparing
action® on this amino acid.

Fuller et al. (1960) have demonstrated the development of anti-
biotic resistant fecal microfldra, however the numbers and types of popu-
lations were not changed. Johansson (1955) reported that workers have

observed an increase in the number of filamentous fungi in the feces of
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aureomycin supplemented pigs. There were further reports indicating that
protozoa disappeared and glucose fermentors were reduced in numbers.
Bacitracin

Bacitracin has been reported as a growth factor for pigs. Its

action is both bacteriostatic and bacteriocidal. At least six fractions
of this antibiotic, designated as A, B, C, D, B, and F exist. The A
fraction is the most potent the others, particularly the F fraction, are
regarded as degradation products. The stability of the drug varies with
temperature, moisture and heavy metal contaminants. Zinc metal, through
a chelatioh process, imparts a high stability to bacitracin A and also serves
as a dietary supplement for this element (T.D.S. No, 6, 1958). Bacitracin
exerts a synergic action on many other antibiotics (Bacitracin, 1952).
Weinberg (1959) stated a specific influence of metalic ion on bacitracin.
He postulated that bacitracin's antibiotic activity may be exerted through
the control of diffusion and assimilation of metalic ions at the cell wall
site. The action of this antibiotic has been reported to be restricted to
growing microorganisms (Jukes, 1955).

Jukes (1955) indicated that in chicks bacitracin is effective
when administered orally; and is poorly absorbed, if at all, from the in~
testine. Costain and Lloyd (1962) showed that bacitracin fed at levels up
to 100 gm. per ton was not absorbed by growing pigs.

Holme and Robinson (1963) fed bacitracin to pigs being raised to
market. At feeding levels of 10 gm. per ton a small but favourable response
was obtained to the 100 1b. stage. On the premises that they were utilizing
responses to penicillin and oleandomycin had become non-existant. There has

been a report that weanling pigs exhibited increased gains and feed efficiency
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performance coupled with an apparent rise in crude protein, energy and
dry matter digestibilities., The greatest response to this antibiotic was
on rations where an all vegetable protein was fed (Costain and Lloyd, 1962).

As mentioned previously, Braham et al. (1959) demonstrated that
zinc bacitracin was as effective as aureomycin in exerting an apparent
“methionine® sparing effect on rations containing raw soybean meal. Aug-
mented glucose and amino acid absorption in poultry occurred on zinc
bacitracin supplemented rations (Arameki and Weiss, 1962). These authors
observed a faster intestinal passage rate in young but not older birds
supplemented with this antibiotic. Reber (1955) reported that the in vitro
motility of rabbit or swine intestinal muscle was unaffected by bacitracin.

Oleandomycin

(ral administration of oleandomycin produces a very low serum
concentration and urinary excretion is very low as a result of ~its poor
absorption (Colville et al., 1959).

Sherman et al. (1958) reported that the development of resistant
strains to this antibiotic was low, however Holme and Robinson (1963) have
reported a lack of response to oleandomycin on their particular premises,
Sherman et al. (1958) reported that this antibiotic is effective against
certain strains of organisms not affected by conventional antibiotics in
agricultural use, They observed a two or three fold response to that of
penicillin when supplemented rations were fed to poultry. Oleandomycin
levels were fed up to 400 gm. per ton and favourable reactions were detect-
able at levels as low as 4 gm. per ton, there was no particular advantage
derived by feeding the higher levels. Margruder et al. (1958) compared

oleandomycin and tetracycline in swine, they found that tetracycline was
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more effective in promoting growth. In comparison to the control groups,
oleandomycin gave growth improvements in both baby and growing-finishing
pigs. Vernon and Mescer (1962) noted similer results in heavy pigs, al=-
though they compared oxytetracycline at 10 gm. per ton and oleandomycin
at 2.5 gm. per ton, The results in these trials indicated that the re-
sponses were better on premises where antibiotic feeding practises had not
been previously practised. It has been indicated from the feeding of
graded levels of oleandomycin up to 10 gm. per ton to young pigs that the
highest level gave the best results, (Hawbaker et al., 1960). Lloyd et
al. (1961) fed oleandomycin to young pigs at 10 gm. per ton, two levels of
protein and graded levels of calcium. No adverse effects, protein sparing,
or Ca interaction developed over the duration of their four week trial.
A significant increase in gross energy, protein and ether extract digesti-
bility occurred, however the carbohydrate fraction digestibility was not
éffected.

After surveying the literature Smith et al. (1963) noted that
dietary levels of oleandomycin ranged from 2 to 50 gm. per ton, they sel-
ected 12,5 and 25 gm. per ton for comparative purposes. The selected
animals were»fed to 200 1b. and prior to selection at 50 1lb. some had re-
ceived an oxytetracycline containing creep feed. These authors noted no
effect of oleandomycin on feed intake, gains, visceral weight or on associ-
ative effects with previous antibiotic supplementation.

Antibiotic combinations

According to Jawetz and Gunnison, cited by Welch et al. (1958),
mixtures of primarily bactericidal antibiotics frequently act synergisti-

cally and never antagonistically. Mixtures of primerily bacteriostatic
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antibiotics are simply additive in their effects and never synergistic or
antagonistic. Welch et al. (1958) observed all types of action in their
mixtures. Combinations of oleandomycin with other antibiotics exhibited
summation 51% of the time, synergism 21% and antagonism only 3% of the time.
The tetracyclines and bacitracin were the prominent mixture yielding syner-
gism with oleandomycin., Uswald and Welch (1958) reconfirmed the relative
absence of antagonism in oleandomycin~tetracycline mixtures and the pre-
sence of synergism. Hanson (1958) has referred to the use of antibiotic
combinations involving bacitracin and penicillin in swine feeding but makes
no comment on their advantages, if any. Many antibiotic combinations may
be found in the Feedstuffs Feed Additive Compendium (1964), indicating that
commercially marketed mixtures are available.

oex

Troelsen and Bell (1962) reiterated published reports indicating
greater feed consumption and faster rates of gain in barrows when compared
to gilts, Others (Bruner et a2l., 1958; Bowland and Berg, 1959; Plank and
Berg, 1963) have observed similar results. Lucas and Calder (1956), as well
as Plank and Berg (1963), have reported instances where feedlot performances
of the sexes were contradictory to such observations and gilts out-gained
barrows. Under conditions of individual feeding (Hafez, 1962), and on
equally limited feeding (Plank end Berg, 1963), gilts heve been shown to
gain faster than barrows; however, Plank and Berg (1963) found that under
ad 1ib feeding barrows ate more and grew faster,

Wilger (1957) suggested a greaster sensitivity to calorie:protein

ratio in males when fat deposition was the assessment criteria of poultry

carcasses, Berg and Bowland (1959) indicated that during their trials on
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three energy to protein levels there were no significant sex x ration
interactions occurring on carcass quality. It is common knowledge of
course that due to lower B.lM.R,'s human females require lower caloric
intakes (Best and Teylor, 1962).

Troelsen and Bell (1962) have reported a slight change indi-
cating a poorer (non-significent) energy utilization in barrows. Cthers
(Plank and Berg, 1963) found a slight suggestion of increased dry matter
digestibility in males., Makela (1956) indicated that bovine males retain

dry matter longer than females and commented further that factors such as

Q

gravid uterus or abdominal fat may have restricted digestive tract cap-
acities in females. Poorer feed conversion ratios have been reported in
barrows (Bowland and Berg, 1959; Troelsen and Bell, 1962), however, Plank
and Berg (1963) demonstrated equal conversions in both sexes on ad 1ib
feeding.

Thicker backfat (Troelsen and Bell, 1962) and fatter carcasses
(Bowland and Berg, 1959; Fletcher et al., 1963) have been reported in
barrows. Plank and Berg (1963) observed that the differences between gilts
and barrows became further magnified on their "egual limited feeding" re-
gimen (both sexes received 75% of feed requirements). Fletcher et al.
(1963) noted that as liveweight increased carcass dressing percentage went
up. They noted that up to 180 1b. barrows had a larger visceral welght;
in the 210 and 240 1b. cétegory the situation was reversed. However these
authors failed to mention the possible influence of female reproductive
tract development., These authors indicated that gilts produced a greater
weight of loin, overall edible portion of cuts and an increased bone per-—

centage. Acheson et al. (1959) demonstrated that when skeletal development
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rather than weight was the measure, female rats ranging in age from 17 to
4O deys were more mature than males. Judge (196L) reported the area of
longissimus dorsi and percentage of ham significantly greater in gilts,
others (Bowland and Berg, 1959; Troelsen and Bell, 1962; Plank and Berg,
1963) have suggested this but found no statistical significance. Salemela
et al. (1963) made the general conclusion that gilts produced superior
carcasses 1o barrows on all attributes of carcass leanness, Judge (1964 )
has posed a possible explanation for some of these contradictive data when
he observed that data on gilts tended to be much more varied than on
barrows,

Am excerpt from Plank and Berg (1963) is appropriate to
describe the situation:

“Sex differences in carcass quality probably arise from metabolic
differences which influence the relative proportion of fat and lean tissue.
seesesessaassoacarcass differences attributable to sex result from differ-
ential utilization of these nutrients after digestion rather than from
their differential digestion.!

The effects of androgenic and estrogenic compounds on the nature
of the animals' anabolic and catabolic functions cannot be overlooked,
particularly when comparing normal females to castrate males, Sex hormones
govern fat distribution; emaciated men and women appear similar in outline
(Dole, 1959). Adrenal steriods may be implicated in obesity and the nature
of thyroid hormone in accelerating metabolism is knownto occur. Dole (1959)
suggests that possibly hormones may act on adipose tissue sites by potenti-
ation mechanisms which sensitize these tissues to the effects of insulin or

adrenalin, LIyon's (1961) hypothesis suggesting that a female may be a
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genetlcal mosaic may be yet another factor. According to this, a possi~
bility exists at an early embryonic stage, prior to the inactivation of
one of the X chromosomes of the XX compliment, for the expression of either
one or both of the ancestral traits borne on these chromoscomes to be expres-
sed. Another interesting avenue for speculation has been the observation
of Ddwards (1962) indicating that in strains of mice, selected on the basis
of equal growth rates, pituitary size and activity were greater in females.
Hunt (1959) has noted that in the gastric region, the parietal cells of
females had about two thirds the secretion of males. Further clarification
of the hormonal actions, the implications of Lyon's hypothesis, and perhaps
explanation of the other observations will undoubtedly provide useful tools
in the elucidation of sex differences pertinent toAfeedlot performance,
Bésumé

The preceding literature review has presented a discussion of the
pertinent background material to this thesis. References to past work have
been selected so as to elucidate some éf the underlying mechanisms con-
cerned with appetite, nutrient assimilation, growth and proposed experimental
treatments. These parts have been generally considered separately; however
it will soon become evident from the experimental design utilized in this
trial, to be described in the succeeding section, that the selected treat-
ments will be superimposed on each other.

An attempt shall be made to restrict one of the predisposing con-
ditions to overfinish in merket hogs, namely nutrient excess. It is expected
that subjecting the animals to these experimental treatments will be countered
by en attempt to overcome this restriction, either by modifying feed intakes,

or by alterations in feed utilization, Iither of these methods will be con-
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tingent on other elements such as feed availability; acceptability; bulki-
ness; digestibility and other characteristics mentioned in the literat.ure
review,

Reflecting back on the literature review will certainly bring
te mind meny possibilities of synergistic, additive, independent or op~
posing (antagonistic) cowbinations of treatments or responses that will
fall within the treatments encompassed by this experiment. The literature
review has also served to uncover or redisclose previous observations that
Justify reconfirmation should they fall within the realms of the present

trial.
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EXPERIMENTAL

OBJECTIVES

As indicated in the previous section there are many factors
that influence the amount of food dry matter that an animal may consume,
Included among these factors are the source and nature of the fibrous or
bulk component, particle size or modulus, pelleting of the ration, fre-
quency of feeding, the inclusion of antibiotics in the formula and usu-
ally the sex of the animal involved, Therefore, as a major objective,
it was decided to incorporate all of these factors into a single experi-
ment in order to assess the relative importance of each as it influenced
feed intake, In addition it was decided to examine effects of the dietary
variables on digestibility of enérgy aﬁd protein, on numerous chemical
and physical characteristics of ingesta, on gastro~intestinal tract adap-
tation and on carcass characteristies.

MATERIALS AND METHODS

Allotment and experimental design

Forty eight barrows and an equal number of gilts of purebred
Yorkshire breeding were obtained from the University swine herd. Using
a3x2x2x2x2x 2 factorial type of design, allotment consisted of
32 animals on each bulk diluent and 48 animals on all other main treatments
as indicated in Table 1.

Prior to selection, the pigs had received the usual management
techniques employed at the University Farm, including indoor housing, and

at the time of selection were receiving standard groweflrations. The

1 The terms “Grower" and “Finisher® rations are used to designate dietary
formulations that comply with the NRC recommendations (1959) for bacon-
type pigs.



TABLE 1 -~ EXPERIMENTAL DESIGN

Solka~floc (cellulose) Wheat bran Oat hulls
No., times | Anti- ; ; i
fed per biotic | Sex Fine Coarse Fine Coarse Fine Coarse
day fed Meal Pellet| Meal Pellet| Meal DPellet| Meal Pellet|{ Meal Pellet| Meal Pellet
M %*
Nil
P
2 -
M
Add -
7
M
Nil
F
3
Add
P

# One animal allotted to each treatment. Third and higher order interactions used as statistical error
variance,

65
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animals were allotted to the experimental finisher rations indicated in
Table 1 upon reaching 100 * 5 1bs. liveweight.

The trial was commenced May 8, 1961, allotment continuing as
the pigs became available. Feeding and sample collection was completed
December 14, 1961 when the final teét hog was marketed.,

Formulation and preparations of experimental rations

Ration formulations used in the trial are listed in Table 2.
Referring to the experimental design, Table 1, it is noted that the bulk
diluents were fed either as “coarse® or "fine" modulus. The "“coarse"
designation was applied to wheat bran and oat hulls as purchased locally.
The “fine"™ modulus was prepared by grinding both feedstuffs four times in
a burr type mill, If the temperature of the feed rose appreciably during
grinding it was allowed to cool before regrinding. Table 3 presents data
on screening analysis and bulk density measurements obtained from the
ttcoarse™ and "fine" module wheat bran and oat hull diluents. Samples were
screened through a series of U.S. standard sieves, arranged in order of
decreasing pore size, and set on a mechanical shaker timed to run 15
minutes, Residues on each screen were weighed and expressed as a per-
centage of the original air dry sample. Bulk density measurements were
calculated using a standard Imperial pint brass cylinder in which, after
being poured into the cylinder from a uniform height, the samples were

welghed to the nearest gram.
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TABLE 2 - FORMULAS AND ESTIMATED COMPOSITION OF SWINE FINISHER RATIONS

. Solka- Wheat Cat
Component floc bran hulls
1b. 1b. 1b.
Cellulose (coarse or fine) 10.0
Wheat bran 30.0 .
Oat hulls 20.0
Wheat 22,0 440 38.0
Barley 50,5 57.8 23,4
Fat (stabilized) 3.0 — 5.0
Molasses (cane) _ 1.0 —
Meat meal 6.3 L7 Te5
Linseed oil meal 6.7 1.0 Le6
Salt (iodized) ' 0.5 0.5 0.5
Dicalcium phosphate 1.0 - 1.0
Ground Ilimestone —— 1,0 —
Vitamin-mineral  mixl add add add
Antibiotic supplem.en.‘b2 as required as required as required
% % %
Crude protein (calculated) 15.0 15.0 15.0
T.D.N, u 67.0 67.0 67.0
Ca # 0.81 0.85 0.94
P 1 0,70 0.80 0.70
Ash " 549 6.9 5es
Crude fiber 1 13.0 bl 9.3

1 Vitamin-mineral mixture/1000 lb, of ration:
ZnS0), . TH,0 50 gm.
riboflavin 8 gm.
calcium~pantothenate 5 gm.
vitamin A & D premix 74 gm. (to supply 1500 I,U. A/1b. feed and
150 I.U. D/1b, feed)}.

2 Antibiotic premix/1000 lbs, as requireds:
oleandomycin 33,3 gm. (Chas, Pfizer & Co, Inc,, Brookly 6, N.Y.)
zinc bacitracin 33.3 gm. (Commercial Solvents Corp., New York 16, N.Y.)
aureomycin 33,3 gm. (Trade name for Chlortetracycline, Cyanamid of
Canada Ltd., Agricultural Prod. Dept.,
Montreal, P.Q.)
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Cellulose, in the form of “Alpha—floc“l, a purified wood cellu-
lose of high alpha content and at least 99.5% cellulose, was purchased
in two grades, BNB 40 and BNB 100. Existing stocks of a third ~BW 40~
were used up in the ratio of 1 part by weight BW 40 with 3 parts BNB 4O
to make up the form designated as ®coarse' modulus. Physical character—
istics of these grades of cellulose are listed in Table 4 as quoted from
supplier’s specificationsl.

Vitamin, trace mineral and antibiotic supplements were pro-
portioned as required and added to the rations at time of mixing.

It was found that to secure better mixing and to facilitate
handling, the fat or molasses portions of the usual 1000 1lb. batch mixes
were best mixed with 150 - 200 1lb. of ground grain, preferably wheat, in
a conical type of mixer2 equipped with a central stirring auger. Grain
grinding and final batch mixing was completed at the University Iivestock
Farm plant. Feed was bagged into approximately 70 ~ 80 lb. portions
following completion of mixing. To maintain freshness, rations were pre-
pared frequently in small batches, and stored in the piggery until time
of use.

Pelleted feeds were made from the mixed feeds using a Superior-
Templewood Pellet M1113 with a 3/16 inch pelleting die, Occasionally,
in order to obtain satisfactory pellets, it was necessary to raise the

moisture content of the feeds being pelleted by the addition of tap water

1. Trade mark for a purified wood cellulose derivative of Brown Forest
Products Ltd., Boston 14, Mass.,U.S.A. Referred to formerly, and in
this thesis as "Solka-floc®, ‘

2. Mixall mixer. Mfg. by Gordon Johnson Equipment Co., Kansas City 8, lMo.,
UsS.A.

3. Northland Machinery Supply Co. Limited, Fort William, Ontario.
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TABLE 3 - PHYSICAL CHARACTERISTICS OF WHEAT BRAN AND OAT HULLS

U.5.5 Wheat bran Oat hulls
sieve Opening Fine  Coarse Fine  Coarse
No, microns % % % %
10 2000 0 7 0 C
20 8L0 3 58 0 1
30 590 25 13 1 8
40 420 L5 10 19 33
50 297 18 6 L1 28
60 250 6 L 30 13
Balance 250 3 2 9 17
Bulk cc/gm. (approx. 7% moisture) 3.3 6a2 2.3 2.9

TABIE 4 -~ PHYSICAL CHARACTHERISTICS OF ALPHA~FLOC BY GRALDE,
COLOR AND MODULUS

BW 4O BEB 40 BENB 100
Characteristic white brown brown
coarse coarse fine
Approx. ave. particle size - microns 90 100 55
Approx. screen analysis
% retained by 100 mesh (149 micron) 35 32 2
% retained by 200 mesh ( 74 micron) 60 61 20
Bulk cc/gm. (approx. 7% moisture) 4.0 3.9 2.3
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from a spray nozzle. Water was added to the feed mixture entering the die
until firmly bound pellets were produced. In order to obtain a suitable
pellet, prevent moulding and minimize drying time, moisture levels approxi-
mating 10% were found to be most suitable. Following processing pelleted
rations were sacked and stored as previously indicated.

Following allotment, animals were fed their assigned rations until
they reached market weight. During digestibility trials feeds containing
chromic sesquioxide, mixed as indicated in the Appendix, were fed in place
of the regular diet.

Management and feeding

The feeding trials were conducted in the experimental piggery
where a constant environment of 70°F was maintained by the use of forced
air heating and ventilation, Animals were confined in groups of four in
pens with concrete floors, steel and wood partitions, automatic watering
bowls, and a raised sleeping platform, By manually raising guillotine-type
gates, pigs were admitted at feeding time to their individual feeding
stalls where they ate from hopper-type, galvanized metal self-feeders.

Feeding practices

In accord with one of the treatments under étudy, animals were
fed either two or three times daily, Those on twice a day feeding were
confined to their individual feeding stalls for one hour periods from 7 to
8 a.m. and 4 to 5 p.m. Animals on the three times a day feeding regimen
were allowed an additional feeding period from 12 noon to 1 p.m.

Wasted feed was either screened and returned to the hoppers or

deducted from the consumption records. Individual feed records were
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compiled at bi-weekly weighing intervals for the animals.

Management

The rations were selected randomly, however, both pens and
animals were utilized as they became available., Pen grouping was re—
stricted to animals on identical feeding frequencies., Hogs were marked
with a methylcellulose silver nitrate paste (Appendix A) so as to be
readily identifiable during feeding time. The resultant reddish-brown
silver nitrate stain proved to be very satisfactory.

large intestinal roundworm (Ascaris lumbricoides) control was
achieved through the use of piperazinel. The vermifuge was mixed with
the dry meal in the feeder troughs using a well rounded teaspoonful.
(approximately 10 gms.) per animal or, in those groups receiving pelleted
rations, made up as an aqueous solution and sprinkled on the pellets in
the feeder trough. Treatment was given soon after animals were placed
on the test rations and reapplied at the 160 to 165 1lb. stage following

completion of the Cr indicator method digestibility trials. Upon

2%
reaching 190 lb. liveweight the animals were marketed at a local abattoir”.

Weight and feed records

A1l test pigs were placed on trial in the 100 T 5 1b. weight
range and weighed thereafter at bi-weekly interwvals, usually in the late
morning, At each weighing, feed consumption for each individual was re-—
corded by weighing the feeders and accounting for any additional feed

additions made during the lapsed period.

1. Dowzene DHC is the trade name for a piperazine dihydrochloride
derivative. Dow Chemical Corp., Don Mills, Ontario,

2., Empire Meat Co, Ltd., Saskatoon, Sask.
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Protein and energy digestibility determination
As the animals in the experiment reached the 150 1b. weight
range, ration digestibility was determined utilizing the Cr203 indicator
method (Appendix B).

Chromic sesguioxide determinations

The chromic sesquioxide assay used was a modification of the
Bolin et al. (1952) perchronic acid method as reported by Gorrill (1960)
and adopted at this institution (Appendix B).

Crude protein determinations

The procedure used for crude protein analysis was a slight modi-~
fication of the official method (4,0,4.C., 1960) incorporating the use
of a commercially prepared catalystl. A small paper portion cup containing
the oven dried fecal sample (Appendix B) was inserted into a 500 ml,
Kjeldahl flask, digested and distilled, The receiving acid used was a
L% solution of Boric acid and 60 ml. per liter of a mixed indicator,pre-
pared according to Sher (1955), containing bromcresol green, new coccine
and p-nitrophenol., Following collection of ammonia the solution was
titrated with 0,1 N HCl. Crude protein was calculated based on the
formula:

% CP = 0,014 x ml, HCl x Normality x 6.25
wt, of sample

Results were reported on an oven dry, CrzO free basis,

3

1. Kjelpak No. 1 (9.9 gm. Kp50,, 0,41 gm. HgO and 0,08 gm. CuSQy in a
polythene packet). Mfg, by Harshaw Chemical Co,, Cleveland 6, Chio,
UQSQAQ
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Energy determinations

Calorimetric determinations were carried out using a Parr
(Oxygen Bomb Calorimeterl equipped with a Brown Electronic Recorder2
for automatic temperature plotting. Dried homogenized samples (Ap-
pendix B ) were removed from the portion cups and pelleted in a Parr
Pellet pressl prior to ignition in the oxygen bomb, Caloric content
of samples were reported on an oven dry, Cr, 0, free basis,

273

Slaughtering and carcass data

Upon reaching 190 1lb., liveweight the test hogs were marketed
and slaughtered on the nearest hog-kill day at the abbatoir. The ma-
Jority of hog kills were started at the commencement of the afternoon
workshift - i.e. 1 p.m. Pigs were fed as usual, and animals in the
group fed three times daily had had the opportunity to eat before being
shipped., Liveweights were obtained on the animals prior to loading
into the trucking vehicle. At the plant the animals were rendered
senseless by being either shot with a captive bolt pistol and hung, or
electrically shocked. Bleeding was accomplished by severing the juglar
vein., Following processing, hot carcass weights were obtained, and
after suitable cooling, the carcasses were assessed according to the
Advanced Registry (A.R.) Specifications (1954) by local Officers of the
Production and Marketing Branch of the Canada Department of Agriculture.

Gastrointestinal tract sampling

After being bled, the carcasses were vat scalded, mechanically

dehaired, hung from a packing house rack trolley for processing, singed

1l. Parr Instrument Co. Inc., Moline, Ill., U.S.A.

2. Minneapolis-Honeywell Regulator Co., Brown Instruments Div. Philadelphia,
Pa., U.S.A.
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and "“trimmed of offai? The average post—killing time lapse for the car-
casses to reach the evisceration site was 20 minutes., The gastrointest~
inal tracts, severed at the esophagus anterior to the cardia, were re-
moved and conveyed to the inspection table., Following veterinary scrutiny,
the tracts were collected into galvanized tubs, The containers were
covered with jute bags and brought to the laboratory for dissection.

Dissection divisions of the tract employed for sample selection

are indicated in Table 5.

TABLE 5 ~ SAMPLING SITHES OF INTESTINAL TRACT AND CONTLNTS

Pigs examined

Urgan and sampled

Stomach All

Small intestine A1l

large intestine All on meal
Cecum All on pellets
Colon All on pellets

Rectum All

1. Ingesta and tract weights for portions posterior to
the stomach obtained on females only,

Adhering adipose, mesenteric and extraneous tissues were trimmed
from the digestive tracts. The stomach was excised, weighed, split longi-
tudinally and the ingesta removed. The empty organ was rinsed with tap
water, the excess water squeezed off, following weighing the organ was
discarded. Gastric contents were collected in a plastic receptacle, mixed
and sampled into a 2 lb. polyethylene plastic bag., Air was expressed and
the bags tied with string, labelled as to site and origin, and quick
frozen by immersion into a widemouth stainless steel thermos container
filled with a methanol-dry ice mixture. Following rapid freezing samples

were stored at -15 ¥ 2°C for  further analysis. Samples from the remaining
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tract segments were manually expressed from the longer lengths and the
empty organs weighed as indicated in Table 5. In some animals there
were insufficient residues in the rectal segment for sample procurement.

Due to processing and transportation factors, an average of
one hour elapsed before sampling could be commenced., Since a maximum
of 4 ~ 5 digestive tracts could be dissected and prepared in an hour, .
on larger kills ﬁhis time lapse may have extended to 3 hours before the
final animal was processed. The question of autolysis arose, and in an
effort to reduce the time involved in obtaining representative samples
from the chosen sites, tract and content weights, with the exception of
the readily accessible stomach, were obtained only in female pigs, al-
though all sites were samples in both barrows and gilts as indicated
(Table 5). Initially cecal samples were combined with the large intes-
tine samples, however, following observations during subsequent dis-
sections on the differences in sample fluidity, particularly in respect
to the distal colonic region, it was decided to collect cecal samples
separately. Since pellet fed animals were placed on trial later, and
the combined cecal-large intestine collection method had been in progress
on meal fed animals, collections on the meal fed group were continued as
initiated, while sample separation into cecal site and that of large
intestine was adopted in the pellet fed group.

Analysis of ingesta

The scheme that was used for analyses of the ingesta samples
is presented in Figure 3;

opecific gravity

The bagged frozen ingesta samples were weighed in air to the
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Frozen Ingesta Sample

1
i i l
(Weigh) (Weigh) (Separate)

(Oven dry 24 hr.) (Weigh in water
@ 107 2°g)

[

Chemical analyses Specific gravity Solids Liguids’
—{Weight loss upon drying) (Hydrometer jm—————-r
% Moisture Specific gravity
—(Kjeldahl nitrogen x 6.25) (Ostwald viscometer j——
% Crude protein
A Viscosity
e o
+——Ignite € 800 C, 12 hr.)
% Ash (Capillary rise method j—i

——Ether extract, 24 hr,)
Surface tension

% Fat‘
(weendelmethod) (Glass electrode Jmmmmmm—
% Crude fiber pH
- (By-difference) (Dry 10cc liquid & 105°C)—d
Nitrogen—free extract % Oven dry solids
L (Gther extract, 2, hr.) (Ignite @-SOO%C, 2L hrs)
% Klasson lignin % Ash in oven dry solids

FIGURE 3 - ANALYSIS SCHEME FOR INGESTA SAMPIES
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nearest tenth of a gram. A lead sinker was attached to the sample using
a rubber band and a water displacement weight was obtained by weighing
on a Hydrostatic balance., 4 large plastic container filled with cool
tap water (10 * 2°C) was utilized as a water container.

To obtain ingesta specific gravity the following weights were

obtained and calculations employed as listed below.

let:
Wy, = mass weight in air
W, = mass weight in water
Wy = sinker weight in water
Wy + Wy = mass weight in air + sinker weight in water,

then the change in weight following immersion is:
N + s
(Wa + NS) - VJW'
Since specific gravity is the ratio of weight or mass of a given volume

of substance to an equal volume of another substance, water being the

reference liquid then:
W

specific gravity = a
(W, + W) - W)

Using standard physical tables and the observed water temperature "T"
corrections were made to AOC where the density of water is unity, i.e.:
density of water at 10°C = 0.99973
weight loss by immersion = (Wy + Wg) I W,

to correct to 4°C = (W, + W) LWy
0.99973

(specific gravity values corrected to AOC are comparable to density values).



72

Determination of proximate principles

In reference to Figure 3, it may be noted that the frozen in-
gesta samples were split longitudinaly, and wherever possible approximately
half of the original sample was retained for liguid phase analyses., One of
the split segments was dried for moisture determination, ground through a
30 mesh sieve and crude protein, ash, ether extract (fat), crude fiber - and
N.F.E., levels were determined according to the standard A.0O.4.C. (1960)
methods with the noted exceptions.,

Moisture. Approximately one half of the original sample was
stripped of adhering polyethylthene, placed into a tared shallow pan,
weighed and dried at 110°C in a forced draft oven, After a few hours of
drying the mass in the pans was broken up with a spatula and drying was
continued for at least 24 hours. The oven was shut off and the oven and
samples were allowed to cool, The sample weight was re-determined and the
loss during drying was reported as per cent moisture. The dried samples
were ground through a 30-mesh sieve in a Wiley mill and bagged in labelled
polyethylthene bags. Subsequent analyses were reported on an oven dry basis.

Crude protein., Duplicate samples of the dried and ground samples

were analyzed for crude protein using the standard A.0.A.C., method with the
modifications previously noted on page 66,

Ash, Per cent ash in the dried and ground ingesta samples was
determined in accordance with the A4,0.A4.C. (1960) methods.

Fat. Fat or Mether extract" was determined by placing a 10 gm.
oven dried sample of ingesta into a thimble prepared from an 18,5 cm. Reeve
Angel No. 230 creped surface filter paper. Fifteen to twenty thimbles were

placed into a stainless steel bucket, connected to a syphoning and distil-
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lation component, Cyclical extraction was attained by automatic syphoning
off of the Skelly F solvent, (a petroleum ether derivative, boiling point
range LO - 6000), and continued redistillation into the sample bucket.
The extraction was continued for at least 24 hours. Following extraction,
the weight loss of the dried and ground ingesta was obtained by drying
the sample to drive off residual solvent. The extractéd samples were trans-—
ferred to screw-top glass containers to await further analysis,

Crude fiber. The Weende method, according to the A,0,A.C. method

(1960), was utilized in assaying for crude fiber. Duplicate 2 gm. fat-free
samples obtained from the Skelly F extraction, were boiled in 0,255 N.
HZSOA’ Excess acid and solubles were filtered off through Yhandkerchief
linen", Following a hot water wash to rid the residual acid, the residues
were boiled in 0,312 N NaOH. ZHxcess base and solublés were decanted
through an ignited gooch crucible having an acid-base washed, re~ignited,
medium~fiber asbestos mat. The residue was quantitatively transferred to
the gooch, washed with portions of hot water and rinsed with a small
quantity of ethanol. In cases where necessary, n—octyl alcohol was used
to prevent excessive foaming during alkaline boiling. The weight loss of
the resulting residue, following ignition was reported as crude fiber:

0.D. sample weight - Wt., of ignited residues
- : x 100
0.D,. sample weight

% Crude Fiber =

The values were adjusted accordingly to obtain a fat—corrected value.

Nitrogen free extract (N.F.E.). The usual method of determi-

nation, namely that of: % NFE = 100 ~ (% B0 + % Crude protein + % Ash

+ % Fat + % Crude fiber) was used to determine N.F,E. In this thesis N.F.E.

was usually reported on a dry matter basis.
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Klasson lignin

A fat free sample, obtained following completion of the fat
determination, was subjected to a 2N HCl hydrolysis to remove interfering
nitrogenous substances. The solubles were separated by filtration and
the residue treated by the method of Jayme et al. (1958) to obtain Klasson
lignin, (See Appendix B). (Ilignin chemists term Klasson lignin the
fraction of organic plant residues insoluble in 72% HZSQQ>'

Ingesta liguid-phase analyses

Preparation of ingesta liguid-phase

The samples retained for these tests (Figure 3 ) were placed iﬁ
beakers, covered with watch glasses and left to thaw overnight. Most
samples exuded a sufficient quantity of liquid for processing, When
exudates were insufficient, particularly in gastric samples originating
from wheat bran rations where the solid phase tended to hold the liquid,
the ingesta was squeezed in several layers of cheesecloth so as to exmde
the fluids. In some of the samples obtained from the rectum, centrifuga-
tion 10 minutes at 6000 rpm, in a Lourdes Model L Centrifugel was neces-—
sary to obtain a "liquid phase", When the liquid samples separated from
the solid phase liquid was decanted and filtered through several layers of
cheesecloth into stoppered erlenmyer flasks for subsequent measurements.
The solid phase of the ingesta was discarded.

Prior to the commencement of physical measurements, ingesta
liquids were brought to room temperature, 24 ZOC, using a water bath,
To maintain uniform temperature during viscosity and surface tension

measurements the measuring devices were inserted into a larger container

1. Lourdes Instrument Corp., Brooklyn 32, N.Y., U.S,A.
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to form an air-jacket type of insulator. Glassware was washed With a
detergent solution immediately following use, rinsed with distilled water,
drained, and dried with acetone.

Specific gravity

Direct readings of liquid specific gravity were obtained using
& Squibb Urinometer Float No. A-27L/F hydrometerl. Use of this type of
hydrometer permitted measurements of ligquid volumes as small as 10-15 cc,

Viscosity

A standard Ostwald Viscometer was used to determine the fluid

viscosity using the formulas

Ny dltl Where N = viscosity
— = re— d = density
2 datp t = time in seconds

Consistency of ingesta fluld volume in the viscometer was maintained by
filling the lower sample reservoir to the top of bulb. To measure vis—
cosity the fluid was drawn, by the use of gentle suction, into the upper
bulb, past the top constriction and etch mark. The time interval that the
meniscus took to flow from the upper to the lower etch mark was noted,
Liquid density values were calculated from previous specific gravities.
Distilled water was used as the reference fluid,

ourface tension

A graduated cepillary tube and a thermometer, were inserted
through a twd holed rubber stopper and placed into a 200 x 25 mm side arm
type test tube containing ingesta fluid. Negative or positive air pres—
sure, applied through the test tube side arm as desired, was employed to

raise or lower fluid levels in the capillary tube., Following removal of

1. Clay Adams Inc., New York, U.S.A.
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pressure the capillary rise was allowed to stabilize and using the scale
on the graduated capillary tube a reading of the actual capillary height
above the main body of fluid was taken., The formulas

Vi - bhydyg where V = viscosity

7 P h = height or reading of actual capillary column
2 <2 d = density of the liquid

was used to arrive at liquid surface tension. The reference liquid was
distilled water.

pH

Ingesta liquid was placed into a small beaker and pH determined
using a Beckman Zeromatic pH MEterl.

Oven dry solids

10 cc, of ingesta fluid was pipetted into a previously ignited
and weighed glazed porcelain crucible. Samples were weighed on a Sitoptic
Analytical Rapid Balance2 and oven dried at lOBOC for at least 12 hours.
The weight of the resulting residue was obtained after cooling in a desic~
cator and the per cent oven dry solids calculated on the basis of the
original wet sample weight.

Ash in oven dry solids

The sample of oven dried residue from the 10 cc. liquid, mentioned
above, was ashed in a muffle furnace overnight at,SOOPC. The per cent ash
in the oven dry solids was determined on the basis of the incombustible

residue.

l. Beckman Instruments Inc., Fullerton, Calif., U.S.A.

24 M"Becker Sons%, N,Y., Brummen, Holland.



Statistical anzlyses

The data were subjected to an analysis of variance according
to the method of Snedecor (1956). Treatment means were evaluated by
employing the Multiple Range Test (LSR) of Duncan (1955). In calcu-
lating the minimum (min.) and maximum (max.) ranges for the LSR compari-

sons the 5% probability level was accepted,
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Experimental data obtained from animal performance and response
measurements shall be presented and considered within the following gen-
eral divisions:

General animal performance.

Carcass characteristics,

Ration digestibility and usage.

Intestinal tract and ingesta measures.
Each of these respective divisions shall be further categorized as to
measures employed in their assessment. For example, in the first division,
headed "General animal performance®, the measurement categories were:
average daily feed intake; average daily gain; and feed efficiency. Cate-
gorizations of the other divisions are listed in the table of contents,
In order to assess the various treatment aspects, further subdivision of
such categories shall be made as to: bulk type; feeding frequency; bulk
modulus; pelleting; antibiotic supplementation; sex differences; and the
respective interactions of those treatment combinations that have been
proven to be statistically significant following analysis of variance.

For conciseness, reference to treatments shall be made by re-—
ferring to the particular variation component, i.e. '"wheat bran" shall,
unless otherwise indicated, refer to the ration wherein this feedstuff
was the diluent employed. In the division involving intestinal tract and
ingesta measures statistical analyses were conducted only on samples
originating from the stomach. Consequently unless reference is made to
statistical significance, observations in this division shall be based on
the comparisons of averages only.

Following presentation and sectional summarization of data under



79

the aforementioned divisions, the usual interpretation of the results

shall be presented in the succeeding thesis section entitled "DISCUSSIONM,

General animal performance

Average daily feed intake

TABIE 6 — THE EFFECTS OF BULK MODULUS AND ANTIBIOTIC ON THE AVERAGE DAILY
FEED INTAKE (ADF) RESPONSES TO BULK TYPE

Bulk type - -ISR.
Treatmentl Solka~floc Wheat bran Oat hulls Min. Max,
1b, 1b. 1b.
Bulk mean®™ 5438 5.38 5.80 0.21 0.22
Bulk modulus™* | |
Fine 5465 5425 5.98 0.30 0.31
Coarse 5,11 5.51 5.62
Antibiotic
Nil 5428 543 5.71 0.30  0.31
Add 5249 5433 5.89
Bulk modulus x Antibiotic™
Fine nil 5 ,70 5 «21 5 -99 0 a14-3 0 a1+5
add 5.61 5,29 5.96
Coarse nil L .86 5,65 5.42
add 5,37 5.38 5.82

1. Significance found upon analysis of variance denoted by: P < 0.05%,
P < 0,017,

The general effect indicated in Table 6 reveals that in comparison
to the other two bulk diluents, average daily feed consumption was signifi-
cantly greater on ocat hull based rétions. Interaction effects disclosed
that feed intakes on fine modulus wheat bran rations were below those for
other bulks. Coarse modulus resulted in decreased solka-floc consﬁmption,
but this effect appeared to be offset by antibiotic supplementation. ADF

on coarse modulus wheat bran was increased notably in the absence of anti-
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biotic supplements. Of particular note is the low ADF of 4,86 lbs. on
coarse modulus unsupplemented solka~floc; a response that undoubtedly
reduced the general mean for solka~floc. The highest intakes of ADF
occurred on fine moduli oat hulls,

In summary, fine modulus and antibiotic supplementation tended
to increase feed intake on solka~floc and oat hull rations, the opposite

occurred on wheat bran rations.

TABLE 7 - THE EFFECTS OF BULK MODULUS, PELLETING AND ANTIBIOTIC ON THE
AVERAGE DATLY FEED INTAKE (ADF) RESPCNSES TO FEEDING FREGUENCY

Feeding frequency

Treatment 2/day 3/day ISR
:Lb‘ lb.
Frequency mean™* - 5430 5,70 0.17

Bulk modulus

Fine 5hly 5.81 0.25
Coarse 520 5.59
Pelleting
Meal 5420 5.58 O0a25
Pellets 5e4t8 5.83
Antibiotic
Nil 5427 5.68 0,25
Add 5.41 5.73
Bulk modulus x Pelleting%
Fine meal Selily 5,66 0.35
pellets 5alily 6.02
Coarse meal L+96 5.54
pellets 5.52 5,65
Bulk modulus x Antibiotic™
Fine nil 5033 5.9[1, 0.35
add 5055 5.69
Coarse nil 5.20 542

add 5427 5.77
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The results in Table 7 reveal that a significant increase of
0.36 1b. ADF occurred on three times a day feeding (P € 0.01). This trend
persisted throughout the first order interactions but became less con-
sistent statistically in the second order ones, The feeding of fine modu-
lus, in the form of meal, or with the addition of antibiotic, tended to
reduce the mean difference below statistical significance between two or
three times a day feeding. Coarse modulus ADF intake, unlike that of fine,
when fed as meal or with antibiotic was higher on three times a day feeding.

In summary, increased feed intake on three times a day feeding
occurred. This influence was modified by the dependency of the bulk modu-
lus response on pelleting or antibiotic treatments.

The overall response indicated in Table 8 reveals that ADF on
fine bulk modulus significantly exceeded that of coarse modulus by 0.22 lb.
It appeared that coarse medulus depressed intakes on solka-floc and oat
hull rations but increased that of wheat bran (P < 0.05) and the addition
of antiblotic tended to nullify these effects on all three bulks. Twice~
a-day feeding of meal~type rations tended to depress intake on coarse
modulus, however, other treatments of pelleting or consideration of anti-
biotic supplementation on this feeding frequency failed to effect ADF
difference between the moduli. Three times a day feeding of meal type or
antibiotic Supplemented‘rations appeared to equalize ADF on the two moduli.

It is apparent that feed intakes generally were higher when fine
modulus rations were fed but there were exceptions effected by each of the
other experimental ration’variables. Modulus had no such effect with bran
rations. The inclusion of antibiotics improved intakes on coarse moduli

solka~floc and oat hull rations about as effectively as did finer grinding
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TABIE 8 - THE EFFECTS OF BULK TYPE, FEEDING FREGUENCY, PLLIETING AKD
ANTIBIOTIC ON THE AVERAGE DAILY FEED INTAKE (ADF)
RESPONSES TO BULK MODULUS

Bulk modulus

Treatment Fine Coarse ISR
1b. 1b.
Modulus mean™ 5,63 5.1 0.17
Bulk type™™
Solka~floc 5.65 5.11 0,30
Wheat bran 5.25 5.51
Oat hulls 5.98 5,62

Feeding frequency

2/day 5014‘]-4» 50214- 0.25
3/day ~ 5.81 5.59
Pelleting
Meal 5.52 525 0425
Pellets 5.73 5.58
Antibiotic \
Nil 5463 531 0425
Add 5,62 5.52
Bulk type x Antibiotic®
Solka~floc nil 5.70 L.86 0.43
add 5.61 537
Wheat bran nil 5.21 5465
add 5;29 ' 5038
Oat hulls nil ' 5.99 5eh2
add 5.96 5.82
Feeding frequency x Pelleting*
2/day meal 5olily Le96 0,35
pellets Selihy 5452
3/day meal 5,61 54504
pellets 6.02 5,65
Feeding frequency x Antibiotic%
2/day nil 5.33 5.20 0.35
add 5.55 5427
3/day nil 5.9 5.42
add 5469 5.77
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biotic supplementation. Fine modulus gave no advantage with pigs fed
three times daily unless the rations were pelleted and for pigs fed twice

daily, no response was obtained with pelleted feeds.,

TABLE 9 — THE EFFECTS OF FEEDING FREQUENCY, ANTIBIOTIC AND SEX ON THE
AVERAGE DAILY FEED INTAKE (ADF) RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets ISR
1b. 1b.
Pelleting mean™™ 5439 5465 0.17
Feeding frequency
2/day 5.20 - 5,48 0.25
3/day 5.58 5.83
Bulk modulus
Fine 5'52 5t73 0025
Coarse 5425 5458
Antibiotic™
Nil 5446 5.48 0.25
Add 5.31 5.83
Sex™
Barrows 5.70 6,19 0.25
Feeding frequency x Bulk modulus™
2/day fine 5a2+/+ 50/411» 0135
coarse Le96 5.52
3/day fine 5,61 6.02
coarse 5.54 5,65

Results in Table 9 indicate a significant (P < 0,01) increase
in the average daily feed intake of pelleted rations in comparison to meal

type. This increase was particularly significant on antibiotic supplemented
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rations and on barrow groups. Twice a day fine or three times a day
coarse moduli feeds failed to respond to the pelleting influence on ADF.

The data in Table 10 reveal that antibiotic supplementation
failed to increase average daily feed intake, except with pelleted
rations as previously noted, Coarse moduli solka~floc rations had a
significantly reduced ADF in the absence of antibiotic, and coarse moduli
oat hulls appeared to increase significantly in daily consumption when
antibiotic was present, The results indicate that the significance noted
in the interaction involving feeding frequency and bulk moduli was due to
causes other than antibiotic supplementation,

Although antibiotic addition did not directly influence ADF,
pelleting antibiotic supplemented rations resulted in higher daily feed
intakes. The incorporation of antibiotic supplements in coarse moduli
solka~floc or oat hull rations appeared to maintain or increase average
feed intake, It is of interest to note however, that wheat bran ration
responses were opposite to these trends.

As indicated in Table 11, barrows consumed significantly more
feed than gilts. The sex difference was significantly different on the
pelleting interaction and while certainly evident on meal type rations,
was particularly pronounced on pelleted rations, The significant inter-
action effect appears to be entirely a matter of degree of response rather
than opposing effects. |

Average dally feed intake appears to be influenced by an inter-
play of the various factors in this trial, It was evident that bulk tyﬁe
response was governed by bulk modulus, and to a lesser degree by anti-

biotic influence, Fine bulk modulus, which on the whole tended to in-



- 85

TABLE 10 -~ THE BFFECTS OF BULK TYPE, FELDING FREQUENCY, BULK MODULUS AND
PELIETING ON THE AVERAGE DAILY FEED INTAKE (ADF) RESPONSES TO ANTIBIOTIC

Antibiotic
Treatment Nil Add ISR
1b. 1b.
Antibiotic mean 5 47 5457 0,17
Pelleting'x'y‘
eal 546 5431 0,25
Pellets 5.48 5.83
Bulk type x Bulk modulus*®
Solka~floc fine 5,70 5.61 0.43
coarse L .86 5.37
Wheat bran fine 5.21 5429
coarse 5.65 5438
Qat hulls fine 5.99 5.96
coarse 5els2 5.82
Peeding frequency x Bulk modulus™
2/day fine 5.33 5.55 0.35
coarse 5,20 5027
3/day fine 5.94 5,69
coarse 5.4.2 5.77

TABLE 11 ~ THE EFFECTS OF PELLETING ON THE AVERAGE DAILY FEED
INTAKE (ADF) RESPONSES TO SEX

Sex
Treatment Barrows Gilts ISR
1b. 1b.
Sex mean™ 5.95 5,10 0.17

Pelleting mean™

Meal 5.70 5.08 0.25
Pellets 6.19 511
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crease feed intake caused a depression on wheat bran. The antibiotic
supplementation of coarse bulks, except wheat bran, appeared to result
in increased feed intake., Pelleting and three times a day feeding were
conducive to increased feed intake as mentioned previously. Male animals,
particularly those on pelleted rations, consumed more feed than females.
Factors that reduce bulkiness, accessibility to feed and sex
differences seemed to play significant roles in determining feed intake.
in this trial.

Average daily gain

TABIE 12 -~ THE DFFECTS OF FEEDING FREQUENCY AND BULK MODULUS ON THE
AVERAGE DAILY GAIN (ADG) RESPONSES TO BULK TYPE

Bulk type ISR
Treatment Solka~floc Wheat bran Oat hulls Min. Max.
1b. 1b. 1b,
Bulk mean 1l.52 1.45 1.53 0,08 0,08
Feeding frequency%
2/day 1.54 1.39 1.47 0.03 0,03
3/day 1.49 1.51 1.59
Bulk modulus™
Fine 1.58 1.41 1.57 0.03 0,03
Coarse 1.45 1.50 1.49

The general response indicated that wheat bran rations produced
a lower ADG than either solka~floc or oat hulls., It is apparent from
interaction effects that the greatest reduction of ADG on wheat bran feeds
occurred upon twice a day feeding, and to a slightly lesser extent on fine
bulk modulus. Daily gains were highest on oat hull rations fed three times
a day and coarse modulus appeared to depress solka-floc gains significantly.

Data in Table 13 reveal an increase in ADG on lots fed three
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times daily. In contrast to solka-floc rations, which had significantly
higher ADG on twice a day feeding, wheat bran and oat hull rations pro-
duced higher gains on three times a day feeding. To sum, it appeared
that greater ADG was evident on increased feeding, except on solka-floc
rations,

The general response in Table 14 reveals the similarity of ADG
on groups fed either fine or coarse moduli bulks. Bulk modulus inter-
action with bulk type tends to indicate that while solka~floc and oat
hull group gains were improved on fine modulus, there was a depression
of ADG on wheat bran rations as a result of fine modulus feeding.

Gilts fed meal, and barrows fed pellets, performed better on
fine modulus, but barrows fed meal and gilts fed pellets reacted more
favourably on coarse modulus., It would appear that the two extremes in
ADG were achieved by barrow groups on fine bulk moduli pellets (1.76 lb.)\
and gilt groups on coarse moduli meals (1.34 1b.).

Fine modulus was conducive to higher gains in solka~floc and
oat hull rations, but reduced ADG on wheat bran. Interactions with
pelleting seemed to vary with sex differences.

Results in Table 15 indicate that ADG was significantly increased
(P < 0.01) on pelleted rations. Barrow groups fed pellets, on either modu-
1i rations, outgained meal-fed counterparts, and it would appear that gilt
groups fed coarse moduli‘meals achieved the lowest rate of ADG, In summary,
barrows fed pellets, particularly fine moduli bulk, had the highest rate
of gain, while gilts fed meals, especially coarse modulus, gained the
slowest.

The analysis of variance on the data related to antibiotic supple~



TABLE 13 ~ THE EFFECTS OF BULK TYPE OWN THE AVERAGE DAILY GAIN
(ADG) RESPONSES TO FEEDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day LSR
 1b. 1b.
Frequency mean 1.47 1.53 0.06
Bulk type%
Solka~floc 1.54 1.49 0.03
Wheat bran 1.39 1.51
Cat hulls L.47 1.59

TABIE 14 ~ THE EFFECTS OF BULK TYPE, FPELLETING AND SEX ON THE
AVERAGE DAILY GAIN (ADG) RESPONSES TO BULK MODULUS

Bulk modulus
Treatment Fine Coarse 1SR
1b. 1b.
Modulus mean 1.52 1.48 0.06
Bulk type*
Solka~floc 1,58 145 0,03
Wheat bran l.41 1,50
Oat hulls 1.57 1.49
Pelleting
Meal 1.46 l.44 0.03
Pellets 1.59 1.52
Sext .
Barrows 1.63 1.57 0.03
Gilts 142 1.39
Pelleting x Sex*
Meal barrows 1.49 1.54 0,04
gilts l.42 1.34
Pellets Dbarrows 1.76 1.60

gilts 1.41 1.45
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TABLE 15 ~ THE EFFECTS OF BULK MCDULUS AND SEX ON THE AVERAGE
DAILY GAIN (ADG) RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets ISR
1b. 1b.
Pelleting mean®* 1.45 1.56 0.06
Bulk modulus
Fine 1346 1059 0009
Coarse 1.h4 1.52
Sex
Barrows 1.51 1068 : 0409
Gilts 1.38 1.43
Bulk modulus x Sex®
Fine barrows 149 1.76 0.04
gilts l.42 1.41
Coarse barrows 1.54 1.60
gilts 1.34 1.45
TABILE 16 -~ THE BEFFECTS OF BULK MODULUS AND PELIETING ON THE

AVERAGE DAILY GAIN (ADG) RESPONSES TO SEX

Sex
Treatment Barrows Gilts ISR
1b. 1b.
Sex mean™* 1.60 1.40 0.06
Bulk modulus
Fine 1.63 lol+2 0.09
Coarse 1,57 1.39
Pelleting
Meal 1.51 1.38 0,09
Pellets 1.68 1.43
Bulk modulus x Pelleting%
Fine meal L.49 1.42 0.04
pellets 1.76 1.41
Coarse meal 1.54 1.34

pellets 1.60 l.45
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mentation revealed that the average daily gains of 1.44 lb. in the unsup-
plemented groups were significantly less (P< 0.01) than the 1.57 1lb.
attained in the supplemented groups. No other factors in combination with
antibiotic effect produced significant mean deviations.

The barrow groups had a significantly higher ADG than gilt groups
(P <0.01) as indicated in Table 16. The strength of this influence is
also evident in the interactions.

In summarizing the factors found to influence the rate of average
daily gain in these trials it becomes evident that the variations in re-
sponses to bulk type were influenced by feeding freguency and bulk modulus.
Feeding three times daily increased rate of gain except on solka-floc.

Fine moduli bulks, with the exception of wheat bran, were conducive to
improved gains. There appeared to be a definite increase of ADG in res-
ponse to éelleting, however part of this may be attributed to the high
response of barrows to pelleting, particularly on fine moduli bulks. Anti~
biotic supplementation of raticns resulted in a significant increase in
daily gain.

Feed efficiency

The general response indicated a significant improvement in feed
efficlency in groups fed solka~floc rations (Table 17). On twice-a=day
feeding, feed efficiency on solka-floc was significantly better than on
ocat hull and wheat bran rations, but not so on three times a day feeding.
The inclusion of antibiotic improved feed efficiencies in every case, LEffi-
ciency on three times a day feeding was inferior on all bulk types., Anti-
biotic supplementation improved this situation, but oat hull rations were

improved less than wheat bran or solka~floc rations.
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It appeared that solka~floc rations tended to respond more
favourably to antibiotic supplementation and twice a day feeding than A
the other two bulks., Three times a day feeding reduced feed utilization
on all bulks in the absence of antibiotic.

While on the whole, twice a day feeding frequency fell short of
significantly improving feed efficiency (P<0.05), it tended to be more
efficient in feed conversion than three times a day feeding. Solka-floc
rations responded favourably to twice—a—~day feeding, a response that was
evident on both unsupplemented and antibiotic supplemented rations, but
proved to be significant only with antibiotic inclusion. The generally
lowered utilization on three times-a-day fed unsupplemented bulks was
reflected in solka~floc and wheat bran rations, however, oat hull rations
yielded poorer efficiency figures on both feeding frequencies.

Antibiotic supplementation, as indicated in Table 19, signifi-
cantly (P < 0.0l1) improved feed utilization. The favourable efficiency
response prevailed on all bulk types and on three times a day feeding, but
was less marked on twice a day feeding., Wheat bran rations particularly
failed to respond to antibiotic on twice~a-day feeding nor was the response
of solka~floc fed groups as marked as that of ocat hulls fed twice daily.

As a rule antibiotic incorporation improved feed utilization,
particularly on three times a day feeding, however, on twice-a-day feeding
this effect was less pronounced on wheat bran based rations.

In summary the significant effect of bulk type was attributed
to the tendency of solka~floc rations to respond more readily to the fa-
vourable influences of both twice-a~day feeding and antibiotic inclusion.

In the absence of antibiotic supplementation twice-a~day feeding tended to
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TABLE 17 -~ THi BFFECTS OF FEEDING FREGUENCY AWD ANTIBICTIC ON FEED
EFFICIENCY RESPONSHS TO BULK TYPE

Bulk type ISR
Treatment Solka~floc Wheat bran Oat hulls Min, NMax.
Bulk mean™ 3,571 3,72 3.81 0.13 0.14
Feeding frequency
2/day 3.43 3.72 3.78 0.20 0.20
3/day 3.70 3.71 3.8L
Antibiotic
Nil 3.70 3.83 3.93 0.20 0,20
Add 3ek3 3.62 3.69
Feeding frequency x Antibiotic™®
2/day nil _ 3.50 3.70 3.93 0.28 0,29
add 3036 3-77 3-63
3/day nil 3.91 3.95 3.92
add 3.50 346 3.76

1. Pounds of feed per pound of gain.

TABIE 18 ~ THE EFFECTS OF BULK TYPHE AND ANTIBIOTIC ON FEWD
EFFICIENCY RESPONSES TO FEEDING FREGUENCY

Feeding frequency

Treatment 2/day 3/day LSk
Frequency mean 3.65 3.75 0.11
Bulk types

Solka~floc 3.43 . 3.70 0,20

Wheat bran 3.72 3.71

Qat hulls 3.78 3.84
Antibiotic®

Nil 3.71 3.93 0.16

Add 3.59 3657
Bulk type x Antibiotic®

Solka~floc nil 3.50 3.91 0,28

add 336 3.50

Wheat bran nil 3.70 3.95

‘ add 3.72 3.46

Oat hulls nil 3.93 3.92

add 3463 3.76




TABLE 19 -~ THE EFFECTS COF BULK TYPE AND FEEDING FREQUENCY ON
FEED EFFICIENCY RESPONSES TO ANTIBLUTIC

Antibiotic
Treatment Nil Add 1SR
Antibiotic mean® | 3.82 3,58 0.11
Bulk types
Solka~floc 3.70 343 0.20
Wheat bran 3.83 3.62
Oat hulls 3493 3.69
Feeding frequency®
2/day 3,71 3459 0,16
3/day 3,93 3.57
Bulk type x Feeding frequency%
Solka~floc 2/day 3.50 3.36 0.28
3/day 3,91  3.50
Wheat bran 2/day 3,70 3.77
3/day 3.95  3.46
Oat hulls 2/day 3.93 3.63
3/day 3.92 3,76

improve feed utilization. Antibiotic supplementation, particularly on
three times a day feeding, improved feed utilization.
Summary
Animal performance was measured by deriving the ratio:

ynits of feed
units of gain

i

Feed efficiency

therefore, it is possible for animals to have equal feed conversion ratios
yet possess differing daily gain and feed intakes. Within a similar per-
formance group there could be low or high gaining groups as indicated by

feeding frequency, pelleting and sex comparisons, The lack of a signifi-
cant correlation between feed intake and feed conversion has been reported

(Siegl, 1960); however others suggest that animals which eat more tend to
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be less efficient (Magee, 1962). Such contradictions may be explained by
the demonstration of a positive correlation of dietary feed intake and
gain (Siegl, 1960; Magee, 1962) and of body fat and gain (Lassiter et al.,
-1960, using mice). The extent to which body growth was due to adipose
tissue deposition could result in an apparent change in feed conversion
due to the energetics involved in fat assimilation.

| In these trials differences existed between the feed conversion
ratios on the three bulk types, solka~floc produced the most efficient
gains. Although daily gains on oat hull rations were equivalent to those
on solka-floc, they were attained at the expense of increased feed con-
sumption. Feeding frequency, bulk modulus, and antibiotic treatments
interacted with the bulk types on both ADG and ADF measures and influenced
conversion ratios. Solka-floc responses to twice-d-day feeding and to
antibiotic inclusion were greater than for the other bulks. Fine modulus
depressed performance on wheat bran rations. Increased feed intakes were
evident on three times a day feeding, on pelleted or fine modulus rations
and in barrow groups, nevertheless overall feed efficiency ratios remained
similar. Generally though, bulk modulus response was dependent on bulk type,
“pelleting ‘and antibiotic treatments. The response of wheat bran was,
unlike the other two bulks, more favourable on coarse modulus. Antibiotic
incorporation increased rates of gain and since this occurred on relatively
similar feed intakes, an improved feed conversion ratio is indicated, This
latter influence was particularly evident on increased feeding of solka-floc
and oat hull rations. Earrow groups gained and ate more than gilts and
showed no important differences in feed conversion. Fine modulus and pel-

leted rations, factors conducive towards increased intake without altered
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feed conversion, were the particular treatments where the differences
between the sexes were indicated.,

Carcass characteristics

Loin area

TABIE 20 -~ TdE EFFECTS OF BULK MODULUS AND ANTIBICTIC OW LOIN AREA
RESPONSES TO BULK TYPE

Bulk type
Treatment Solka~floc Wheat bran OCat hulls Min., Max.
Cllle 2 Clle 2 Cllla 2
Bulk mean 3,57 3.76 3.57 0.18 0.19
Bulk modulus™™
Fine 3.45 3.93 3.57 0.25 0.26
Coarse 3.69 3.59 3.57
Antibiotic
ML 349 3.75 3450 0.25 (.26
Add 3.64 3,78 3.64
Bulk modulus x Antibiotic™
Fine nil 348 3.76 3.50 0.36 0,37
add 341 L4o11 3.64
Coarse nil 3450 37k 3,49
add 3.8 3ekh 3.64

The overall response indicated a significant increase in loin
area in animals fed wheat bran rations, this influence appeared to be
particularly prevalent on the fine bulk modulus (Table 20). It is indi-
cated that antibiotic supplementation of fine modulus wheat bran resulted
in a significant increase in loin area. A similar tendency of antibiotic
supplementation on coarse modylus solka~Iloc was evident when compared to
the reduced loin area on coarse modulus supplemented wheat bran,

The apparent increase of loin area on wheat bran rations appeared

to be atiributseble to the effects of fine modulus, particularly in the



presence of antibiotic,

In Table 21 the general response indicated lack of significant
difference of loin area between groups fed twice and three times a day.
Meal form rations supplemented with antibiotic or fed to gilts resulted in
increased loin area on three times a day feeding, while pellets fed to
gilts decreased loin area on three times a day feeding.

Data in Table 22 reveal the apparent similarity of loin area
produced on fine and coarse bulk moduli. Significantly larger loin areas
were produced when coarse modulus solka=-floc and fine modulus wheat bran
rations were supplemented with-antibiotic. Fine moduii pelliets fed twice
a day created a significant increase in loin area, The loin area of 4.1l
cm.2 on the aforementioned wheatbbfan ration was notably larger than
other groups. |

The magnitude and direction of bulk modulus influence on loin
area was dependent on the bulk type antibiotic interaction, and also on
twice a day feeding of pelleted feeds.

The differences in loin area between meal and pellet type rations
(Table 23) were non-significant, however barrows fed pellets and gilts fed
meals had significantly increased loin areas, PFurther significant in~
creases in loin area on pelleted rations occurred on twice a day fed fine
moduli or antibiotic supplemented rations and barrows fed three times a
day. Loin area on pelleted rations was less on those rations that were fed
three times a day with antibiotic inclusion, or fed to gilt groups.

With regard to the effects of ration pelleting, gilts and barrows
responded differently in terms of loin area development. Pelleting resulted

in increased loin area in barrow carcasses, especially under three times a



TABLE 21 - THE EFFECTS OF BULK MODULUS, ANTIBIOTIC, PELLETING AND
SEX ON LOIN AREA RESPONSES TO FEEDING FREQUENCY

Feeding frequency 1SR
Treatment 2/day 3/day
Chile 2 Chl,. 2
Frequency mean 3.60 3.66 0.15
Bulk modulus x Pelleting%
Fine meal 3,49 3.72 0,29
pellets 3.83 - 3.56
Coarse meal 3.57 3,67
pellets 3.51 3.70
Bulk modulus x Antibiotic™
Fine nil 3.70 3ekibd 0,29
add 3.62 3,81
Coarse nil 3.46 3.69
add 3.63 3.68
Pelleting x Antibiotic™
Meal nil 3.58 3.49 0.29
add 3.48 3.90
Pellets nil 3,58 3,67
add 3 . 77 3 * 59
Pelleting x Sex™
Meal barrows 3439 3.25 0.29
gilts 3.68 L 1k
Pellets Dbarrows 3.50 3.71
gilt 8 3 » 85 3 . Sl

97
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TABLE 22 - THE EFFECTS OF BULK TYPE, FEoDING FREQUENCY, PELIETING
AND ANTIBIOTIC ON LOLN AREA RESPONSES TO BULK MUDULUS

Bulk modulus’

‘ Treatment Fine Coarse LSk

cm. 2 cm. 2
Modulus mean 3.65 3.61 0.15
Bulk type.
Solka~floc 3-1-1—5 3059 0025
Wheat bran 3.93 3.59
Oat hulls : 3.57 3457
Bulk type x Antibiotic®
Solka-floc nil 3.48 3.50 0436
.add 3ahl 3.88
Wheat bran nil 3.76 3.7k
add L.11 3.4
Cat hulls nii 3 . 50 3 01-1—9
add 3.0L 3.6l
Feeding frequency x Pelleting”
2/day meal 349 3457 0.29
pellets 3.83 3.51
3/day meal 3.72 3.67
pellets 3.56 3,70
Feeding freguency x Antibiotic”
2/day nil 3.70 346 0.29
add 3.62 3.63
3/day nil 346 3.69
add 3.81 3.68

day feeding. Gilts showed no significant increase when fed twice daily

and when fed three times daily, there was a marked decrease in loin area.
Antibiotic supplementation as such (Table 24) had no influence

on 1oin area., However in two instances, increases in loin area occurred

on supplemented rations fed three times daily, either as fine modulus or
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neal type.

TABLE 23 - THE EFFECTS OF FEEDING FR&QUENCY, BULK MODULUS, ANTIBICUTIC
AND SEX ON LOIN ARiA RESPONSES TO PRLIETING

Pelleting
Treatment Meal Pellets LSR
, cm. @ cm. 2
Pelleting mean 3.61 3465 0.15
Feeding frequency
2/day 3.53 3.67 0.21
3/day 3.69 3.63
Sex effect™
Barrows 3,32 3,60 0,21
Gilts 3.91 3.70
Feeding frequency x Bulk modulus”™
2/day fine ‘ 3.49 3.83 0.29
coarse 3.57 3451
3/day fine 3.72 3456
coarse 3.67 3,70
Feeding frequency x Antibiotic™™
2/day nil 3.58 3.58 0.29
add - 3e48 3277
B/day nil 3.@9 3»67
Feeding frequency x Sex’™
2/day barrows 3.39 3.50 0.29
gilts 3.68 3q85
3/day barrows 3425 3.71

The data in Table 25 reveal that gilts had significantly larger
areas of loin than barrows. This trend was evident on both feeding fre-—
- quencies and proved to be statistically significant on meal type rations.
Barrow groups performed as well as gilts on pelleted rations, this effect

was nullified by twice a day feeding but was re-established on three times
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a day feeding,

TABLE 24 -~ THE EFFECTS OF BULK TYPE, FEEDING FRuGUENCY, BULK MODULUS
AND PEIIETING OW LOIN AREA RESPONSES TO ANTIBICTIC

Antibiotic
Treatment Nil Add ISR
cm. 2 cm. 2
Antibiotic mean 3.58 3.69 0.15
Bulk type x Bulk modulus™
Solka—~floc fine 3.48 3.41 0.36
coarse 3.50 3.88
Wheat bran fine 3.76 L.11
coarse 3.74 3olidy
Oat hulls fine 3.50 3,64
coarse 3a49 3.6
Feeding frequency x Bulk modulus™
2/day fine 3.70 3.62 0.29
coarse 3.46 3.63
3/day fine . 3.46 3.81
coarse 3469 3.68
Feeding frequency x Pelleting”™
2/day meal 3.58 3.48 0.29
pelle‘bs 3'58 3’77
3/day meal 3449 3.90
pellets : 3.67 3459

Gilts yielded significantly larger areés of loin except when
compared to barrow groups fed pellets, particularly on the increased
feeding frequency.

In summary, wheat bran rations, depending somewhat on the in-
fluence of modulus and antibiotic inclusion, increased loin area. Loin
area was greater in gilt groups, however, this effect was nullified by
pelleted rations, particularly on increased feeding, to the point that

loin area differences become non-significant between sexes,
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TABLE 25 - THE EFFECTS OF FEZDING FREQUZNCY AND PELIETING ON LOIN
AREA RESPUNSES TO SEX

Sex
Treatment Barrows Gilts 1SR
Cm.2 Cmoz
Sex mean™” 3.46 3.80 0.15
Feeding frequency
2/day 3oy 3.76 0.21
3/dey 3.48 3.84
Pelleting”™*
Meal 3.32 3.91 0,21
Pelliets 3,60 3-70
Feeding freguency x Pelleting%%
2/day meal 3.39 3.68 0.29
pellets 3.50 3.85 '
3/dey meal 3425 Lok
pellets 3.71 3.54

Dressing percentage

The data in Table 26 disclose that significant dressing percents=
age differences existed between all bulks, lowest yields were realized on
wheat bran rations and highest on oat hulls,

On twice a day feeding yields weré significantly larger onLy.on
oat hull rations, while on three times a day feeding the increased yields
on solka~floc and ozt hulls resulted in a significantly larger dressing
percentage thén on wheat bran rations. Twice‘a day feeding of antibiotic
supplemented rations increased carcass yield on wheat bran rations to the
level of oat hulls, however, in barrow groups the oat hull ration carcasses
outdressed both bulks. Three times a day feeding, irrespective of antibiotic

or sex, produced the lowest carcass recoveries on wheat bran rations.
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TABIE 26 — THE EFFECTS COF FEEDING FREGUENCY, BULK MODULUS, PELIETING,

ANTIBIUTIC AWD SEX ON DRESSING PERCENTAGE:

RESPONSES TO BULK TYPE

Bulk type
Treatment Solka~floc Wheat bran QOat hulls Min., Max.
% % %
Bulk mean™™* 75,00 73,92 75,96 0.62 0.62
Feeding frequency%*
2/day 73497 Ty 36 75,71 0.87 0.92
3/day 76,0 T3els7 764,21
Bulk modulus
Fine 74,89 73 .65 76411 0.87 0.92
Coarse 75,12 74419 75.81
Pelleting v
leal 714'072 73091 76930 Oa87 0092
Pellets 75,28 73.93 75,62
Antibiotic
Lil 74490 73,60 75453 0.87 0.92
Add 75,11 Tho 2y 76,38
Sex
Barrows 7,53 73.9L 75,18 0.87 0,92
Gilts 75,48 73.90 7647k
Feeding frequency x Antibiotic®
2/day  nil 73464 73,60 75476 1.23 1.30
add Tl 430 75,12 75,66
Feeding frequency x Sex**
2/day  barrows 73404 74470 74478 1.23 1,30
gilts k0 90 74403 76,64
3/day  barrows 76,02 73.19 75.58
Bulk modulus x Antibiotic%%
Fine nil 75425 72.98 75.96 1.23 1.30
add Tha.52 Tha37 76426
Coarse nil Thably The23 75.11
add 75471 Thal5 76450
Pelleting x Antibiotic™”
I"’L’ea.l nil 7[44 . 96 73 » 87 75 - 15 l » 23 lo 30
add The 50 73496 T7ab5
Pellets nil The83 T3e34 75,92

1 Hot carcass weight per 100 1b, liveweight,
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The incorporation of antibiotic supplementation resulted
in significant interactions invol%ing feeding frequency; bulk modulus,
and pelleting with bulk type. In the absence of antibiotic, wheat bran
yielded lowest dressing percentages on both feeding frequencies, fine
modulus and on both pelleting‘treatments. The solka~floc interaction
with antibiotic was similar to wheat bran on twice a day feeding but on
pelleté it performed medisl to the other bulks, In other instances where
significant differences involving solka~floc existed it equalled dressing
percentage ylelds on oat hulls, Antibiotic inclusion removed yield dif-
ferences except on twice-a-day feeding where solka—floc yielded lower
than oat hulls, on both moduli wher'e wheat bran yielded lower then oat
hulls, and on meal-type rations where oat hulls significantly out per-
formed the other bulks and vroduced a higher dressing percentsge.

Generally wheat bran rations produced lowest carcass yields,
solka—floc was medial and pigs on oat hulls dressed the highest. However
it appeared that twice-daily feeding depressed solka~floc yields and anti~
biotic inclusion tended to moderate yield differences due to bulk type.

The data in Table 27 reveal that a significant difference in
dressing percentage, favouring three times a day feeding was evident. Inter-
actions reveal that there was a complex and,varied effect of the other
factors in these trials, mostly favouring three times a day feeding. Signi-
ficantly increased dressing percentage on three times a day feeding was
evident on solka-floc feeds. There were indications of increased dressing
percentages on fine modulus end pelleted rations, and in barrow groups.
Contrastingly a significant reduction in the dressing percentage of wheat

bran fed groups occured on the higher feeding frequency,
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Three times a day feeding produced a significantly increased
dressing percentage on solka~floc rations, irrespective of antibiotic or
sex treatments. Uat hull rations supplemented with antibiotic increased
carcass yleld on three times a day feeding. Wheat bran rations produced
a significantly higher carcass yield on twice a day feeding when anti-
biotic was incorporated in the ration,

Groups fed three times a day exhibited higher dressing percent—
ages on fine modull meals, pellets of coarse moduli bulks or fed to
barrows, and barrows not receiving antibiotic supplementation. Other
treatment differences proved non~significant (P> 0.05).

In summary, carcass yields were higher on three times a day

[62]

feeding, As previously noted, dressing percentage was lowest on wheat
bran rations and highest on oat hulls., The response to feeding frequency
of the various bulk types indicated that wheat bran rations usually re-
acted in an opposite pattern to those of the other bulks. Interaction
results were suggestive that factors other than feeding frequency may also
have been responsible for some of the significant differences.

On the whole, modulus of the bulk component did not influence
carcass yield (Tzble 28). However a reduced yield did occur with pigs fed
fine modulus wheat bran in the absénce of an antibiotic supplement, and
there was evidence that an additional daily feeding of meal type rations
influenced the responses obtained to different moduli,

As evident from a study of Table 29 pelleting of the rations had
little if any effect upon dressing percentages. It can be concluded there—
fore that statistically significant interactions involving pelleting, and

shown in this table, must be explained on the basis of other variables
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TABIE 27 - THn EFFECTS OF BULK TYPE, BULK MODULUS, PuLLETING, ANTIBIOTIC

+ AND SEX ON DRESSING PERCENTAGE RESPCONSES TO FEEDING FREQUENCY

Feeding freguency

Treatment 2/day 3/day LSR
% %
Frequency mean” 7L .68 7542k 0.50
Bulk type**
Solka~floc 7397 76,04 0.87
Wheat bran Th.36 7347
Oat hulls 75.71 76,21
Sex
Barrows Tha17 The93 0.71
Gilts 75419 75455
Bulk type x Antibiotic™
Solka-floc nil YERIA 76.15 1.23
add T e 30 75493
Wheat bran nil 73,60 73.61
Oat hulls nil 75476 75431
Bulk type x Sex™
Solka~floc barrows 73404 76,02 1.23
gilts 70490 76,06
Wheat bran barrows 74,70 73,19
‘ gilts 74,03 73476
Qat hulls barrows Tha78 75.58
gilts 76,6l 76.83

continued ...
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TABLE 27 (continued)} - THE EFFECTS OF BULK TYPE, BULK MODULUS, PELLETING,
ANTIBIOTIC AND SEX ON DRESSING PERCENTAGE RESPONSES TO FEEDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day LSk
% %

Bulk modulus ,
Fine ' Th o ily 75.32 C.71
Coarse Tha92 75.16

Pelleting
Meal - 7,78 75.17 0.71
Pellets The58 75.31

Bulk modulus x Pelleting**

Fine meal T e 29 75485 1.00
pellets 74459 74, 80

Coarse meal 75,28 7he 50
‘pellets Th.56 75.82

Pelleting x Sex™

Meal barrows e 32 Ty o 69 1.00
gilts 75425 75465

Pellets barrows 7L .02 75.17
gilts 75,13 75445

Antibiotic x Sex”

Nil barrows 73671 The93 1,00
gilts 74496 75.11

Add barrows Tho63 The93
gilts 7543 7599

contained in the interactions. These effects are discussed elsewhere.

. Antibiotic supplementation improved dressing percentage in the -
majority of experimental conditions involved in this experiment (Table 30).
The improvement was especially marked with oat hull rations fed three times

daily where the increase was from 75.31 to 77.10%, and with oat hull rations

fed as meal an even greater increase was obtained. The highest carcass yields
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TABIE 28 - THE EFFLCTS OF BULK TYPE, FEEDING FREQUENCY, PELLETING,
ANTIBIOTIC AND SEX ON DRESSING PrRCENTAGE RESPONSES TG BULK MODULUS

Bulk modulus

Treatment Fine Coarse 1SR
% %
Modulus mean 7h.88 75.04 0. 50
Sex
Barrows Tho'Th The36 0,71
Gilts 75403 7571

Bulk type x Antibiotic™

Solka~floc nil 75425 The5hL 1.23
add The52 75.71

Wheat bran nil 72.98 The23
add The37 Tha15

Cat hulls nil 75.96 75.11
add 76,26 - 76450

Feeding frequency x Pelleting%ﬁ

2/day meal e 29 75428 1.00
pellets 7he59 The56
3/day - meal 75485 The 50
‘ pellets 74480 75.82

in the experiment were produced with oat hull rations containing antibiotics,
fed three times daily in the meal form.

Some effects were observed with bran rations where, in relation
to the general mean, it might be concluded that the absence of antibiotics
resulted in a decreased dressing percentage under twice daily feeding and

with fine modulus.
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TABIE 29 -~ THE wFFLCTS OF BULK TYPE, FEEDING FREQULNCY, BULK MODULUS,
ANTIBIOTIC AND SEX ON DRESSING PuRCLNTAGE RESPONSES TO PELIETING

Pelleting
Treatment Meal Pellets ISR
% %
Pelleting mean 7L .98 Th .9k 0.50
Sex
Barrows 7h 4 50 Tl 70 0,71
Gilts 7545 75419
Bulk type x Antibiotic™™
Solka-floec nil Tha96 Tha83 1.23
Wheat bran nil 73,87 73.34
add 73.96 The51
Feeding frequency x Bulk modulus™*
2/day fine The29  Tha59 1.00
coarse 75428 Tha56
3/day fine 75.85 74480
coarse 7l 50 75.82
Feeding frequency x Sex™
2/day barrows 74432 74,02 1.00
gilts 75425 75,13
3/day barrows The69 75,17
gilts 754,65 75445
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TABLE 30 - THE LFFECTS OF BULK TYPE, FESDING FREQUENCY, BULK MODULUS,
PELIETING AND SEX ON DRESSING PERCENTAGE RESPONSES TC ANTIBIUIIC

Antibiotic
Treatment Nil Add 1SR
Antibiotic mean™™ 7L,68 75424 0.50
Bulk modulus
Fine Tha73 75.03 0.71
Coarse Tl 62 7545
Sex
Barrows The32 75.03 0.71
Gilts The78 75,71
Bulk type x Feeding frequency™
Solka~floc 2/day 73.6L 7he30 1.23
3/day 76,15 75.93
Wheat bran 2/day 73,60 75,12
3/day 73.61 73435
Oat hulls 2/day 75476 75466
3/day 75.31 77,10
Bulk type X Bulk modulus™*
Solka-floc fine 75425 Tha52 1.23
coarse ThoSh 75.71
wheat bran fine 72,98 The37
coarse ’ Tha23 7ha15
.Oat hulls fine 75.96 76,26
coarse 75.11 76.50
Bulk type x Pelleting™*
Solka—~floc meal The96 - 7L .50 1.23
pellets Th o83 75.73
Wheat bran meal 73.87 73.96
pellets ‘ 73.34 Tha51
Cat hulls meal 75415 7745
pellets , 75492 75.32
Feeding frequency x Sex™™
2/day barrows 73,71 Th 63 - 1.00
gilts The96 7543
3/day barrows 74493 7he93

gilts : 75.11 75.99
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TABLE 31 -~ THE EFFECTS OF BULK TYPE, FEEDING FREQURNCY, BULK MUDULUS,
PELIETING AND ANTIBIOTIC ON DRESSING PERCENTAGE RESPONSES TO SEX

Sex
Treatment Barrows Gilts LSR
Sex mean™* 7L455 75437 0.50
Bulk type
Solka~floc The53 75.48 0.87
“Wheat bran 73,94 73.90
Cat hulls 75.18 76,7k
Feeding frequency
2/day Tha17 75419 0.71
3/day Tha93 75455
Bulk modulus™
Fine Tha'Th 75.03 0.71
Coarse 7436 75.71
Pelleting '
Pellets 7470 - 75,19
Antibiotic
N1 Thae32 75.03 0.71
Add The78 75,71
Bulk type x Feeding frequency&'yr
Solka-floc 2/day 73.0L 7). 90 1.23
3/day 76,02 76,06
Wheat bran 2/day 7ho'70 7403
3/day . 73,19 73.76
Oat hulls 2/day 7,78 76,64
3/day 75.58 76.83
Feeding frequency x Pelleting%
2/day meal 7432 75425 1.00
pellets 74,02 75.13
3/day meal 74469 75465
pellets 75.17 7545
Feeding freguency x Antibiotic*
2/day nil 73,71 7496 1.00
add 7h463 75,43
3/day nil 793 75,11
. add 74,93 75499
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Results in Table 31 reveal that gilt groups yielded signifi~
cantly higher dressing percentages than barrows. First order interactions
tend to bear out this effect; however only in the case of bulk modulus
comparisons were the differences statistically significant.
In the second order interactions listed, gilt groups fed twice
deily yielded significantly higher dressing percentages, with the excep-

tion of those receiving wheat bran, meal type or antibiotic supplemented

O

o

rations. Gllts fed three times daily produced carcass ylelds similar to
barrows, except tﬁose receiving oat hull or antiblotic supplemented
rations,

In general, gilts yielded a higher dressing percentage than
barrows., This was evident on either bulk modulus. It would appear that
carcass yields favouring gilts were substantially reduced by = feeding
frequency of three times a day. Of the bulks, wheat bran suppressed the

fect on dressing percentage, however oat hulls appeared to maintain

Carcass yield was significantly influenced by bulk type, yilelds
were highest on oat hulls and lowest on wheat bran, Interaction results
suggested bulk type response was influenced by feeding freguency and anti-
biotic inclusion, Increased feeding frequency, antibiotic addition and
gilt goups appeared to yield higher dressing percentag ges.

Average backfat

The date in Table 32 indicate a 81gﬂ1flcant difference between

average bgckfat due to bulk types, with wheat bran yielding the lowest

s

oat hulls the highest values., Reduced average backfat prevailed when wheat

5

bran was comblned with three times a day feeding, fine modulus, either
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TABLE 32 -~ THE EFFECTS OF FEEDING FREQUENCY, BULK MODULUS, ANTIBICTIC
AND SEX ON AVERAGE BACKFAT1 RESPONSES TO BULK TYPE

Bulk type LSR
Treatment Solka~floc Wheat bran Oat hulls Min. Max.
in. in, in.
Bulk mean™* 1.21 1.14 1.27 0.06 0.06
Feeding frequency
2/day 1,12 1.11 1.24 0.08 0,08
3/day 1.30 l.18 1.30
Bulk modulus™
Fine 1.26 1.08 1.31 0.08 0,08
Coarse 1.16 1,20 1,23
Antibiotic
Nil- 1.18 ll.1k 1.23 0,08 0,08
Add l.24 l.14 1,31
Sex
Barrows 1.27 1.22 1.38 0.08 0,08
Gilts l.15 1.07 1.16
Feeding frequency x Bulk modulus”™
2/day  fine 1,19 1.04 1.35 0.11 0,12
coarse 1.06 1.17 1,13
3/day fine 1.33 1.12 1.27
coarse 1.26 1.24 1.33
Bulk modulus x Antibiotic®
Fine nil 1.27 1.04 1.30 0,11 0,12
add 1,25 1.12 1.32
Coarse nil 1.10 1.24 1,16
add 1.23 1.17 1.30
Bulk modulus x Sex™
Fine barrows 1.33 l.11 1.44 0.11 0.12
gilts 1.19 1.05 1,18
Coarse barrows 1.22 1.33 1.31
gilts 1.10 1.08 l.14

1 Mean of shoulder, minimum back and loin measurements.
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antibiotic treatment and in gilts. However, only in the case of fine
modulus was the effect statistically significant.

Feeding fine modulus wheat bran rations reduced average back—
fat on either feeding frequency, in the presence or absence of antibiotic
and in both sex groups. In comparison to coarse moduli oat hulls a signi-
ficant backfat reduction on wheat bran occurred on antibiotic supplemented
rations. Fine moduli oat hulls yielded significantly greater average back-
fat levels on twice a day feeding and in barrow groups. The principal
effects appearing to reduce average backfat on solka-floc rations when
compared to oat hulls appeared to be fine moduli fed either twice a day
or to barrow groups.

Where significant differences existed, wheat bran produced the
least backfat and oat hulls the highest, and solka~floc, while tending to
be medial, occasionally produced results varying toward either extreme.

Fine bulk modulus appeared to depress backfat production on wheat bran,
while the results on solka~floc and oat hulls appeared to be opposite to
this and backfat was greater.

The general response indicated that twice~a-day feeding signifi-
cantly depressed average backfat deposition. This effect was prevalent on
solka~floc, coarse modulus and antibiotic free rations, but proved to be
statistically significant only on coarse modulus rations, The data in
Table 33 further indicate that animals fed twice daily exhibited significant
average backfat reductions on fine moduli bulks when these were fed as solka~-
floc or without antibiotic. Coarse moduli bulks produced lower average back—
fat on solka~floc or oat hull rations =  irrespective of antibiotic treat-

ment .
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TABLE 33 -~ THE EFFECTS OF BULK TYPE, BULK MODULUS AND ANTIBICTIC ON
AVERAGE BACKFAT BESPONSES TO FEEDING FREQUENCY.

Feeding frequency

Treatment 2/day 3/day ISR
| in. in,
Frequency mean™* - 1.16 1.26 0,05
Bulk type
SOlka-'flOC 1.12 1130 ) OOOS
Wheat bran 1.11 1.18 ’
Oat hulls ' 1.2 1.30

Bulk modulus”™

Fine 1,19 1.24 0,07
Coarse _ 1.12 1.28

Antibiotic
M1 ) 1.10 1.26 0.07
Add 1,20 1.26

Bulk type x Modulus™

Solka~floc fine 1.19 1.33 0.11
coarse 1.06 1.26

Wheat bran fine 1.04 1.12
coarse 1,17 1.2

Oat hulls fine 1.35 1.27
coarse 1.13 1.33

Bulk modulus x Antibiotic*

Fine nil 1.12. - 1.28 0.09
add 1.26 1,20

Coarse nil 1.10 1,23
add 1.14 1.32

The effects of feeding frequency on backfat deposition were ap~
preciable when solka~floc rations (either fine or coarse) and oat hulls
(coarse) were involved. In these cases more frequent feeding led to marked
increases in fat thickness.

Bulk modulus (Table 34) effects proved to be influenced in one

way or another with every one of the other experimental variables. The
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TABLE 34 - THE EFFECT OF BULK TYPE, FEEDING FREQUENCY, PELLETING,
ANTIBIOTIC AND SEX ON AVERAGE BACKFAT RESPONSES TO BULK MODULUS

Bulk modulus
Treatment Fine Coarse ISR
in, in,
Modulus mean 1.22 _ 1.20 0.05
Bulk type%% ;
Solka~floc 1.26 1.16 0,08
Wheat bran 1.08 1.20 '
Oat hulls 1.31 1.23
Feeding frequency*
2/day 1.19 1.12 0.07
3/day 124 1.28
Pelleting |
Meal 1.23 1.16 0.07
Pellets 1.21 1.26
Bulk type x Feeding frequency*
Solka~floc 2/day 1.19 1.06 0.11
3/day 1.33 1.26
Wheat bran 2/day 1.04 1.17
3/day 1.12 1.24
Oat hulls 2/day 1.35 1.13
Bulk type x Antibiotic*
Solka~floc nil 1.27 1.10 0.11
add 1.25 1.23
Wheat bran nil 1.04 l.24
add 1;12 1017
Oat hulls nil 1.30 1,16
add 1.32 1.30
Bulk type x Sex
Solka~floc barrows 1.33 1.22 0.11
gilts 1,19 1.10
Wheat bran barrows 1.11 1.33
gilts 1.05 1.08
Oat hulls  barrows labdy 1.31
gilts 1.18 1.14
Feeding frequency x Antibiotic™
2/day nil 1.12 1.10 0.09
add 1.26 1.14
3/day nil 1.28 1.23
add 1,20 1.32
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different types of bulk responded differently to modulus effects. Back-
fat deposition was significantly depressed on coarse module feeds when
either solka-~floc or oat hulls were fed twice daily, without antibiotic or
to barrows, Conversely under identical feeding frequency, antibiotic and
sex treatments, average backfat depth was increased in animals fed coarse
wheat bran,

Modulus effects were also modified by antibiotic supplementation
and feeding frequency interactions. With twice daily feeding of antibiotic-
supplemented rations the fine modulus resulted in more backfat, but on
three times daily feeding the reverse occurred. Coarse moduli meals fed
twice daily produced animals that exhibited decreased backfat thickness,

While bulk modulus as such did not influence average backfat
depth, it was implicated in the nature of the bulk type response, Fine
moduli increased backfat production on solka-floc and oat hull rations,
but decreased it on wheat bran based rations, Subject to a modifying in-
fluence of antibiotic inclusion, backfat was less on coarse modulus fed
either twice daily or in the meal form.

TABLE 35 - THE EFFECTS OF BULK MODULUS ON
AVERAGE BACKFAT RESPONSES TO PELLETING

Pelleting

Treatment Meal  Pellets lsR
in, in.

Pelleting mean 1,20 1.22 0.05

Bulk modulus#

Fine 1,23 1.21 0.07
Coarse 1,16 1.26
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The general response indicated that pelleting exerted no effect
on average backfat; however, on coarse modulus feeds pelleting produced a
significant increase in backfat in contrast to the absence of such an
effect on fine modulus, It is of interest to note that bulk moduli effects
(Table 3k4) were influential on meal type rations only in this comparison,
this may, in conjunction with the above effects, indicate that ration bulk-
iness may have been influential on factors affecting backfat deposition.

Although the effect was statistically non-significant, antibiotic
supplementation of rations increased average backfat (Table 36). Inter—
action effects disclosed that this tendency of antibiotic was statistically
significant on solka-floc, oat hﬁll or three times a day rations fed as the
coarse bulk moduli. The use of antibiotic on twice-a-day feeding of fine
moduli bulks also resulted in significant increases in average backfat. It
would appear that antibiotic supplementation potentiated other factors to-
wards the production of increased backfat levels,

Barrow groups, as indicated in Table 37, had significantly more
average backfat than gilts, an effect prevélent on all bulk type and moduli
interactions except fine wheat bran fed lots,

Average backfat depth was lowest on wheat bran and highest on oat
hull rations, however this effect was apparently mitigated by bulk modulus.
The response of wheat bran to modulus, was in a manner opposite to that
produced in the other two bulks. Twice-a-day feeding produced less backfat,
however this effect was also associated to some degree with bulk modulus.
Pelleting coarse moduli bulks increased backfat. Inclusion of antibiotic
tended to increase average backfat, however this response was contingent
upon bulk type and modulus. As a group barrows yielded more backfat than

gilts.



TABLE 36 — THE EFFECTS OF BULK TYPE, FEEDING FREQUENCY AND BULK
MODULUS ON AVERAGE BACKFAT RESPONSES ON ANTIBIOTIC

Antibiotic
Treatment Nil Add ISR
in. in.
Antibiotic mean 1.18 1.23 0.05
Bulk types
Solka—floc 1.18 la24 0.08
Wheat bran 1.14 1.14
Oat hulls 1.23 1.31
Feeding frequency
2/day 1.10 1.20 0.07
3/day 1.26 1.26
Bulk modulus
Fine 1,20 1.23 0.07
Coarse 1.16 1.26
Bulk type x Bulk modulus®
Solka~floc fine 1.27 1.25 0.11
coarse 1.10 1.23
Wheat bran fine 1.04 1.12
coarse 1.24 1,17
Oat hulls fine 1,30 1.32
coarse 1.16 1.30
Feeding frequency x Bulk modulus ™
2/day fine 1912 1026 OQO9
coarse 1,10 1.14
3/day fine 1.28 1.20
coarse 1.23 1.32
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TABIE 37 - THE EFFECTS OF BULK TYPE AND MODULUS ON AVERAGE
' BACKFAT RESPONSES TO SEX

Jex —
Treatment Barrows Gilts 1SR
in. in,
Sex mean™ 1.29 1.14 0.05
Bulk type
Wheat bran 1,22 1.07
Oat hulls 1.38 1.16
Bulk modulus
Fine 1.29 1.14 0.07
Coarse 1.29 1.11
Bulk type x Bulk modulus®
Solka~floc fine 1.33 1,19 0.11
coarse 1.22 1,10
Wheat bran fine 1.11 1,05
coarse 1.33 1.08
Oat hulls fine 1,44 1.18
coarse 1.31 1.14

Carcass grades

Carcass grades were not subjected to a statistical analysis, how-
ever a summary of this data is presented in Table 38. The data would in~
dicate that percentage-wise deviations in carcass grades in comparison to
the test average are indicated in bulk type, feeding frequency and sex
treatments, and possibly on pelleting. Wheat bran rations, twice daily
feeding and particularly gilt groups produced a higher percentage of "A's"
than occurred on the test as a whole. There was a slight indication that
a higher percentage of “AM carcasses were also evident in those groups re-
ceiving pelleted feed, although these differences are probably too small to

be real.
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TABLE 38 ~ SUMMARY OF CARCASS GRADES

‘ Carcess grade
Treatment ‘ A B

Number % umber %

Bulk type

Solka—~floc 21 67 11 33

Wheat bran 25 78 7 22

Qat hulls 18 53 14 L7
Feeding frequency

2/day 36 75 12 25

3/day 27 56 21 Ly
Bulk modulus

Fine 31 65 17 35

Coarse 33 69 15 31
Pelleting

Meal . 30 63 18 37

Pelleting 3k 71 14 29
Antibiotic

Nil 33 69 15 31

Add 30 63 18 37
Sex

Barrows 22 L6 26 54

Gilts L1 85 7 15
Test average 6L 67 32 33

The complete data on carcass grades are presented in the appendix
(Table ¢) . It is evident that factors such as oat hulls and barrows proved
to be additive, i.e, only 25% A carcasses were produced on this treatment
combination,
Summary
Meatiness has been positively correlated with loin area and nega-

tively with backfat and carcass weights (Bowman et al., 1962; Carpenter et
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al., 1962). In the trial being considered currently, animals were
slaughtered within relatively similar weight ranges therefore dressing
percentage would reflect yield differences between carcasses in this in-
stances. It has been indicated that higher dressing percentages are
accompanied by a greater degree of fatness (Plank and Berg, 1963).

Wheat bran rations produced the lowest carcass dressing percentage
and average backfat as well as the largest loin area and highest percent-
age of WA"™ carcasses., Oat hull rations were the opposite and produced
animals having the hiéhest dressing percentage and average backfat and
the smallest loin area and percentage of MA" carcasses. The inference
made from these results is that wheat bran produced the "meatiest™ car-
casses and oat hulls the "“fattest®. The situation proved to be somewhat
analagous when making sex comparisons, differences between dressing per-
centage, average backfat, loin area and carcass grades were evident. Gilt
groups produced a significantly larger loin area and dressing percentage
and acquired less backfat than barrows, these differences were also re-
flected in the higher percentage of ¥A®™ carcasses in gilts. Whether or
not the yield of carcass wﬁs attributable to degree of adiposity, amount
of fill or trim is not particularly evident at this time,

The summary of grade comparisons would indicate that feeding fre-
quency was an influential factor in achieving the particular distribution
of A's and B's. Statistical analysis revealed that dressing percentage
and average backfat, but not loin area, was reduced on twice a day feeding.
Antibiotic supplementation increased both dressing percentage and average
backfat, however indications were that neither loin area nor carcass grades

were altered by this treatment. Dressing percentage, average backfat, loin
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area and the apparent distribution of A and B carcass grades appeared to
be independent of either bulk modulus or pelleting treatments.

Interaction effects on loin area implied that bulk type response
was assoclated with modulus and antibiotic treatments, particularly on
wheat bran rations. Similar trends were evident upon dressing percentage
and average backfat, although the degree and direction of response varied
with the bulk type. Wheat bran rations usually responded in an opposing
manner to the other two bulk diluents. The influences of pelleting
rations was indicated in the responses elicited by coarse bulk modulus
and three times a day feeding in thaﬁ average backfat deposition was in~
creased., A further interaction between pelleting and sex resulted in a

significant increase in loin area of barrow groups.

Ration digestibility and performance

Energy digestibility

The general effect indicated in Tablé 39 shows a significant re-
duction of energy digestibility on oat hull rations. Similar depressions
on oat hull ratiéns occurred on coarse modulus, meal type and an£ibiotic
supplemented rations. It was indicated that oat hull ration energy digesti~
bility was significantly greater on unsupplemented fine moduli than other
bulks, however on coarse moduli neither presence nor absence of antibiotic
affected energy digestibility in oat hulls. The addition of antibiotic to
fine moduli solka~floc and coarse moduli wheat bran resulted in signifi-
cantly higher energy digestibility percentages.

In oat hull rations energy digestibility percentages were usually

the lowest and subject to the greatest variation. The response of wheat
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TABLE 39 - THE EFFECTS OF BULK MODULUS, PELLETING AND ANTIBIOTIC
ON ENERGY DIGESTIBILITY RESPONSES TO BULK TYPE

Bulk type ISR
Treatment Solka~floc Wheat bran Oat hulls Max., Min.
% % %.
Bulk mean” 6845 68.8  67.0 1.5 1.6
Bulk modulus*%
Fine 68,7 67.3 69,3 242 2.3
Coarse _ 68,2 70.3 6L.5
Pelleting%
Meal 70,0 68.2 66,4 2e2 2.3
Pellets 67.3 69 o4 67.5
Antibiotic®
Nil 6749 68,5 6844 2.2 2.3
Add 69.0 69.1 65.6
Bulk modulus x Antibiotic”
Fine nil 66,9 67 ot 71,9 3.1 3.3
add 70,5 67.2 66,9
Coarse nil 68,8 69.7 6l .8
add 67.7 71,0 6l .2

bran to moduli differed in that it responded more favourably when coarse,
whereas the other bulks responded to fine moduli, the degree of response
being dependent on antibiotic treatment.

On the whole, bulk modulus had no significant influence on
energy digestibility (Table 40), however fine modulus depressed energy
digestibility in wheat bran and increased it in oat hull rations (P < 0.05).
The second order interaction indicated that in wheat bran this effect ap-
peared to be linked with not only the effects of modulus but with the anti~-
biotic effect upon coarse modulus, and in the case of oat hulis this was

apparently a factor attributable to fine modulus and the absence of anti-
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biotic.

Bulk moduli, while not influencing energy digestibility
directly, appeared to influence the response of wheat bran and oat hulls,
Wheat bran rations responded to coarse moduli favourably in the pfesence
of antibiotic, while oat hulls responded to fine moduli in the absence
of antibiotic.

TABLE LO ~ THE EFFECTS OF BULK TYPE AND ANTIBIOTIC ON
ENERGY DIGESTIBILITY RESPONSES TO BULK MODULUS

Bulk modulus

Treatment Fine Coarse ISR
% %
Modulus mean 68.5 6747 1.3

Bulk t;y'pe*':"r

Solka~floc 68.7 68,2 2.2
Wheat bran 67.3 70.3
Oat hulls 69.3 6Ly, 5

Bulk type x Antibiotic™

Solka~floc nil 66.9 68,8 3.l
add 70.5 67.6

Wheat bran nil 6714 69.7
add 67.2 71.0

Gat hulls nil 71.9 64,8

add 66.9 6L.2

The main treatment effect of pelleting indicated in Table 41
did not create a change in energy digestibility, however on solkagfloc
rations a significant increase in energy digestibility occurred on meal
type rations. In reference to Table 39, it appears that one of the
factors causing significant differences between bulk types on meal rations
was the nature and magnitude of solka~floc ration response to pelleting.

The significgntly different responses of energy digestibility to pelleting
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seemed to be dependent on antibiotic. On meals antiblotic~free rations
fed to gilts yielded an increased energy digestibility, this effect was
reversed in the presence of antibiotic,

It would appear that while pelleting failed to influence per-
cent of digestible energy, these values were decreased on pelleted solka-
floc rations, The magnitude and direction of digestible energy variations

to pelleting in gilts may'have been in response to other factors,

TABLE 41 -~ THE EFFECTS OF BULK TYPE, AWTIBIOTIC AND SEX
ON ENERGY DIGESTIBILITY RESPONSES TO PELLETING
Pelleting
Treatment Meal Pellets ISR
% %
Pelleting mean 68.1 68,0 1.3
Bulk type™
Solka~floc 70.0 67.3 2.2
Wheat bran 68,2 69.4
Oat hulls 664 67.5
Antibiotic x Sex™*
Nil barrows 67.0 68,7 2.5
gilts 70.0 67 oLy
Add  barrows 68.6 6745
glilts 66.9 68.5

The results in Table 42 indicate the lack of significant differ-
ences in energy digestibility between rations varying in antibiotic treat-
ment. The addition of antibiotic to fine modulus increased energy digesti-
bility in solka~floc rations and decreased energy digestibility in oat hull
rations, The latter difference was significant on oat hull rations and,
although evident, it was short of significancelon solka-floc, probably due
to the smaller influence of antibiotic on fine solka~floc. Gilts on meal

rations reacted unfavourably to antibiotic addition in thst energy digesti-
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bility declined from 70.0.to 66.9%.

It appeared that antibiotic»supplemﬁntation of rations failed
to directly affect digestible energy percentages. The response to anti-
biotic inclusion varied from an increased energy digestibility on fine
moduli solka-floc to a decrease on fine moduli oat hulls and meal fed
gilts.

TABLE 42 ~ THE LFFZICTS OF BULK TYPE, BULK MODULUS, PELLETING
AND SEX ON ENERGY. DIGESTIBILITY RESPCNSES TO ANTIBIOTIC

Antibiotic
Treatment : Nil Add ISR
A %
Antibiotic mean 68.2 67.9 1.3
Bulk type™ ‘
Solka~-floc 679 69.0 2.2
Wheat bran 68.5 69.1
Oat hulls 68.4 65.6
Bulk type x Bulk modulus™®
Solka~floc fine . 66.9 70.5 3.1
coarse 68.8 67.6
Wheat bran fine 67 o1y 6742
coarse 69.7 71.0
Qat hulls fine 71.9 66.9
coarse 64.8 6.2
Pelleting x Sex ~
Meal barrows 67.0 68.6 2.5
gilts 70.0 66.9
Pellets barrows 68,7 67,6
gilts 6744 ; 68.5

While on the whole, differences in sex failed to affect digestible
energy (Table 43) there was one treatment, that of unsupplemented meals fed
to gilt groups, that produced a significantly higher digestible energy per—

centage,
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TABLE 43 ~ THE EFFECTS OF PELLETING AND ANTIBIOTIC ON
ENERGY DIGESTIBILITY RESPONSES TO SEX

Sex
Treatment Barrows Gilts ISR
| % %
Sex mean 68,0 68,2 1.3
Pelleting x Antibiotic
Meal nil 67,0 70.0 2.5
add 68,6 . 66,9
Pellets nil 68,7 67.4
‘ add 67.6 68.5

Bulk type influenced the digestible energy levels in that oat
hulls yielded the lowest level of energy digestibility. These responses
were influenced by interactions with bulk modulus, antibiotic and pellet-
ing treatments. Coarse modulus, while increasing digestible energy in
wheat bran, depressed it in oat hulls. The addition of antibiotic to
fine modulus solka-floc increased digestible energy but depressed it in
oat hulls on the same treatment., Pelleting depressed digestible energy
in solka~floc rations,.

Protein digestibility

The general response indicated that oat hull rations had a
significantly higher protein digestibility thaﬁ either solka-~floc or wheat
bran rations. The superiority of oat hulls in respect to protein digesti-~
bilitj was evident on both pelleting and antibiotic treatments. - When
wheat bran was the ration diluent it was apparent that protein digestibility
was significantly depressed on pelleted rations and on those rations fed
without antibiotic supplementation.

It appeared that the protein digestibility of oat hull rations
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TABLE 4l - THE EFFECTS OF PELIETING AND ANTIBIOTIC ON PROTEIN
DIGESTIBILITY RESPONSES TO BULK TYPE

Bulk type ISR
Treatment Solka~floc Wheat bran Oat hulls Min., Max,
% % %

Bulk mean™ 78.2 76.8 8l.5 lb 1.6
Pelleting®

Pellets 77,0 . 7546 82.5
Antibiotic*

N1 7740 The2 8l.0 2.2 2.3

Add 7945 7943 82,1

TABIE 45 ~ THE EFFECTS OF PELIETING ON PROTEIN DIGESTIBILITY
RESPONSES TO FEEDING FREQUENCY -

Feeding frequency

Treatment 2/day 3/day LSR
% %
Frequency mean 79.1 78.5 1.3
Pelleting® . ;
Meal 80.3 7844 1.8
Pellets 7840 7847

increased significantly above the other bulks. Protein digestibility
of wheat bran rations was particularly affected by either pelleting or
antibiotic supplementation,

Results in Table 45, while indicating a slightly higher protein
digestiblility on twice daily feeding proved to be non~significant, however
meal rations fed twice daily exhibited a significant increase in digesti-

bility of protein.
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TABIE 46 ~ THE EFFECTS OF BULK TYPE AND FEEDING FREQUENCY
ON PROTEIN DIGESTIBILITY RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets LSR
% %
Pelleting mean 79.3 78.3 1.3
Bulk type%
Solka~floc 794 770 2e2
Wheat bran 78,0 7546
Oat hulls 80.6 82.5
Feeding frequency%
2/day 80,3 78.0 1.9
3/day . 78.4 78.7

TABLE 47 -~ THE EFFECTS OF BULK TYPE ON PRUTEIN DIGESTIBILITY
RESPONSES TO ANTIBIOTIC

Antibiotic
Treatment Wil Add LSR
% %
Antibiotic mean** 77 4y 80,3 1.3
Bulk type”
Solka-floc , 7740 7945 2.2
Wheat bran The2 79.3
Oat hulls 81,0 82,1

The general response to pelleting (Table 46) failed to consti-
tute a significant change in protein digestibility. Interaction results
revealed that pelleting significantly depressed the digestibility'of
protein in rations containing solka~floc and wheat bran but oat hull
rations produced an increased digestibility of protein (P’<f0.05).

Protein digestibility was significantly higher on meal type rations fed
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twice-a~day in comparison to pellets.

In summary, it appeared that while pelleting as such did not
influence protein digestibi]ity, this treatment in association with bulk
type and feeding frequency produced digestibility variations,

The data in Table 47 indicate a significant improvement in
protein digestibility levels on antibiotic supplemented rations. Similar
significant increases prevailed on solka-~floc and wheat bran rations,
however the increase with ocat hulls proved to be short of significance
(P> 0.05). |

In summarizing the influential factors on apparent digestibility
of crude protein in the ration, it was found that bulk type tended to
influence the direction and magnitude of variability. Reduced feeding
frequency increased the digestibility of protein only on meal rations and
pelleting depressed protein digestibility on solka—-floc and wheat bran
rations. Antibiotic addition tended to create conditions favourable to-
wards increased protein digestibility levels in the ration,

Digestible energy intake

The overall response in Table 48 indicated that mean daily
digestible energy (DE) intake was significantly reduced on wheat bran
rations., Interaction results revealed that these differences were parti~
cularly evident on fine bulk modulus where significant differences between
all bulk types existed,

A significant increase in DE intake occurred on three times a ;
day feeding (7.31 Mcal.) in comparison to twice a day feeding (6.95 Mcal.,

with the ISR being 0.27).



TABLE 48 ~ THE EFFECT OF BULK MODULUS ON AVERAGE DAILY DE INTAKE
RESPONSES TO BULK TYPE

Bulk type ISR
Treatment Solka~floc Wheat bran 0Oat hulls Min. Max,
Meal. Meal. Mcal.
Bulk mean*% ;7017 6-80 7:47 0033 Ow35
Bulk modulus**
Fine 717 6455 799 O.L4T7 0.49

Coarse 6474 7.11 6.96

TABLE 49 - THE EFFECTS OF BULK TYPE, PELLETING AND SEX ON
AVERAGE DAILY DE INTAKE RESPONSES TO BULK MODULUS

Bulk moduius

Treatment Fine Coarse ISR
Mcal. Mcal.
Modulus mean®™ 7.32 6.9 0.27
Bulk type®¥
Solka~floc TeL7 67k 0.47
Wheat bran 6,51 Tell
Qat hulls 7499 6.96
Pelleting
Meal ~ 7413 6.79 0.38
Pellets Te51 7.08
Sex
Barrows 7.95 7e34 0.38
Gilts 6070 6;53

Pelleting x Sex%

Meal barrows 748 7e22 0.54
gilts 6.79 6a36
Pellets Dbarrows 8,41 Toh7

gilts 6.61 6070
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The data in Table 49 reveal that on fine modulus there was a
greater (P< 0,01) average daily DE intake., This influence was pre-
valent on solka~floc and oat hull rations but was reversed on wheat bran.
DE intakes on fine modulus were significantly increased in barrow groups
fed pellets.,

Results presented in Table 50 indicate a significant increase
in average daily DE intake on pelleted rations., Similar statistically
significant increases were evident on antibiotic supplemented rations
as well as fine moduli bulks fed to barrow groups. It would appear that
given the opportunity of consuming feeds of higher density barrows in-
creased their intakes accordingly.

TABLE 50 — THE EFFECTS OF BULK MODULUS, ANTIBIOTIC AND SEX
ON_AVERAGE DAILY DE INTAKE RESPONSES TO SEX

e ——

Pelleting
Treatment Meal Pellets ISR
Meal. Mcal.
Pelleting mean® 6496 7.30 0.27
Bulk modulus
Fine 7,13 7.51 0.38
Coarse 6.79 7,08
Antibiotic™
Nil Tall 7.13 0.38
Sex
Barrows 735 7+94 0.38
Gilts 6.57 6466
Bulk modulus x Sex”
Fine barrows 748 8.41 0454
gilts 6,79 6,61
Coarse Dbarrows 7 e 22 N

gilts 6.36 6.70
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An increased mean daily DE intake occurred on pelleted rations,.
Similar increases were also evident on antibiotic~supplemented rations and
particularly in barrow groups consuming pelleted fine moduli feeds.

TABLE 51 -~ THE EFFECT OF PELIETING ON AVERAGE DAILY DE INTAKE
RESPONSES TO ANTIBIOTIC

Antibiotic
Treatment Nil © Add ISR
Meal, Mcal.
Antibiotic mean 7.12 7ells 0.27
Pelleting
I’Ieal 7110 6. 81 O 038
Pellets 7413 7 L6

Antibiotic supplementation as such had no influence upon DE
intake. Results in Table 51 further disclose that the existing mean
differences due to pelleting interactions proved to be non-significant,
and the statistical significance of this interaction was: attributable
to the influences of pelleting discussed in Table L48.

The results in Table 52 indicate that barrow groups had a signi~
ficantly higher average daily DE intake than gilts, This effect was evi-
dent on both moduli and also on the pelleting comparisons, particularly
s0 on treatments conducive to greater feed intake, namely fine modulus
and pelleting. The effects of modulus and pelleting proved to be additive,
energy intake was particularly elevated on barrows consuming fine moduli
pellets.

Statistical analysis disclosed that barrow groups consumed Signi~
ficantly higher amounts of DE daily than gilt groups.

In summarizing the factors found to influence average daily LE
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intake it was found that three times a day feeding, through increasing
access to feed, resulted in a higher daily DE intake. Bulk modulus
affected daily DE intake, the response of wheat bran was opposite to
that of the other two bulks in that fine modulus depressed DE intake.
Pelleting increased DE intake, this response was particularly evident
on barrow groups consuming fine m&duli bulks. Barrows as a group con=
sumed significantly higher intakes of DE.

TABLE 52 - THE EFFECTS OF BULK MODULUS AND PEIIETING ON
AVERAGE DAILY DE INTAKE RESPONSES TO SEX

Sex .
Treatment Barrows Gilts LSR
Meal, Mcal,
Sex mean”* 7,64 6.61 0.27
Bulk modulus
Fine 7.95 6.70 0.38
Coarse 734 6.53
Pelleting
Meal 7-35 6»57 0038
Pellets 794 6,66
Bulk modulus x Pelleting®
Fine meal 748 6.79 0.54
pellets 8 41 6,61
Coarse meal 722 6436
pellets 747 6.70

Digestible protein intake

The general response indicated that animals consuming oat hull
rations had a significantly higher daily digestible protein (DP) intake
than other bulk groups (Table 53). Indications in the bulk modulus inter-

actions disclosed that fine moduli was responsible for this variation,
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where differences in digestible protein intake existed between all bulks.
The DP intake response of wheat bran and oat hulls to bulk
moduli differed in degree and direction, the former being depressed and
the latter increased on fine modulus.

TABIE 53 - THE EFFECT OF BULK MODULUS ON AVERAGE DAILY DP INTAKE
HESPONSES TO BULK TYPE

Bulk type LSk
Treatment Solka-floc Wheat bran Oat hulls Min. Max.
gn. ‘ g, gﬁ.
Bulk mean 321 315 350 15 15
Bulk modulus”
Fine 323 305 375 21 22
Coarse 319 326 325

Mean daily DP intake on twice a day feeding, being 320 gm., was
significantly less (P< 0.05, LSR = 12) than the 338 gm. intake on three
times a day feeding. This factor was a function of the increased feed
intake on three times a day feeding, since protein digestibility had been

found to be unaffected.by feeding freguency variations,

TABLE 54 ~ THE EFFECT OF BULK TYPE ON AVERAGE DAILY DP INTAKE
RESPONSES TO BULK MODULUS

Bulk modulus

Treatment Fine Coarse LSk
gne gm.
Modulus mean 335 323 12

Bulk type%

Solka-floc 323 319 14
Wheat bran 305 326
Oat hulls 375 325
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The results in Table 54 illustrate that daily DP intake tended
to be greater on fine bulk moduli rations, however interaction reveals
that although this was so on oat hulls the opposite effect, that of de-
creased DP intake, occurred on wheat bran.

Average daily DP intake on antibiotic-free feeds was 320 gm.
This proved to be significantly less (P<€ 0.01, LSR = 12) than the 337
gm, intake in the antibiotic supplemented group.

Barrow groups exhibited an average daily DP intake of 349 gm.
which was significantly greater than the 308 gm. intake of gilt groups
(P< 0.01, LSR = 12).

Factors conducive to increased daily DP intake proved to be
three times a day feeding, antibiotic inclusion, as well as intakes of
barrow groups. Bulk modulus proved to be influential in that DP intake
was increased on oat hulls and depressed on wheat bran rations when these

were fed in the fine modulé form.
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TABIE 55 — THE EFFECTS OF BULK MODULUS, PELLETING AND ANTIBIOTIC ON
) DP:DEL RATIO RESPONSES TO BULK TYPE

Bulk type ISR
Treatment Solka~floc Wheat bran 0Oat hulls Min., Max.
Bulk type* L5.5 46.3 47.0 0.9 0.9
Bulk modulus™*
Fj.ne 43“[{- 46.9 Z}?;l l¢2 1.3
Coarse T L4746 L5.8 47.0
Pelleting%%
Meal L5.3 L'745 L7.1 1.2 1.3
Pellets 45,6 L5.2 46,9
Antibiotic*
Ni}_ L!—SQO 14»14'09 1~1—5ol+ 1’2 1'3
Add 45,9 L7.8 48.6
Bulk modulus x Antibiotic®
Fine nil 43,2 4L5.4 L1 42 1.7 1.8
add L3.5 L84 L9.9
Coarse nil L6.8 Li .5 L6.6
add L8 L 4L7.1 L7 oy
Pelleting x Antibiotic™
Meal nil 1+/+09 L!—Stl 24-500 1.7 1,8
add L5.8 4L9.9 L9,.2
. Pellets nil 45.1 LL.8 L5.9
add L6,1 L5.6 L8.0

1 Grams digestible protein per megacalorie digestible energy.

The general response in Table 55 indicated that solka~floc rations
had a significantly lower DP:DE ratio than oat hull rations. The simple
interaction effects revealed that in comparison to the other bulks this
ratio in solka-floc was depressed by fine modulus, meal type rations and
antibiotic containing rations. In comparison to the other bulks, coarse

modulus depressed the DP:DE ratio in wheat bran rations. Pelleting appeared
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to result in a higher DP:DE ratio in oat hulls than either of the other
bulks,

The second order interaction effects suggest that solka~floc
rations tended to have a lower ratio on finer moduli on either control
or antibiotic treatment and on antibiotic supplemented meals, indicating
that moduli and ration form (meal) influenced this bulk type. In the
absence of antibiotic, coarse modulus wheat bran produced a lowered pro-
tein to energy ratio, Pelleting antibiotic supplemented oat hull rations
resulted in this treatment yielding a higher DP:DE ratio. '

The DP:DE ratio varied with the bulk type and was the highest
on oat hulls. Bulk modulus, pelleting and antibiotic treatments, in-—
dividually or in combination, influenced the responses of this ratio to
the three bulk types. |

The data in Table 56 revesaled the absence of statistically
significant differences in DP:DE ratios attributable to feeding frequency.
It is also apparent that the interaction between sex x pelleting x feed;ng
frequency does not affect the general observation that feeding freguency
has no effect on the ratio of these two classes of nutrients.

The results in Table 57 revealed that the DP:DE ratio was signi-
ficantly increased on coarse moduli rations. Solka~floc rations irrespec-
tive of antibiotic treatment, and antibiotic-free oat hulls yielded a
significantly higher DP:DE ratio on coarse modulus, Wheat bran rations
and antibiotic supplemented oat hulls responded in an opposing manner to
coarse modulus and a significant reduction in the DP:DE ratio occurred.

‘It would appear that the DP:DE ratio was significantly higher

on coarse bulk moduli, however, interaction results suggest that in wheat



TABLE 56 - THE EFFECTS OF PELLETING AND SEX ON DP:DE RATIO
RESPONSES TO FEEDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day LSR
WEar. meST.

Frequency mean 46,2 464 0.7

Pelleting x Sex™

Meal barrows L6.6 46,2 1.4
gilts 46,3 L7.5
Pellets barrows L5,2 4L5,8
gilts L6.8 16,0

TABIE 57 — THE EFFECTS OF BULK TYPE AND ANTIBIOTIC ON DP:DE

RATIO RESPCNSES TO BULK MODULUS

Bulk modulus

Treatment Fine Coarse ISR
Mém%. Mcnf.
Modulus mean™ 4L5.8 L6.8 0.7
Bulk type%*
Solka~floc L34 L7.6 1.0
Wheat bran 5L6.9 L5.8
Qat hulls L7.1 L'7,0
Antibiotic
Nil Li.3 46,0 1.0
Add L'7.2 L7.6
Bulk type x Antibiotic™
add L3.5 L8.4
Wheat bran nil L5.4 Li.5
Oat hulls nil L 2 L6,6
add 4L9.9 L7 .4
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bran and oat hull based rations, unlike solka-floc, moduli may be less
influential than, or dependent upon antibiotic inclusion,

TABLE 58 - THE EFFECTS OF BULK TYPE, FEEDING FREQUENCY,
ANTIBIOTIC AND SEX ON DP:DE RATIO RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets ISR
M, :L.
cal. cal.
Pelleting mean” L6.6 L5.9 0.7
Buik t;ype-x-yr
Solka~floc L5.3 L5.6 1.2
Wheat bran L7.5 L5.2
Oat hulls L7.1 L6.9
Feeding frequency
2/day 4645 46,0 1.0
Antibiotic™™
Nil 45,0 L5.2 1.0
Add L8,3 L646
Sex effect
Barrows L6 L5.5 1.0
Gilts L6.9 Lé.L
Bulk type x Antibiotic¥
Solka~floc nil Lit o9 L5.1 1.7
add L5.8 461
Wheat bran nil 4L5.1 LL.8
add 49,9 L5.6
Oat hulls nil 45,0 L5.9
add 49.2 48,0
Feeding frequency x Sex™
2/day bgrrows L6.6 4542 Lk
3/day barrows L6.2 L5.8
gilts 47.5 46.0
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The general response in the meal versus pelleting comparisons
indicated a significantly larger DP:DE ratio in meal type rations (Table
58). The higher ratios produced on wheat bran and antibiotic supplemented
feeds were statistically significant. These two effects proved to be
additive and were present when meal form wheatkbran was antibiotic supple-
mented, Meals fed three times daily to gilt groups also produced a signi-
ficant increase in the DP:DE ratio.

While pelleting tended to decrease the DP:DE ratio it appeared
that bulk type and antibiotic inclusion affected the magnitude of response.

It was found that the DP:DE ratio was significantly increased
on antibiotic supplemented rations (Table 5%). With the exception of
solka~floc rations, this effect prevailed on the first order interactions
involving bulk types, and pelleting comparisons. The interaction effects
involving bulk type with bulk modulus or pelleting indicated a similar
pattern of ratio increase, with the exception that in addition to solka-
floc the DP:DE ratios of coarse modulus oat hulls and pelleted wheat bran
were not influenced by antibiotic supplementation,

Antibiotic inclusion raised the DP:DE ratio. The antibiotic
response appeared to be influenced by bulk type, the effect being notice-
ably pronounced on solka~floc rations.

The results in Table 60 indicate a significant increase in the
DP:DE ratio in gilt groupé. This trend although evident on twice-a-day
feeding proved to be statistically significant only on twice-a-day feeding
of pellets to gilts.

In summarizing, it appeared that the DP:DE ratio was highest on

oat hull rations. This ratio was also increased on meal type or antibiotic



supplemented rations and in gilt groups.
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TABLE 59 -~ THE EFFECT OF BULK TYPE, BULK MCDULUS AND PELLETING

ON DP:DE RATIO RESPONSES TO ANTIBIOTIC

Antibiotic
Treatment Nil Add ISR
é;m' Eg ml
% Meal; Meall
Antibiotic mean’ L5.1 L7.4 0,7
Bulk type”
Solka~floc L5.0 4549 1.2
Wheat bran L9 47.8
Qat hulls L5.4 4L8.6
Bulk modulus
Fine Lha3 L7.2 1.2
Coarse 46,0 L7.6
Pelleting%
Meal L5.0 L8.3 1.2
Pellets 14-542 L}—éqé
Bulk type x Bulk modulus%
Solka~floc fine L3.2 L345 1.7
coarse L6.8 L8,4
Wheat bran fine L5.4 L8,.L
coarse Li .5 L7.1
Qat hulls fine L .2 L9.9
coarse L6.,6 L7 okt
Bulk type x Pelleting
Solka~floc meal L9 45,8 1.7
pellets L5.1 L6.1
Wheat bran meal L4541 49.9
pellets L4.8 L5.6
Ozt hulls meal 45,0 L4942
pellets 45,9 48,0
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TABIE 60 -~ THE EFFECTS OF FEEDING FREQUENCY AND PELIETING ON
DP:DE RATTIO RESPONSES TO SEX

Sex
Treatment Barrows Gilts LSR
am, g,
N Feal, Mcal,
Sex mean” 45,9 L6.6 0.7
Feeding frequency
2/day 4549 4649 1.0
3/day 4640 46,8
Pelleting
Meal L6.L, 4649 1.0
Pellets , L4545 L6k
Feeding frequeéncy x Pelleting%
2/day meal 46,6 46,3 lak
pellets 45,2 46,8
3/day meal 46,2 L7.5
"~ pellets L5.8 L6,0

Efficiency of digestible energy utilization

The only factor that resulted in a significant difference in
the efficiency of digestible energy utilization (Mcal. of DE reqguired per
1b. gain) occured on comparisons involving antibiotic supplementation.
Groups réceiving antibiotic required 4.59 Mcal;/DE per lb. gain versus
4,98 Mcal. for unsupplemented groups (P< 0,01, ISR = 0.18).

Efficiency of digestible protein utilization

The data in Table 61 reveal that on oat hull rations there were
significantly higher requirements for DP per4unit gain, however wheat bran
rations tended to remain fairly uniform in comparison to the variations

shown by the other bulks. Significant variation in DP conversion attribut—
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able to bulk modulus occurred on solka-~floc and oat hulls, On fine
moduli bulks the lowest DP requirements for gain were evident on solka-
floc rations and the highest on oat hulls. Feeding the fine moduli bulks
twice daily caused a significant improvement in solka~floc rations and on
three times a day feeding oat hulls had a poorer conversion than the
other bulks. Coarse moduli oat hull rations fed twice daily had a signi-
ficantly poorer DP conversion than solka~floc, but three times a day
feeding reversed the trend and solka~floc rations yielded the poorest
conversion,

TABIE 61 -~ THE EFFECTS OF BULK MODULUS AND FEEDING FREQUENCY ON EFFICIENCY
OF DIGESTIBLE PROTEIN UTILIZATION RESPONSLES TO BULK TYPE

Bulk type LSk
Treatment Solka~floc Wheat bran Oat hulls Min., Max.
gm./lb. gm./1b. gn./1b.
Bulk mean™™ 213 219 231 9 9
Feeding frequency
2/day 205 220 232 13 13
3/day 220 217 230
Bulk modulus™*
Fine 204 218 240 13 13
Coarse 221 219 222
Feeding frequency x Bulk modulusM
2/day fine 198 218 229 18 19
coarse 212 222 235
3/day fine 211 219 250
coarse 230 216 209

In summing up it would appear that with the exception of wheat
bran the DP requirements for gain tended to vary with bulk type. The bulk

modulus x feeding frequency interaction appeared to cause variations in the
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magnitude and direction of these influences.

TABLE 62 — THE EFFECTS OF BULK TYPE AND BULK MODULUS ON EFFICIENCY
OF DIGESTIBLE PROTEIN UTILIZATION RESPONSES TO FLEDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day LSR
gm./1b. gm./1b.
Frequency mean 219 222 7
Bulk type
Solka~floc 205 220 13
Wheat bran 220 27
Oat hulls ’ 232 230
Bulk modulus ,
Fine 215 226 10
Coarse 223 218

Bulk type x Bulk modulus”

Solka~floe fine 198 211 18
coarse 212 230

Wheat bran fine 218 219
coarse 222 216

Cat hulls fine 229 250
coarse 235 209

Feeding frequency as such did not éppear to affect the DP re~
quirements for gain (Table 62). Interaction results revealed that coarse
modulus solka-floc and fine modulus oat hulls increased DP requirements
for gain on three times a day feeding, however on coarse modulus the
animals required more DP on twice a day feeding.

Bulk modulus had no significant affect on the DP requirements
for gain (Table 63). Interactions disclosed the existance of significant
changes in association with bulk type and feeding frequency. Reductions
in DP requirements for gain occurred on fine modulus solka—floc, parti-

cularly on three times a day feeding, oat hulls, in contrast to this,
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TABLE 63 - THE EFFECTS OF BULK TYPE AND FEEDING FREQUENCY ON EFFICIENCY
OF DIGESTIBLE PROTEIN UTILIZATION RESPONSLES TO BULK MODULUS

Bulk modulus

Treatment Fine Coarse LSE
gm./1b.  gn./lb.
Modulus mean 221 221 7
Bulk type™™
Solka~floc 204 221 13
Wheat bran 218 219
Qat hulls 240 222

Bulk type x Feeding frequency™

Solka~floc 2/day 198 212 18
3/day 211 230

Wheat bran 2/day 218 222
3/day 219 216

Oat hulls 2/day 229 235
3/day 250 209

produced conditions conducive towards increased DP requirements on the
same treatments.

In summary it appeared that the DP efficiency responses to
bulk modulus were mitigated by bulk type and were particularly evident
on the increased feeding frequency.

The consumption of 216 gm. DP per 1lb. of gain on pelleted
rations was significantly less than the DP requirements of 225 gm. (LSR =
7) on meal type rations,

In the overall summary it appeared that the grams of DP per
“pound of gain varied with bulk type, being usually lowest on solka-floc
and highest on oat hull rations. These influences were dependent upon
feeding frequency and bulk modulus. Pelleting of the rations significantly

reduced the DP levels required for gain,
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Summary
The data in Table 64 indicate that of the factors influencing
energy and protein digestibility, bulk type was important., The effect
| of oat hulls was to decrease energy digestibility and increase that of
protein, this proved to be an influence that was opposite to that exerted
by the other two bulks., These responses were to a degree influenced by
other treatments such as bulk modulus, pelleting and antibiotic, the
degree and direction being dependent upon the particular bulk type. Anti-
biotic addition as a whole increased protein digestibility.

Relating energy and protein digestibility to feed intake dis—
closed that in cases involving feeding frequency, bulk modulus and sex
differences, in spite of similar digestibility data, the actual intakes
of calories and protein were affected by feed quantity differences. Con-
sidering bulk modulus and sex disclosed that the ratio of digestible
protein to calories was affected as well. In the case of antibiotic treat-
ments, due to an increased efficiency, digestible protein levels were ine
creased in spite of similar feed intakes, As a consequence of this there
was an accompanying effect causing a change in ratio of digestible protein
to energy. The antibiotic influence had associative effects with pelleting
and sex treatments, Pelleting was unique in that in spite of an increased
feed intake on pelleted rations, the actual ~gquantity of DP. proved to be
similar to that obtained with meal rations. This effect was also accomp—
anied by a change in the DP:DE ratio. Such results would indicate the
occurrence of a reduced level of DP, which did in fact occur (79.3 vs.
78.3%), but proved to be non-significant.

Bulk type responses to average daily DE intake and DP intake



TABLE 64 - SUMMARY

OF MAIN EFFECTS OF TREATMENTS ON DIGESTIBILITY AND UTILIZATION OF ENERGY AND PROTEIN

Digestibility Average daily Efficiency of
Treatment coefficients intake DP:DE utilization for gain
Digestible  Digestible ratio
Energy  Protein energy protein DE DP
% % Mcal. gm. gm. /Mcal, Mcal./lb, gm./1b.

General average 68.1 78.7 7.13 3.29 L6,3 L,78 221
Bulk type

Solka~floc + - 0 - - 0 -

Wheat bran + s - — o) 0 0

Oat hulls — oot + +A+ + 0 +
Feeding frequency

2/day 0 0 - - 0 0 0

3/day 0 0 + + 0 0 0
Bulk modulus

Fine o) 0 + + - 0 0

Coarse 0] 0 -~ - + 0 0
Pelleting

Meal 0 0 - 0 + 0 +

Pellets 0 0 + 0 o 0 -
Antibiotic

Nil 0 - 0 - - - 0

Add 0 + 0 + + + 0
Sex

Barrows 0 0 + + - 0 O

Gilts 0 0 - -~ + 0 0

8T
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suggested that oat hulls exhibited the highest intakes of both and wheat
bran the lowest. Oat hull rations had been consumed in the largest
quantities, the intake of the other two bulks being lower but similar to
each other, In the bulk comparisons increased daily intakes of oat hulls
not only resulted in the highest daily DP intake, but were of sufficient
magnitude to produce the highest daily DE intakes despite reductions in oat
hull energy digestibility. The lowest daily DE intake occurred on wheat
bran rations. Bulk moduli responses affected the bulk type influences,
with the nature of the response being dependent upon the bulk type.

Insofar as the utilization of DE for gain was concerned, only
antibiotic supplementation caused a significant iﬁprovement in this eriteria,
The utilization of DP for body gain was affected by bulk type and pelleting.
Oat hull rations and meals were éonducive towards higher DP requirements
for gain., The responses of the bulk types were, to a degree, contingent
upon feeding frequency and bulk modulus interactions.

Gastro-intestinal tract and ingesta measures

Ingesta weight

The animals fed three times daily, as indicated in Table 67,
had considerably more ingesta in the stomach. The interactions reveal
that this difference was further accentuated on coarse modulus and on
pelleted feeds fed three times daily.

While on the whole modulus appeared to cause no statistical
divergence on stomach ingesta mass, a larger weight resulted on coarse
modulus fed three times daily (Table 68). The causative agent for this
latter effect, may have been due to the effect of increased feeding fre-

quancy noted above,
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TABLE 67 - THE EFFECTS OF BULK MODULUS AND PELIETING ON
GASTRIC INGESTA WEIGHT RESPONSES TO FEEDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day LSR
gm. gm.
Feeding frequency™* 1654 2087 314

Bulk modulus%

Fine 1804 1855 L5

Coarse 1504 2319
Pelleting™

Meal 1738 1767 Li5

Pellets 1570 21,06

TABLE 68 -~ THE EFFECTS OF FEEDING FREQUENCY ON GASTRIC
INGESTA WEIGHT RESPONSES TO BULK MODULUS

Bulk modulus

Treatment Fine Coarse 1SR
g}l. g}l.
Modulus mean 1829 1911 31k

; #
Feeding frequency

2/day 1804 1504 Ll5
3/day 1855 2319
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TABLE 69 ~ THE EFFECTS CF FEEDING FREQUELICY AND ANTIBIOTIC
ON GASTRIC INGESTA WEIGHT RESPONSES TO PELIETING

Pelleting
Treatment Meal Pellets LSR
grn,. gm‘
Pelleting mean 1752 1989 314
Feeding frequency%
2/day 1738 1570 145
3/day 1767 24,06
Antibiotic’
«. - Nil 1589 2148 L5
Add 1915 1830

TABLE 70 — THE EFFECTS OF PELIETING ON GASTRIC INGESTA
WEIGHT RESPONSES TO ANTIBIOTIC

Antibiotic
Treatment Nil Add LSR
gm' gm'
Antibiotic mean 1868 1873 31
Pelleting™
Meal 1589 1915 LL5
Pellets 21,48 1830

Data in Table 69 reveal the absence of direct effects of pellet-
ing on stomach contents, however pelleted rations fed three times daily or
without antibiotic supplementation appeared to cause significant increases
in the stomach contents. The former effect was more pronounced when con-
sidered from the aspect of increased feeding, however the latter effect

appears to be a factor related to pelleting.
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The results shown in Table 70 reveal the absence of statistically
significant aberrations attributable to antibiotic treatment as such, nor
were there deviating means upon comparing the statistically significant
interaction with pelleting,

The variation between total stomach contents among bulk types
proved to be non-significant in spite of increased average feed intake on
oat hulls. It was observed that the largest total weight was on solka~floc
rations and the lowest on oat hulls. This latter trend changed in pro-
gressing down the tract and wheat bran emerged as the ration type present
in the largest amount. In the rectal region, based on observations during
sampling and the data in Table 71 it appeared as though wheat bran upon
reaching this site was more readily expelled, particularly in comparison
to oat hull rations. This may indicate that either the consumption of
oat hull feeds had dropped of that its passage rate was faster than the
other bulks,

Stomach contents were,like average dally feed intake, higher on
three times a day feeding, this was particularly evident on coarse moduli
and on pelleted rations. Similar effects in the rest of the tract were
not as evident, with the eiception of probable increase in the small
intestinal segment means. This may indicate that the noon meal had started
leaving the stomach but had not progressed beyond the small intestine by
the time of slaughter.

A statistically significant increase of total stomach contents
attributable to bulk moduli occurred on interactions involvingithe three
times a day feeding of coarse moduli feeds., The increase in gastric

contents is indicated in Table 71, however on coarse modulus the weights



153

TABLE 71 - MAIN EFFECT INFLUENCES ON’INGESTA WEIGHT

Region of gastro-intestinal tract

Treatment Stomach  Small  Cecum  Cecum + Iarge Rectum  Tract
i, large 1i. i. mean
gm. gn. gm. gm. feaii . g,
Bulk type
Solka-floc 2070 1636 L22 2623 2025 126 1620
Wheat bran 1839 1597 503 3205 2377 8L 1670
Oat hulls 1702 1448 411 2639 1791 136 1390
Feeding frequency
2/day 165L 1454 54 2728 2113 119 1820
3/day 2087 1667 437 _737 2016 111 1980
Bulk modulus
Fine 1829 1687 LL5 2561 1954 127 1540
Coarse 1911 1434 LL5 2903 2174 104 1600
Pelleting
Meal 1752 1411 —_— 2963 — 129 1600
Pellets 1689 1709 Li5 2502 1064, 102 1590
Antibiotic
Nil 1867 1622 L89 2929 2133 109 1620
Add 1873 1493 L02 2535 1996 121 1520
Sex |
Barrows 1946
Gilts 1795 1560 L5 2732 2064 115 1542
Number of \
observations 96 L8 2L 48 2L L8
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of the ingesta averaged less in the small intestinal region, In the com~
bined cecal-large intestinal samples and in the large intestine ingesta
welght increases were evident, Such results may suggest a retention of
ingesta in the lower tract segments when coarse moduli bulks were fed,
particularly in view of the larger average intakes of feed on fine moduli
feeds,

Pelleting treatment was, as previously mentioned, the treatment
wherein the split was instigated between the combined cecum~large intestine
samples collected on meals and the separation of these two segments on
pelleted rations. Where the data involved weights, the two segments on
pellet treatment were added to provide a comparable value to meals.

Total tract contents were higher in the initial segments on
pelleted rations in agreement with increased feed intakes, This effect
fell short of significance in the stomach, however there were significant
increases on pelleted feeds fed three times or without antibiotic. In
the small intestine some differences indicating greater weight occurred,
however in the succeeding sites this effect was reversed. This may suggest
a slower stomach emptying time for pelleted rations, and the possible
longer retention of meals in the lower tract segments,

Antibiotic comparisons indicated no difference in stomach con-
tents. The remaining tract segments indicated the possibility of reduced
passage rates on antibiotic—free rations, this being particularly evident
on similar feed intakes,

" Data involving ingesta weight, with the exception of the stomach,
were collected on females only. Total stomach contents were significantly

higher on barrows, probably a factor related to feed consumption.
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Statisfical analysis disclosed that the quantity of ingesta was
increased on three times a day feeding, this was particularly evident on
coarse modull and pelleted rations. There were suggestions that bulk type,
particularly oat hulls had a faster passage rate, Treatments suggestive of
longer retention times in the lower tracts were coarse modulus, meal and
antibiotic~free rations.

Ingesta moisture

The data in Table 72 indicate that solka-floc rations resulted in
significantly more water being present in the stomach than with oat hull
rations., Similar trends (P< 0.05) existed between these two bulks on twice
a day feeding, meal type rations, antibiotic supplementation and barrow
groups. The stomach water content differences between solka-floc and oat
hull rations become particularly accentuated on antibiotic-supplemented
meal-type rations,

In summary it was evident that only in comparison to solka-floc
rations was there less water in the stomach on oat hull rations, This effect
appeared most pronounced on meal-type antibiotic-supplemented rations.

The general response indicéted that there was a significant increase
in stomach water content in groups fed three times daily (Table 73). The
interaction effects revealed that stomach water content on three daily
feedings significantly increased on either coarse module or pelleted rations,
Although gastric moisture content did not differ. significantly between the
two feeding frequencies in comparisons associated with the feeding of the
three bulks to the two sexes, there was a trend prevalent indicating reduced

gastric fluid on the twice daily feeding of either oat hulls or barrows,
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TABLE 72 ~ THE EFFECTS OF FELDING FREQUENCY, PELLETING, ANTIBIOTIC AND
SEX ON GASTRIC INGESTA MOISTURE RESPOUNSES TO BULK TYPE

Bulk type LSR
Treatment Solka-floc Wheat bran 0Oat hulls Min, Max.
gﬂlo gm. gn‘
Bulk mean” 1490 1373 1154 255 269
Feeding frequency
=/day 1378 1278 965 361 380
3/day 1601 1469 1344
Pelleting
Meal 1525 1209 1039 361 380
Pellets 1454 1538 1269
Antibiotic
Nil 151 1462 1171 361 380
Add 1529 1284 1138
Sex
Barrows 1532 1488 1137 361 380
Gilts 1457 1259 1173
Feeding frequency x Sex”
2/day  barrows 1280 1320 901 511 538
gilts 1476 1235 1029
3/day  barrows 1765 1655 1370
gilts 1438 1283 1380
Pelleting x Antibiotic™
Meal  nil 1201 1201 1096 511 538
add 1849 1216 983
Pellets nil 1700 1723 1245
add 1209 1353 1294

A significant increase of stomach water content on coarse module or
pelleted rations was indicated in groups fed three times a day. == = ..
The data in Table 74 reveal that pelleting as such did not in-

fluence stomach water content significantly. Interaction results disclosed
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TABLE 73 - THE EFFECT OF BULK TYPE, BULK MODULUS, PELLETING AKD
SEX ON GASTRIC INGESTA MOISTURE RESPONSES TO FELDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day LSR
gm. gm.
Frequency mean™ 1207 1471 209
Bulk type
Solka~floc 1378 1601 361
Wheat bran 1278 1469
Qat hulls 965 1344

Bulk modulus®

Fine 1301 1323 295
Coarse 1103 1619
Pelleting™
Meal 1256 1259 295
Pellets 1158 1683
Sex
Barrows 1167 1597 295
Gilts 1247 1346
Bulk type x Sex™
Solka—~floec barrows 1280 1765 511
gilts 1476 1438
Wheat bran barrows 1320 1655
gilts 1235 1283
Oat hulls Dbarrows 901 1370
gilts 1029 1380

that there was an increased water content on pelleted rations when:fed -
thrice:daily or without antibiotie. With antibiotic~containing solka-
floc rations water content was greater on meal-type rations, however in
contrast to this the water content of the stomach was increased on pelleted
antibiotic~free wheat bran.

The results suggest that the influence of pelleting was to in-
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crease the presence of water in the stomach on three~times-a~day feeding
and in the absence of antibiotic. It was indicated that these effects
tended to vary with bulk type.

TABIE 74 - THE EFFECTS OF BULK TYPE, FEEDING FREQUENCY AND ANTIBIOTIC
ON GASTRIC INGESTA MOISTURE RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets ISR
g, g
Pelleting mean 1258 1420 209
Bulk type
Solka~floc 1525 1454 361
Wheat bran 1209 1538
Cat hulls 1039 1269
Feeding frequency%
2/day 1256 1158 295
3/day 1259 1683
Antibiotic™
Nil 1166 1556 295
Add 1349 1285
Bulk type x Antibiotic®
Solka~floc nil 1201 1700 511
add 1849 1209
Wheat bran nil 1201 1723
add 1216 1353
Oat hulls nil 1096 1245
add 983 1294

The results in Table 75 reveal that on the whole antibiotic
supplementation failed to influence stomach water content. Inieraction
results disclosed that only in the case of meal-type solka-floc rations
was there an increase in stomach liquid on supplemented feeds.

The data in Table 76 reveal the absence of statistically signifi-

cant differences in stomach water content attributable to sex differences,
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TABLE 75 - THE EFFECTS OF BULK TYPE AND PHLIETING ON GASTRIC
INGESTA MOISTURE RESPONSES TO ANTIBICTIC

Antibiotic
Treatment Nil Add L3R
gm. gm,
Antibiotic mean 1361 1317 209
Pelleting* ,
Meal 1116 1349 295
Pellets 1556 1285
Bulk type x Pelleting*
Solka~floc meal 1201 18,9 511
pellets 1700 1209
Wheat bran meal 1201 1216
pellets 1723 1353
Oat hulls meal 1096 983
peliets 1245 1294

TABLE 76 - THE EFFECTS CF BULK TYPE AND FEEDING FREQUENCY ON
GASTRIC INGESTA MOILSTURE RESPONSES TO SEX

—
: Sex
Treatment Barrows Gilbs ISR
gm., gm.
Sex mean 1382 1296 209
Bulk type x Feeding frequency
Solka-floc 2/day 1280 1476 511
, 3/day 1765 1438
Wheat bran 2/day 1320 1235
3/day 1655 1283
Ozt hulls . 2/day 901 1029
3/day 1370 - 1380

Statistical analysis of the total water in the stomach disclosed
that oat hull-consuming groups had significantly less liguid present than

groups fed solka-floc, Equating the liquid to a percentage basis (Table 77)
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TABLE 77 ~ MAIN EFFECT INFLUENCES ON INGESTA MOISTURE

Region of gastro~intestinal tract

Treatment Stomach  Small Cecum  Cecum + large Rectum Tract
i large i. i. mean
% % % % % % »
Bulk type
Solka~floc 71.6 85.3 85.5 79.0 79.0 75.8 78.8
Wheat bran 75.6 85,0  85.2 82.8 80,6  78.5  80.6
Oat hulls 69.9 83.3 8l.1 The6 72.8 69.9 7540

Feeding frequency

2/day 73.6 85.2  8&4.0 78.6 T Thab 7846

3/day 71.0 83,8 8L.2 78,9 78,0 7.8 77.8
Bulk modulus

Fine 71,7 8L oLy 8L.2 778 77.3 .6 77.9

Coarse 72.9 84,6 8,.0 80.2 78,0 7L.8 78,5
Pelleting

Meal 72,7 85,0 —_— 78,8 e 7h.8 77.6

Pellets 72.0 84.0 8.1 —_— 77.7 Tha7 78,0
Antibiotic

Nil 72.9 8L.6 8L.3 78.8 775 Thal 78.3

’Add 71.8 8Ll 83.9 78,7 779 75.0 78,1
2ex

Barrows 71.2 8lha7 83.6 78,9 77 oLy 75.1 78,0

Gilts 73 8L.43 8l.5 78.6 78.0 7he3 784
Number of

observations 96 93 53 4O 5L 93
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it became evident that the highest proportion of moisture was present in
wheat bran, while the lowest was in: oat hull rations. In the regions of
high moisture, i.e, small intestine and cecum, the magnitude of these
differences declined but was re-established in the lower tract segments
where moisture levels tended to approach original gastric levels. It was
evident that the driest rectal samples were produced on oat hull rations
and the most moist on wheat bran,

Water content was higher on three times a day feeding, this was
agaein evident in association with both coarse modulus and pelleted feeds,

As a percentage it appeared in comparing means that both stomach and small
intestinal samples tended to be somewhat drier on three times a day feeding,
other segments seemed to be similar in moisture levels.

Statistical analysis had disclosed that moisture levels in the
stomach were similar on either moduli. Equating the moisture levels to a
prercentage basis indicated that, with the exception of the combined cecum~
large intestinal segment, there were only minor fluctuations attributable
to moduli differences., In view of these trends it was inferred that the
2.4% increase in Foisture of coarse modulus ingesta found in the cecum-—
large intestinal site was attributable to other causes,

Although pelleting as such failed to cause significant differences
in stomach water content, there was an associative effect with increased
feeding frequency or antibiotic-free rations. The data pertaining to actual
moisture percentages indicates that mean leveis within tract segments proved
to be similar.

Total water content in the stomach was statistically similar in

barrows and gilts. As a percentage moisture levels were slightly higher
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in gilts, the continued presence of this pattern in gilts proved to be
small and it is doubtful if this difference would be real,

Quantity-wise, water in the stomach was increased on solka~-
floc rations in comparison to oat hulls, on three times a day feeding
and on pelleted rations in conjunction with either antibiotic or in-
creased feeding frequency.

Based on relative proportions of water, wheat bran rations
were assocliated with the highest levels in most of the digestive tract
and oat hulls were consistently the lowest. Three-times-a~day feeding
resulted in lower percentages of water in the stomach and small intestine
but in other regions of the tract the samples were similar,

Ingesta dry matter

The data in Table 78 indicate the absence of an influence of
bulk type on stomach dry matter levels. Significant interactions with
feeding frequency indicated that only in the comparison of wheat bran
rations fed three times a day and oat hulls were there differences, in
this instance indicating the presence of more dry matter on oat hull
rations,

TABLE 78 - THE EFFECTS OF FEwDING FREQUENCY ON GASTRIC DRY MATTER
RESPONSES TO BULK TYFE

Bulk type LSR
Treatment Solka~floe Wheat bran CGat hulls Min, Max.
gﬁl. gm- gﬁo
Bulk mean 580 L66 554 130 136

AL
w

Feeding frequency

2/day 512 453 376 18, 193
3/day 648 4,80 732
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TABIE 79 -~ THE EFFECTS OF BULK TYPE, BULK MCDULUS, PELIETING AND
ANTIBICTIC ON GASTRIC DRY MATTER RESPONSES TO FEEDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day ISR
gm. g

Frequency mean™ L7 620 106

Bulk typeé’/r

Solka—floc 512 648 184
Wheat bran L53 480
Qat hulls 376 732

Bulk modulus%

Fine 493 532 150
Coarse 400 708

Pelleting™
Meal L81 508 150
Pellets 413 733

Antibiotic
Wil L12 610 150
Add L8] 630

Bulk modulus x Antibiotic™

Fine = nil 391 L34 212
add 596 367

Coarse nil 571 649
add 493 768

Pelleting x Antibiotic™

Meal nil L36 LOG 212
add 572 606

Pellets nil 389 811

add 436 654,
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The results in Table 79 show that stomach dry matter was signif-
icantly (P< 0.01) larger on three-times-a-day feeding. Interaction
effects disclosed that dry matter contents were significantly increased
on three-times-a-day feeding in conjunction with oat hulls, coarse moduli
and pelleted rations. The presence of antibiotic in fine moduli rations
tended to significantly depress dry matter on three-times-a-day feeding.
In contrast, on coarse rations supplemented with antibiotic dry matter
content was increased, Pelleted rations, with or without antibiotic,
produced increased amounts of dry matter in the stomach on three-times-a-
day feeding.

In general it appeared that dry matter content in the stomach
was significantly increased on three~times—d~day feeding, particularly so
on oat hull rations, pelleted feeds = and’ :¢ on coarse modull feeds.,

TABLE 80 — THE EFFECTS OF FESZDING FREQUENCY AND ANTIBIOTIC ON
GASTRIC DRY MATTER RESPONSES TO BULK MUDULUS

Bulk modulus

Treatment Fine Coarse ISR
gn. et
Modulus mean 512 554 106

Feeding frequency™®

3/day 532 708

Feeding frequency x Al’ltibiotic*
2/day nil 391 51 -
3/day nil L0 A

add 367 768
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The data in Table 80 reveal that moduli differences did not in-
fluence stomach dry matter content and only on three-times-a-day feeding,
either with or without antibiotic, were there significant increases of
stomach dry matter associated with coarse modulus,

TABLE 81 ~ THE EFFECTS OF FEEDING FREQUENCY, ANTIBICTIC AND SEX
ON GASTRIC DRY MATTER RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets LSR
gm. £lle
Pelleting mean L9l 372 106
Feeding f:r'equenc:y'x-—;é
2/day . 181 413 150
3/day . 507 733
Antibiotic
Nil L22 600 150
Add 566 545
Feeding frequency x Antibiotic*
2/day nil 436 389 210
add 5217 L36
3/day nil LOG 811
add 606 654
Antibiotic x Sex™
Nil barrows 522 592 210
gilts 323 540
Add barrows 540 618
gilts 660 L72

It appears that although pelleting as such did not create a
significant difference in stomach dry matter content there was a higher
dry matter content on three~times-a-day feeding of antibiotic~free rations.
There was also a significant increase in stomach dry matter in gilt groups

consuming antibiotic-free pellets.
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Bulk modulus appeared to be unimportant in influencing the
quantity of stomach dry matter, except on three-times-a-day feeding as-
socilated with coarse modulus.

TABLE 82 ~ THE EFFECTS OF FEEDING FRuQUENCY, BULK MODULUS, PRLIETING
AND SEX ON GASTRIC DRY MATTER RESPONSES TO ANTIBICTIC

Antibiotic
Treatment Nil Add LSR
gm. gn.
Antibiotic mean 511 556 106
Feeding frequency x Bulk modulus™
2/day fine 391 596 212
coarse 571 493
3/day fine L3l 367
coarse , 649 768
Feeding frequency x Pelleting*
2/day meal 436 527 212
pellets 389 436
3/day  meal 4,09 606
pellets 811 651,
Pelleting x Sex™
Meal barrows 522 323 212
gilts 592 540
Pellets barrows 540 660
gilts 618 L72

The data in Table 82 reveal that stomach dry matter content
proved to be statistically unaffected by the various treatments involving
antibiotics.

Results in Table 83 reveal that stomach dry matter content was
not influenced by sex differences nor by the tabulated interactions, al-
though there was a tendency for barrows to have retained larger amounts

of dry matter in the stomach.
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TABLE 83 - THE EFFECTS OF PELLETING AND ANTIBIOTIC ON GASTRIC
DRY MATTER RESPONSLS TO SEX

Sex
Treatment Barrows Gilts ISR
gn. g,
Sex mean 568 L99 106
Pelleting x Antibiotic#*
Meal nil 522 323 212
add 592 540
Pellets nil 540 660
add 618 L72

Dry matter levels are a reflection of moisture levels in that
as one component changes so must the other in a compensatory way. Data
in Table 84 indicate that oat hull rations had the highest dry matter
percentages and wheat bran the lowest, Solka~floc and wheat bran behaved
similarly only in the small intestine and cecal segments., As previously
mentioned, the driest rectal samples were from oat hulls and the most
moist from wheat bran,

It had been previously indicated that three-times-a-day feeding
significantly increased dry matter content in the stomach, The average
percentages listed in Table 84 indicate that, apart from increased dry
matter percentages in the stomach and small intestine, there were no’
further changes attributable to feeding frequency, or sex differences
and pelleting of feeds., Consumption of fine moduli bulks or antibiotic
supplemented feeds increased gastric dry matter, however these differences

failed to persist in other segments of the intestinal tract,.
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TABLE 84 - MAIN EFFECT INFLUENCES ON INGESTA DRY MATTER

Reglon of gastro-intestinal tract

Treatment Stomach  Small Cecun Cecum + Iarge Rectum  Tract
i. large 1i. i. mean
% % % % % % %
Bulk type
Solka~floc 284 14.7 14.5 21.0 21.0 2h.2 21.2
Wheat bran 2L 15.0 14.8 17.2 19.4 21.5 19.2
Oat hulls 30“1 16'7 18-9 25»24' 27:2 3001 25¢O
Feeding frequency
2/day 26,4 14.8 16.0 21,4 22,6 25.4 21.4
3/day 29.0 16.2 15,8 21.1 22,0 25,2 22,2
Bulk modulus
Fine 28.3 15.6 15.8 2242 22.7 2544 22.1
Coarse 27.1 154 16.0 19.8 22,0 2542 21.5
Pelleting
Meal 273 15.0 ——— 21,2 ——— 25,2 22,4
Pellets 28.0 16,0 15,9 ———— 22.3 253 22,0
Antibiotic
M1 27.1 15.4 15.7 21,2 2245 25.6 21.7
Add 28,2 15.6 16,1 21.3 22.1 25,0 21,7
Sex
Barrows 28.8 15.3 16,4 21.1 22,6 24,9 22.0
Gilts 26,6 15.7 15.5 214 22.0 25.7 21,6
Number of
observations 96 93 53 L0 54 93
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In summary it appeared that total dry matter content in the
stomach was higher only on three-times-a-day feeding. This effect proved
to have associative effects with coarse modulus and pelleted feeds, Per-
centage assessment of dry matter indicated that differences between bulk
types were probable, with oat hulls yielding the driest ingesta and wheat
bran the most moist, The other treatments appeared to cause only slight
differences in dry matter levels, in most instances these effects were
fwllified in the lower regions of the digestive tract.

Ingesta specific gravity

Data in Table 85 reveal that specific gravity of the stomach
ingesta was significantly reduced on wheat bran rations., Reduced specific
gravity of wheat bran origin ingesta was also evident in the other listed
comparisons but provéd to be significant only on treatments involving
coarse moduli meals,

Animals fed three times daily had a significantly higher stomach
ingesta specific gravity of 0.972 in contrast to the 0.955 value for twice-
a~day fed groups (LSR = 0.016).

The data in Table 86 reveal that stomach ingesta specific gravity
was significantly reduced on coarse module bulks. Decreased specific gravity
generally prevailed on the coarse module, but significant differences occurred
only in gilts or in those animals receiving meal-type wheat bran or oat hulls.
In contrast, a significant increase in the specific gravity of fine module
samples occurred on pelleted solka-floc rations,

In general gastric contents had a lower specific gravity on coarse
moduli bulks, this response was prevalent in gilt groups and varied in the

bulks depending upon pelleting treatment.
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TABLE 85 — THe EFFECTS OF BULK MUDULUS AND PALIETING ON GASTRIC INGLSTA
SFECIFIC GRAVITY RESPONSES TO BULK TYPE

Bulk type ISR
Treatment Solka=~floc Wheat bran ©Oat hulls Min, Max.
Bulk mean™” 0.978 0.933 0.979 0.019 0,020
Bulk modulus
Fine 0,987 0,960 0.986 0.027 0,029
Coarse 0.970 0.906 0,972
Pelleting
Meal . 0.973 0,912 0.952 - 0,027 0.029
Pellgts 0,981 0.955 1.006
Bulk modulus x Pelleting®™
Fine meal 0.972 0.956 0.969 0.039 0.041
pellets 1.000 0.966 1.000
Coarse meal 0.975 0.867 0.935
pellets 0,965 0.944 1.010

The data in Table 87 reveal that there was a significant in-
crease in stomach ingesta specific gravity on pelleted rations (P< 0,01).
In conjunction with bulk type and modulus these trends prevailed, but only
two treatments, wheat bran or oat hulls fed as coarse modulus, proved to
be statistically different.

In summary, pelleted rations produced a significantly higher
density stomach ingesta, however the significance of this appeared to be

assoclated with bulk type and modulus.
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TABLE 86 - THE EFFECTS OF BULK TYPE, PELLETING AWD SEX ON GASTRIC
INGESTA SPECIFIC GRAVITY RuSPCNSES TO BULK MODULUS

Bulk modulus

Treatment ' Fine Coarse ISR

Modulus mean ™ 0.978 0.949 0.016

Bulk type

Solka-floc 0.987 0.970 0.019
Wheat bran 0.960 0.906
Oat hulls 0.986 0.972

Pelleting
Meal 0.966 0.926 0.022
Pellets 0.990 0,972

Sex
Barrow 0.975 0.981 0.022
Gilts 0.963 0.935

Bulk type x Pelleting”

Solka~floc meal 0.972 0.975 0.039
pellets 1.000 0.965

Wheat bran meal 0.956 0,867
pellets 0.966 0.944

Oat hulls meal 0.969 0.935
pellets 1.000 1.010

Antibiotic supplementation (0.955) resulted in an increased
(P <0.01) specific gravity of stomach contents in comparison to non-
supplemented (0.972) rations (ISR = 0.016).

Specific gravity in the gastric region had been significantly
reduced on wheat bran rations (Table 85). The similarity of the specific
gravity values in the small intestinal segment are evident in Table 88,
It would appear from the averages indicated that in the lower tract re-

gions oat hulls produced the highest and wheat bran the lowest specific
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TABLE 87 — THE EFFECTS OF BULK TYPE AND BULK MODULUS CON GASTRIC
INGESTA SPECIFIC GRAVITY RESPONSES TO PELLLTING

Pelleting
Treatment Meal Pellets LSR
Pelleting mean™" 0.946  0.981 0.016
Bulk type
Solka-floc 0,973 0.981 0.027
Wheat bran 0.912 0,955
Cat hulls 0.952 1.006
Bulk modulus
Fine 0.966 0.990 0,022
Coarse 0,926 0.972
Bulk type x Bulk modulus™
Solka-floc fine 0.972 1,000 0.032
coarse 0.975 0.965
Wheat bran fine 0.956 0.966
coarse 0.867 0944
Cat hulls fine 0,969 1.000
coarse 0,935 1,010

gravity values,

On the remaining treatments, where previous significant differ-
ences had been established in the gastric samples, it appeared that the
overall tendencj was for these differences to be equalized in the lower
intestinal tract regions.

The data in Table 89 indicate that ingesta ligquid specific
gravity was consistently similar between all treatments, The actual
specific gravity differences between inter-segment comparisons appeared
to be relatively small,

In general significant differences had been indicated between

the behaviour of wheat bran and the other two bulks in the stomach,
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TABIE 88 ~ MAIN EFFECT INFLUENCES ON INGESTA SPECIFIC GRAVITY

Region of gastro-intestinal tract

Treatment Stomach  Small Cecum  Cecum + large  Treatment
i. large 1i. i. mean
Bulk type
Solka~floc 0.978 0,904 0.902  0.956 0.954 0.939
Wheat bran 0.933 0.907 0.914  0.913 0.923 0.919
Oat hulls 0.979 0.910 0.927  0.954 0.970 0.948

Feeding frequency

2/day 0.955 0.900 0.907 0,941 0.954 0.930
3/day 0.972 0,914 0.919  0.935 0.945 0.939

Bulk modulus

Fine 0.978 0.909 0.915 0,949 0.953 0.942
Coarse 0.949 0.905 0.911 0,921 0.946 0.927
Pelleting
Meal 0.946 0.900 _— 0.938 _— 0.926
Pellets 0.981 0.914 0.913 — 0.949 0,942
Antibiotic
wil 0.955  0.910  0.908 0.942 0.949 0.933
Add 0.972 ° 0.903 0.918  0.934 0.950 0.936
Sex
Barrows 0,969 0.909 0.916  0.944 0.953 0.939
Gilts 0.958 0.904L 0.910 0.934 0.9L5 0,931
Site mean 009611'— 00907 009]-3 Oa938 0.9}.;,9 00935
Number of 1
observations S 93 49 LO 55 (331)

\
1 Solka-floc samples of coarse moduli meals were collected as separate
cecum and large intestine rather than the combined sample.



TABLE 89 — MATY EFFECT IWFLULHCE ON INGESTA LIQUID
PHASE SPECIFIC GRAVITY
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Region of gastro-intestinal tract

Treatment Stomach  Gmall Cecum  Cecum + Large  Treatment
i. large 1. i. mean
Bulk type 7
Solka~floc 1.020 1.028 1.010 1,014 1,014 1.019
Wheat bran 1.018 1.026 1.0, 1,016 1.017 1.019
Oat hulls 1.019 1.02¢9 1.012  1.014 1.015 1,019
Feeding frequency
2/day - L.017 1,027  1.012 1.014 1.015 1.018
3/day 1,018 1.029 1.012 1,016 1.015 1.019
Bulk modulus
Fine 1.020 1.028 1.011  1.014 1.015 1,019
Coarse 1.018 1,028 1.012  1.016 1,015 1.C19
Pelleting
Meal 1.016 1.027 —_— 1,015 — 1.020
Pellets 1.022 1.029 1.012 —— 1.015 1.021
Antibiotic
Nil 1.017 1.027 1.012 1.015 1.015 1.018
Add 1.020 1.028 1,011 1,015 1.015 1.019
Sex
Barrows 1.022 1,028 1,012 1,015 1.015 1.020
Gilts 1.016 1.027 1.011  1.016 1.015 1,018
Site mean 1.019 1.028 1.012  1.015 1.015 1.019
Number of
observations 91 a9 50 38 53 (321)
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These differences appeared to be maintained in the intestinal tract,
moreover the inter-bulk specific gravity variations diverged to the
point where it appeared that all three bulks differed. Animals fed
three times daily or receiving antibiotic exhibited increased specific
gravities in the stomach, Groups fed fine moduli feeds or pelleted
rations exhibited increased specific gravities also, however these treat-
ments were associated with bulk type interactions. No variation in the
liguid phase specific gravity was found on the various treatments and

only slight differences existed between the sampling sites.

Gastro-intestinal weight

TABLE 90 — THE BFFECTS COF PSLLETING AND SEX ON GASTRIC WELGHT
RESPONSES TU FEZDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day ISR
g, gm.
Feeding frequency 665 682 L0
Antibiotic
Nil 650 706 56
Add 680 659
Pelleting x Antibiotic”
Meal nil 655 786 80
add 709 681
Pellets nil 64,6 626
add 651 637

The data in Table 90 reveal that feeding frequency as such did
not influence stomach weight. Only in one instance, that of antibiotic~
free meal~type rations, were the stomach weights significantly heavier

in groups fed three times daily.



TABIE 91 -~ THE EFFECTS OF PELLETING ON STUMACH
RESPONSES TO BULK MCDULUS

WEIGHT

Bulk modulus

Treatment fine Coarse ISR
am. gm.
Modulus mean 469 678 LO
Pelleting”
Meal 734 56
Pellets 658 622

TABLE 92 - THE EFFECTS OF FEEDING FRE

GQUENCY, BULK MODULUS AND

SEX ON STUMACH WEIGHT RESPONSES TO PELILETING

Pelleting
Treatment leal Pellets LSk
g gim.
Pelleting mean 708 640 40
Feeding frequency
2/day 682 649 56
/day 734 631
Bulk modulus*
Fine 681 658 56
Coarse 73L 622
Antibiotic
Nil 721 636 56
Add 695 6L
Feeding frequency x Antibiotic™
2/day nil 655 6L6 80
add 709 651
3/day nil 786 62
add 681 637

176
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TABLE 93 -~ THE EFFECTS OF FEZDING FREQUENCY AND PELLETING OH
STOMACH WEIGHT RESPONSES TO ANTIBIOTIC

Antibiotic
Treatment Nl Add ISR
gn. giie
Antibictic mean 678 669 LO
Feeding frequency
2/day 650 680 56
3/day 706 659
Pelleting
Meal 721 695 56
Pellets 636 6Ll
Feeding freguency x Pelle*t;img%/r
2/day meal 655 709 80
pellets 6L6 651
3/day meal 786 681
pellets 626 637

The data in Table 91 would indicate that neither bulk modulus
nor the interaction with pelleting produced significant alterations in
the stomach weight.

The feeding of meal-~type rations significantly increased stomach
weight (Table 92). Similar weight increases prevailed in assoclation with
either coarse modulus bulks or antibiotic-free rations fed three times
daily.

Only in one instance, that of antibiotic—~free meals fed three
times daily, did the data indicate significant weight increases (Teble 93).

he results from this trial would indicate that antibiotic supplementation
did not significantly influence stomsch weights,

In comparison to gilt groups (702 gm.), barrows had significantly
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lighter stomach weights (654 gm., LSR = LO).

Tract weight

Initial comparisbns involving the stomach indicated that the
weight differences existing between bulk types was non-significant.
Average weight relationships prevailing in the remaining tract segments,
apart from & small but persistantly higher weight in wheat bran groups,
would indicate that tract weights were not influenced to any extent by
bulk type variations (Table 94).

Remaining tract segments, in accord with previously observed
trends in the stomach, indicated that feeding frequency failed to affect
intestinal tract weights.

Bulk modulus had been previously shown to be without direct
influence on stomach weights, a somewhat similar situation was indicated
in Table 94. There was a 10% weight increase in the large intestinal
welght on coarse modulus, this has been derived from a smaller sample,
however it may represent an increase of significance,

Stomach weights had been shown to be significantly increased
on meal type rations, particularly on coarse modulus fed animals. The
remalning tract weights, derived only from females, tended to follow a
similar pattern. These weight increases averaged approximately 15%. The
absence of significant pelleting x sex interactions on‘stomach weights
would suggest that possibly barrows behaved in a fashion similar to gilts,

Antibiotic inclusion as such failed to influence stomach weights
significantly, however the available means in Table 94 would suggest that
in other regions of the tract a small but persistant reduction in weight on

antibiotic supplemented groups prevailed.
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TABLE 94 - MAIN EFFECT INFLUENCES ON INTESTINAL TRACT WEIGHTS

Region of gastro-intestinal tract

Treat-
Treatment Stomach Small Cecum Cecum + Iarge Rectum mnent
i. large 1. i. mean
gm. ghi. gm. gn. gm. . gm.
Bulk type
Solka~floc 688 1434 220 1222 921 L55 850
Wheat bran 670 1660 216 1298 1020 559 920
Cat hulls 6L, 1496 198 1211 9L1 473 840
Feeding freguency
2/day 665 1528 218 1231 987 508 870
3/day 682 1533 203 1254 935 483 870
Bulk modulus
Fine 669 1555 198 1237 915 509 870
Coarse 678 1505 222 1250 1006 482 870
Pelleting
Meal 708 1507 — 1331 — 568 960
Pellets 640 1554 210 1156 961 L23 830
Antibiotic
Nil 678 1568 219 1309 1013 521 900
Add 669 1493 202 1179 908 470 8,0
Sex
Barrows 645 —_— —_— — —— —_— —_—
Gilts 702 1530 210 1244 961 495 880
Site mean 674 1530 210 1244 961 495 870
Number of
observations 96 L8 21, LR 24, L8 (288)
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Statistical analyses had disclosed that stomach weights were
significantly heavier in gilt groups, however other treatments had not
interacted with this treatment., The remaining tract segments were
weighed only in gilts therefore this trend could not be followed through
the remaining portions of the tract.

In summary, statistical evidence indicated that stomach weights
were inbreased on meal type rations, and interactions in conjunction with
coarse ﬁodulus with this treatment, evidence also indicated that gilts
had heaviér stomachs. Indications were that intestinal tract segments
were heavier on coarse moduli bulks. Small but persistant intestinal
tract weight decreases were observed on wheat bran rations and on anti-
biotic supplemented feeds.

Liquid phase pH

The results in Table 95 indicate the absence of statistical differ~
ences between gastric liquid pH and bulk type. The interactions with the
listed factors indicate the variability of the effects produced in com—
bination with these treatments. Antibiotic~free solka~floc, in conjunction
with coarse modulus, yielded the lowest pH. Antibiotic addition to solka-
floc increased liquid pH, particularly in barrow groups. IMeal type solka-
floc, in comparison to wheat bran, produced a significantly lower stomach
pH, this ration fed to gilts produced the lowest pH of the three bulks.
Either pelleted or antibiotic supplemented wheat bran produced the lowest
gastric liquid pH. The influence of the antibiotic treatment on wheat bran
was indicated by a similar pH reduction on the coarse modulus, and also when
comparing gilts on this ration to oat hulls., Feeding of pelleted wheat bran

to gilts produced reduced gastric liquid pH values.
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TABLE 95 ~ THE EFFLECTS OF BULK MODULUS, PELLETING, ANTIBIOTIC AND SEX
ON GASTRIC LIQUID pH RESPUNSES TO BULK TYPE

Bulk type ISR
Treatment Solka~floc Wheat bran Oat hulls Min., Max.
Bulk mean Lol L.38 L.51 0.17 0,17
Pelleting effects
Meal L.31 L.57 Lokib 0.23 0.25
Pellets L.61 L.19 L,57
Antibiotic effects”
Nil L.22 4,39 L37 0.23 0.25
Add L.70 Lo37 L 466
Bulk modulus x Antibiotic™
Fine nil L6 L3536 L L0 0.33 0.35
add L.62 53 L4470
Coarse nil 3.97 LJi2 L 3L
add L.78 L.21 L.62
Pelleting x Sex"
Meal barrows L6l L .55 haoli3 0.33 0.35
gilts L.01 L4460 L .49
Pellets barrows L 6l Lo by L .66
gilts L.58 3.93 Loo8
Antibiotic x Sex
Nil bar‘l"OWS 14-035 4-37 L!--AJ-LL 0033 Os35
gilts L.08 Lolyl L .30
Add barrows L.98 L .63 L .65
gilts L.43 L,12 L,67

It would appear that while bulk type as such did not influence
stomach pH directly, there was a variation in response to other treatments.
Solka-floc and wheat bran, in response to pelleting and antibiotic treat-
ments tended to produce more acidic conditions than oat hull rations.

Stomach liquid pH was significantly higher on three times a day

feeding. This trend continued to prevail in most of the interacting
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TABLE 96 -~ THE EFFECTS OF BULK MODULUS, PELLETING, ANTIBICTIC AND
SEX ON GASTRIC LIQUID pH RESPCONSES TO FELDING FREQUENCY

Feeding frequency

Treatment 2/day /day L3R

Frequency mean” L.36 L5L 0,14

Bulk modulus

Fine Tl L.61 0,19
Coarse 431 holi7

Pelleting effects
Meal L e36 53 0.19
Pellets Le36 L.55

Antibiotic effects
Nil Lol L3 0.19
Add L8 Lo67

[YEY)
iy Y

sex effects

Barrows L.37 Lo77 0.19
Gilts L.35 Lo31
Bulk modulus x Antibiotic
Fine nil Lo21 L .60 Ca.27
add L.61 4,68
Cozrse nil L .26 L o282
add Le36 L.72

Pelleting x Antibiotic

Meal nil Lol2 L.2h 0,27
add 450 1 .83

Pellets nil Lo25 Lo 59
add L.L7 he51

treatments such as fine bulk modulus, pelleted rations and antibiotic

supplementation, but was significantly different only in barrow groups.
In the absence of antibiotic, either fine modulus or pelleting produced
higher pH liquids on three times a day feeding. On antibiotic supple~

mented feeds coarse modull or meal type rations also produced increased
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TABLE 97 - THE EFFeCTS COF BULK TYPE, FEEDING FREQUENCY, ANTIBICTIC
AND SEX ON GASTRIC LIQUID pH RESPONSES TO BULK MCDULUS

Bulk modulus

Treatment Fire Coarse 1SR

Modulus mean L.51 L.39 0.14

Sex effect

Barrows L.67 L4 0.19
Gilts L.,36 Lo31
Bulk type x Antibiotic™
Solka—floc nil L L6 2,97 .33
add L,62 L.78
Wheat bran nil L.36 L2
add L.53 Lo2l
Oat hulls nil L L0 L34
add L.70 L.62
Feeding frequency x Antibiotic
2/day nil he21 Lo 26 0.27
add L.61 L.36
3/day nil L .60 ho22
add L.62 La72

Antibiotic x Sex™

Nil barrows L2 L.35 0.27
gilts L.39 L.13

Add barrows L,91 L.59
gilts L.33 Lai8

gastric pH values on the three times a day feeding regimen,

Stomach pH was increased on three times a day feeding, particul-
arly in barrow groups. Moduli and pelleting response to feeding frequency
varied depending on the antibiotic treatment,

Bulk modulus as such failed to influence stomach pH significantly
(Table 97). Interaction results indicated that in the absence of antibiotic,

solka~floc rations and rations fed three times a day had significantly
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TABLE 98 - THE EFFLCTS OF BULK TYPHL, FESDING FREQUENCY, ANTIBIUTIC
AND SEX ON GASTRIC LIQUID pH RESPONSES TCO PuLLETING

Pelleting
Treatment leal Pellets ISR
Pelleting mean Lo li5 L6 0.14
Bulk type'x%
Solka~floc 4,21 L.61 0.2
Wheat bran L.57 L.19
Cat hulls bbb La.57
Antibiotic effects%
Nil Lo23 Lob2 0.19
Add L.66 LJL9
Bulk type x Sex™
Solka~floc barrows L.61 L6k 0.33
gilts L.01 L.58
Wheat bran barrows L.55 L Jdy
gilts L. 60 3.93
Oat hulls  barrows Loi3 L .66
gilts L49 Lo48
Feeding frequency x Antibiotic®
2/day nil o222 La25 0,27
add L.50 L7
3/day nil L. 24 Lo 59
add L.83 Lo51
Antibiotic x Sex%%'
“Nil barrows Loh2 L.36 0.27
gilts L Ok Lo4L8
Add barrows L 6L L.86
gilts L.69 Lol2

higher pH values on fine moduli rations. On antibiotic—supplemented

rations pH increases occurred on twice—a-day feeding and in barrow groups.
It would appear from these responses that the increased stomach liquid pH
on fine modulus may have been dependent upon the reaction of other factors

to antibiotic treatments,
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Stomach liguid pH variations resulting from the overall effects
of pelleting proved to be non-significant. Uata in Table 98 indicate
that while pH was significantly increased by pelleted solka~floc or anti-
blotic~free rations, it was reduced on wheat bran. Gilts fed solka-floc
or antibiotic-free rations exhibited higher pH values on pelleted rations,
while those receliving wheat bran or antibiotic-supplemented feeds had re-
duced values. The response of pelleting to three-times-a-day feeding was
dependent upon the presence of antibiotic, the addition of this supplement
appeared to increase the significantly depressed pH evoked by antibiotic—
free meal rations to a value that was significantly‘above that observed
on pellets,

The response of stomach liquid to pelleting appeared to vary
with bulk type and antibiotic, Pelleting increased liquid pH on solka-
floc rations whereas it was decreased on wheat bran. The increased pH
values evident on antibiotie-free pelleted rations were depressed by anti-
biotic incorporation,

The results in Table 99 indicate a significant stomach 1iquid
pH increase on antibiotic-supplemented rations. A4 similar trend was in-
dicated on most of the other treatments, however only solka—floc, oat hulls
and meal rations produced significant increases in conjunction with anti-
biotic. The significant liquid pH increase on solka-floc rations was
evident on coarse modulus or in either sex, while on oat hulls only gilt

groups deviated significantly. Fine modulus increased liguid pH values on

o
f

twice daily feeding and in barrow groups, whereas coarse modulus did so on
meal rations on either feeding fregquency and in gilts, however pelleting

depressed pH in barrows and increased it in gilts,
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TABLE 99 — THE EFFECTS OF BULK TYFrE, FEEDING FREQUENCY, BULK
KODULUS, PELLETING AND SEX ON GASTRIC LIQUID
pH RESPONSES TO ANTIBIUTIC

Antibiotic
Treatment Wil Add LSR
Antibiotic mean™ 32 L.58 0.14
Bulk type%
Solka~floc L,.22 Le70 0.23
Wheat bran L.39 L ,37
Cat hulls La37 L.66
Feeding frequency
2/day L2k L8 0.15
3/day Lol L6067
Bulk modulus
Fine L,AT L .62 0.19
Coarse L2k L5
Pelleting”
Meal Le23 L .66 0,19
Pellets L2 L.LG
sex
Barrows 439 LJ75 0.19
Gilts L. 26 L 4O
Bulk type x Bulk modulus™
Solka~flce fine Lobib L.62 0.33
coarse 3.97 L.,78
Wheat bran fine 436 La53
coarse L2 L 21
Qat hulls fine L 40 470
coarse La34 L.62

continued ....
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TABLE 99 continued- THE EFFECTS OF BULK TYPE, FEEDING FREQUENCY,
BULK MODULUS, POLIBTING AND SEX ON GASTRIC LIQUID
pH RESFONSES TO ANTIBIOTIC

Antibiotic
Treatment Nil Add LoR
Bulk type x Sex”
Solka~floc barrows L.35 4.98 0.33
gilts 4,08 LobL3
Wheat bran barrows L. 37 L.63
gilts Lok L.12
Cat hulls barrows Lalidy 4,65
gilts 1430 L .67
Feeding frequency x Bulk modulus%
2/day fine Lo21 L6l 0.27
coarse e 26 436
3/day fine 460 L.62
coarse Le22 L.72
Feeding frequency x Pelleting%
2/day meal La22 450 0.27
pellets L25 L. 47
B/day meal /-4—021+ Z-Fogs
pellets L.59 L,51
Bulk modulus x Sex
Fine barrows L2 4.91 0.27
gilts L .39 4.33
Coarse barrows L.35 L.59
gilts 4.13 Loli8
Pelleting x Sex ™
Meal barrows L2 L6 0.27
ghlts 4.0, L.69
Pellets barrows L.36 L.86
gilts PR lo12
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The groups supplemented with antibiotic had slightly less acidic
gastric liquid exudates, particularly so on solka~floc, oat hull or meal
type rations. The other treatments were implicated in the interaction
effects, and although no consistent pattern prevailed, the significant
differences, with one exception, favoured higher pH values on antibiotic
treatnents,

As indicated in Table 100, barrow grcups had a significantly
higher stomach liquid pH than gilts. Increased stomach liguid pH values
were indicated on most of the other treatments but were significant only
on three times-a-day feeding. It was further indicated that of the meals
solka~floc and antibiotic~free rations and pelleting either wheat bran or
antibiotic supplemented rations produced conditions increasing gastric
liguid pH in barrows. Antibiotic supplemented solka~floc, wheat bran,
fine moduli or pelleted rations and unsupplemented coarse modulli and meal
type rations produced conditions that produced higher pH values in the
stomach liguid of barrows.

In summary it ﬁould appear that barrows tended to have signifi-
cantly higher stomach liguid pH values than gilts. The increased gastric
liguid pH in barrows was particularly evident on three-~times-a-day feeding,
Further variations contingent on pelleting and antibiotic responses to sex
differences were indicated as well.

while the effects of bulk type on pH were statistically insigni-
ficant, interactions indicated that oat hulls tended to produce conditions
inducing reduced acidity. The data in Table 101 indicate that wheat bran
created conditions suggestive of increased acidity in the lower tract

regions and sclka-floc behaved somewhat medially to the other two bulks.
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TABLE 100 - THE EFFSCTS OF BULK TYPE, FEEDING FREQUENCY, BULK 1{ODULUS,
PELLETING AND ANTIBIOTIC ON GASTRIC LIQUID pH RESPONSES TO SEX

Sex
Treatment Barrows Gilts ISR
Sex mean” Lo57 La33 .14
Bulk type
Solka~floc L.62 L,29 0,23
Wheat bran Lo 50 Lo 26
Oat hulls L.55 Lo48
Feeding frequency%%
2/day La37 L.35 0.19
3/day Lo T7 L.31
Bulk modulus
Fine 467 L 36 0.19
Coarse L4 4,31
Pelleting
leal he53 L+36 0.19
Pellets L6l L.30
Antibiotic
i1 Lo 39 Le26 0.19
Add La75 La40
Bulk type x Pelleting
Solka~floc meal L6l L.C1 0.33
pellets Lo bl 4458
Wheat bran meal L.55 L.60
pellets Lol 3.93
Cat hulls meal LoL3 Lo49
pellets L.66 L.L8
continued ......
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TABLE 100 ~continued- THE EFFECTS OF BULK TYFE, FEEDING FREQUENCY,

BULK 1UDULUS, PHELIETING AND ANTIBLOTIC ON

GASTRIC LIQUID pH RESPONSES TU SEX

Sex
Treatment Barrows Gilts L3R
Bulk type x Antibiotic™
Solka~floc mnil L.35 4,08 0.33
add L.98 LJL3
Wheat bran nil L.37 Lol
add L .63 L ,12
Oat hulls nil Lobdy L4430
add L.65 Ll.67
Bulk modulus x flxrrtibiotic';lr
Fine nil L2 L.39 0.27
add 14..9,1 LI-OBB
Coarse nil 4.35 L.13
add L.59 LJ48
Pelleting x Antibiobic™™
Meal nil L2 L Ol 0.27
add Lo bl 4,69
Pellets nil L.36 L..8
add L .86 L.12

Three-times-a-day feeding hacd significantly increased gastric

liquid pH values, data in Table 101 indicate that this influence was

dissipated in the lower regions of the tract.

The addition of antibiotic

had increased stomach liguid pH, this effect prevailed as far as the large

intestinal sampling site. Sex differences, proving to be of significance

in the gastric region appeared to be dissipated in the remeining tract

regions.

The overall tendency was for solka~floc and wheat bran rations,

in response to pelleting and antibiotic treatments, to produce more acidic
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conditions than oat hulls, The consideration of the tract as far as the
large intestine suggested that acidity was influenced to some extent by
bulk type, with wheat bran creating the lowest pH and ocat hulls the
highest. Increased feeding frecuency, particularly in barrows, increased
pH, this effect appeared to be dissipated in lower tract regions, Groups
receiving antibiotic had less acidic stomach liquids, a condition that
was absent on wheat bran rations. The effect of antibiotic appeared to
persist as far as the large intestinal sampling site. Barrows had a
significantly higher pH only in the gastric region, this effect was parti-
cularly accentuated by other treatments such as feeding freguency, pel-

leting and antibiotic.
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TABLE 101 — MAIN EFFECT INPLUBNCES ON INGESTA LIQUID PHASL pH

Region of gastro-intestinal tract

Treatment tomach  Small  Cecum  Cecum + Alarge Treatment
i. large 1. i. mean
Bulk type
Solka-floc Lol6 6,61 6.13 6.1 6,01 5.76
Wheat bran L.38 6. lidy 5.72 5.96 5.88 5.58
Oat hulls La51 6,69 6,05 646 6.14 5.8L
Feeding frequency
2/day La36 6,57 5.96 6.22 6.03 5,70
3/day Lo 5k £.60 6,01 6,18 6.00 5.76
Bulk modulus
Fine L.51 6.60 5.99 6.16 5.96 5.4
Coarse L .39 6.57 5.98 6.27 6.06 5.73
Pelleting
Meal Lali5 6,70 === 6.20 —— 5.68
Pellets Ll 6.48 5.96 — 6.02 5.61
Antibiotic
N1 L.32 6.5 5,90 6.02 6.01 5.65
Add .58 646l 6.07 6.41 6.02 5.82
oex
Barrows L. 57 6.61 5.98 6,11 - 5.97 5.76
Gilts L33 6456 5.99 6.30 6.07 5.71
Site mean Lai5 6.59 5.96 6420 6,02 5.73
Number of
observations 94 a9 L9 38 52 (322)




Iiguid phase viscosity
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TABLE 102 - THZ EFFLCTS OF FEEDING FREQUANCY, BULK MCDULUS, ANTIBICTIC
AND SEX ON GASTRIC LIQUID VISCOSITY RESPONSES

TO BULK TYFE

Bulk type

1.7

Treatment Jolka-floe %Wheat bran 0Oat hulls Min, Iax.
cp.l ep. Cp.
Bulk mean™* 2.23 1.45 1.86 0.31 0.32
Feeding frequenqy*
2/day 2.1 1.46 1.48 043 Q.43
B/day 2»33 lo}+5 2-23
Bulk modulus
Fine 1.96 1.51 1.78 O0.L3 0.5
Coarse 2.51 1440 1,93
Antibiotic™
Nil 1.86 1.45 1.87 0.43 0C.45
Add 2.61 1.45 1.85
Sex™
Barl"ow's 2.66 1.52 1092 Ocl4—3 0‘24.5
Gilts 1.81 1.39 1.79
Feeding frequency x Bulk modulus¥
2/day  fine 2423 1.49 1.53 0.61 0.6L
coarse 2.05 143 1.43
3/day  fine 1.69 1.53 2.03
coarse 2.98 1.37 2elly
Bulk modulus x Antibiotic®
Fine nil 1,88 142 1.82 0.61 0.64
add 2,04 1.59 1.75
Coarse nil 1.85 1.48 1.91
add 3.18 1.32 1,96

1 centipoises
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The data in Table 102 indicate that stomach liguid viscosity
was significantly increased on solka-~floc rations and decreased on wheat
bran; oat hull rations being intermediate. Interaction effects indicated
that viscosity was significantly increased on solka~floc rations, on
twice—é—day feeding, antibiotic supplemented rations and in barrow groups.
On twice-a~day feeding this effect prevailed on both moduli but on anti~
biotic supplemented rations only on coarse modulus., Wheat bran rations
yielded the significantly lowest Viscbsity on three~times-a~day feeding.
Three daily feedings of wheat bran also yielded significantly reduced
viscosity on either coarse modulus or antibiotic supplemented rations.

In general solka-floc rations produced gastric liquid with the
highest +viscosity and wheat bran the lowest. Wheat bran rations tended
to be influenced less by the other experimental variables than the other
bulks appeared to be.

Stomach liguid viscosity was significantly increased on three-
times-a-day feeding (P < 0,05). Interaction results revealed similar
significant viscosity increases on oat hull rations, and on coarse modulus.
The data in Table 103 indicate that feeding coarse moduli bulks three-
times dally also caused significant viscosity increases on solka-floc or
oat hull rations and in conjunction with antibiotic supplementation,

In general it appeared that stomach liquid viscosities were in-
creased on three-times-a-day feeding. Coarse modull solka-floc and oat
hulls tended to produce a more viscous liquid than wheat bran on the
higher feeding frequency.

While data in Table 104 indicate that bulk modulus as such failed

to influence stomach liquid viscosity significantly, there were significant
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TABLE 103 -~ THE HEFFECTS OF BULK TYPS, BULK MODULUS AND ANTIBLOTIC
ON GASTRIC LIQUID VISCOSITY RESPONSES TU FEEDING FRiGUBNCY

Feeding freguency

Treatment 2/day 3/day LSR
CPa cp.
Feeding frequeﬂcy% 1.69 2,00 C.25

Bulk type%

Solka~floc 2.1 2.33 0.43
Wheat bran 1.46 1.45
Oat hulls 1.48 2.23
Bulk rnoc:‘iulusfyr
Fine . 1.75 1.75 0.35
Coarse 1.64 2.26
Antibiotie
Add 1.85 2.09
Bulk type x Bulk modulus%
Solka-floc fine 2423 1.69 0.61
coarse 2405 2.58
Wheat bran fine 1.49 1.53
coarse 143 1.37
Oat hulls fine 1.53 2.03
coarse 1.43 2elily
Bulk modulus x Antibiotic®
Fine nil 1.48 1.93 0,50
add 2.02 1.56
Coarse nil 1.60 1.90
add 1.6¢ 2.63

interactions associated with it., As reflected by viscosity increases,
significantly associated effects with coarse modulus occurred on three-
times—a~day feeding, these interactions prevailed on solka-~floc fed three
times daily and antibiotic supplemented rations. Solka-floc rations

supplemented with antibiotic, and meals fed to barrows yielded a more
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viscous stomach liguid phase on coarse moduli feeds.

In summary, increases in stomach liquid viscosity, due to coarse
moduli feeds were mainly elicited by solka-floc fed three times daily and
in barrow groups fed meals.

Data in Table 105 indicate that the pelleting effect failed to
increase significantly stomach liquid viscosity, although significant
increases were evident on fine moduli feeds when fed to barrows, Gilt
groups receiving antibiotic—free meals exhibited a significantly lower
gastric fluid viscosity. It would appear though that these effects may
be attributable to other factors and pelleting as such was not an in-
fluential factor on gastric fluild viscosity.

While indications in Table 106 were that antibiotic inclusion
failed to increase significantly stomach liquid viscosity, a significant
viscosity increase was indicated on antibiotic supplemented solka-floc.
Indications were that production of increased fluid viscosity on anti-
biotic supplemented feeds were linked with coarse moduli feeds fed either
in association with solka~floc, or on the three~times-a-day feeding
regimen, Fine moduli bulks fed twice daily and pelleted rations fed to
barrows also produced conditions conducive towards increased viscosity
on antibiotic supplemented feeds,

In summary, it was indicated that the expression of increased
viscosity on antibiotic inclusion was linked to factors involving associ-
ative effects of the other treatments, amongst which solka-~floc was parti-

cularly associated,



TABLE 104 - THE
LETING, ANTIBIOTIC AND SEX OM GASTRIC
LIQUID VISCOSITY RESPONSES TO BULK MODULUS

»ity
]

EFFECTS OF BULK TYFE, FELDING FREQUENCY,

Bulk modulus

Treatment Fine Coarse ISR
Modulus mean 1.75 1.95 0.25
Bulk type
Solka~floc 1.96 2.51 0.43
Wheat bran 1.51 1.40
Oat hulls 1.78 1.93
Feeding frequency%
2/day 1.75 1,64 0.35
3/day 1.75 2.26
Pelleting
Meal 1.54 1.95 0.35
Pellets 1.92 1.98
Antibiotic
Nil 1.71 1.79 0.35
Add 1.75 2415
Bulk type x Feeding frequencyw
Solka~-floc 2/day 2.23 2.05 0.61
3/day 1.69 2.98
Wheat bran 2/day 1.49 1.43
| 3/day 1.53 1.37
Oat hulls 2/day 1.53 1.43
3/day 2.03 2.4
Bulk type x Antibiotic™
Solka~floc nil 1.88 1.85 0.61
add 2.04 3.18
Wheat bran nil 1.42 1.48
Oat hulls nil 1.82 1.91
add 1.73 1.96

continued:,...
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TABLE 104 ~continued- THE EFFECTS (F BULK TYPE, FEEDING FREQUENCY,

PEIIETING, ANTIBIOTIC AND SEX ON GASTRIC LIQUID
VISCOSITY RESPONSES TO BULK MODULUS

i S ot —

Bulk modulus

Treatment Fine Coarse 1SR
Feeding freguency x Antibioticitt
2/day nil 1.48 1.60 0.50
add 2.02 1,68
3/day nil 1.93 1.90
add 1056 2a63
Pelleting x Sex#
Meal barrows 1.64 2,21 0,50
gilts 1.4 1.63
Pellets barrows 229 1.99
gilts 1.61 1.97

TABLE 105 ~ THE EFFECTS OF BULK MODULUS, ANTIBIOTIC AND
SEX ON GASTRIC LIQUID VISCUSITY RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets ISR
Pelleting mean 1.73 1.97 0.25
Bulk modulus
Fine 1.54 1.92 0.35
Coarse 1.95 1,98
Bulk modulus x Sex*
Fine  barrows " 1.64 2.29 0.50
gilts 1ol 1.61
Coarse barrows 2.21 1.99
gilts 1.63 1.97
Antibiotic x Sext
Nil barrows 1.83 1.81 0.50
gilts 1337 1-89
Add barrows 2,01 2,48

gilts 1.70 1.68
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TABLE 106 -~ THE EFFECTS OF BULK TYPE, FHEDING PREQUENCY, BULK MHCDULUS,
PELIETING AND SEX CN GASTRIC LIQUID VISCUSITY RESPONSES TO ANTIBIOTIC

Antibiotic
Treatment ' il Add 13R
Antibiotic mean 1.73 1.97 0.25
Bulk t;qpeif
Solka~floc 1.86 2,61 . 0WL3
Wheat bran 1.45 1,45
Cat hulls 1.87 1.85
Bulk modulus
Fine 1.71 1.79 .35
Coarse 1.75 2,15
Sex effects
Barrows 1.82 2,21 0.35
Gilts 1.63 1.69
Bulk type x Bulk modulus™
Solka~floc fine 1.88 2.04L C.61
coarse 1.85 3,18
Wheat bran fine 1.42 1.59
coarse 1.48 1.32
Oat hulls fine 1.82 1.73
coarse 1.91 1.96
Feeding frequency x Bulk modulus%w
2/day fine 1.48 2,02 0.50
coarse 1.93 1.56
3/day fine 1.60 1.68
coarse 1.90 2.63
Pelleting x Sex
Meal barrows 1.83 2,01 0.50
gilts 1,37 1.70
Pellets barrows 1.81 2,48
gilts 1.89 1.68
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TABLE 107 -~ THE EFFECTS OF BULK TYFE, BULK MODULUS, PELIETING
AND ANTIBIOTIC ON GASTRIC LIGUID VISCOSITY RESPCHSES TO SZX

Sex
Treatment Barrows Gilts ISR
Sex mean” 2.03 1.66 0.25
Bulk type”
Solka~floc 2.66 1.81 Q.43
Wheat bran 1.52 1.39
Oat hulls 1.92 1.79
Pelleting
Meal 1.92 1.54 0.35
Pellets 2,14 1.79
Antibiotic
Wi l.82 1.63 0.35
Add 2e24 1.69
Bulk modulus x Pelleting'x~
Fine meal 1.64 1.k 0.50
pellets 2,29 1,61
Coarse  meal 2.21 1.63
pellets 1.99 1.97
Pelleting x Antibiotic™
Meal nil 1.83 1.37 0.50
add ' 2.01 1,70
Pellets nil 1.81 1.89
add 2.48 1.68

Data in Table 107 reveal that stomach liguid viscosity was
higher (P < 0.05) in.barrow groups and interaction results indicate that
this was particularly so on solka~floc type rations. HMeal-type rations
in the coarse modulus and either fine modulus or antibiotic supplemented
rations fed in the pelleted form produced conditions whereby gastric fluid
viscosity was significantly greater in barrow groups.

In summery barrow groups had a higher gastriec fluid viscosity
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than gilt groups. Solka-floc rations, and pelleting treatment, dependent
on moduli or antibiotic supplementation produced conditions that tended to
increase gastric fluid viscosity in barrows.

Significant viscosity increases attributable to bulk types had
been demonstrated in the gastric segment, indications being that solka-
floc produced the highest and wheat bran the lowest viscosity. Data in
Table 108 indicate that this effect became variable in the remaining seg-
ments, the values fluctuated to the point that in the last segment sampled,
the large intestine, solka-floc rations yilelded the least viscous fluid.

Three-times—-a~day feeding increased gastric viscosity, indica-
tions were that this effect prevailed in the remaining tract as well,
Results were near significance on antibiotic~containing gastric liquid.
Data in Table 108 indicate that increased viscosity on antibiotic supple-
mented feeds became more pronounced in the intestinal tract, barticularly
in the lower regions. Differences in the gastric region indicating in-
creased viscosity in barrows failed to persist in other sampling sites.

The overall trend indicated that in the gastric fegion solka~
floc induced the highest viscosity and not only did wheat bran yield the
lowest viscosities, but it appeared that bran was the least variable.

Data in the other tract segments indicated.considerable variation, and in
the large intestine solka~floc yielded the least viscous fluid, Viscosity
increased on three daily feedings, particularly in association with coarse
solka~floc and oat hulls in the stomach. The increased viscosity due to
three-times—a—day feeding persisted through the other tract segments, In-
dications were that increased viscosity, induced by antibiotic supple-

mentation, became more pronounced in the lower regions of the intestine.



202

TABLE 108 — MAIN EFFECT INFLUBNCLS ON INGESTA LIWUID PHASE VISCOSITY

Region of gastro-intestinal tract

Treatment Stomach  Small  Cecum  Cecum + large  Treatment
i. large i. i. mean
CP. CP. CP. cp. CP. cP,
Bulk type
Solka-floc 2.23 2.79 1.51 3.25 3.12 2453
Wheat bran 1.45 2.18 1.61 2,91 342 2.16
Oat hulls 1.86 2,70 1.66 3457 3.41 2.51
Feeding frecuency
2/day 1.69 Zalsh 1.54 3.19 3.18 2429
3/day 2.00 2.71 1.66 3.38 3.41 2.53
Bulk modulus
Fine 1.75 2,50 1.54 3.56 3424 2.38
Coarse 1.015 2,63 lqu 20914— 3./& 201-!‘3
Pelleting
Meal 1.73 245k — 3.28 ———— 2.32
Pellets 1.97 2460 1.60 ——— 3.29 2,34
Antibiotic
Wil 1.73 241 1.53 2,91 2.93 2.22
Add 1.97 247 1.68 3.71 3462 2,60
Sex
Barrows 2.03 2a54 1.63 3.30 3.20 2ohly
Gilts 1.66 2,60 1.58 3.26 3.38 2.37
Site mean 1.85 257 1.60 3,28 3.29 241
Number of
observations 92 &8 L9 37 50 (316)
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Barrows, either as a group, or in association with other factors, exhi-
bited increased gastric viscosity values, however this trend did not
persist in the intestinal tract.

Iiguid phase surface tension

TABIE 109 -~ THE EFFECTS OF ANTIBIOTIC AND SEX ON GASTRIC LIQUID
SURFACE TENSIUN RESPONSES TO BULK TYFE

Bulk type 1SR

Treatment volka-floc Wheat bran QOat hulls Min, lax.

dynes/cm?  dynes/cm®  dynes/cm®

Bulk mean L7.6 L6..5 L6,7 1.6 1.6
Antibiotic x Sex™*
Nil barrows L8.7 47.1 47.1 3.1 3.3
gilts L8.6 46,0 50,1
Add barrows L5 L5.5 L6,
gilts 48.0 L7.6 L34

The bulk type influence on gestric liguid surface tension proved
to be non-significant (Table 109). Gilts receiving antibiotic-free oat
hull rations produced a higher surface tension value than those fed wheat
bran, while in contrast groups fed antibiotic supplemented oat hulls had
the'significantly lowest stomach liquid surface tension value of the bulk
types,

Feeding frequency, as such, did not create significant variations
in stomach liquid surface tension (Table 110). Interaction results re-
vealed that on twice-a-day feeding surface tension was greater on fine
bulk modulus and in gilt groups. These results were additive and fine
moduli feeds fed to gilt groups twice daily produced a significant increase

in surface tension.



204

TABLE 110 - THE BFFECTS OF BULK MODULUS AND SEX O GASTRIC LIQUID

SURFACE TENSION RESPONSES TO FEEDING FREQUENCY

Feeding frequency
Treatment 2/day 3/day 1SR

dynes/dmz dynes/cm2
Frequency mean L7 b L6.5 1.3

Bulk modulus%

Fine L8.5 L6.0 1.8
Coarse 46.3 L7.1

Sex®
Barrows L6l L7.0 1.8
Gilts L84 46,1

Bulk modulus x Sex%

Fine barrows L7.0 L7.2 2.6
gilts 50.1 45.0
Coarse Dbarrows L5.8 L6.,7
gilts L16.8 L7.4
TABLE 111 -~ THE EFFLCTS OF FEZDING FREQUEHCY AND SEX ON GASTRIC
LIGUID SURFACE TENSION RESPONHSES TC BULK MODULUS
Bulk modulus
Treatment Fine Coarse ISR
dynes/cm< dynes/cm®
Modulus mean L7.3 L6.7 1.3
Feeding frequency%
2/day L8.5 46.3 1.8
3/day 46,0 L7.1
Feeding frequency x Sex”
2/day barrows L7.0 L5.8 2.6
gilts 50,1 L6.8
3/day barrows L7.2 L6.7

oilts 45.0 474
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The results in Table 111 disclose that the bulk modulus did
not influence stomach liguid surface tension. Feeding twice daily as
well as following this regimen in gilt groups produced significant
difference indicating higher surface tension in fine bulk moduli feeds.

Animals fed pellets tended to have a higher (P< 0.01) sur-
face tension of 47.8 in comparison to groups fed meals which had a value
of 46.1 dynes per cm® (LSR = 1,3).

TABLE 112 -~ THE BFFECTS OF BULK TYFE AND SEX OHf GASTRIC LIQUID
SURFACE TENSION RESFONSES TO ANTIBIOTIC

Antibiotic
Treatment Nl Add L3R

dynes/cn®  dynes/cr®
Antibiotic mean®* 47.9 46,0 1.3

Bulk type

Solka~floc LE8.6 L6,6 242
Wheat bran L6.6 L6,5
Qat hulls L8,6 LLJ9
Sex effects
Barrows , L7.6 45,7 1.8
Gilts L8.2 L6.3
Bulk type x Sex**
Solka-floc barrows 48,7 L5.4 3.1
gilts 48.6 48.0
Wheat bran barrows L7.1 L5.5
gilts 460 7.6
Oat hulls  barrows L7.1 Lé.L
gilts 50.1 L34

The data in Table 112 reveal that the mesn stomach liguid sur-
face tension obtained from animals consuming antibiotic supplemented
rations was significantly less than the unsupplemented groups. Inter-

action results reveal that similar effects were also of significance in
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barrow groups consuming solka~floc and gilts consuming oat hull rations.
TABLE 113 - THE EFFECTS OF BULK TYFE, FLEDING FREQUENCY, BULK

MUDULUS AND ANTIBIOTIC O GASTRIC LIQUID SURFACE
TENSION RESPONSES TO SEX

Sex

Treatment Barrows CCGilts ISR

dynes/cm?®  dynes/cm®
Sex mean L6.7 L'7.3 1.3

Bulk type '
2.2

Solka-floc L7.6 L8.3
Wheat bran L6.3 L6,8
Oat hulls L6.8 Lé.T7
Feeding frequeﬁcy-yr
2/day L6l L8.4 1.8
3/day 47.0 L6.1
Bulk type x Antibiotic
Solka~floc nil L8.7 L8,6 3.1
add L5.l L8.0
Wheat bran nil 7.1 46,0
add L5.5 L7.6
Oat hulls nil L7.1 50,1
add L6 L3.4
Feeding freguency x Bulk modulus%
2/day fine 47.0 50,1 2.6
coarse 4L5.8 o L6,2
3/day fine L7.2 45,0
coarse L6.7 L7 4

while on the whole there were no changes in surface tension
attributable to sex difference interaction results revealed a significant
rise in surface tension in gilts fed twlce daily, the effect persisted on
fine but not coarse moduli bulks.

Bulk type did not influence surface tension variations in the

gastric site, Data in Table 114 indicate that there was a larger surface
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TABIE 114 - MAIN EFFECT INFLUZNCES CN INGESTA LIGUID PHASE SURFACE TENSION

Hegion of gastro-intestinal tract

Treatment Stomach Small Cecum Cecum + large Treatuent
i. large 1. i. mean
dynes dynes dynes dvnes dynes dynes
cim i~ e cme crn< )

Bulk type

Solka-floc L7.6 32.7 Le.1 4740 L6,2 L7

Wheat bran 14.6.5 39»6 h?no : 24406 LL/-{,.S L’r/‘("z

Ozt hU.llS L{»é-? 39‘3 14—813 47.8 14«5'1 Llrl%‘ﬁ'?
Feeding freguency

2/dey L7 39.1 48,2 46,8 L5,8 Ll o9

3/day L6.5 38.5 L745 46,0 L5.2 L a2
Bulk modulus

Fine 4743 3847 L7.8 L5.9 45,3 Lho5

Coarse L6.7 38.9 L7.8 L7.2 L5,7 Ll 6
Pelleting

Meal L6.1 37.9 ———— L6 —— L2,8

Pellets L7.8 39.6 L47.8 — L5.5 4.8
Antibiotic

il L7.9 394 L7.6 46,6 L5 L5.0

Add 4640 38.1 48.0 Li6.2 L5.7 Li .1
Sex

Barrows 4647 38.5 L8.3 L6.6 L5.6 Li.5

Gilts L7.3 39.1 L7 oLy L6e2 L5.5 Ll.6
Site mean L7.0 38.8 L7.8 L6l L5.5 L6

Number of
observations 92 a8 50 38 53 (321)
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tension decline in the small intestinal sample on solka~floc rations
than on cther bulks. The increased surface tension produced in the
stomach on pelleted rations prevailed in the swall intestine, Surface
tension depression in the stomach due to antibiotic in the ration
appeared to be dissipated in the intestinal tract and both treatments
produced similar values.

In summary, pelleting increased surface tension of the gastric
liquid, an effect that persisted in the small intestine. While antibio-
tic inclusion derressed surface tension in the stomach this effect did
not prevail in the other sites., Fine modulus bulks and gilt groups fed

three times daily appeared to exhibit decreased surface tension values.

Liguid phase oven dry residue

The data in Table 115 reveal that although the oven dried
stomach liguid residues on oat hull rations were less than those of solka-
floc and wheat bran rations, the differences were not sigﬁificant. Inter-
action effects disclosed that oat hull ration residues were significantly
less (P<0.05) on twice-a~day feeding, and in comparison to solka-floc,
wheat bran produced less residue on antibiotic supplemented rations. On
rations with antibiotic there was a significant depression of residue on
coarse wheat bran,

Three-~times—a~day feeding éignificantly increased oven~dried
residue. The interaction results indicate that these effects were also

significantly prominent on oat hull rations and in coarse bulks fed on

the increased feeding regimen.



209

TABIE 115 - THE EFFuCTS OF FELDING FREQUENCY, BULK MOUDULUS AKD
ANTIBIOTIC ON OVEN DRY GASTRIC LIQUID RESIDUE RESPONSES TO BULK TYFE

Bulk type

Treatment  Solka-floc  Wheat bran  Oat hulls Min, Max.
% Anglest # Angles % Angles
Bulk mean 45 (12.2) 4.0 (11.5) 3.8 (11.2) (1.0) (1.0)

Feeding frequency

2/day 4o1 (11.7) 4.0 (11.5) 3,0 ( 9.9)  (L.4) (1.6)
3/day L.8 (12.6) 4.0 (11.5) 3.8 (12.6
Antibiotic%
Nil 5.9 (11.4) 4.5 (12.2) 3.7 (11.1) (L) (1.6)
Add 5.1 (12.0) 3.5 (10.8) 3.9 (11.4)
Bulk modulus x Antibiotic™
Fine nil 3.9 (11.4) 4.1 (11.7) 4.0 (11.5) (2.0) (2.4)
add 4.8 (12.6) L.3 (11.9) 3.6 (10.9)
Coarse nil 3.8 (11.3) 4.9 (12.8) 4.1 (11.7)
add 5.4 (13.4) 2.5 ( 9.0) 4.3 (11.9)

1 Percentage data transformed to angles-for statistical analysis
(Johnson, 1950).

TABIE 116 - THE EFFECTS OF BULK TYFE AND BULK MODULUS ON OVEN DRY
GASTRIC LIQUID RESIDUE RESFONSES TO FEEDING FREQUENCY

Feeding frequency

Treatment 2/day 3/day L3R
% Angles % Angles
Modulus mean 3.6 (11.0) Le6 (12.3) (0,8)

Bulk type%

Solka~floc Lol (11.7) 4.8 (12.6) (1.4)
Wheat bran L0 (11.5) 4.0 (11.5)
Oat hulls 3.0 ( 9.9 4.8 (12.6)

Bulk modulus%
Fine L0 (11.5) Le2 (11.8) (1.2)
Coarse 3.4 (10.6) 4.8 (12.7)
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TABLE 117 - THE EFFECTS OF BULK TYPE, FEEDING FREQUELCY AWD
ANTIBICTIC ON OVEN DRY GaSTRIC LIQUID
RESIDUE RESPONSES TU BULK HMODULUS

Bulk medulus

Treatment Fine Coarse 1SR
% Angles ‘%  Angles
Modulus mean ko1 (11.7) 4.0 (11.6) (0.8)

Feeding frecuency”

2/day 4.0 (11.5) 3.4 (10.6) (1.2)
3/day he2 (11.8) 4.8 (12.7)
Bulk type x Antibiotic®

Solka~floe nil 3.9 (11.4) 3.8 (11.3) (2.0)
add 4.8 (12.6) Seby (13.4)

Wheat bran nil Lel (11.7) 49 (12.8)
add 24—-3 (1109) 2.5 ( 9-0)

Qat hulls nil 4.0 (11.5) Lol (11.7)
add 3.6 (10.9) 4.3 (11.9)

The data in Table 117 reveal that bulk modulus did not influence
oven—dried residues. Interaction results indicate that only in the case
of coarse wheat bran supplemented with antibiotic was there a significant
decrease in oven-dried residues,

Data in Table 118 indicate a significant reduction in stomach-
liguid oven-dried residues on meal-type rations. Interaction results
reveal that significant reductions of oven dry residue on pelleted ratiocns
were indicated in gilts fed antibiotic—free rations and barrows recelving
antibiotic supplements.

On the whole antibiotic inclusion failed to affect oven-dried
residues (Table 119}, nevertheless interaction results show that while
antibiotic inclusion increased residues on solka-~floc rations, the residues

were decreased by it on wheat bran rations. Further analysis disclosed
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TABLL 118 -~ THE EFFECTS OF ANTIBIOTIC AND SEX ON OVEN DRY GASTRIC
LIGUID RESIDUE RESPONSES TO PELLETING

Pelleting
Treatment Meal Pellets L3F
% Angles % Angles
Pelleting mean’ 3.4 (10.6) 4.8 (12.6) (0.8)
Sex
Barrows L,0 (11.5) 5.4 (13.4) (1.2)
Gilts 2.9 ( 9.8) 4.2 (11.8)
Antibiotic x Sex™™
Wil barrows Ll.2 (11.8) Lo7 (12.5) (1.6)
gilts 2.6 (19.3)  L.8 (12.7)
Add  barrows 3.8 (11.2) 6.1 (1h.3)
gilts 3.2 (10.3) 3.7 (11.0)

that only on coarse solka~floc and coarse wheat bran were the aforemen-
tioned effects prevalent., Cn pelleted rations containing antibiotic oven
dry residue was significantly increased in barrow groups but was signifi-
cantly decreased in gilts,

In summery, it appeared that the response to antibiotic supple-
mentation varied with bulk type and also sex response to pelleting. In-
creased residues were present on solka-floc rations and barrow groups only.

The data in Table 120 indicate a reduction (P< 0.01) of oven-—
dried stomach liquid residues in gilt groups. These conditions prevailed
on both pelleting and antibiotic treetments, but were significant only in
barrows fed antibiotic~free meals or supplemented pellets,

The data in Table 121 would suggest that apart from the signifi-
cant ingesta licuid residue differences cited in the stomach samples there
appeared to be very little veriation present in the remsining intestinal

sites.
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TABLE 119 - THE EFFsCTS OF BULK TYPE, BULK MODULUS, PELLETING AND
SEX ON OVEN DRY GASTRIC LIGUID RESIDUE RESPOLSES TCO AWTIBICTIC

Antibiotic

Treatment Nil Add ISR
% Angles % Angles
Antibiotic mean 4.0 (11.6) hol (11.7) (0.8)

Bulk type%

Solke~floc 3.9 (11.4) 5.1 (13.0) (1.4)
Wheat bran Lo5 (12.2) 3.5 (10.8)
Cat hulls 3.7 (11.1) 3.9 (11.4)
Bulk type x Bulk modulus™
Solka~floc fine 3.9 (11.4) L.8 (12.6) (2.0}
| coarse 3.8 (11.3) 5.4 (13.4)
Wheat bran fine Ll (11.7) L3 (11.9)
) coarse 4.9 (12.8) 2.5 ( 9.0)
Cat hulls fine 4.0 (11.5) 3.6 (10.9)
coarse Lol (11.7) 43 (11.9)
Pelleting x Sex%%
Meal barrows L.2 (11.8) 3.8 (11.2) (1.6)
gilts 2.6 ( 9.3) 3.2 (10.3
Pellets barrows L7 (12.5) 6.1 (14a3)
gilts Lo8 (12.7) 3.7 (11.0)
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TABIE 120 ~ THE EFFZCTS OF PELLETING AND ANTIBIOTIC ON OVEN DRY
GASTRIC LILUID HESIDUE RESPOHSES TO SEX

Sex
Treatment Barrows Gilts 1SR
% Angles % Angles
Sex mean ho7 (12.5) 3.5 (10.8) (0.8)
Pelleting
Meal 4.0 (11.5) 2.9 ( 9.8) (1.2)
Pellets 5o (1344) 4e2 (11.8)
Antibiotic
Nil L5 (12.2) 3.6 (11,0) (1.2)
Add Le9 (13.4) 3.4 (11.7)
Pelleting x Antibiotic™
Meal nil k.2 (11.8) 2.6 ( 9.3) (1.6)
add 3.8 (11.2) 3.2 (10.3)
Pellets nil L7 (12.5) L8 (12.7)

add 6.1 (14k.3

Three~times—-a—day feeding significantly increased oven-dried
residues in the stomach liquid, particularly on oat hull and coarse
moduli rations., Pelleting increased the oven-dried residues as did
antibiotic supplementation, however in the latter instance, the response
of wheat bran wes opposite to that of solka-floc. Barrows had higher re-
sidues in the gastric liquid. The significant effect of these treatments

appeared to be nullified in the intestinal tract.



TABIE 121 - VAIN EFFECT INFLUAZNCES O INGESTA LIGUID

PHASE OViHd DRY RESIDUL

Region of gastro-intestinal tract

Treatment Stomach Smaell  Cecun Cecum + Large Treatment
i. large 1. i. mean
% % % % % %
Bulk type ‘
Solka~floc L5 be5 e 2.8 2.9 L3
Wheat bran .0 6.3 2.9 3.1 3.3 L2
Oat hulls 3.8 6.7 2.9 2.8 3.1 L.2
Feeding frequency
2/day 3.6 boly 2.6 2.9 3.1 L0
S/day L6 6.6 27 3.0 3.1 oL
Bulk modulus
Fine Lod be5 2.7 3el 3.2 L,3
Coarse 4.0 6.5 2,6 2.7 3,0 Lol
Pelleting
Antibiotic
10:1‘1 Z‘l’lo 6.6 2.7 2.9 3‘1 l‘{“z
Add L1 by 2.7 2.9 3.1 ia?
Sex
Barrows Lia 6.5 2.6 2.9 3.2 Ly
Gilts _3'/ 6@5 2-7 2.9 3'0 Z"QO
Sj.te mean L},.O 6.5 3.7 2;9 301 1}02
Number of
observations 93 a8 50 39 52 (322)
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Iiguid phase ash

TABIE 122 ~ THE EFFECT OF ANLIBIOTIL ON GASTRIC
IIQUID ASH RESPORSES TO BULK TYPE

Bulk type
Treatmentlt Solka~floc Wheat bran 0at hulls ¥in, lax.
% Angles % Angles % Angles

Bulk mean 17.2 (24.5) 21.0 (27.3) 17.2 (24.5) (2.6) (2.7)

Antibiotic
Nil 19.6 (26.3) 20,3 (26.8) 14.4 (22.3)  (2.6) (3.8)
Ada 149 (22.7) 21.8 (27.8) 20.2 (26.7)

1 Reported as. a percentage of ingesta liquid oven dry residue

TABLE 123 ~ THE EFFECT OF BULK TYPE AND SEX ON
GASTRIC LIQUID ASH RESPONSES TO ANTIBIUTIC

Antibiotic
Treatment Wil Add 1SR

% Angles %  Angles
Antibiotic mean 18.1 (25.2) 18.9 (25.8) (2.1)

Bulk type”

Solka—floc 19.6 (26.3)  1h.9 (22.7) (3.6)
Wheat bran 20.3 (26.8) 21.8 (27, )
Oat hulls Ly (22.3)  20.2 (26.7

Sex%
Barrows 19.8 (26.4)  17.3 (24.6) (3.0)
Gilts 16. (23.9) 20,5 (26.9)

The data in Table 122 reveal that in comparison to wheat bran
both solka~floc and oat hull rations exhibited reduced ash in the stomach
liguid (P < 0.05), The effect of antibiotic supplementation on bulk type
varied. Antibiotic~free oat hulls yielded a significantly lowsr ash,

however in solks-~floc rations antibiotic significantly depressed ash in
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the gastric fluid.
On the whole, antibiotic treatment did not alter percent ash
in the stomach liquid residue. Interaction effects disclosed that solka-—
floc bulk type‘significgntly depressed ash in supplemented rations, with
oat hulls and in gilt groups significant liquid ash reductions occurred
on antibiotic-~free rations,

TABIE 124 — THE ZFFECT OF ANTIBIOTIC O GASTRIC LIQUID
ASH RESPCHSES TU SEX -

Sex
Treatment Barrows Gilts 1SR
% Angles % Angles
Sex mean 18,5 (25.5) 1844 (25.4) (2.1)
Antibviotic™®
il 19.8 (26.4)  16.4 (23.9) (3.0)
Add 17.3 (24.6) 20.5 (26.9)

The results in Table 124 revealed that sex differences failed
to influence ash levels in the stomach ligui

Previcus indications had been that gastric liguid ash levels
were slightly higher on wheat bran rations, this effect appeared to per-—
sist through the tract and wheat bran yielded more ash than oat hulls,
Data in Table 125 would indicate that apart from segment differences,
there was a lack of‘main effect influences on liguid ash., Such obser-—
vations agree with the initial observations on the gastric region where
it was established that only certain interzction results proved to cause

ignificant fluctuations,
In summary, it appeared that only in antibiotic—containing

rations in conjunction with intersctions involving bulk type and sex



TABIE 125 ~ MAIN BEFFECT INFLUBENCES Ol INGESTA LIQUID PHASE ASH

Hegion of gastro-intestinal tract

Treatment Stomach  oSmall  Cecum  Cecum + Large  Treatment
i. large i. 1. mean
of of o o o
76 7o jo 7o /o /o

Bulk type

Solka-loe 17.2 11.4 29.1 25.7 26,2 20.0

Wheat bran 21.0 11.5  29.3 30.1 28,8 -22,1

Oat hulls 17,2 10.6 25.4 254 26,2 19.1
Feeding frequency

2/day 18.7 11.3 29.0 27.7 2745 20,8

3/day 18.3 11,0 272 27.1 2643 20,0
Bulk modulus

Fine 18,5 11.2 2740 26,9 26,3 20,1

Coarse 164 11,1 28,9 24,1 274 20,7
Pelleting

Meal 19.1 10,8 —_— 27 —— 17.2

Pellets 18,0 11.4 28.1 ——— 26.9 19,4
Antibiotic

il 18.1 11.0 27.2 27.3 26,0 20,3

Add 18,6 11.3 29.1 27.6 27.8 20.6
Sex

Rarrows 18,5 11.0 28.8 2645 26,3 20.1

Gilts 18.4 11.3 28.5 284 27.6 20.7
Site mean 18.5 11.1 28.1 274 26,9 20.4

Number of
observations 92 28 50 39 52 (321)
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differences were there significant changes induced in liquid ash levels,

"
¥

Indications were that the ingesta liquid yielded the highest ash on wheat

bran rations and the lowest on oat hulls.
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Ingesta protein

TARLH 126 - HAIN SFFECT INFLUSNCES ON INGESTA CHUDE FROUTAIN
(Dry matter basis)

Region of gastro-intestinal tract

Treat-
Treatment tomach Small Cecum  Cecum + large Rectum  ment
i. large i. i. wean
;0 /; % \/g 70 73 2
Bulk type
Solka~floc 15.4 27.8 1hoky 13.5 13.9 1.1 17.3
Wheat bran 15.3 26,9 16,2 15.0 15.9 15,0 17.9
Cat hulls 12.8 21..8 11,2 10.3 10.9 10.0 14,1
Feeding frequency
2/day 13.2 27.8 k.2 13.2 13,6 13.1 16.7
3/day 15.3 25.2  13.7 12,3 13.5  12.9 16.2
Bulk modulus
Fine 143 25.9 13.5 13.2 13.6 13.2 1€.3
Coarsce 1i.7 27,0 1k.3 12.3 13.5 12.8 14.5
Pelleting
Meal 13.8 25,5  ——— 12.8 ———= 123 16.7
Pellets 15.2 27.6 14,0 — 13.5 13.7 - 17.4
Antibiotic
Nil ]—j+'2 27-3 11#.7 1347 lL}"l 13.6 lév?
Add - 14.8 25,6 13.2 11.9 13.1 12.4 15,9
Sex
Barrows 15,2 25.2 13.8 13.3 14.0 13.0 1644
Gilts 13,8 27,8 4.1 12,4 15.1 13.0 16,
Site mean 1445 26,5 14,0 12.8 13.5 13.0 16,4
Humber of
observations 91 93 54 LO 56 93 (L27)

Footnote: Feed crude protein
Solka~floc 17.9%
Wheat bran 18.2%
Gat hulls 17.6%

mn
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27 — MAIN EFFECT INFLUZNCEIS ON INGESTA CRUDL PROTHIN
(Wet sample basis)

Region of gastro-intestinal tract

. Treat~
Treatment Stomach  Small  Cecum  Cecum + isrge Rectun ment
i. large 1. i. mean
o o of of oF of of
/0 i° /0 /o /2 Vi /0
Bulk type
Solka~floc L.37 L.0¢% 2.09 2.84 2.92 3.41 348
Wheat bran 3.73 L OL 2.40 2.58 3.08 3,22 3.32
Oat hulls 3.87 L4 2.12 2.62 2.96 3.01 3.28
Feeding freguency
2/day 3.64 Lo1l 2,27 2.82 3.07 3.33 3.35
3/day L ldy 4.08 2.16 2,60 2.97 3425 3.45
Bulk modulus
Fine 4,05 L.OL 2.13 2.93 3.09 3.35 342
Coarse 3.98 L.16 2429 2.4 2.97 3.23 3.37
Pelleting
iﬁ_eal 3.77 3&82 —— 2. 71 m———— /glo 3 DLLS
Pellets Lo 26 L2 2.23 — 3.01 3.47 3.64
Antibiotic
Nil 3.85 L 420 2.51 2.90 3.17 3.L8 347
Add A 17 3.99 2.12 254 2.90 3.10 3,32
Sex
Barrows L.38 3,86 2.26 2.81 3.16 3424 3.4k
Gilts 3.67 .36 2.19 .65 2.88 3.3L 3.36
Site mean 4,01 L.11 2.23 2.71 3,01 3,29 3.40
Number of
observations 91 93 5, LO 56 93 (427)




TABLE 128 -~ RELATIVE EFFECT OF TREATHENTS ON INGESTA CRUDE PROTEIN

Stomach small i, Cecun Cecum + L, 1, Large i, Rectum
Treatment sample sample sample sample sanple sample
Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta
dry dry dry dry dry dry

Bulk type

Solka~-floc + Ak + 0 0] - 0 o O 0 + +

Wheat bran + - O 0 + ot + - + O + 0

Cat hulls — - - 0 - - - - - 0 —— -
Feeding frequency

2/day - _ + 0 0 0 O 0 o 0 0 0

3/day + + - 0] 0] o) 0 0 0 o) 0 ¢
Bulk modulus

Fine 0 0] 0 0 0 0 0 + 0] 0] 0 ¢!

Coarse 0 0 0 0 0 0 0 - O O 0] o
Pelleting

Heal - - - - - -

Pellets + + + + + +
Antibiotic

Nil O & + 0 + 0 + + + + + +

Add 0 + - 0 - 0 - - - - - -
Sex

Barrows + + - - O o) G + 0 + G 0

Gilts - - + + O 0 0 - 8] - 0 +

Tez
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The data in Tables 126, 127 and summarized in 128, indicate that
variations in protein content of the ingesta existed on treatments involving
bulk type, feeding frequency, pelleting, antibiotic and sex, Only one of
these effects was removed by making adjustments for the levels of moisture
present in the respective tract segments,

There appeared to be a slight divergence of ingesta protein
from ration levels, solka-floc exhibited the highest and oat hulls the
lowest protein percentage, In the rectal samples, wheat bran yielded
" the highest assay of protein and oat hulls the lowest., In the sampling
sites assayed, lower levels of protein were in evidence on meal rations.
The antibiotic-supplemented rations produced conditions conducive to-
wards reduced protein in the tract., There was a varied response to sex
differences and in most instances these variations were small,

Ingesta nitrogen-free extract

Basic differences existed between the nitrogen-free extract
(NFE) levels of the three rations, with wheat bran being the highest and
oat hulls the lowest (Tables 129, 130 and 131). Indications were that
these rankings were not maintained throughout the gastro-intestinal tract,
it appeared that in the intestinal region oat hulls consistently yielded
higher NFE percentages than solka-floc. Relating the assays to the level
of moisture in the tract diluted the NFE of wheat bran to an amount slightly
above that of solka~floc in most segments, In the rectal segment it appeared
that the greatest reduction in original feed NFE levels occurred on solka-
floc rations.,

On the dry matter basis NFE levels varied to some extent with

feeding frequency, bulk modulus and pelleting; however some of these
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effects were nullified by adjusting levels to moisture. These influences
may have been a reflection of relative gastric fill and emptying character-

istics.

TABLE 129 — MAIN GPFFECT INFLUSHCHS ON IHNGESTA NITRCOGEN-FRE
e
(Dry matter basis)

=

Region of gastro-intestinal tract Treate
Treatment Stomach  Small  Cecum  Cecum + lerge Bectum ment
1. large i. i. mean
o o7 o7 o of oF G
FO Yl /0 o /0 /0 /o

Bulk type

Solka~floc 56.5 LO.LO 41.9 39.1 37.4 35,1 Lh2.3

Wheat bran 61.8 L7«2 L9.2 48,1 L7.6 L5.7 50,3

Oﬂt hu]_ls 55.4— L‘-Bté L?A? 14‘-600 L‘*SGE 14-5-3 A?’E
Feeding frequency

2/day 57.1 L2.6 16,2 L .9 42,1 42,1 46.2

3/day 58.5 L6 45.1 46.0 43.0 41,9 47.3
Bulk modulus

Fine 58.2 Ll o7 46.9 Li .7 Ll 2 L2.5 L7.3

Goarse 57.5 L2.6 Lih o6 L6.6 41,3 L1.5 L6,0
Felleting

leal 5607 i\’-‘}-{-no ——— 5:4 - l,r:‘:‘C/ 4705

Pellets 58. L3.3 L5.6 —— L2.5 41.1 L6,6
Antibiotic

N1l 5706 L‘rB-l LLBQ]_ 45-2 14-20\1' 4109 "14—603

Add 58.1 b a2 46.2 [.5.6 L2.2 11.2.1 }.;/O,C,
Sex

Barrows 59k Liva3 Lo,.6 L5.2 L2 2.0 L7.1

Gilts 56.53 L2.9 Lh o8 L5,6 L2, L2.0 46,0
bite mean 57.8 43.6 L5.6 L5k L245 42,0 46,6
Number of
observations 90 92 51, LO 51 93 (423)

™

Footnote: Feed mitrogen.free extract

Solka-floc = 61%
lheat bran = 66%
Oat hulls 59%

I

fl
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TABLE 130 — MAIW EFFECT INFLUENCES ON INGESTA WITROGON-FRER EATRACT

(Wet sample basis)

Region of gastro-intestinal tract

Trest-
Treatment Stomach  Small  Cecum  Cecum + large  Rectum nment
i. large 1. i, mean
% % % % % % 3

Bulk type

3olka~Tloc 16.1 5.9 6.1 8a?2 7.9 8.5 .1

Wheat bran 15,1 7.l 7.3 8.3 9.1 2,8 g.8

Usat hulls 16.7 7.3 3.0 11.7 12,k 13.6 12.0
Feeding frequency

2/day 15,1 6.3 7ol 9.6 9.5 10.7 10.0

3/day 17.C 7.2 7.1 9.7 9.5 10,6 10.5
Bulk modulus

fine 18.5 7.0 7ol G.9 10.0 10.8 10.6

GCosrse 15.5 6.6 7.1 9.2 G,1 10.5 10.0
Pelleting

Meal 15.5 6.6 — 9.6 0.8 10.8

Pellets 16.5 6.9 7.3 — 9.5 10.7 10,4
Antibiotic

Nil 15,6 6.6 7.1 9.6 9.6 10.7 10.4

Add 16,4 6.9 7ol 9.7 9.3 10.5 10,
Sex

Barrows 17.1 6.8 7.6 2.5 9.6 10.5 10,5

Gilts 15,0 E.7 6.2 9.8 4L 10.8 10.0
Site mean 16.0 £.8 73 9.6 9,5 10.6 10.3

Humber of '
observations 90 G2 5k LO 5l 93 (423)




TABIE 131 -~ RELATIVE EFFECT OF TREATHENTS ON INGESTA WITROGEN-FREZD EXTRACT

Stomach Small i, Cecum Cecum + Large i, Rectum
sample sample sample large 1. sample sample
Treatment sample
Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta
dry dry dry dry dry dry

Bulk type

Solka~fioc + 0] - ~ —— - —— - —_— - —_ -

Wheat bran A = v + 0 ++ 0 + = + A + _

Oat hulls - + 0 + + + ot ++ ++ + + i
Feeding freguency

2/day - - - - + 0 + 0 0 0 0 0

3/day + + + + - 0 - 0 ¢ 0 0 0
Bulk modulus

Fine 0 0 + 0 + 9 - O + 0 6] O

Coarse 0] 0 -~ O - 0 + 0 - 0 0] o)
Pelleting

Meal - = 0 o) * 0

Pellets + + 0 ¢ - 0
Antibiotic

N1l 0 0 0] 0 6] 0 0 0 0 6] 0 0

Add 0] 0 o) O 0 O 0 0 0 O O 0
Sex

Barrows + + 0 0 + O 0 0 0 O 0 O

Gilts - - 0 o) - 0 0 O 0 0 0] 0]

¢ze



Ingesta fat
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Gl INCGESTA ETHER HXTRACT

Region of gastro-—intestinal trect

Treat—
Treatment Stomach  Small  Cecum  Cecum + Larg Hectum  ment
i large i. i. mean
s % %
Bulk type
solka-floc Z+.Of+ 2“62 2.85 4-53 [{-167 »’+a72 LPQBO
Wheat bran 2,75 4,03 2.75 499 .59 bk 3.73
Caet hulls 5.81 5.17 3.69 La79 L2l L33 L77
Peeding frecquency
2/day 433 L4 60 3.14 k.68 L2 Lo52  4.30
3/day Lo Ly Leb5 2,99 L <95 L. Le55  h.27
Bulk modulus
Fine 3.81 L.59 3.32 L.67 L.21 L .65 L.23
Coarse L .63 La65 2.83 5.00 Le25 Lokl L3k
Pelleting
Meal ‘I—J»a 25 L}-* 724— ————— 1+ £32 ——— z{«nLI-S l{»- 52
Pellets L‘—u 21 i}t 50 3»06 ———— l(.,, 23 L!-O 62 Z{.. 21
Antibiotic
il Le36 L 81 3.76 5.42 balily L8 La52
Add 4.09 L ohdy 2.88 L.18 4,03 le25 L Oh
Sex
Ba-rrows )-P-(J? L&-tBS 3;06 L»EB 1#124-3 1—{—:»93 L},.28
Gilts L.39 L .89 3,06 5.11 403 4hal3 29
Site mean La23 L,62 3,06 L.82 L.23 L.53 L,28
fuamber of
observations 90 93 56 39 55 92 (425)
footnote: Teed ether extract
Solka~floc = 4,.5%
Wheat bran = 2,2%
Jat hulls = 6.,6%
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TARIH 133 — MATN EFFECT IWPLUBNCES O INGESTA ETHER EXTRACT
(Wet sample basis)

~1

Region of gastro-intestinal tract

Treat-
Treatment Stomach  Small  Cecum  Cecun + large  Hectum ment
i. large i. 1. mean
% A % % % %
Bulk type
Solka~floc  1.15 .69 A1 .95 98 L1 91
Wheat bran .67 60 A1 .86 .70 .98 .13
Oat hulls 1.75 .86 .70 1.22 1.15 1.30 1.19
Feeding frequency
2/day 1.14 .68 «50 1.00 .97 1.15 292
3/day 1,20 W75 A7 1.0k N 1.15 oGk
Bulk modulus
Fine 1.07 72 .52 1.03 .96 1l.18 .9
Coarse 1.25 .72 W45 .99 <9 1.11 293
Pelleting
Meal 1.16 71 e 1.02 e 1.12 1.00
Pellets 1.18 o712 50 e 9L 1.17 .93
Antibiotic
Wil 1.18 . Th .51 1.15 .99 1.24 .98
Add 1.15 69 b -89 89 L0688
Jex
EBarrows 1.17 W67 <50 .96 1.00 1.23 +95
Gilts L. 17 977 uh—? 1109 '89 1006 '92
Site mean 1.17 .72 49 1.02 -G 1.15 .93
HNumber of .
observetions 90 93 56 39 55 92 (425)




TABLE 13, -~ BEIATIVE BFFECT OF THREATMENTS ON INGESTA ETHER EXTRACT

Shomach Small 1. Cecum Cecum + Large i, Hectum
Treatment large i, -
sample sample sample sample sanple sample
Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta
dry dry dry dry dry ' dry

Bulk type

Solka~floc v ¢ 0] 0 - - - -~ + 0 + 0

Wheat bren - - - - - - + - - - o) -

Oet hulls -+ + + + + + 0 -+ 0 + - +
Feeding frecuency ‘

2/day 0 0 0 0 0 0 0 0 0 0 0 ¢

3/day 0 0 0 0 0 0 0 0 ¢ 0 ¢ 0
Bulk modulus

Fine - - 0] C + 6] - O 0 0 0] o)

Coarse + + 0 O - o) + 0 0] O 0 O
Pelleting

Meal 0 0] 0 0 0] 0

Pellets 0 0 0 0 0 0]
Antibiotic

Nl + 0 + 0 + 0 + + + + + +

Add - 0 - 0 - 0] - - - - - -
Sex

Barrows - 0 - 0 o 0 - G + + + -

Gilts + 0 + 0 0 0 + 0) -~ - - +

8T
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The ether extract values of the rations fluctuated, In comparison
to wheat bran, there was a two-fold increase in solka-floc and a three-
fold increase in oat hull fat levels., For the most part these rankings
prevailed in the gastro-intestinal tract, particularly when moisture
levels were taken into account. Considering the assay levels, it is
obviocus that while the fat percentage declined in oat hull rations, solka~
floc remained relstively constant and wheat bran actually increased in
ether solubles. Some fluctuations occurred on bulk modulus and sex differ-
ences, however these were minor differences and did not follow an esta-
blished pattern, The data in Tables 132, 133 and 134 suggest that there

was a definite and persistent decrease in fat levels on antibiotic con-

I

taining rations in the intestinal tract,

ingesta ash

Retion ash levels were within one-half of a percent of each

other, the lowest being solka-floc and the highest oat hulls (Tables 135,
136 and 137). Generally there was a progressive increase in the incom—
bustible components of the ingesta as progression down the tract occurred.
It appeared that oat hull rations yielded the highest residual ash and
solka~floc the lowest, and depending on the assessment basis wheal bran
proved to be medial, Other vsristions existed involving bulk modulus
and sex, but these appeared to be random and there were no established

patterns of deviation (Tables 135, 136 and 137).



TABLE 135 ~ MAIN EFFECT INPLUENCES O

THEEST
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A ASH (Dry metter basis)

Region of gestro-intestinal tract

Treat-
Treatnment Stomach  Small Cecum  Cecum + large Rectum ment
i. large i, i. mean
5% % % % % % %
Bulk type
Solka~Tloc 75 10.2 11.6 11.4 11.0 12.3 10.5
Whegt bran 7.1 9.9 12.8 12.4 12.9 13.7 11.2
Uat hulls &.0 10.7 124 13,1 12.6 13.6 11.5
Feeding freguency
2/day 8.3 10.4 12.5 12,6 12.0 13.2 11.3
3/day 8 10.2 11.9 12.4 11.9 13.2 10.8
Bulk modulus
Fine 8,0 10.5 11.9 12.2 12.2 13.1 11.1
Coarse 72 10.1 12.4 12.9 11.8 13.3 10.9
Pelleting
Peliets 7.5 10,5 2.2 e 12.0 13.0 10.8
Antibiotic
N1l Tols 10.1 11.9 12.5 11.7 12.9 10.8
Add 7.7 10.5 12.4 12.5 12.2 13.5 11.2
Sex
Barrows 6,9 16,3 12.3 12.6 12.1 13.1 10.9
Gilts 8.2 10,3 12.0 12.4 11.8 13.3 11.1
Site mean 7.6 10.3 12,2 12 12,0 13.2 11.0
Number of
observations 90 93 56 39 5, 93 (425)
Footnote: Feed ash
Solka~floc = 5,4%
Wheat bran = 6,1%

Cat hulls

il

7 o
b5



TABIE 136 - MAIN EFFECT INFLUENCES ON INGESTA ASH (Wet sample basis)

Hegilon of gastro-intestinal tract Treat—
Treatment Stomach  Small Cecum  Cecum + large Rectum ment
1la large i, i. WeEN
% % % % % A %
Bulk type
Solka~floc 2.13 1.50 1.67 2440 2.31 2.98 2.17
Wheat bran 1.74 149 1.89 201l 2,50 2.95 2,10
Oat hulls Rl 1.79 2430 3434 3eh2 L,.08 2.85
Feeding frecuency
2/day 2.19 1.53 1.99 2.70 2472 3.36 2.39
3/day 1.98 1.66 1.88 2,61 2.61 3.32 2,33
Bulk modulus
Fine 2.27 1.64 1.87 2.71 2,76 3.33 2,41
CO&I’SG 1093 1055 1'99 2¢ 55 2;59 _5.3[4— 2’30
Pelleting
Meal 2.07  1.52 ——— 2465 — 3.37 236
Pellets 2.11 1.68 1.95 —— 2.72 3.29 2.35
Antibiotic
Ni1 2.01 1.55 1.87 2.65 2.63 3.30 2.31
Add 2417 1.64 1.99 2.67 2.69 3.37 2.40
Sex
Barrows 1.99 1.57 2.01 2.66 2,74 3.25 2.33
Gilts 2.19 1.62 1.86 2,66 2.59 3.43 2.39
Site mean 2.10 1.60 1.93 2,65 2.66 3.34 2.36
Humber of
observations ) 93 56 39 51 93 (425)




TABLE 137 ~ RELATIVE BFFECT OF TREATMENTS ON INGESTA ASH

Stomach Small 4, Cecum Cecum + large 1, - Rectum
Treatment large i.
samnle sample sample sampple sample sanple
Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta
dry ary dry dry dry dry

Bulk type

Solks—floc O o ¢ - - — - - — - — -

Wheat bran - - - - + - 0 - + ~ + -

Cat hulls + + + A O ot + o + -t + +-
Feeding freqguency

2/day + + o) 0 0 0 0 0 O 0 ¢ 0

3/day - - O 0 0 0 O 0 O 0 o 0
Bulk modulus

Fine + + 0 O 0] 0 0 - 0 - 8] O

Coarse - - C 0 U 0 0 + 0 + 0 0
Pelleting

Meal 0 O O 0 0 0

Pellets 0 0] 0 O O 0
Antibiotic

Nil O 0] 0] 0 0 0] o) 0 0 0 - 0]

Add 0 0 0 0 0 6] 6] 0 0 0 + 0]
Sex

Barrows - - 0 0 0 + 8] O 0 O 0 -

Gilts e + 0 0 6] - 0 0 0 0 0 +

cee
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Ingests crude fiber

TARLZ 13¢ — MAIN BEFFECT INFLURNCES O INGESTA CRUDE FIBER
(Dry matter basis)

Hegion of gastro-intestinal tract

Treat-
Treatument Stomach  Small  Cecum  Cecum + large  Rectum ment
i. large 1. i. mean
o o o of o7 o7 4
/o /o /0 /o e ” o
Bulk type
- Solke—floc 16,1  17.9  30.6  32.0 32.8  33.7  25.8
Wheat bran 13,1 11.9 19.1 20.2 19.7 21.2 16.9
Oat hulls 18.2 15.9 2he7 25.8 2645 26,7 22.2
Feeding freguency
2/day 16.6 15.0  25.5 25.0 27.8 27.1  21.9
3/day 15.1 15.6 25.8 2.6 27.0 27.5  21.7
Bulk modulus
Fine 15.7 4.9 2542 25.8 254 26,6 21.3
Coarse 15.9 15.6 26.1 23.2 29,0 28.0 22,1
Pelleting
Pellets 1.5 15.1 25.7 —_— - RT7.h 7ol 21.2
Antibiotic
1 15.9 14.9 25.6 237 26,8 26.7 21.4
4dd 15.7 15.7 2547 25.9 28,1 27.9 2242
Sex
Barrows 4.3 15.5 2.9 2.0 2740 27.0 1.3
Site mean 15.8 15.3 25,7 24,8 27 o4y 27.3 21.8
Humber of
observations 91 93 51, LO 55 93 (426)

Footnote: Feed crude fiber

Solka-floc = 11.9%
Wheat bran = 7.3%
Cat hulls = 9.4%
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TABIE 139 - FAIN EFFECT INFLUENCES O INGESTA CRUDE FIBER
(VWet cample basis)

Region of gastro-intestinal tract

Treat-
Treatment otomach  Smell Cecum  Cecum + lerge  Rectum ment
i. Large i, i. mean
o of of
el el pel /0 /0 /0 2
Bulk type
Solka-floc LJ57 2.63 Lobly 6.72 6.89 8,16 542
Wheat bran 3.20 1.79 2.82 347 3.82 L 56 3425
Ozt hulls 5.48 2465 4,67 6.5 7.21 e.0h 5.6k
Feeding frequency
2/day 4,38 2,22 L .08 5,35 6.28 6.88 475
3/day 5,38 2.53 4.08 5.19 5.94 £.93 Le77
Bulk modulus
Fine Z%--L}-Lf‘ 2-32 3198 5076 5-76 6*76 LP‘IZ
Coarse . [p.Bl 2.f+l Z+.38 h.bl @.38 7.06 4-7{*
Pelieting
Meal L.67 2.31 — 5.26 —— £.86 L,69
Pellets 1,05 2,42 L.09 — 6.11 6.94  L.66
Antibiotic
Wil L.31 2429 4,02 5.02 6,03 6,8 Lo 67
Sex
Barrows Lal2 2.37 4.08 5.15 6,10 6.72 L.65
Gilts L.63 237 L.08 5.39 6.1 7.07 4.87
Site nean L.38 2.37 L.08 5,26 6,11 6,91 L.76

Number of
observations 91 93 51, 40 55 93 (426)




TABLE 140 - RBLATIVE EFFECT OF TREATMLNTS ON INGLSTA CRUDE FIBER

Stomach Small i Cecum Cecum + large i, Rectum
Treatment Large 1.
sample sample sample sample samrple sample
Oven Ingesta COven Ingesta Oven Ingesta Oven Ingesta Uven Ingesta Oven Ingesta
dry ary dry dry dry dry

Bulk type

Solka-floc 0] o} + + + + ++ + + + ot +

Wheat bran - - - — - —_— -— - - ——— —_— —

Oat hulls + + 0 + 0 ++ + + 0 ++ - +
Feeding freguency

2/day + 0 0 0 0 0 0 0 c - 0 0

3/day - o] 0 0 0 0] C 0 0 + 0] O
Bulk modulus

Fine 0 0 o 0 - 0 + + - - - -

Coarse 0 0 0 0] + 0 - - + + + +
Pelleting

Meal + + 0 O C 0

Pellets - - 0] 0 0 0
Antibiotic ’

Nil 0 0 0] 0 0 0 - - 0 0 0 C

Add 0 0] o) o) 0 0 + + 0 0 0 0
Sex '

Barrows - - 0 O - 0 o - 0] 0] 0 -

Gilts + + 0 0] + 0] 0 + 0 0 0 +

gee
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Ingesta crude fiber

There was on the average a two percent crude fiber difference
between each of the bulk types, wheat bran being the lowest and solka-
floc the highest. Data in Tables 138, 139 and 140 indicate the levels
of crude fiber increased in the tract segments, particularly in segments
below the small intestine, The highest assay level of ingesta crude
fiber was present on solka-floc rations. On the basis of a percentage
increase from,orlrlﬂal ration levels it appeared that only minor differ-
ences existed, although there may have been a slight indication that
crude fiber disappearance wes greatest in solka-floc feeds., Adjusting
the fiber to the levels of moisture in the tract disclosed that in
comparison to the other two bulks, there was approximately half the

level of crude fiber present in wheat bran fed groups. There was sonme

indication that in lower segments of the tract crude fiber levels on

[t

coarse modulus were slightly higher than that on fine modulus.

Ingesta Klasson lignin

Klasson lignin was two percentage units lower on solks-floc
rations, as fed, in comparison to the other bulk type rations. Data in

Tables 141, 142 and 143 indicate the increase in Klasson lignin levels

in the lower tract segments. Indications were that proportionate in-

creases were similar amongst the bulk types, with some suggestion that

wheat bran was medial to the other two bulks, In considering the re-

lative moisture levels it became evident that oat hull rations had the
ighest percentage of Klasson lignin present in the intestinal tract
samples. Only minor deviations appeared to be indicated in Klasson

lignin percentages on other treatments.
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TABLE 141 — MAIN EFFECT INFLUBNCES O INGESTA KLASSON LIGNIN
‘ (Dry metter basis)

Region of gastro-intestinal tract

Treat-
Treatment Stomach  Small  Cecumn  Cecum + Large  Rectum ment
i. large 1. i. mean
of 7 of o o o7
0 © /0 70 ya /o 70
Bulk type
Solka~floc 10.5 12.9 by 14.6 14.9 14,6 13.4
Wheat bran 12.9 15.8 17.9 16.9 18,2 18,0 16,3
Gat ulls k.2 15.6 18,6  19.5  18.9 9.1 17.2
Feeding frequency .
2/day 13.1 .4 16.0 7l 16.6 17.1 15.5
3/day 12,0 15,2 17.3 17.5 17.1 17,3 15.7
Bulk modulus
Fine 12.5 14,7 17.3 16.L 17.3 17.2 15.6
Coarse 12.6 14.8 16.1 17.1 16.5 17.2 15.5
Pelleting
Pellets 11. 14,7 16.6 —— 16.8 17,7 Sely
Antibiotic
Nil 12.3 14.9 16,8 17,6 17.0 17.2 15.6
Add 12.8 1.7 16,5 17.4 16.7 17.1 15.6
Sex
Barrows . 12.1 15.2 16.5 17.2 16.4 17.2 15.5
Gilts 13.0 14.3 16.8 17.8 17.3 17.2 15.7
Site mean 12.5 .8 16.6 17.5 16.8 7.2 15.6
Number of
observations 91 93 53 L0 55 95 (L427)

Footnote: TFeed Klasson lignin

Solka=floc = 7.4k
Wheat bran = 9,7%
Oat hulls = 9.,5%
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TABLIE 142 — VAIN EFFECT INFLUENCES ON INGESTA KLASSON LIGHIN
(Wet sample basis)

Region of gastro-intestinal tract

Treat—
Treatment Stomach  Small Cecum Cecum + large Rectum ment
i. Iarge i, i. mean
Bulk type
Solka~floc 2.98 1.90 2.07 3.07 3.13 3.53 2.78
Wheat bran 3.15 2«37 2.65 2.91 3453 3.87 3.10
Oat hulls he27 2.61 3452 5495 S5elk 5.75 L.32
Feeding frequency
2/day 346 2.13 2.56 3.72 3.75 La3l 3.32
Bulk modulus
Fine 3.54 2.29 2.73 3.6L 3.93 L.3L 3.40
Coarse 3.41 2.28 2.58 3.39 3.63 L3k 3.29
Pelleting
Meal 3.60 2420 ———— 3.71 —_— 4,18 3.38
Pellets 3.33 2.38 2.6 —— 3.75 L L8 3.35
Antibiotic
Nil 3.33 2.29 2.6 3.73 3.82 L.LO 3.36
Add 3.61 2.29 2.66 3.71 3.69 L.25 3,37
Sex
Barrows 3.48 2.33 2.71 3.63 3.71 L2838 3.36
Gilts 3,46 2e25 2.60 3.81 3.81 L L2 3.38
Site mean 3.46 2.29 2.6L 3.71 3.75 L35 3.36
Number of
observations 91 93 53 40 55 95  (4L27)




TABLE 143 ~ RELATIVE EFFECT OF TREATMENTS ON INGESTA KLASSON LIGNIN

Stomach Small i, Cecum -Cecum + Ierge i, Rectum
Treatment large 1.
sample samnle sample sample sample sample
Oven Ingesta Oven Ingesta Oven Ingesta Oven Ingesta Cven Ingesta Oven Ingesta
dry dry dry dry dry dry

Bulk type

Solka-floc - — —_— - — — - - — —_ — =

theat bran 0] - + 0 - - 0 - + -~ + -

Oat hulls + b + + ++ b + bt + -+ ++ 4+
Feeding frequency

2/day + 0 0 ~ - - 0 0 0 0] 0 0

3/day - 0 o =+ + + ¢ 0 0 o) 0 0
Bulk modulus

Fine o; C 0 0 0] 0 0 0 0] + o O

Coarse 0 0 0] 0] 0 0 O 0] 0 - 0 0
Pelleting

Meal + + 0 0 - -

Pellets - - o o + +
Antibiotic

il 0 - 0 0 0 0] 0 0 0 0 0 0

Add 0] e 0 0] 0] 6] 0 0 6] 0 o) 0
Sex

Barrows - 0 0 0 0 0 0] G o O o) 0

Gilts + 0 0 0] 0 o) 0 0] 0 0] 0 0

6€2
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Summary

The data in Table 144 indicate that the most freguent variation
of the listed tract and ingesta assessments were attributable to the bulk
diluents. Ingesta contents in the intestinzl tract were the highest on
wheat bran and the lowest on oat hulls., UQuantity-wise, the largest
amount of moisture was present on solka—~floc and the lowest on oat hulls;
however, on-a percentage basis wheat bran replaced solka-floc and oat
hulls remained the lowest. The actual amount of ingesta dry matter re-—
mained similar in the stomach but a percentage assessment indicated that,
bzsed on dry matter levels, in the tract,wheat bran exhibited the highest
and oat hulls the lowest hydrophylic properties.

The analysis of the ingesta dry matter analysis disclosed that
solka-floc varied in crude protein percentage ranking, it was the lowest
in HFE end Klasson lignin, equalled wheat bran in ash and oat hulls in
crude fiber, The specific gravity of the ingesta originating from this
bulk was similar to oat hulls in the stomach but dropped to the modal
group in the intestinal tract, Solka~floc did not appear to infliuence
the tract weight.

Wheat bran-origin dry matter (Table 14L) varied in crude protein
percentage and proved to be the highest of the btulk types in the rectal
segment. Bran ingesta equalled the HFE level of oat hulls and ash in
solka-floc, was the lowest in fat and crude fiber, and was slightly below
the mean Klesson lignin percentage. The specific gravity of the ingesta
on this bulk indicated that it was The most voluminous of the three
diluents and there was a suggestion that it may have increased tract

weights in the lower tract segments.



TABLE 144 - SUMMARY OF MAIW EFFECTS COF TREATMENTS ON CHARACTERISTICS OF THE
GASTRO-INTESTINAL TRACT AND ITS INGESTA CONTENTS

L

T

Ingestal Gastro~-
Weight Moisture Dry Specific intestinal pH Specific
matter cravity © _tract wb., gravity

Treatment Stom. Int. Stom., Int., Stom. dInt., Stom. Int. Stom., Int. Stom. Int, Stom. Int.
Bulk type

Solka-floc 0 0 + 6] 0 0] + 0 o) 0 0 o 0] 0

Wheat bran o] + 0 + 0 - — - 0 + 0 - o) 6]

Ozt hulls 0] - - - 6] + + + 0 6] 0 + o] 6]
Feeding frequency

2/day - 0 - 0 - 0 - 0 0 0 - 0 0 0

3/day + 0 + 0] + 0 + 0 0 0 + 0 0 0
Bulk modulus

Fine 0 o] O 0 0] o) + 0 0 0 6] 0 0] O

Coarse C 0 6] 0 o 0 - 0 0 0 0 0 0 0]
Pelleting

Meal 0 o 0] 0 0] 0 - 0 + + 0 o)

Pellets 0] 0 0 0 0 0 + 0 - - C 0
Antibiotic

Nil 0 0 0) 0] 0] 0 - ¢ 0 + - - 0 0

Add o) 0 0 0 0 0 + 0 0 - + + 0 0
Sex

Barrows 0] O 0 O 0 0 0 - + 0 0 0

Gilts 0 0] 0 0 0 0 0 + - 0 0 0
1 Gastric moisture and dry matter based on grams, other data in continued, ...

specific units or percent, Gastric data statistically assessed,
otherwise signs indicate a 5% deviation from mean,



TABLE 144 —continued- SUMMARY COF MAIN EFFECTS OF TREATHINTS ON CHARACTERISTICS COF THE

GASTRO-INTESTINAL TRACT AND ITS INGESTA CONTENTS

Iicuid
Viscosity Surface Oven dry Ash
tension residue CP NFE, Fat Ash CF KL

Treatment Stom Int. Stom. Int. Stom., Int, Stom. Int.
Bulk type

Solka~floc + + 0 + 0 0 0 0 — e - + -

Wheat bran - + 0 T 0 o] 0 0 x + - - —_ -

Oat hulls 0 * o * 0 0 o 0 - + + ++ At
Feeding frequency

2/day - 0 0 - 0 0 0 0 + 0 0 0 0

3/day + + 0 0 + 0 0 0 0 x 0 0 0 0
Bulk modulus

Fine 0 0 0 0 0 0 0 0 0 + 0 0 x 0

Coarse 0 0 0 0 0 0 0 0 ¢ x 0 0 ES 0
Pelleting

Meal 0 - - 0 - 0 G C 0 0

Pellets 0 + + b) + O 0 C 0 O
Antibiotic ’

Nil 0 - + 0 O 0 O 0 + 0 + 0 O 0

Add 0 + - 0 0 0 0 0 - 9] - 0 0 0
Sex ]

Barrows + 0 ¢ 0 + 0 0 "0 C 0 + C 0 0

Gilts - 0 Q 0 - 0 0 0 0 0 x 0 O -0
Abbreviations: Stom. % stomach NFE = nitrogen free extract KL = Klasson lignin

Int., = intestinal tract CF = crude fiber = variable influences

CP = crude protein

I (4
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Cat hull rations wnroduced the highest proportion of dry matter,

)

this was accompanied by the highest percentage levels of WL, fat, ash
¥ g 2 s )

crude fiber and Klasson lignin, Ingesta of this bulk assayed the lowest

in crude protein., Specific gravity measures indiceted that oat hulls
behaved similarly to solke~floc in the stomach, however in the intestinal
tract this bulk type proved to be the least voluminous. Cat hulls did
not appear to induce changes in tract weight,

Veasurements of the gastric liquid yielded significant viscosity

o

ing evident on bran and the

D

differences, with the lowest wiscosity b

s}

highest on solka-floc, Data pertaining to intestinal viscosity and sur-

face tension indicated a random variation to the bulk types and a pattern

o

of response did not appear to be present, Intestinal licuid pH appeared

to be elevated on oat hull rations and depressed on wheat bran.

Gastric ingesta, moisture, dry matter and specific gravity

- - e f

..

were reduced on twice-a~day feeding, however these influences were dis—
gipeted in the intestinal tract. The only variable dry matter component
on the feeding frequency comparison was NFE, even in this instance there

was a random variation which could not be inferpreted as indicative of

general effect, In the stoma CM, pH, viscosity and oven—dried residues

gt

of the liguid phase were reduced on twice~daily feeding iith the

CC4

exception of viscosity, these effects were nullified in the remaining
tract segments,

1k modulus as such falled to exhibit a marked influence on
the measures listed in Teble 1hk. On fine modulus ingesta specific
gravity was increased, there were indications that WFE and crude fiber

varied somewhat as well, These latter two trends did suggest that there
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may have been assoclative effects with processing and residual ingesta
levels,
Feeding pellieted rations increased gastric ingesta specific
gravity significantly, this treatment was also assoclated with decreased

stomach weight, Of the available sampling sites, indications were that

3.

rations persisted in the

.

the decreased digestive organ weight on pelleted r
lower tract segments as well; however, it should be noted that some of
these differences were small., Of the chemical components assayed, in-
gesta dry matter from pelleted rations appeared to be higher in crude
protein percentage. Gastric licuid surface tension and oven-dry residues
were higher on pelleted rations. The nature of the sampling sites in the
intestinal tract was such thet no definite conclusions could ke drawn,
however from the data available it appeared that the listed measurements
behaved independently of this treatment.

aAntibiotic supplementation increased stomach ingesta specific
gravity. From the trends listed in Table 144 it was inferred that the
minor but persistent reduction in intestinal tract weights might have
been due to the presence of antibiotic in the ration. On the whole, it
appeared that antiblotic increased intestinel liquid viscosity but reduced
gastric surface tension,

In barrow groups stomach contents were slightly higher (P < 0.,05)

3

and stomach weights proved to be significantly reduced. The dry matter
assessment suggested that very little difference existed between the
sexes, only fat levels appeared to exhibit some random fluctuations.
Measures conducted on the ingesta fluid indicated that gestric viscosity

and oven-dry residue exhibited statistical difference, otherwise there

appeared to be only minor differences prevalent between the sexes,
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DISCUSSION

A resume of the statistically significant major effects and
their interactions, described in the preceeding section (pp. 79 - 244),
is presented in Table 145. The succeeding table, Table 146, serves to
indicate the relative positions of the main effect deviations in respect
to the experimental assessments.

In the interest of brevity and simplification, the discussion,
particularly in reference to the interaction effects, will be primarily
concerned with those dietary treatments that produced a series of associ-
able effects in several criteria, Some responses observed appear to defy
explanation at this stage but they have been included in the tabulated
results for possible future reference or study.

Bulk Type

Rations designed to contain 67% TDN, and found experimentally to
have energy digestibility coefficients ranging from 67.0 to 68,8%, resulted
in finishing period gains averaging 1.5 1lb./day. This was, as expected,
lower than gains indicated in the NRC standards, but they were above the
"lower quartile® reported in Canadian Yorkshire hogs (Bell, 1964). It did
not matter whether the energy dilution was accomplished by using 10% Solka-
floe, 30% wheat bran, or 20% oat hulls. The increased daily intake of oat
hull rations failed to affect growth rate, €ontrastingly an accelerated
growth rate, attained on a daily feed intake significantly less than that
prevalent on oat hulls, favourably affected.feed conversion on Solka-floc.
Pigs receiving oat hull rations experienced the lowest digestibility of
caloric components, however as indicated, the net effect of this was more

than compensated by increased feed intakes, Previous reports indicating



TABLE 145 - A SUMMARY OF THE STATISTICALLY SIGNIFICANT TREATMENT EFFECTS AND THE MAJOR INTERACTIONS, SIGNIFICANT
EFFECTS DESIGNATED BY X IN APPROPRIATE ROW - COLUMN

A
K

Treatment: B F M P A S B ; F
Interacting withs (main effects only) F M P A S M P A S
ﬁg‘: Criterion Colwum No: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
~.. General animal performance
lo ADG .e »e .. X X X X X e e e e [x) Ry ..
2. ADF X X X X .. X .. x .. .o .e .o .o .o .o
3. Feed efficiency X .. .o .o X .. . .. ‘e .o . .o .o X ..
Carcass characteristics
L. Loin area .o .o .o .e .e X - X .o .o .o . .o .o .e
5. Dressing % X X 0 .. X X X o .. e ee e 4 ee s
6. Backfat X X .. .o X X .. X .. . .o X .. - .o
Ration digestibility and performance
7+ Digest., of Energy X .. .o e e .o .o X X X .. .o .o .o .o
8., Digest. of Protein X .. .o .o X .. .o .o X X .. .o X .. .s
9. DE intake X X X X .. X .. X .. . .o .o o .o .o
10, = DP intake X X .. .e X X .. X .. .o .o .o .o .o .o
11, DP:DE X .. X X X X .. X X X .. .o .o . .o
12. DE utilization .o .8 .s 'R X ’e .o .o o . .o . .e .e .0
13. DP utilization X .e . X .o . .o X .e .e .o . .o .e
Gastric characteristics
14, Stomach weight .o ce e X .. X 0 .. .o ee e e .o .o .o
15, Ingesta weight .o X .. .o .o .e .o .o oo .o .o X X .. .
16. moisture X X .. e .o - .o .e .o .o .e X X .. .o
17. " DM .o X .. ve .o .o X .. .o .o .o X X .. .o
18. " Specific gravity X X X X X .. .. .o .o .o .o .o .o .o .o
19. liquid pH .e X .. .e X X .. .o X X .. .o .o .e X
20, " viscosity X X .. .o .o X X .. oo X X X .. .o s
21. " Surface tension .o . .. X X .. .e .o .o .e . X .. .e X
22, it OD residues .o X .o X .o X X .o .o X - X . .e .e
239 “ aSh .o o e > »e .. .. .o .0 e . e X .e Y e e e
¥ B = bulk type M = bulk modulus A = antibiotic
F = feeding frequency P = pelleting S = sex

continued.,....

9*re



TABRLE 145 (continued) -~ A SUMMARY OF THE STATISTICALLY SIGNIFICANT TREATMENT EFFECTS AND THE MAJOR INTERACTIONS

Treatment: M | P A B
R _ F - M
Interacting with: P A S A S S M P A S P A

Row

No Criterion Column No: 16 17 18 19 20 21 22 23 24 25 26 27 28

General animal performance
1. ADG - .e .o .

2. ADF .o . .o X X .o .o . .o .o .o X .
3 Feed efficiency .e . oe .o ce - e .o Cee X .o .o - .o
Carcass characteristics ’
L loin area .e .o .o . X .o .o .o . . .o X .o
5. Dressing % .e .e X .o .o ve  ee .o X X .o X .o
6; Backfat X .e . . ® .e .e X e .e . .e X X
Ration digestibility and performance
Te Digest. of Energy - .o .o .o .o . .o .o .o . . X .
8. Digest. of Protein .. .o .o .o .o .o ‘e .o .o .o . .o -
9. DE intake .o .e .o X . .o .o .e .o . .e o .o
10. DP intake . .o .o .o . .o . .o . . . .o .
11. DP:DE .o .e ‘e X .o .o .e .o .o .o .o X .e
12. DE utilization .o . .o .o .o .o .o . .o .o . . .o
13. DP utilization ‘e .o .o .o .o .o X . .o . .o . .o
Gastric characteristics
4. Stomach weight X .o .e .o .o . .o .e .o - .s .o .o
15. Ingesta weight . .o .o X . .o .o .e .o .o .o .o .o
16. " moisture .o .o .o X .. .e .o .o . X .o .o .
17Q ‘t DM .9 LK 2 . e . e . e - e . e [N 2 LN ] . e . » . e "
18.- " Specific gravity .o .o X .o .o .o .o oo .. .e X .o .o
19. Iiquid pH .o .o oe X .o .o .o .o .o .o .o X .o
20; L ViSCOSity o .o .o .e .e .e X .e Py e . X .
21, n Surface tension .o .o .o .o .e . . .e .o .o .o .o .e
22, " 0D residues .o .o .o .s .o .o .o .o .o .e .o X .o
23. w ash .o oo .o .o o X .o .o . e .o e .o

continued ...ee000



TABLE 14.5 (continued) - A SUMMARY OF THE STATISTICALLY SIGNIFICANT TREATMENT EFFECTS AND THE MAJOR INTERACTIONS

S et
————————— e airen

Treatment: B F M
‘ P M P P
Interacting withs A S A S A A S

621 )= Lav] '

A A
s S

v

Row
No.

=

Criterion Column No: 29 30 31 32 33 3, 35 36 37 38 39 40 4

General animal performance

1. ADG .o .o .o .o . . .o .o .o . X .o .
24 ADF .e .e . X X .e o . . .o .o .o .e
3. Feed efficiency oo oo .e .o .o .e .o .o .o .e .o .e .
Carcass characteristics
b, Loin area .e oe .o X X .o X X .o oo e .o .o
5 Dressing % X .o . X e .o .. X X .o .o .. .
6. Backfat .o .e .o .o X .o .o .o .o . . .o .e
Ration digestibility and performance
T Digest, of Energy .e .e .e .o .o . .o .o oo . . .e X
8. Digest. of Protein . .e .e e *e oe .o e . e . . .o
9n Daily DE intake e e .o X ) .. .e X .o ) X s .o
10. Daily DP intake .o e .o .o .o .e . .e .o .o .s .o .o
ll. DP:])E; X L ] L 3 L 3 LR ] * 8 * e X L ] LR 3 - e LN 2 LI ]
12, DE utilization .n .o .e .e ,e .o .o .o .o . .o ve .o
13. DP utilization .o . .o . .o .o .o .o .o .e - .e .o
Gastric characteristics
14, Stomach weight .e .o .e oo .o .o X .o .o .o .o .o .o
15. Ingesta weight .e .e .o .o .o .o .o .o .o .. .o .o .o
16, ¥ moisture X .. .e s .o .o ve .e .s .e .e .o .o
17. W DM . ‘e .o .e X . X ve .o .o .o .o X
18, " Specific gravity oo .o .o .o oo .o .o oo .o oo .o .o .o
191' quuid pH “e X X .e X .e X . .o .o os X X
20. ® ViSCOSity .e e .o . X .e «s .o .o .o X . X
21. " Surface tension . .e X .. .o X .e .e ‘e . .a .o .s
22. " ODI‘@SidueS P P .e .o .o “e .e .e »e Y P .s .X
23, " ash .. .e .o .e e .e .e .e .e .e .o .o .o

87z



TABLE 146 ~ SUMMARY OF MAIN EFFECT TREATMENT VARIATION PATTERNS

Bulk type Feedings Modulus Pelleting Antibiotic Sex
Sf Wb Oh 2 3 f e m p nil add
General animal performance
1. ADG 0 0 0 0O O 0O 0 -+ - + + o
2. ADF - - 2+ - % + - -+ 0 0 + -
3. Feed efficiency - 6] + 0O O 0O O 0O O - + 0O 0
Carcass characteristics
L. Loin area 0 0 0 0 O 0 0 0O © 0 0 -+
5. Dressing % 0 - + -+ 0 0 0O 0 - + + .
6 . B&Gk.fat O -~ -+ - + 0 0 O 0 O O “+ -
Ration digestibility and performance
7. . Digest, of Energy + + 2~ 0 O 60 O 0 O 0 0 0 ©
8, Digest, of Protein - 3- 4+ 0 © 0 O 0 O - + 0O 0
9, Daily DE intake 0 - + - + - -+ 0 0 + -
10, Daily DP intake - 2= 3+ -k + e 0 O - + + -
1ll. DP:DE ratio - 0 + 0O O -+ + - - + - +
12, DE utilization 0 0 0 0O O 0O © 0 0 - + 0O 0
13, DP utilization + + 2 0O O 0O O -+ 0 0 0 0©
continued .....
Symbols: 8 : 32 ;22253 in comparison to experimental mean, These symbols equivalent in degree
= ingreased only within treatment comparisons,
v = variation but no discernable pattern. (Used to summarize trends in the tract as a whole).
Abreviations

s = stomach (data based on statistical assessment)

i = intestinal tract entire (data based on means only)
In appropriate rows where neither "s® or "i' designated, entire tract considered,

~ proximate components summerized from assessing the results from all the available tract segments.

A blank space indicates insufficient data for comparison.

6%



TABIE 14% (continued) - SUMMARY OF MAIN EFFECT TREATMENT VARIATION PATTERNS

Bulk type Feedings Modulus Pelleting Antibiotic Sex
St Wb Ch 2 3 f ¢ m p nil add
Gastro-intestinal tract and ingesta measurements

Tract:
14. Weight S 0 0 0 0O 0 0 O + - 0 0 -+
15. I. 0 + 0 0 O 0 O 0O O + -

Ingesta:
16, Weight S: 0 0 0 -+ 0O 0 -0 0 o) 0 0 0
17. I. 0 + - 0O o0 0O © 0O © 0 0
18, HZO’ weight S, + 0 - - 0 O 0O O 0 0 0O ©
19. s B I. o + - 0 o0 0 0 0 0 0 0 0 O
20, DM, weight S. 0 0 0 -k 0O O 0 O 0 0 c O
21, % I. 0 - + 0 © 0 © 0O 0 0 0 0 O
22. Specific S. + 2-  + - * + - - b - + 0O O
23. gravity 1. 0 - * 0 O o © 0 0 0O O

Dry matter: '
2,. CP, % v v - 0O 0 0 O - b + - 0O O
25, NFE, % 2m ok + v v v v 0 0 0 0 0 O
26. Ash, % - - + 0 O 0 0 0O 0 0 0 0 O
27, Fat, % 0 - + 0 0 0 O 0O O + - v v
28, CF, % + 2-  + 0 O v v 0 O 0 0 0O O
29, KL, & 2= - 3+ 0 O 0O © 0 0 0 0 0 O

Liquid phase:
30. pH Se 0 0 0 - 0 O 0O 0 - + -
31. I. 0 - + 0 © 0 © - + 0O O
32. Specific S. 0 0 0 0 0 0 O c O 0 0 0O ©
33. gravity I. 0 0 0 0O 0 0O 0 0O © 0 0 0O O
34k, Surface S. 0 0 0 0O © 0O O -  + + -~ 0O O
35. tension 1. v v v 0O O 0O O 0 0 0O O
36. Viscosity S. * - 0 - R 0 O 0O 0 0] 0 + -
37, 1. v v v - * 0O O - + 0O O
38, O residues S. 0 0 0 - o O -+ 0 0 + -
39. & I. 0 0 0 0 O 0 © 0 0 0 ©
4O. Ash, % S. 0 0 0 0O O 0 © 0 0 0 0 0 0
L1, I. 0 0 0 0 O 0O O 0 0 0O O

0se
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reduced energy digestibility of Solka-~floc rations (Cunningham et al.,
1962a) were not verified in these trials. Somewhat in contrast to the
trend of diminished energy digestibility, protein digestibility of oat
hull rations increased significantly., Animals fed wheat bran encountered
the lowest protein digestibility, perhaps reflecting reduced availability
of bran protein per se, or possibly reflecting more extensive losses of
metabolic fecal protein within bran rations, On these grounds it is
evident that the experimental conditions under consideration here did
not favor enhanced protein digestibility as previously noted in "wheat
branﬁ rations at this institution (Gorrill et al., 1962).

Differences in the rate and extent of digestion of fibrous
ingredients can influence feed intake for a variety of reasons, as dis-
cussed in the ILiterature Review., Increases were obtained in average
daily intake of oat hull rations, yet expected differences in total ingesta
welght in the stomach at slaughter failed to occur, Assuming that at the
time of slaughter there was a maintenance of average daily feed intake
patterns prevalent over the entire test period, a lack of gastric-ingesta
weight differences between the bulks implies that "gastric half-life"
patterns were independent of feed intake. In confirmation of previous
reports (Iepkovsky et al., 1957; and others), each feeding, independent
of quantity, appeared to evacuate the stomach in similar time intervals,

Total ingesta weight was the lowest on oat hull rations, further
assessment revealed that this was a reflection of water content variations.
Previous reports (Bell, 1960; Gorrill, 1960), indicating that ocat hulls
were less capable of absorbing water than wheat bran, were substantiated

by the increased intestinal dry matter percentage noted in oat hull-origin
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ingesta, Oat hull-fed animals retained more copious quantities of dry
matter in the posterior regions of the digestive tract (Tables 71, 84).
This was particularly evident in the rectal segment, where the dry matter
recoveries of Solka-floc and wheat bran were 76 and 43% that of oat hulls,
A minor compensatory effect of total bulk was evident from specific gravity
measures of intestinal segment samples. These revealed that unit weights
of oat hull~ingesta were the least voluminous, It is apparent that in
swine, as in mice (Bell, 1960), oat hull fecal volume was less than that
of wheat bran or cellulose,

Significant effects of bulk type on gastric ingesta densities
were demonstrated, In association with 580, 466 and 544 gm, of dry matter
for Solka~floc, wheat bran, and oat hulls; 2100, 2000 and 1700 cc. volumes
were calculated for the recovered stomach samples yielding 0,29, 0,23 and
0.32 gm, dry matter per cc., volume. In regions of high fluidity - viz.,
small intestine -~ volume differences between the bulks were no longer
apparent, The more distal regions, with their increasing dry matter prop-
ortions, exhibited marked differences in comparative bulkiness of their
contents and especially between wheat bran and oat hulls, These differ-
ences have been considered above, It is postulated that such effects
could initially affect feed intake, particularly on the twice-a-day
feeding group, and subsequently influence excretion patterns once the
ingesta reached the distal regions, Interaction effects (Table D
Appendix) reveal that in this experiment such influences on daily feed
intake were absent, Ritter (1956) had noted that in response to applied
pressures the colon contracted, bran by its inherent bulk characteristics

may have been more influential in inducing such a colonic response,
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Colonic contraction could propel residual ingesta into the rectal region
and propagate the defecation response; This latter effect might explain
the relatively small in situ fecal samples recovered on bran rations and
the larger samples on oat-hull-fed groups.

Assessment of the dry matter effectsare rendered difficult in
view of the original ration differences and because of the changes re-
sulting from the digestive process, These assays were not only related
to an oven dry basis, but in an attempt to reflect conditions in the gﬁt,
percentages were also related to the observed moisture levels, Crude
protein assays, particularly those of oat hull rations, revealed a marked
decline in the stomach, Nitrogen dilution, or an increase in protein
levels, as reported by Nasset ég al. (1963) and others, was in evidence
in the small intestine; however it appeared to be smaller than some re-
ports (Rosenthal and Nasset, 1958) would indicate. The changes in crude
protein levels approximated rankings expected from digestibility
coefficients, the disappearance being the greatest in oat hulls and the
least in wheat bran. In oat hull rations; crude fiber, "Klasson lignin"
and ether extract values were prevalent in the ingesta in higher levels
than originally found in the feedstuff.

| The greatest alkalinity of intestinal fluid occurred in the oat
hull-fed pigs. Wilson (1962) had indicated the relative importance of
pH in affecting intestinal absorption, particularly of inorganic salts.
The occurrence of such an effect in these trials was not evident from the
ash levels found in the ingestal fluids,

In confirmation of previous observations (Troelsen and Bell,

1962), dressing percentage and gains on oat hull rations were superior
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to those obtained on Solka~floc and wheat bran. Backfat and dressing
percentage increases on oat hulls reflect changes in daily feed intake
and ingesta characteristics, These findings also substantiate obser-
vations (Berg and Plank, 1963) that degree of finish influences carcass
yield, Carcass differences were further accentuated by the largest
proportion of B grade carcasses being produced on oat hull rations,
whereas wheat bran yielded the most A's, The skin has been shown to
contribute materially to the establishment of the water egquilibrium
between ingestal contents and the body during the digestive process
(ILepkovsky et al., 1957). In these trials differences in carcass yield
could have been influenced by the degree of dehydration at the time of
slaughter, This effect would be expected to be‘the least on the drier
types of ingesta, namely oat hull rations; therefore evisceration losses
would be reduced on this diet, Both Lepkovsky et al.(1957) and Harper
and Spivey (1958) had implicated the osmotic effects of the ingested |
diet on this phenomenon, Osmotic pressures were not obtained in these
trials and those physical assessments of the liquid phase of the ingesta
that were collected appeared to bear little relationship to animal per-
formance,

The main effects of bran, as compared to ocat hulls and Solka-
floc, were the findings that it resulted in the lowest dressing per-
centage and backfat, the greatest amount of water in the intestinal
contents and increased intestinal weight., The dressing percentage and
backfét reductions on bran rations agree with previous observations at
this institution (Troelsen and Bell, 1962). Increased ingestal moisture

on bran substantiated previous reports indicating greater fecal moisture
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on bran fed pigs (Cooper and Tyler, 1959). In rats Lepkovsky et al.
(1957) observed constancy of intestinal moisture irrespective of food
intake fluctuations, attributing this effect to the aforementioned body
regulatory mechanisms., In the swine trials currently under consideration
ingestal moisture percentage exceeded those reported by lepkovsky et al,
in addition, interbulk moisture level differences were evident, These
variations were observed to be minimal in regions of high moisture, such
as the small intestine and cecum (Table 77 and Appendix E), .

Fibrous diets have been demonstrated to increase intestinal
tract size (Handgrodinger, 1955; Brownlee, 1959) through increases in
degree of musculature (Halsworth and Coates, 1962). Such changes may
have been the effect or mechanisms for the increased tract weights on
bran rations, however it is difficult to reconcile this property to this
particular bulk type and not to the others as well, Iepkovsky et al's
concept may suggest an alternative method in that the water influx into
the intestine on bran rations may have induced an increase in intestinal
tissue hydration on this bulk type. Increased visceral weight, higher
moisture ingesta, possible differences in tissue dehydration and a leaner
carcass would all be contributing factors to the reduced dressing per-
centage evident on bran rations,

Despite similar energy digestibility values to Solka-floc, as
well as identical daily feed intakes, the gross caloric level of bran
rations were sufficiently lower to result in significant reductions in
in daily‘DE intakes, This finding, associated with a lower dressing per-
centage (meaning a lower carcass weight at a fixed live-body weight), are

both involved in the reduced backfat deposition evident in this test,
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Further confirmation of the reduced adiposity in bran-fed lots was evidenced
by the increases in the number of Grade A carcasses produced,

Apparent bulkiness of the ingested bran was revealed by the sig-
nificantly depressed specific gravities of the stomach samples, this trend
was maintained in’the intestinal tract as well, Visual observations con-

firmed the retention of "flakiness® of bran (a characteristic cited by
Gorrill, 1960) and the evidence of more gas production by this constituent
(Cooper and Tyler, 1959). An observed characteristic of the liquid phase
of the ingesta had been its uniformity under the treatment variables and
its tendency to exhibit. specific gravities approximating one (Table 8&9).
Wheat bran rations, with a higher proportion of ingestal liquid, would

be expected to exhibit a higher specific gravity when considered from this
aspect, Gasses, in all probability, would be poorly retained in the in-
gestal samples once they were removed from the gut., It is evident then
that bran ¥flakiness", attained either through particle swellihg or
structural maintenance, was the principle effector mechanism for the
observed intestinal bulk characteristics of wheat bran rations in these
trials, It appeared that the only significant benefits of this character-
istic on animal pérformance relating to digestive processes were improve-
ments in the‘digestibility coefficient of energy and digestible protein
utilization, |

Dry matter assessments were obscured by the conditions referred
to above in the discussion on oat hulls, However, as previously pointed
out (p. 229), the ether extracts from bran-origin ingesta appeared to be
increased above the other rations, particularly in relation to original

ration levels. This implies that the increased fat originated from either
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bacterial synthesis, or possibly through increases in metabolic fecal fat,
Other investigators (Friend et al., 1963) have reported gquantitative
similarities of VFA components in cellulose and wheat bran based rations,

In comparison to the other two dietary diluents utilized in
this trial, Solka-floc rations did not evoke marked chaﬁges in ingesta
characteristics., This does not imply that this bulk source exerted no
influence, it indicated that under the conditions encountered in these
trials it was medial in effects to the other two diluents or, as noted
in previously mentioned instances, it performed similarly to one or other

of .the diluents,

The bulk type X pelleting interaction (Table 145, column 9) is
of interest in that the differences in the digestibility coefficients of
both energy and prbtein on the different rations tend to confirm the con-
tradictory influences of pelleting reported in the literature, whereas
pelleting depressed the protein digestibility coefficient in Solka-floc
and wheat bran, and the energy digestibility coefficient in Solka~floc,
it did not alter either coefficient in oat hulls. It was also evident

~ that within the bulk types the degree of pelleting influence on protein
digestibility coefficients varied, Utilizing pelleted Solka-~floc as the
basis of‘comparison, the protein digestibility coefficient increased in
oat hull and decreased in wheat bran rations, These data indicate that
the %pelleting response® on digeétibility coefficients was contingent upon
the ration make up.

Significant divergencies in energy and protein digestibility
coefficients were also noted within the bulk type X antibiotic interaction

(Table 145, column 10), A significant oat hull digestible energy depression
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occurred on antibiotic supplemented rations. Highest protein digestibility
was obtained on oat hull rations; however this bulk type, unlike Solka-floc
and wheat bran, failed to show a significant improvement in protein
digestibility in the antibiotic supplemented groups. Significant changes
of the physical assessments of the liquid phase within the BA interaction
did not appear to coincide consistently with the observed alterations in
digestibility coefficients,

The ®antibiotic effect™ noted above is reminiscent of the pelleting
response previously considered. Varied results pertaining to the use of
antibiotics appear in the literature and were discussed previously. There-
fore on the basis of published reports and the current observations, it
was concluded that ration formulation may well be one of the predisposing
factors in determining the nature and magnitude of the antibiotic response,

Feeding freguency

In accord with expectations, and previous reports (Berg and Bowland,
1958; Braude et al., 1963), increased opportunity to feed resulted in an
increased daily feed intake; however proportioning the average daily feed
intake into meals demonstrated that on three feedings the mean intake per
meal wax only 70% of that on two feedings. Average daily gains on three
daily feedings, although improved, were not significantly different and
feed utilization remained statistically similar., A consequence of the
increased feed intake on three daily feedings were significant increases
in daily intakes of DE and DP, These effects were instrumental in increasing
average backfat, dressing percentage (due to increased carcass yields in
fatter animals), and the doubling of the number of B Grade hogs (Table 38)

on three times a day feeding.
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As previously mentioned, the majority of animals were slaughtered
following consumption of the noon meal. Expectations would be that a
greater residue of feed would occur in the proximal regions of the digestive
tracts of such animals, whereas in the twice-a-day fed groups larger
quantities of residues would be found in the more distal regions of the
tract, The calculated feed consumption per meal averaged 2,67 and 1,90
lbs, of feed for the two- and three-~times-a-day fed»animals. This in-
dicates that on the latter feeding regime the proportionate degree of
proximal tract filling would be partly offset by a reduced intake per
meal; however it must be recalled that stomach emptying rate is independent
of the quéntity of food ingested, therefore in this instance the post-
feeding time element would be the qualifying factor, Statistical assess-
ment of the gastric mass, moisture, and dry matter, indicated that in-
creases did exist on three times a day fed groups, These differences
appeared to persist only as far as the small intestine, beyond this site
the degree of fill was similar regardless of the feeding system employed.
This either suggests differences in intestinal transit, or in all proba-
bility indicate that the morning feed intake in both groups had been re-
latively similar in quantity.

Specific gravity of the stomach contents of pigs fed thrice
daily indicated an increased density., While the total weight of water
was higher in the stomach, actual moisture percentage (Table 77) was
lower on three daily feedings, In view of the relaﬁive similarity of
the liquid phase specific gravities, gross ingestal density changes pro-
bably reflect an active digestion process. The effects of digestive

action were also manifest in terms of the increased gastric acidity in



260
pigs fed more frequently. Increases in viscosity and oven-dry residue
in the stomach liquids on these lots may possibly reflect gastric
secretions and solubilization of feed components, The apparent persist-
ence of viscosity increases in the intestinal tracts of these animals
suggests that fluid flow through the pylorus of the solubilized components
of the noon meal had already commenced.

Modulus of fineness

Bulk modulus, as indicated in Tables 3 and 4, consisted of a
range rather than distinet modulus group.. The greatest relative differ-
ence between "coarse" and "fine" categories existed in wheat bran., Dry
bulk density measurements, which are indicators of volume characteristics
as well, corroberated these observations., Similarly by these criteria,
the least difference between the two modules existed in oat hulls, in
which instance there had been considerable overlapping of particle sizes,
Thus it is not possible to make rigid comparisons in these studies between
bulk sources within specified modulus classifications, However it is
possible to gain some information as to whether or not particle size of
the fibre source has any influence upon animal response to diets,

In this trial, finer module, comprising from 10 to 30 per cent
of the ration, significantly increased feed intake; however, through a
non-significant change in the daily rate of gain, feed conversion remained
unaltered, The increases in feed intake did create a significaht increase
in daily intakes of DE and DP, the proportion being such that the DP:DE
ratio declined; nevertheless carcass quality remained relatively consistent.

Although the initial feed densities averaged out to be similar

between the two modules (TableB, Appendix), . fine module-origin ingesta



261
exhibited a significantly increased specific gravity, or reduced bulk-
iness in the stomach. This module induced difference did not persist in
the intestinal tract.

Interactions between bulk type X modulus (Table 145, column 8)
reveal the effects of particle size ranges on bulk type. In general
growth rate changes closely followed alterations in the daily feed intake
patterns, On the fine module Solka-~floc ration growth rate was expedited
without a concomitant increase in feed intake, This resulted in superior
feed conversion, Energy digestibility coefficients of wheat bran and oat
hulls were dependent upon module, Pigs receiving coarse module attained
a higher energy digestion coefficient on wheat bran, whereas those fed
oat hulls reacted adversely in this respect. Within this interaction,
daily DE and DP intakes and DP utilization fluctuations could be attributed
chiefly to feed intake variations., In one instance, that of fine Solka-floc,
for reasons not evident in this trial, a significant improvement in DP
utilization was observed,

The aforementioned changes in nutrient digestibility and mean
deily intakes, particularly caloric intake, significantly altered the
backfat deposition in the experimental animals considered within the BM
interaction. Changes in loin area appeared to be less responsive to these
factors, only in the pigs fed fine wheat bran were significant improvements
obtained,

The occurrence of significant treatment effects in terms of gains,
feed consumption and carcass quality (Table 145) indicates some relation-
shiprto particle size in the bulk component of the diet, The greatest

effects on these measurements occurred on wheat bran rations, In this
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trial an interdependence of module on bulk type was evident, and the data
revealed that the influences of fine wheat bran resembled those on coarse
oat hulls,

Alterations in daily feed intake effected changes in backfat
but not loin area in the comparisons made within the feeding fregquency X
modulus X antibiotic interaction (Table 145, column 33). Despite highef
feed intakes by those animals fed fine module feeds three times a day,
gastric dry matter recoveries were higher in those receiving the coarse
module rations, This observation suggests that fine module bulks either
passed through the stomach at a faster rate or were capable of being
rendered sooner into such a condition that expulsion would be initiated,
In spite of such differences, there were no further alterations in ration
digestibility.,
Pelleting

Pellets used in this trial were prepared in a laboratory mill
where die temperatures during the pelleting process may not have attaingd
that typical of commercial mills, Furthermore, while excellent pellets
were produced on the wheat bran ration, oat hull pellets, particularly
those of fine module, proved to be more fragile and yielded a higher
proportion of “fines®,

In agreement with published reports (Gorrill and Bell, 1960j
Seerly et al., 1962, 1962a; and dthers) daily gain and feed intake in-
creases were evident on the pelleted rations; however, contrary to some
reports, feed utilization and carcass characteristics remained similar
to those on meals, This latter observation is in agreement with previously

published results from this institution (Troelsen and Bell, 1962), Daily
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gains, feed and energy intake, attained in these trials on either meals
or pellets, were lower than those quoted by the NRC for comparable weight
ranges in bacon hogs, However, daily gains were within the "mid-range"
category reported in a study based on growth rates of Canadian hogs‘
(Bell, 1964), amongst which the Yorkshire breed had been considered.

The increased feed intake on pellets created a significant
rise in the daily DE intake, thereby depressing the DP:DE raﬁio;: never-
theless significant alterations in carcass characteristics were absent,
Significant increases in daily DE intake on pellets may have allowed
sparing of protein and thereby contributed to the superior DP utilization
noted on these rations.

Pelleted rations, with an initially higher density (Table B,
Appendix ), . exhibited a higher specific gravity in the stomach, Initial
indications were that the reduced bulk of ingesta from pelleted rations
persisted in the intestinal tract, however due to a change in the sampling
technique further meaningful comparison could not be made,

On pelleted rations a significant decrease in the stomach weight
was noted, there were suggestions that this effect may have éersisted in
other regions of the tract as well, but as noted above the change in
sampling methods restricted representative comparisons.,

Antibiotic

The antibiotic mixture used in this experiment was approximately
200 ppm total antibiotic, Goldberg (1959) considered levels of 50 tQ 1000
ppm as high level feeding, usually utilized under disease conditions. In
the current trial the objective of high level antibiotic useage was to

influence microbial action on the fibrous components of the diet, Based
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on concepts previously reviewed (Welch et él,; 1958; Oswald and Welch,
1958) the antibiotic combination utilized in these rations would be
expected not only te effect: a wide bacterial spectrum, but to act
synergistically as well,

The antibiotic combination did not exert & significant effect
on daily feed intake, but daily rate of gain increased by 0,13 lb., an
increase of close to 10%. The superiof rates of gain increased feed
utilization on the supplemented rations and further confirmed similar
tendencies reported in the literature, As a consequence of antibiotic
use, dressing percentage was significantly improved, however loin area,
backfat and carcass grades remained unaffected.

Protein digestibility, DP;DE ratio, and DP utilization were
enhanced by antibiotic inclusion, this enhancement of protein uptake
was in agreement with literature reports (Goldberg, 1959). In contrast
to previous results at this institution (Gorrill et al., 1960), energy
digestibility in the current trial was not influenced by antibiotic

supplementation, Possible reasons for this difference might be explained
by the fact that unlike the finishing period rations considered in this
thesis, Gorrill et al. studied the grower stage. Not only did they utilize
a lower level and a different antibiotic combination, but they also used
different ration components.

Specific gravity of the antibiotic-containing feeds proved to be
significantly increased in the stomach, Slight differences in moisture
percentage occurred, indicating that supplemented samples were drier even
though there were no quantitative differences between either dry matter or

moisture. This particular effect of antibiotic activity is difficult to
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explain, particularly in view of the lack of further differences between
the two rations, On the basis of existing moisture differences (Table 77),
it is postulated that antibiotic supplementation, either through an
effect on water intake and{or effects on stomach emptying characteristics
may have effected such changes,

Iiquid pH, in both the stomach and the intestinal samples, was
higher in the supplemented rations. Goldberg (1959) referred to such‘a
pH shift in the ®intestinal mileaux" as a mode of antibiotic response,
Other data confirming Goldberg!s concepts on antibiotic action included
a reduction of surface tension in the gastric liquid phase, a further
difference noted in these trials was the increased viscosity indicated
in the intestinal fluids,

Intestinal tract weights were reduced on antibiotic supplemented
feeds, particularly in the lower tract regions (Table 94). This reduction
in intestinal tract weight on antibiotic supplemented rations agrees with
previous reports (Vonk et al., 1957b; Goldberg, 1959; and others), In view
of the superior dressing percentages evident on antibiotic supplemented
animals, in spite of similar amounts of ®"fill" and other carcass character-
istics, it appears that this reduction was instrumental in increasing
carcass yield.

Although significant increases of daily feed and digestible
energy intakes on pelleted antibiotic-containing rations were present
(pelleting X antibiotic interaction, Table 145, column 19), growth rate
and carcass quality remained consistent, . It would appear that the initial
effects were similar to that of pelleting and the effects of antibiotic on

daily gain were modified., Significant alterations in the gastric measures
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did not follow the pattern of variation noted in feed intakes. In the
absence of statistical assessment, conclusions based on percentage
differences, were that a drier ingesta prevailed on the supplemented
ratidns.

The series of significant interactions in the bulk type X
modulus X antibiotic interaction group (TaBle 145, column 27) appeared
to be influenced most consistently by the nature of the antibiotic treat-
ment, Average daily feed intakes of Solka~floc and oat hulls increased
significantly in response to the antibiotic supplementation of the coarse
module, Under similar conditions wheat bran rations were consumed in
smaller amounts. Energy digestibility of oat hull rations had been
shown to be higher on the finer module, however it was demonstrated
that antibiotic supplementation suppressed this effect. In contrast to
this, the supplementation of fine module Solka~floc enhanced energy
digestibility., These results would suggest that the influence of anti-
biotic on daily feed intake and energy digestibility was dependent not
only upon the bulk diluent in the ration, but on the bulk particle size
as well,

Greater backfat deposition was concomitant with increased daily
intakes of antibiotic supplementation of coarse module Solka-floc and
oat hulls. The depressed backfat on supplemented coarse bran was related
to the lowered feed intake, however in the fine module this combination
increased backfat without changes in feed intake or digestibility coef-
ficients, The effect of improved dressing percentage proved to be
significant on coarse oat hull rations, where increased feed. intake had

been previously demonstrated, Contrastingly, on fine module bran rations
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dressing percentage and loin area improvements on supplemented rations
occurred without associated changes in feed intake or ration digestibility.
It is evident, as mentioned above, that the antibiotic activity in these
‘trials was dependent upon both bulk type and module,

Sex

Average daily gain and feed intake were significantly higher in
barrow groups, confirming literature reports (Troelsen and Bell, 1962;

Berg and Plank, 1963; and others), In partial confirmation of a previous
observation at this institution (Troelsen aﬁd Bell, 1962), a non-signifi-
cant improvement in feed utilization was noted in gilts, Barrow carcasses
exhibited reduced loin area, dressing percentage and proportion of A grades,
in conjunection with an increased backfat, Most of these observations
implicate the production of fatter carcasses, a‘tendency frequently noted
in barrows (Troelsen and Bell, 1962; Fletcher et al., 1963; Judge, 196k;

and others).

As a consequence of increased daily feed consumption, the intakes
of DE and DP were increased in barrows in such a manner as to diminish the
subsequent DP:DE ratio. These effects undoubtedly resulted in carcass
changes in this sex, |

The only site whefe comparable weights on the digestive organs
were available, the stomach, indicated a significant reduction in barrows,
Fletcher et al. (1963) has indicated the existence of visceral weight
differences between the sexes, stating that females tended to exhibit a
greater visceral weight. The lower dressing percentage in barrows would
suggest that either this trend did not pre&ail in other regions of the

digestive tract, or that other carcass or visceral effects masked this
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characteristic, In view of the significant increases in daily feed in-
take by barrows the expected increase in degreé of fill would be expected to
‘have a detrimental influence on carcass yield, The independence of
stomach emptying characteristics and quantity of feed ingested on stomach
half-life serves to explain the lack of significant difference between
quantities of gastric ingesta recovered from the two sexes,

Gastric liquid pH, viscosity, and oven-dry residues were signifi-
caﬂtly depressed in gilts, It is open to conjecture whether these effects
were attributable to quantity of feed ingested, passage characteristics,
or to other differences. In this trial it is evident that such factors
failed to influence either ration digestibility or carcass quality.

A tendency, particularly evident on pelleted rations, was the
significant increase in feed consumption by barrows (pelleting x sex
interaction; Table 145, column 20). This increase in feed intake was of
particular interest in that the otherwise significant difference in loin

area between the two sexes was absent in pellet-fed comparisons,
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SUMMARY AND CONCLUSIONS

In the swine industry of today it may be desirable to maximize
feed intake at certain stages in the life cycle and restrict intake at
other times., A substantial body of information is‘available in the liter-
ature documenting the effects of fibrous diluents, feeding freguency,
modulus of fineness, pelleting, antibiotics and sex of pig, on berformance
and carcass quality of finishing pigs. The information available concerning
the interplay or interaction between two or more of these factors is very
limited.

Feed formulation from the chemical (or nutrient) point of view
does not ensure desired or predicted performance without due consideration
being given to physical aspects and processing methods. Further compli-
cations arise when two or more ingredients or processing techniques, having
either growth promoting or inhibiting properties, are to be incorporated
simultaneously into a ration or feeding program.

The trial described in this thesis was an attempt to re-assess
the effects of several types of fibrous diluents, feeding frequenéies, fiber
moduli, pelleting, antibiotic supplementation and sex in finishing swine,
The experiment was designed factorially in order to permit study of all
possible interactions and to determine whether the effects were independent,
additive, antagonistic or non-existent., The response criteria included
weight gains, feed intakes, digestibility coefficients:for dry matter, energy
and protein, carcass traits, gastrointestinal weights, and a variety of
chemical and physical measurements of the ingesta in selected gastro-intes-
tinal tract segments, Assays on the ingesta included specific gravity,
Klasson lignin and proximate principle components, Ingestal fluid assess-
ment included specific gravity, pH, viscosity, surface tension, solids and

ash.
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The diets and treatments under study included cellulose (Solka-
fléc), wheat brah and cat hulls as fiber or bulk sources, twice and thrice
daily feeding, two moduli (fine and coarse), meal and pellets, presence
or absence of an antibiotic supplement, and gilts and barrows, All diets
were designed to be isocaloric and nutritionally adequate,

In most instances daily feed intakes were increased by the use of
oat hulls, by feeding three times daily, by feeding the finer module fibrous
diluent, by pelleting, and when feeding barrows., However, increased feed
consumption did not always result in faster growth rates. Only in the case
of pelleted rations and with barrows did this occur, In several instances
the efficiency of feed conversion was altered, For example, feed conversion
was improved by cellulose but was impaired by oat hulls, - Pigs receiving
antibiotic-supplemented rations grew faster without coﬁsuming significantly
more feed simply because of better feed efficiency, Such findings inevitably
suggest or imply possible changes in composition of body gain and changes in
carcass quality,.

Digestibility was found to be modified by certain experimental
treatments, With oat hull rations protein digestibility appeared to be im-
proved whereas the energy coefficient was reduced, The digestibility of
both protein and energy were improved as a result of antibiotic supplementa-
tion, thereby explaining not only the superior feed conversion noted above
but also the 10% acceleration in growth rate, It was observed however that
the modulus of the diet exerted an influence upon the nature of the response
to dietary antibiotic,

Modulus effects proved to be many and varied, It is also probable

that failure to achieve corresponding degrees of fineness among the three
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bulk sources complicated the interpretation of the findings. In general
fine grinding was associated with increased feed intakes, sometimes with
better digestibility coefficients, and where the resulting increase in
digestibility was large, fat deposition in the body was increased. Changes
in loin area were seldom observed but the range in daily digestible energy
intakes was not great compared to that encoﬁntered in commercial practise.
One noteworthy aspect of modulus was the observation that finely ground bran
did not exhibit the characteristic responses ©f intact bran, indicating
that physical form, probably flakiness, is implicated in its exertion.

Pelleting resulted in increased feed consumption and growth rate.
In this study carcass quality was not adversely affected by pelleting.
However, the digestible energy content of the ration was moderate, feed,
energy and protein utilization remained similar to that obtained on meal-
type rations, and the pigs were not full-fed, hence caution is warranted in
extrapolating these findings to self-feeding practises.

Carcass grades in general followed a predictable pattern. Those
~rations that resulted in increased feed intakes or improved digestibility
promoted increased fat deposition. The fattest carcasses were obtained from
pigs fed ocat hull rations, the leanest from those fed wheat bran.

Dressing percentaspges were found to be highest in pigs fed oat
hull rations and in those fed three times daily. These results were mainly
attributeble to the increased yield characteristic of fatter carcasses.
Although there were indications of reduced visceral weights in pigs fed
either pelleted or antibiotic supplemented feeds, and in barrows, corre-
sponding improvements in carcass yield occurred only in those lots re-

ceiving the antibiotic supplemented feeds,
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Where variations of ingestal moisture content existed they were
found to be of practical significance, Oat hull rations resulted in a
drier type of ingesta and there were indications of similar effects with
antibiotic supplemented diets. In contrast, it is evident that the reduced
dressing percentages of pigs fed bran rations were related to increased
visceral weights, both as to fill and actual organ weight. Such pigs had
the greatest percentages and absolute amounts of intestinal fluids, In
accord with published reports, it was postulated that the retention of

luids in the gut may influeérice the relative degree of tissue hydration
and thereby prove instrumental in determining dressing percentage and
shrink,

The density characteristics of stomach ingesta tended to reflect
the density characteristics of the dry feed., Pelleted or fine module
rations resulted in higher stomach densities, It was also observed that
antibiotic-fortified diets led to increased stomach density. These effects
subsided in the lower regions of the digestive tract, hence it is possible
that the appetite-inducing characteristics of pelleting, fine modulus and
antibiotics are manifested mainiy in terms of stomach capacity for dry
matter,

Density differences incurred as é result of source of bulk (cellu-
lose, wheat bran or oat hulls) tended to be maintained throughout the gastro-
intestinal tract. Wheat bran rations produced the most voluminous ingesta
whereas oat hulls produced the least. The retention of more copious
quantities of ocat hull ingesta in the rectal segments reflects the importance
of lumen distention as a factor in the defecation mechanism,

More frequent feeding, wherein a noon meal had been consumed
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shortly before slaughter, resulted in increased fill and increased ration
bulkiness in the proximal portions of the digestive tract. However there
were no marked differences in lower regions of the digestive tract within
comparisons between the two feeding frequencies,

The results of analysis of dry matter and of physical measurements
of the ingestal fluids revealed a number of differences related to the
experimental treatments, however obvious correlations between these character-
istics and animal performance or ration utilization were absent, Inter-
pretation of the chemical composition of ingesta leaves much to be desired,
of course, because of the effects of digestive action, intestinal secretions,
differential separation of dietary components, and the lack of a suitable
marker for evaluating not only digestive uptake but also quantitative and
rate of passage aspects, Despite these limitations, some interesting
findings emerged. There were indications of increased fecal fat from bran
rations, Variations in stomach pH generally reflected differences in feed
intake, Rations supplemented with antibiotic showed changes in pH, surface
tension and viscosity,

In providing an overall evaluation of this project two impressions
emerge. Firstly, and perhaps surprisingly, the attempt to bring together
so many factors resulted in a large number of high order interactions which
rendered interpretation difficult and which demand further research to re-
solve certain issues. Secondly, the results obtained confirm the fact that
defining a ration simply in terms of the recogniﬁed (chemical) nutrient
requirements for the animal species in question leaves much to be desired,
The ability or willingness to consume a diet, and effects on digestibility

and rate of passage, are factors which may result in marked differences in
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the performance of animals fed diets isocaloric and nutritionally ade-

quate in conventional terms.
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APPENDIX

A. Management
1. AgNOB Pigmarker

Outline:

A calculated quantity of silver nitrate is added to a 5% solution
of methyleellulose to render it 0,25 N AgNO3. Store in a wide mouthed
dark glass jar to protect from light until applied, Clean site of appli-
cation. To apply paste use rubber gloves, Stain dyes hair and skin a
brownish color, ideally suited for white pigs. The following 200 cec
recipe is adequate for marking 30 -~ 40 pigs.

Procedure,

l. Mix 10 gm. powdered methylcellulose (4000 cps) in 50 ml, hot (80°-90°C)
distilled water (Methylcellulose should be mixed with 1/5 to 1/3 of
total water required),

2+ To 150 ml, distilled water add 6.8 gm. AgNOB, when dissolved mix into
above slurry.

3., Transfer paste to screw top jar, and let solidify (may require cooling).
Protect from light.

L4+ Apply sparingly to staining site on animal, Rub in, Stain development
is accelerated by sunlight, indoors it will darken within 24 hours,

B. Experimental Procedures and Analyses

1. The Cr903 Indicator Method for Nutrient Digestibility Determination
a) Feed preparation
1. Weigh 100 lbs, air dry feed into conical Mixal mixer,
2. Obtain at time of weighing duplicate 100 gm. samples of feed

for moisture determination, Oven dry over night at 105°-110°C,
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Recalculate % Cr203 to oven dry basis,
3. Mix 454 gm, Crp03, 200 gm, vegetable oil (Mazola oil, etc.)
and 400 ml, Skelly F to a creamy consistency. Start mixer,
slowly add Crp03 from container with portions of Cr203—feed,

mix,

4, Allow 10-15 min., mixing to blend evenly, Place CrzCé-feed

mix in open container to permit Skelly F to evaporate, Due
to volatile vapours mix and evaporate in a well ventilated
place,

5. Where required, feeds may be pelleted following Cr203 in-
corporation and drying.

Feeding during trial.

l. Remove previous feed, clean hoppers., Add sufficient amount
of Cr2Q3 containing feed to last throughout test period -
ie, 50 lbs. at finishing stage.

2. Allow minimum of 48 hours of acclimatization period to enable
feed and fecal Cr205 distribution to equilibrate. (Clawson
et al., 1955; Moore, 1958),

Sample collection and handling.

1., Prepare feces preservative by mixing in a glass container:

1000 ml, distilled H,0, 2 gm, HgCl, and 10 gm. HBBQA’ Store

2
in a glass jar,

2. During collection period samples may be satisfactorily stored
in labelled 2 1lb, size polyethylene bags.

3. Commence collection period following 3 day acclimatization

period (see above), Use fore and afternoon sampling times -
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ie, 8:30 a,m, and 4:30 p.m., to avoid influences of diurnal
variations in fecal Crj03. (Horvath et al,, 1958; Moore, 1958).

Lo Place a 50 -~ 100 gm, freshly voided fecal sample at each
collection period into bags (when sampling time arrives dis-
turbing animals, such as driving them into alleyways, scale
room etc,, appears to cause animals to defacate more readily).
Following first fecal collection add 150 ml. preservative
(HgClz~H3BQh preparation, step 1) and mix well, Bag may be
conveniently closed using a 4 inch length of paper enclosed
wire - "Twistem" tie, Further additions are thoroughly mixed
with the previously collected samples - both to ensure sample
uniformity and to distribute preservative, Bags may be stored
without refrigeration until the collection period completed.

5., Following end of 3 day collection period knead sample well,
and either freeze in plastic bags and store at -15°C T 20 or
process further.

d) Preparation of samples for analysis.

1, Using a graphite pencil identify a sufficient quantity of small
half ounce portion cupsl. Dry overnight in oven at 105°C, re-
cord dry cup weight,

2. Place thawed sample into g Waring Blendor (Homogenizer blades
must be sharp), Add a quantity of water to ensure a stable
homogenate - thick but easily poured., Homogenize at full speed
until well homogenized, During homogenization heat is evolwed,

to elleviate this condition it may be desirable to place samples

l. No. 050 Lily Portion Cup., ILily Cups Ltd., Torontec 13, Canada.
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into homogenizer cup in a partially frozen state.

.

Reduce homogenizer speed to slow, ladle out samples and fill
12 of the numbered and weighed portion cups., (A small
aluminum bottle top used as a ladle proved to be ideal for
sampling homogenate).
L. Freeze and store sample containing portion cups or oven dry
for further analysis. To prevent splattering pre-dry sample-
containing cups in forced draft oven overnight at approximately
60°C. Complete drying by raising temperature to 105°-110°C,
or preferably transfer to a vacuum oven and dry at 80°C, for at
least 6 hours,
5. Oven dried samples are stored in jars with tight fitting lids,
Chromic sesquioxide analysis
Outline: A modification of Bolin et al's. (1952) method, utilizing
perchloric acid for organic matter destruction and chromic ion
conversion to chromate, permits the use of colorimetric techniques
to assay chromic sesquioxide, To assay samples containing 1 gram
organic matter a pre-ashing téchnique using heat prior to addition
of perchloric oxidizing mixture, was utilized,

Perchloric acid dilution alleviates the hazards involved in its
use in "wet ashing®" organic substances, The analyst must be aware
of the possible consequences of using perchloric acid and at no time
allow excessive reconcentration of liquids, accumulation or improper
disposition of fumes, Chromic sesquioxide, being relatively in-

soluble is non-toxic, however the more soluble chromate salts formed
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following oxidation may constitute a potential hazard and pro-

longed contact with the skin should be avoided. (van Neer, 1963).

Procedure:

1.

2.

3.

Obtain weight of oven dried sample in portion cup (sec, e, step 5).
Plece cup containing sample in identified porcelain crucible - ie, Coors
No. 230 size No. 1. Ash at 450° - 500°C for 6 - 8 hours. At this
temperature ashing is almost complete yet cup contents retain original
shape, Use of higher temperatures collapses this "structure" allowing
Cr,03 to contact and possibly fuse into glazing on crucible., Pre-
ashing unnecessary where total dry matter is less than one gram. Fine
powders have a tendency to adhere to the neck of the digestion flask
during insertion and thereby escape chemical action, to avoid this wrap
the sample in a small quantity of paper. An alternate method, whereby
further organic matter addition is circumvented is to pellet the original
ground sample in a small hand pressl. The resultant pellets may be con-
veniently weighed and then dropped into the digestion flask,
If sample pre-ashed, quantitatively transfer to a 12 1/2 cm., filter paper
- ie, Whatman 42 ~ or a 2 1/2 ~ 3 inch square of wax paper (the wax re-
leased during digestion aids in foam prevention), Place sample into a
100 ml, Kjedlhal flask calibrated énd marked to contain 110 ml, Add 3
or 4 glass beads to prevent bumping during digestion,
From an automatic pipette add 10 ml, oxidizing reagent (5 gm. NaszQQ.
2H,0 dissolved in 1 liter distilled water into which thoroughly mix 1
liter 70 ~ 72% perchloric acid) into digestion flask. Heat on rack over

electric hotplate in fume hood, rotating containers occasionally. Remove

1. Parr No, 2811 Pellet Press, Parr Inst. Co, Moline, I11l., U,S,A.
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from heat when organic matter destruction indicated by appearance of

the green color of Cr persists, Cool flasks to touch,

2%
Lo Add additional 10 ml. oxidizing reagent, flushing any adhering particles
from the sides into bottom of flask, Resume heating until all chromic
oxide converted to chromate - indicated by a color change to yellow or
orange. Swirl flask, rotate and boil an additional 2 - 3 minutes, Do

not boil dry. Cool,

5. Using distilled water make to 110 ml, volume, mix. Filter through a
medium paper - ie, Whatman 40, Discard initial 25 ml. of filtrate,
retain remaining portion for: colorimetry.:

6. Where Cr203 content is high there will be too great an optical density

to accurately predict Cr,0, concentration, in these cases prepare a

23

suitable dilution,

7. Set colorimeter - ie. Bausch and Lomb Spectronic 20 - at 440 N and read
per cent transmittance WT" against distilled water standard set at
100% wTw,

8. Using the per cent "TM" reading, determine mg. Cr203 in 110 ml, sample

by using a standard curve brepared previously. Report either as mg, or
per cent Cr203 per gm, dry matter,
Preparation of standard curve,

1. Use sample of Cr used in feeding trial, Oven dry and digest duplicate

203
0.1000 gm., samples as indicated above, Quantitatively transfer oxidized

sample to a 100 ml, volumetric, and make to volume. Using these quantities

and dilutions reference solution contains 1 mg. Cr,0, equivalent per ml,

2°3

24 Frepafe serial dilutions from 10 pgm. to 100 mgm. Cr per ml, Read

203

per cent transmittance "T% of dilution on Bausch and Lomb Colorimeter
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as before,

3. Plot Iog T VSe M. Cr2Q3 per ml, on one cycle semilogarithmic graph
paper, Regression is of the form:

Y =a + bX
where Y equals log T and X is Jgi. Cr2Q3 per ml.

L. Prepare chart of % T vs. pem. CrZOB/ml. from a range of 4LO% to 95% T
using either graph or regression equation.

5. Following reading of samples, use the aforementioned chart to convert
& T to }ngn, Cr203 per ml, Calculations must account for sample weights
and dilutions used, thus:

pgm. C.r203 per ml, x 110 = ¥/110 ml.

used to arrive at total CrZQB.

_ Y/110 ml, x dilution factor

% Cry05 = 575, sample weight x10000

2, Klasson Iignin

Outlines
To remove nitrogenous and other soluble substances, hydrolyze a
fat free sample with 2N HC1 (Hussar and Robblee, 1962). Following hydrolysis
filter off liquid phase, wash residue with a few portions of washing solution,
Remaining residue is treated with a HZSOA”HBPOA mix according to Jayme et al,
(1958). Wash, dry and weigh residue, ignite and report weight loss in
H2SQA"H3PQ4 residue as Klasson Iignin,
Procedure:
l, Weigh approximately 1 gm, fat free sample into 150 ml. beaker. ‘Add 100 mi,
2N HC1 to which 0.25 gm./liter alconox (wetting agent) has been added,

Mix well with a stirring rod, ensuring thorough wetting of sample. Add
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a few shavings of paraffin wax. Cover beaker with watch glass,
Autoclave 3 hours at 15 psi. Following autoclaving add a pinch of
celite to hot liquid. Attach a medium perosity sintered glass filter

stick to a suction unit, insert filter stick into an aqueous celite

suspension to form a mat over the end. Maintain suction to hold mat

and insert filter stick into beaker containing hydrolyzed sample, draw
off solubles., Rinse residue with a few portions of hot 0,5% saline,
followed by successive portions of alcohol and petroleum ether. Remove
residue from end of filter stick by tapping off celite mat. Allow
residue to dry at room iemperature. | 7

Break up residue mat with a stirring rod, add 15 - 20 ml, HZSOA"HBPQQ
mixture., (6 vol. 72% HyS0,, 1 vol. 81% HBPQQ)' Mix well. Incubate,
with aggitation, at 35°C for 45 minutes.

Quantitatively transfer residue to 800 ml, beaker, add 400 ml., hot
distilled water, Boil 15 minutes on reflux stand - ie, crude fiber
apparatus. Remove and allow to settle 5 ~ 10 minutes,

Decant liquid through asbestos mat in gooch crucible, (acid-base washed,
reignited, medium fiber asbestos, re crude fiber method - A,0.A,C.
(1960). Quantitatively transfer residue to gooch, wash residue with
hot 1/2% saline, rinse with successive portions of ethyl alcohol and
petroleum ether, Dry residue in vacuum:oven at 70°C, weigh.

Ignite residue, obtain weight loss of the ingnited samples,

Weight loss due to ashing of the acid insoluble residues represents the

"Klasson lignin® portion calculated as follows:

0.D. H.SO ~H, PO, residue wt, - Wt, of incombustible residues

% Klasson lignin = 27V

x100

0.D. sample weight

Report Klasson lignin on a fat corrected basis,
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TABLE A - FEED ANALYSIS

Solka-floc Wheat bran Oat hulls

Dry matter % 92.8 91.5 92,2
Crude protein % 17.9 18,2 17.6
Ether extract % Le5 2,2 6,6
Crude fiber % 11.9 7.3 9ol
Klasson lignin % Tols 9.7 9.5
N,F.E, % 61,0 66,0 59.3
Ash % 5es 6.1 6.5
Gross energy Cal,/gm L.56 Lolidy Lo65
Calorie:protein ratio

(Digestible Calories/gm DCP) 22,2 21.6 21.3
Proteinscalorie ratio:

(Gms. DCP/therm DE) L5.5 46.3 47.0

TABIE B - AIR DRY FEED DENSITY IN GM./CCt

Feed type: Meal Pellets

Bulk modulus: Fine Coarse Fine Coarse
Solka-floc 0.53 Ou47 0.62 0.58
Wheat bran O.h4y 0.33 0.54 0.51
Oat hulls 0.56 0.50 0.53  0.58

1 Mean density values for:

Solka~floc = 0,55 Meal = 0,47 Fine module = 0,54
Wheat bran = 0,46 Pellets = 0,56 Coarse H = 0,50
Oat hulls = 0,54



TABLE C - CARCASS GRADES

Solka-floc Wheat bran Oat hulls
No, times - Anti- . : :
fed per biotic Sex Fine Coarse Fine Coarse Fine Coarse
day fed Meal Pellet Meal Pellet Meal Pellet Meal Pellet Meal Pellet Meal Pellet
M B A A A A A A B B B A A
Nil :
F A A A . A A A A A A A A A
2
M B A A A A A A B B B B B
Add
F B A A A A A A A B B A &
M B B A B A A B B B A B B
Nil . ~ v
F B A A A B A A A & A A A
3
M B B B B B A A B A B B B
Add
F A A A A A A A A A A B A

80¢
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1. Ave, 2, Ave, 3. b, L, Ioin-~ 5. Warm
daily daily feed per area carcass
gain feed lb, gain dressing

intake percentage
1b. 1b. 1b. em.2 3
Main effects:
Bulk types
Solka-floc 1.52 54383 34577 3.57 75.00%*
Wheat bran 1.45 5.38 3.72 3.76 73.92
Oat hulls 1.53 5,80 3.81 3.57 75.96
ISR for means min. 0,08 0,21 0413 0.18 0,62
maX. 0.08 0,22 0,14 0,19 0,64
Feeding frequency
2/day 147 5,343 3.65 3460 Thy o 6835
3/day 1.53 5470 3.75 3466 75424
Bulk modulus
Fine 1.52 5463% 3.72 3465 7h .88
Coarse 1.48 Seltl 3.68 3.61 75,04
Pelleting effects
Meal .45 56393 375 3.61 74,98
Pellets 1056 5.65 3!64 3»65 714-0914—
Antibiotic effects '
Nil Lebhy3 Sel7 3.82%% 3.58 Th o 68%
Added 1.57 5.57 3.58 3469 75424
Sex effects
Barrows 1,603 54 96%% 3.4 3aLb3¢ Th o 55%%
Gilts loll-o 5010 3066 3080 75037
LSR for means 0406 0,17 0,11 0,15 0,50
lst order interactions:
Bulk type x Peeding frequency
Sf x 2 1.54% 5430 3443 3.49 73,973
x3 1.49 547 3,70 3464 76,0k
x 3 1.51 559 3.71 3.79 T3.47
Oh x 2 1947 53510» 3#78 3.58 75»71
x 3 1,59 6.06 3.84 3.55 76421
Bulk type X Bulk modulus
Sf x f 1.58% 5e65% 3.58 NS 74489
xXc 1.45 5.11 355 3.69 75.12
W x?f 1.41 5425 3.7h 3.93 73.65
xe 1.50 5.51 3.71 3.59 74,19
Oh x T 1,57 5.98 3.84 357 76,11
xec 1.49 5,62 3.78 3.57 75,81
1 %P 0,05; =P 0,01

continued....
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TABLE D - continued

1. Ave, 2. Ave, 3. Ib, L. Loin 5. Warm
daily daily feed per area carcass
gain feed 1b. gain dressing

intake percentage
1b, 1b. 1b, em.2 %
Bulk type X Pelleting
Sf xm 1.51 5435 3.55 3450 The72
Xp 1.52 541 358 3.63 75428
Xp 1.55 5459 3.61 3.67 73.93
Ch xm 1.47 5464 3.88 357 76.30
X p 1.60 5495 3eTh 3.57 75.62
Bulk type X Antibiotic
Sf x nil le43 5428 3.70 3.49 74,90
x add 1060 5;11-9 3014-3 306»&!- 75411
x add 148 5.33 3.62 3.78 The 2
x add 1.62 5489 3.69 3.64 76,38
Bulk type x Sex
Sf xb 1-60 5.811- 3‘66 3:36 7"-&453
X g 1.43 4493 EN Y 3.78 75.48
Wb x b 1.54 5.71 375 3.64 7394
x g 1.37 5405 3470 3.88 73.90
X g 1.41 5.31 3.80 375 764 Th
iSR for means min. 0,03 0.10 0,20 0425 0.87
max. 0,04 0,11 0,22 0,29 1,00
Feeding frequency X Bulk modulus
X C l.l+3 5c2!+ 3068 3«- 514- 74,92
3xf 2 1.53 5,81 3.82 3.6L 75432
xc 141 5459 3.68 3.68 75.16
Feeding frequency X Pelleting
2xXm lﬁlé»l 5.20 3072 3-53 724‘.78
Xp 1.53 5.48 3.58 3,67 74,58
3xm l.48 5.58 3.79 3.69 75417
Xp 1.58 5.83 3.71 3.63 75.31
Feeding frequency X Antibiotiec
2 x nil 1.1.1,2 5,27 3»7-]-* 3058 713—033
X add 1052 5911-1 3-59 3063 75003
x add 1.61 5473 3457 3.74 75446

continued ...
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TABLE D -~ continued

1. Ave, 2. Ave, 3, Ib., L, Loin 5. Warm
daily daily feed per area carcass
gain feed Ib. gain dressing

intake percentage
1b. 1b. 1b. cm.2 %
Feeding frequency X Sex
xXg 1.39 L9 3.59 3.76 75,19
X g 1.42 5425 3.72 3.84 75.55
Bulk modulus X Pelleting
Xp 1.59 5.73 3,62 3.69 74470
Cxm 1.44 5.25 3.69 3.62 74,89
Xp 1.52 5.58 3.67 3.61 75.19
Bulk modulus X Antibiotic v
x add 1.56 5062 23,61 3.72 75.03
x add 1.57 5,52 3.54 3.65 75.45
Bulk modulus X Sex
Fxb 1.63 6.09 3.78 3.48 Th,Th*
X g 1.39 5.03 3466 3.78 75.71
- Pelleting X Antibiotic
M x nil l.41 5oL635 3.89 3.53 Tk .66
x add 1.48 5,31 3.62 3.69 75,30
x add 1.65 5.83 3.54 3.68 75429
Pelleting X Sex
Mxb 1.51 5.70% 3.70 36327 4450
X g 1.38 5.08 3.72 3.91 75.45
X g 1.43 5.11 3.59 3.70 75.19
Antibiotic X Sex
X g 1.34 5.06 3.81 3.71 75.03
Add x b 1.66 6.01 3466 348 Th,T78
xXg 1.47 5.13 3.50 3.89 75.71
ISR for means min. 0,09 0,25 0,16 0,21 0.71
max. 0,10 027 0,18 0,23 0.77

continued ...
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1. Ave, 2. Ave, 3. Ib, L4, Loin 5. Warm
daily daily feed per area carcass
gain feed 1b, gain dressing

intake percentage
1b, 1b. 1b, cm.? %
Significant 2nd order interactions:
Bulk type X Feeding frequency X Antibiotic
Sf x 2 x nil 3.50% 73,64%
x add 3.36 7h 430
X 3 x nil 3.91 76.15
x add 3.50 75,93
Wo x 2 x nil 3.70 73,60
x add 3.77 75.12
x 3 x nil 3495 73.61
Ch x 2 x nil 3,93 75,76
x add 3,63 75,66
X 3 xnil 3.92 75.31
x add 3,76 77.10
Bulk type X Feeding frequency X Sex
Sfx2xb 73,0435
X g 74490
x3xb 76,02
X g 76,06
Wox2xb T, 70
X g 74,03
x3xb 73.19
X g 73-76
thx2xb Th.78
x3xb 75.58
Bulk type X Bulk modulus X Antibiotic
Sf x £ x nil 5. 70% 3.48 T5 ¢ 2533
x add 5.61 3.41 The52
x ¢ x nil L .86 3.50 Th o5k
x add 5.37 3.88 75.71
Wo x £ x nil 5,21 3.76 72,98
x add 5,29 L.11 Tho37
x ¢ x nil 5,65 3.7 74,23
X add 5.38 3kl Th,15
X add 5496 3.6L 76,26
X ¢ x nil 542 3449 75.11
x add 5,82 3.64 76,50

continued ...
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1. Ave. 2. Ave, 3, Ib.

L. Ioin 5. Warm

x add 5»77
Feeding frequency X Pelleting X Antibiotic
2Xmxnil
add
nil
add
nil
add
nil

3

»

»

-

L]

daily daily feed per area carcass
gain feed lb. gain dressing
intake percentage
1b, b, 1b. em” %
Bulk type X Pelleting X Antibiotic
Sf x m x nil Ty, 9635
x add Tk 450
X p x nil 74483
x add 75Q 73
Wb x m x nil 73.87
x add 73,96
X p x nil 73.34
x add Tho51
Ch x m x nil 75.15
x add TT e
X p x nil 75.92
x add 75.32
LSR for means min, 0,05 0.1k 0,28 0436 1,23
max. 0,05 0,16 0,33 Q.42 1,45
Feeding frequency X Bulk modulus X Pelleting
2xfxm 5elily* 3449 Tl o 295
Xp Selily 3.83 The59
Xexm h,96 3.57 754,28
Xp ' 552 3.51 7L .56
X p 6,02 3.56 74,80
X ecXxnm 5051-1- 3-67 714—050
Xp 5465 3.70 75,82
Feeding frequency X Bulk modulus X Antibiotic
2x f xnil 5.33% 3,70%
x add 5455 3.6
X ¢ X nil 5.20 3ok
x add 5.27 3.6
3xf xnil 5.94 3ok
x add 5.69 3.8
X ¢ x nil 542 3.6
3.6
3
3
3
3
3
3
3
3

w

™
: B8
oK KK NN

add

*
OO g
\0\?0\0\]@0‘}0‘} ROV HOWOo-L O
S

» -

continued ...
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1. Ave, 2. Ave, 3. Ib, L. Loin 5. Warm
daily daily feed per area carcass
gain feed 1b. gain dressing

intake percentage
1b. 1b, 1b, em,2 %
Feeding frequency X Pelleting X Sex
2xmxb 36393 The32%
X g 3.68 75425
XxXpxb 3.50 74,02
X g 3.85 75413
3xmxb 3625 74,69
Xpxhb 3.71 75.17
X g 3454 7545
Feeding frequency X Antibiotie X Sex
2xnilxb T3.71%
Xg The96
X add x b 7he63
X g 75443
3xnilxb 74,93
X g 75,11
xadd x b The93
X g 75499
Bulk modulus X Pelleting X Sex
Fxmxb 1.49%
X g 142
xpxhb 1.76
X g 1.41
Cxmxb Le5h
X g 1.34
Xpxb 1.60
X g Ll.45
ISR for means min. Q.04 0,11 0,23 0,29 1,00
max. 0,05 0013 0226 Q3L 1,16
General mean 1.50 5452 3.70 3.63 Th .96
Number of obserw '
vations 96 96 96 96 96
Error M.S. used 0.0236 0.1781 0,0755 0.1259 1.472
D.F. for error M,S, 38 38 38 38 38
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6. Ave. 7. Dry 8. Digesti-9. Digesti-10, Ave.
backfat matter bility of bility of daily
(of 3 digesti- Energy Protein D.E.
measures) bility (D.E,) (D, P.) intake
(D.M,)
in, . % % % Meal.
Main effects:
Bulk types
Solka-floc 1,21%% 68,03 68,5% 78, 236 7, 17%%
Wheat bran 1.1, 68,8 68.8 76.8 6,80
Oat hulls 1.27 66,0. 67,0 81,5 Te4T
ISR for means min, .06 1.3 1.5 1.6 0.33
max. .06 Lok 1.6 1.6 0,35
Feeding frequency
2/day 1,16%% 68,0 68,4 79.1 6.95%
B/day lg26 67.2 67.8 78. 7031
Bulk modulus
Fine la22 67.9 6845 78.5 74323
Coarse 1.20 674 67.7 79.2 649
Pelleting effects
Meal 1.20 67.7 68.1 79.3 6,96%
Pellets 1.22 67.5 68,0 78,3 7.30
Antibiotic effects
Nil 1.18% 68,0 6842 T7 b5 7.12
Adg 1,23 67.3 67,9 80.3 7. 14
Sex effects
Barrows 1,293 67.5 6840 78,3 7,613
Gilts 1,14 67.3 68,2 79.4 6,61
ISR for means .05 1.1 1.3 1.3 0.2
lst order interactions:
Bulk type X Feeding frequency
Sf x 2 1.12 68,8 69.0 78.5 7.05
x 3 1.30 67.3 67.9 77.9 7,17
Wb x 2 lell 69.5 694 T7e? 6,61
x 3 1.18 68,2 68,1 76.3 7.00
Ch x 2 l.24 65.7 66,6 81,7 7,19
x 3 -1.30 66,2 67.3 81l.4 7.76
Bulk type X Bulk modulus
Sof x 1.26%¢ 68, 23% 68, T3 777 T b7
x e 1,16 68,0 68,2 78.7 6. Th
Wb x f 1,08 67.0 67.3 75.8 6.51
X C 1.20 70‘6 7093 7707 7»11
Oh x f 1,31 68,5 69,3 81.8 7.99
xec 1,23 63.5 6lho5 81,3 6.96

continued ..,
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TABIE D -~ continued

6. Ave, 7. Dry 8. Digesti- 9, Digesti~ 10, Ave.

backfat matter bility of bility of daily
(of 3 digesti- Energy Protein D.E,
measures) bility (D.E.) (D.P.) intake
(D.M.)
in, % % 73 Mcal.
Bulk type X Pelleting ‘
Sf xm , 1.22 69.3 70,0% 794473 715
X p 1.20 . 66,9 67.3 77.0 7,06
Wb x m 1.11 68,6 68,2 78.0 6449
Xp 1.18 69.0 69.4 75.6 7.13
Oh xm 1.25 65.3 66,4 80,6 To2ly
X p 1.29 66,6 67.5 82,5 7.70
Bulk type X Antibiotic
Sf x nil 1,18 67,74 67.9% 77.0% 6,90
x add 1.24 68,5 69,0 79.5 7.31
Wo x nil 1.14 68,6 68.5 Tha?2 6.83
x add 1gll+ 69;1 6991 79:3 6.79
Ch x nil 1,23 67.6 68,4 81,0 7.63
x add 1.31 64,3 65,6 82.1 7.32
Bulk type x Sex
Sf xb 1.27 68,3 68.8 775 7.71
X g 1.15 67.8 68,2 78.9 6450
Wb x b 1.22 68,6 69,1 76,6 .25
X g 1.07 69,1 68,5 76.9 6.36
Chxb 1,38 65,0 65.9 80,7 7.97
X g 1.16 67,0 68,0 82.4 6,98
ISR for means min. 0,08 1.9 2.2 242 0
max. .09 2.1 22 2e5 0,33
Feeding freguency X Bulk modulus
2xf 1,19% 68,2 68.7 7847 7.13
X C 1012 67.8 68.0 7906 6077
3x¢f 1.2 67.6 68,2 78.2 7452
ke - 1,28 6649 67.3 78,9 7.10
Feeding frequency X Pelleting
2xm 1.23 68,7% 68,9 80,3% 6.83
X p 1.21 6744 67.8 78.0 7.07
3xm 1.16 66,8 67,2 78.4 7.10
X p 1.23 67.7 68,3 78.7 7652
Feeding frequency X Antibiotic
2 x nil 1.10 68.3 68,6 77,7 6,88
x add 1.20 67.7 68,1 80,6 7,02
3 x nil 1.26 67.6 67,9 77.0 7.36
x add 1.26 66, 67.7 80,0 7426

continued ....
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6. Ave, 7. Dry 8, Digesti- 9, Digesti- 10, Ave,
backfat matter bility of bility of daily
(of 3 digesti~ Energy Protein D.E.
measures) bility (D.E,) (D,P.) intake
(D.M.)
in; . % % % Mecal.
Feeding frequency X Sex '
2xD 1.29 68,0 68,4 78,7 Tab7
X g 1,14 68,0 68,3 79.6 6443
3xb 1,29 66.9 6745 77.8 7.82
X g 1.11 67.6 68.0 79.2 6,80
Bulk modulus X Pelleting
Fxm 1,23% 67,7 68.2 78.8 7.13
X p 1.21 68.1 68,7 78.1 751
Cxm 1.16 67.7 68,0 79.8 6.79
Xp 1.26 67. 67,4 78.6 7.08
Bulk modulus X Antibiotie
F x nil 1.20 68,3 68,7 7647 7.39
x add 1923 67;5 68,2 8002 7‘25
C x nil 1.16 67,6 67,8 78,1 6.85
x add 1.23 67.0 67.6 80,3 7.02
Bulk modulus X Sex
Fxb 1.29 67.8 68.5 7845 7.95
X g 1.1, 68,0 68,4 78.4 6.70
Cxb 1.29 67,0 674 78,1 7o 34
X g 1.11 67.6 68.0 80.4 6.53
Pelleting X Antibiotic
Mx nil 1.18 68,2 6845 77 ot y2uniy
x add 1.21 67.2 67.7 88,3 6.81
P x nil 1.19 67.7 68.0 77.4 7.13
x add 1.25 67.4 68.0 79.3 7.46
Pelleting X Sex
X g 1.12 68,2 68.4 79.8 6.57
x g 1.13 674 68,0 79,0 6.66
Antibiotic X Sex
Nil x b 1.28 67.3 67.8 76.8 7.59
X g 1,09 68,6 68,7 78.0 6.65
X g 1.16 67.0 67.7 80,8 6,58
ISR for means min. 0,0 1.5 1.8 1.8 0,38
max. .07 1.7 2,0 1.9 0.41

continued .,.
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Significant 2nd order interactions?

6. Ave, 7. Dry 8, Digesti- 9, Digesti- 10, Ave,
backfat matter bility of bility of daily
(of 3 digesti~  Energy Protein D.E,
measures) bility (D.E.) (p.P.) intake

(D¢M-)
-in, % % Meal.

Bulk type X Feeding frequency X Bulk modulus

Sfx2xf 1,19%
X c 1.06
x3xf 1.33
X c 1,26
Wx2xf 1.04
X c 1,17
x3xf 1,12
X e 1.2,
Ohx2xTf 1.35
X ¢ 1,13
x3xf 1.27
Xxc 1.33
Bulk type x Feeding frequency X Pelleting
Sfx2xmnm T1.3%
X p 66,4
X3 xm 67.2
Xp 674
Wb x 2xm 69.5
X p 69.5
x3xmn 67.7
Xp 68,6
Ohx2xm 65,2
X p 66,3
X 3xmnm 65.5
Xp 67,0
Bulk type X Bulk modulus X Pelleting
Sfxfxm 68, 5%
X p 68,0
X ecxm 70,0
XD 65.9
Woxfxmnm 66,6
xp 67.5
XxXecxm 7045
X p 70.5
Chxfxm 68,2
Xp 68,8
Xxecxm 62,5

continued ...
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TABIE D -~ continued

6, Ave. 7. Dry 8, Digesti- 9, Digesti~ 10, Ave,

backfat matter bility of bility of daily
(of 3 digesti- Energy Protein D.E.
measures) bility (D.E,) (D.P.) intake
(D.M,)
Ang % % % Mcal,
Bulk type X Bulk module X Antibiotic
Sf x £ x nil 1.27% 66, 6% 66,9%
x add 1.25 69.9 705
X ¢ x nil 1,10 68,8 68,8
x add 21423 67.1 67.6
Wo x £ x nil 1.04 67,2 67.4
x add 1.12 66,9 67.2
X ¢ x nil 1,24 70,0 69,7
x add 1.17 71.3 71.0
Oh x £ x nil 1.30 71,1 71.9
x add 1.32 65,9 66,9
X ¢ x nil 1.16 6Ll 64,8
x add 1,30 62.8 6l,2
Bulk type X Bulk module X Sex
Sfxfxhb 1.33%
X g 1.19
XxXexb 1,22
X g 1,10
Woxfxb 1.11
X g 1.05
xecxb 1.33
X g 1,08
Ohxfxb 1.44
X g 1.18
Xxecxb 1.31
x g 1.14
Bulk type X Pelleting X Sex
Sfxmxb 68,43
xg 70,1
Xpxb 68,2
X g 65.6
Woxmxb 68.7
X g 68,4
xpxb 69.4
X g 68,8
Ohxmxb 64,7
X g 66,0
xpx b 65,3
X g 68.0
LSR for means min. 0.0 2.7 3.1 3.1 0.63
max. 0,0k 3.1 3.7 3.6 0.78

continued ...
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6. Ave. 7. Dry 8., Digesti- 9. Digesti-~ 10, Ave.

backfat matter bility of bility of daily
(of 3 digesti- Energy Protein D.E,
measures) bility (D.E.) (D, P.) intake
(DM )
in.. 4 % A Meal,
Feeding frequency X Bulk modulus X Antibiotic
2 x T xnil 1.123%
X add 1.26
x ¢ x nil 1.10
x add lqlll»
3 x f xnil 1.28
x add 1.20
x e x nil 1.23
x add 1.32
Bulk module X Pelleting X Sex
Fxmxb 7o 48%
xXpxb , Bs4l1
X g 6,61
Cxmxb 7.22
X g 6,36
Xpxb Teb7
Bulk module X Antibiotic X Sex
Fxnilxbd 68,43
X g 68,2
x add x b 674
x g 67.7
Cxnil xb 66,
x g 68,9
x add x b 67,8
x g 66,3
Pelleting X Antibiotic X Sex
Mxnilxb 66, 53¢ 67,0%%
X g 7040 7040
x add x b 68,0 68,6
X g 6644 66,9
Pxnilxb 68,1 68,7
X g 67.2 674
x add x b 67.1 67,6
X g 67.7 68,5
ISR for means min. 0,03 242 245 245 0. 54
max. 0,03 245 2,9 2.9 0.62

continued ,..
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e

6. Ave, 7. Dry 8, Digesti- 9. Digesti- 10, Ave,

backfat matter bility of bility of daily
(of 3 digesti- Energy Protein D.E,
measures) bility (D.E,) (D.P.) intake
(D.M.)
in,. % % % Mcal,
General mean 1.21 67.7 68,1 78,8 7.13
Number of
observations 96 96 96 96 96
Error M.S. used 0.0125 6.815 9.419 9.307 0.422],

D.F. for error M.S. 38 38 38 38 38
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TABIE D -~ RESPONSE CRITERIA MEANS

11. Ave. 12, Gm, 13, D.E. 14, Meal. 15, Gm.

daily D.P, per per 1b, D.E. per D.P, per
D.P. Meal. D, M, ib, gain 1lb, gain
intake D.E.
gm. g Keal. Meal. Feau
Main effects:
Bulk types
Solka~floc 3213 L5,5% 1422 L,17 2133k
Wheat bran 315 46,3 1387 4,20 219
Cat hulls 350 47,0 1414 4439 231
LSR for means min. .6 0.9 32,8 0.2 2.0
max. 15.2 0.9 34.3 0.2 ety
Feeding frequency
2/day 320% 46,1 1413 4,76 219
3/day 338 464 1402 4,81 222
Bulk modulus
Fine 335 L5,.8% 1414 4,83 221
Coarse 323 46,8 101 L,74 221
Pelleting effects
Meal 324 L6,6% 1407 L o8l 225%
Pellets 33l 45,9 1408 L,72 216
Antibiotic effects '
Nil ' 3203 45,1368 1412 L4 98K 224
Add 337 L4 1403 L,59 217
Sex effects
Barrows 3493 L5.9% 1405 4,82 221
Gilts 308 46,6 1410 L,75 221
LSR for means 11.9 0,8 26.8 0,18 T3
lst order interactiocns:
Bulk type X Feeding frequency
Sf o x 2 317 45,3 1433 Lo 56 05
x3 325 45,6 1411 L84 220
Wo x 2 , 304 46,2 1400 L.'T7 220
x 3 326 4645 1374 4,68 217
Oh x 2 338 47.1 1407 Le95 232
x 3 362 46,9 1421 4,92 230
Bulk type X Bulk modulus
Sf x f 323 L3470t 14223 4,72 2043
xec 319 47.6 122 4468 221
W x f 305 46,9 1355 L, 66 218
X e 326 45,8 1418 4,78 219
Ohxft 375 47,1 1465 5.12 240
Xc 325 47,0 1362 4,75 222

continued ...
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TABIE D -~ continued

ll. A'Veg 12. Gm. 130 D;E- ]l-l—o I“Icalo 150 Cd'll,

daily D.P, per per 1lb, D.,E. per D.P., per
D,P. Mcal, D.M. 1lb. gain 1b, gain
intake D.E.
gm. gm. Kcal., Mcal, gm,
Bulk type X Pelleting
Sfxm 323 4454375 1443 Lo Th 214
X p 319 L5,6 1401 4,66 212
Wb x m 308 4L7.5 1376 4,82 228
Xp 323 45.2 1398 4,63 209
Oh x m 340 L7.1 1402 4,98 234
XDp 360 46,9 1426 4,89 228
Bulk type X Antibiotic
Sf x nil 309 45,0% 1410% Lo8L 218
x add 333 L5.9 1433 La55 208
Wo x nil 308 L1 ,9 1382 Le82 216
x add 323 47,8 1392 4,63 221
Oh x nil 345 L5444 RV 5429 239
x add 356 48,6 11384 L,58 223
Bulk type X Sex
Sf x b 344 L4.9 1429 4,82 216
X g 298 46,1 1414 Ly 57 210
Wb x b 332 45.9 1393 L,76 219
X g 298 46,8 11381 4,68 218
Ohxb 372 L6,9 1392 4,88 227
X g 329 47,1 1436 4,99 235
1SR for means min. 20.6 1.2 L6,L 0,31 12,2
max. 25.2 13 0.2 043 13.4
Feeding frequency X Bulk modulus ;
2x f 324 L5.7 1419 L,73 215
xc 315 46.8 1408 - La79 223
3xf 345 45,9 1410 L o9k 226
X c 331 46.8 1394 4,68 218
Feeding frequency X Pelleting
2xm 316 46,5 1424 4,87 225
X p 324 46,0 1402 L,65 213
3xm 331 46,8 1390 L,82 225
Xp 344 45,9 1414 4,80 219
Feeding frequency X Antibiotie -
2 x nil 309 45,0 1420 4,88 220
x add 330 LT .4 1407 L,6hL 219
3 x nil 332 45.2 1404 5,08 229
x add 344 L745 1400 bobl 216

continued ...
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11, Ave. 12, Gm, 13, D,E, 4. Meal, 15, Gm.
daily D.P., per per 1lb. D.E. per D,P. per
D.P. Mcal. D.M, 1lb, gain 1b, gain
intake D,E.
gm. g, Kecal. Meal. gu.,
Feeding frequency X Sex
2xb 341 L5,9 1414 4.85 222
X g 298 L6,5 1412 4,66 216
3xb 357 46,0 1396 4,79 219
X g 318 46,8 1408 4,87 226
Bulk modulus X Pelleting
Fxm 329 L6 Ly 1406 Ll.91 221,
X p 31,0 45.2 1422 Ll T5 218
Cxm 318 46,9 1408 4,78 224,
X p 329 46, 1394 L4469 218
Bulk modulus X Antibiotic
Fxnil 327 L4,3 1421 5.00 221
x add 342 L7.2 1408 4,67 220
C x nil 313 46,0 1403 4,96 228
X add 332 L7.6 1399 4,51 214
Bulk modulus X Sex
Fxm 361 45,6 1415 4,92 22k
X p 308 45,9 1413 La75 218
Cxm 338 16,2 1395 L,T72 218
Xp 308 L'7.4 1407 4,75 224
Pelleting X Antibiotic
M x nil 319 45,03 1415 5.06 228
x add 328 48,3 1399 4,63 223
P x nil 321 45,2 1409 4,90 221
x add 347 46,6 1408 Le55 211
Pelleting X Sex
Mxb 339 L6,4 1400 4,88 226
X g 308 46,9 1L 4,81 225
Pxb 360 45,5 1410 Lo76 216
x g 309 L6,4 1406 k4,69 217
Antibiotic X Sex
Ml xb 301 L5,1 1403 4,96 223
xXg 340 L5,2 1421 5,00 226
Add x b 359 46,8 1408 4,68 218
X g 316 48,1 1399 4,50 216
LSR for means min, 16.8 1.0 37.6 0.25 10.4
max. 18,2 1.0 41,0 0.27 10,9

continued ,...
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11, Ave., 12. Gm, 13. D.E, 14, Mcal, 15. Gm.
daily D,P. per per lb., D.E. per D.,P, per
D.P, Mcal., D.M. 1b. gain 1b. gain
intake DE,

gm. gm. Keal. Meal, gm.

Significant 2nd order interactions:
Bulk type X Feeding frequency X Bulk modulus

Sfx2xf : 198#*
X c 212
x3xf 211
X c 230
Wox2xf 218
X c 222
x3xf 219
X c 216
thx2xf 229
X e 235
x3xf 250
X c 209
Bulk type X Bulk modulus X Antibiotie
Sf x £ x nil L3, 238¢ 1386
X add L3.5 1459
x add L84 1408
Wo x £ x nil L5.4 1358
x add L8,4 1353
X ¢ X nil Lhi.5 1405
x add LT7.1 1432
Oh x £ x nil Ll W2 1518
x add 49.9 1413
X ¢ x nil L6,6 1369
x add LT .4 1356
Bulk type X Pelleting X Antibiotic '
Sf xm x nil Ll 9%
x add L5,.8
x p X nil L5,1
x add L4L6,1
Wb x m x nil L5,1
x add 49,9
X p x nil L .8
x add L5.6
Oh xmx nil 45,0
x add 49,2
X p x nil 45,9
x add 48,0
ISR for means min. 29,1 1.7 65.6 Qu bl 18,0
max.  3h4.3 1.8 773 0.252 18.9
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11, Ave, 12. Gm, 13. D.E, 1he Meal, 15, Gm,
daily D.P, per per 1lb, D.E, per D,P, per
D.P, Mcal. D.M. 1lb, gain 1b, gain
intake D.E.
g, gm, Kecal, Mecal, gm,
Feeding frequency X Pelleting X Sex
2xmxb L6,6%
X g 46,3
XxXpxb L5.2
X g 46,8
3xmxb L6,2
X g L'7.5
XpxXb 45,8
x g 46,0
Pelleting X Antibiotic X Sex
Mxnil x b 1383
X g 147
x add x b 1416
X g 1382
Pxnil xb 1422
X g 1396
x add x b 1399
X g 1417
ISR for means min, 23,8 1.4 53,6 0.36 .7
max. 274 1,5 61.6 04l 16,9
General mean 329 L6,3 1408 4.78 221
Bumber of
observations 96 96 96 96 96
Error M.S. used 825,08 24925 L4179 0.1868 313.47
D,F, for error M.S. 38 38 38 38 38
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TABIE D -~ RESPONSE CRITERIA MEANS
Stomach
16, Total 17. Total 18, Total 19. Organ 20, In-
content water dry weight gesta
content matter specifie
~ content gravity
gm. gm, gm, gm,
Main effects:
Bulk types
Solka~floc 2070 1490% 580 688 978
Wheat bran 1839 1373 L66 690 .933
Oat hulls 1702 1154 554 6L, 979
LSE for means min. 38L.9 2551, 129.8 48,8 .019
maX. 02,3 267,0 135.6 51,0 .020
Feeding frequency
2/day 1651, %% 1207 LA T3 665 $955%
3/day 2087 71 620 682 .972
Bulk modulus
Fine 1829 1317 512 669 L9783
Coarse 1911 1361 551, 678 »949
Pelleting effects
Meal 1752 1258 L9 70833 SO bt
Pellets 1989 1420 572 6L0 .981
Antibiotiec effects
Nil 1868 1361 511 678 #9553
Add 1873 1317 556 669 972
Sex effects
Barrows 1946 1382 568 6h5% 969
Gilts 1795 1296 4L99 702 .958
ISR for means 314.3 208,6 105,9 39.9 .016
1st order interactions:
Bulk type X Feeding frequency
Sf x 2 1890 1378 5123 68l 973
x 3 2249 1601 648 690 98k
Wb x 2 1730 1278 453 678 »925
x3 1949 1469 480 702 .941
Oh x 2 1341 965 376 633 .967
x 3 2063 1344 - 732 655 » 990
Bulk type X Bulk modulus
St x f 2018 1465 552 703 987
xXec 2122 1514 608 672 .970
Wo x f 1879 1385 L9L 679 . 960
X c 1800 1361 439 701 .906
Oh x f 1592 1101 491 626 .986
X c 1812 1208 617 662 972

continued ...
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Stomach
16, Total 17, Total 18, Total 19. Organ 20, In-
content water dry welght gesta
content matter specific
' content gravity
. gln" gl fodsie gm,
Bulk type X Pelleting \
Sf xm 2146 1525 621 719 2973
Xp 1994 1454 539 656 »981
Wo x m 1619 1209 410 722 »912
XDp 2060 1538 522 658 +955
Oh xm 1492 1039 452 682 2952
X p 1912 1269 656 606 1.006
Bulk type X Antibiotic
Sf x nil 1931 1451 480 669 .966
x add 2209 1529 680 706 +990
Wb x nil 1948 1462 486 694 +930
x add 1731 1284 L7 686 .936
Oh x nil 1726 1171 568 672 974
x add 1678 1138 540 616 .988
Bulk type X Sex
Sf xb 2140 1532 618 643 994
X g 1999 1457 542 732 .963
Wb x b 1988 1488 500 657 . 927
X g 1692 1259 L32 723 . 940
Oh x b 1709 1137 586 636 986
X g 1695 1173 522 652 #9772
ISR for means min, Shaby 361,3 183,5 69.0 .027
max. 61.3 406,7 26,5 17.7 031
Feeding frequency X Bulk modulus
2xf 18043 1310% L93% 655 973
X c 1504 1103 400 675 £937
3xf 21855 1323 532 684 983
X c 2319 1619 708 681 . 961
Feeding frequency X Pelleting
2xm 1738%* 1256% L8136% 682 »936
X p 1570 1158 413 649 9Th
3xm 1767 1259 508 734 2955
X p 2,06 1683 733 631 .989
Feeding frequency X Antibiotic
2 x nil 1582 1169 412 - 650 2956
x add 1726 1245 481 680 .96L
3 x nil 2155 1553 610 706 965
x add 2020 1390 £630 659 979

continued ...
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Stomach
16, Total 17. Total 18, Total 19, Organ 20, In-
content water dry weight gesta
content matter specific
content gravity
gInc gms gln. gmo
Feeding frequency X Sex
2xb 1630 1167 L62 627 ,960
X g 1678 1247 431 704 .951
3xb 2262 1597 673 66y,  ,978
X g 1912 1346 567 701 - 965
Bulk modulus x Pelleting
Fxm 1625 1166 L58 681 . 966
XD 2034 1468 567 658 «990
Cxm 1880 1349 530 734 . 926
X p 1943 1373 578 622 972
Bulk modulus X Antibiotic
Fx nil 1776 1295 481 667 977
x add 1883 11339 Shdy 672 »979
C x nil 1960 1427 542 690 : <934
x add 1862 1295 567 667 » 96k
Bulk modulus X Sex
Fxb 1768 1262 507 646 $975%
x g 1890 1372 518 693 .981
Cxb 2123 1502 629 645 .963
X g ' 1700 1220 480 711 $935
Pelleting X Antibiotic
M x nil 15893 1166% 422 721 «OLL
x add 1915 1349 566 695 L7
P x nil 2148 1556 600 636 .967
x add 1830 1285 545 oLl .996
Pelleting X Sex
Mxb 1940 1383 557 688 .967
X g 1546 1132 4L32 727 »950
Pxb 1651 1380 579 603 »,988
X g 1842 1460 566 677 974
Antibiotic X Sex
Nil x b 1988 1466 531 649 0957
X g 1748 1256 492 708 « 954
Add x b 1903 1298 605 642 ,981
X g 1842 1336 506 697 . 962
1SR for means min. L4LL.b 295,0 149.8 56,3 .022
max., 481.7 319, 7 162,3 61,0 024

continued ...
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Stomach
16, Total 17, Total 18, Total 19, Organ 20.In-
content water dry weight gesta
content matter specific
content gravity
gmo gmo gnlo gmc
Significant 2nd order interactions:
Bulk type X Feeding frequency X Sex
Sfx2xb 12803
xg 1,76
x3xb 1765
xg 1438
Wox2xb 1320
X g 1235
x3xb 1655
X g 1283
OChx2xb Q01
X g 1029
x3xb 1370
X g 1380
Bulk type X Bulk modulus X Pelleting
Sfxfxm . 972%
xXPp 1,000
xexmn 975
X p .965
Woxfxm 956
Xp . 966
Xecxm 867
X p bk
Ohxfxm .969
Xp 1,000
Xexm .935
Xp 1.010
Bulk type X Pelleting X Antibiotie
Sf x m x nil 12013
x add 1849
X p X nil 1700
x add 1209
Wb x m x nil 1201
x add 1216
X p x nil 1723
x add 1353
Oh xmx nil 1096
x add 983
X p xnil 1245
x add 1294
ISR for means min,  769,7 511,1 259.5 97.6 032
max. 06, 602,0 305.6 115,0 .036

continued ...
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Stomach
16, Total 17. Total 18, Total 19, Organ 20, In-
content water dry welght gesta
content matter specific
content gravity
gnlc gl'ﬂ. gmo gm.
Feeding frequency X Bulk modulus X Antibiotic
2 x f x nil 391%
x add 596
X ¢ x nil 571
x add 493
3 x f xnil L34
x add 367
X ¢ x nil 649
x add : 768
Feeding frequency X Pelleting X Antibiotic
2 xmx nil 436% 655%
x add 527 709
X p x nil 389 646
x add L36 651
3 xmx nil LO9 786
x add 606 681
X p x nil 811 626
x add 651, 637
Pelleting X Antibiotic X Sex
Mxnilxb 5223
X g 323
xadd x b 592
X g 540
Pxnil x D 5L0
X g 660
x add x b 618
X g L72
ISR for means min. 628.5 417.3 211,9 79.7 .032
max. 722,7 479.8 243,6 91.6 .036
General Mean 1870 1339 533 67 .96L
Number of :
observations 96 91 91 96 96
Error M.S. used 575,558.6 253,522 65,399.9 9,252.7 .0014496
D.F. for error M.S, 38 33 33 38 36
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TABLE D -~ RESPONSE CRITERIA MEANS

Stomach - liquid phase

21, pH 22, Vis- 23, Sur- 24, Oven 25, Ash in
cosity face dry resi- oven dry
tension dues residue
centi- dynes/cm. % (Anglesl) % (Angles)
poise
Main effects:
Bulk types

Solka-floc L.L6 2.23%% L7.6 ko5  (12.2) 17.2  (24.5)

Wheat bran 4,38 1.45 46,5 4,0 (11,5) =21.0 (27.3)

Oat hulls Lo51 1.86 46,7 3,8 (11.2) 17.2  (24.5)
ISR for means

min. 0.1 0.31 1.56 ( 1.0) ( 2.6)
max. 0.1 0.32 1.63 (‘1.0 ( 2.2)
Feeding frequency

2/day L 36% 1.69% L74h 3.6%%¢ (11,0) 18.7  (25.6)

3/day La 5l 2,00 46.5 Le6  (12,3) 18.3  (25.3)
Bulk modulus

Fine Lo51 1.75 47.3 Lol (11.7) 18.5  (25.5)

Coarse 4e39 1.95 46,7 4,0  (11.6) 18.4  (25.4)
Pelleting effects

Meal LoL5 1.73 L6, 155¢ 3.4 (10,6) 19,1 (25.9)

Pellets L6 1.97 47.8 4.8 (12,6) 18,0 (25.1)
Antibiotic effects

Nil k.32 1,73 L7.9%% 4,0 (11.6) 18,1  (25.2)

Add La58 1.97 46,0 Lol (11.7) 17.9  (25.8)
Sex effects ‘

Barrows L 5733 2.0330¢ Ll-éa’i L7356 (124!5} 1845 (25- 5)
LSR for means 0,14 0425 1.3 ( 0.8) ( 2.1)
lst order interactions:

Bulk type X Feeding frequency
Sf x 2 L3 2. % 48,7 Lo1% (11.7) 16.6 (24.0)
x 3 Lo48 2.33 4645 4.8 (12.6) 17.9  (25.0)
Wo x 2 4425 1.46 46,0 4,0 (11,5) 21.6 (27.7)
x 3 La51 1.45 47.0 4,0 (11.5) 20.6 (27.0)
Oh x 2 4439 1.48 L7 .4 3.0 (9.9) 18,3 (25.3)
x 3 L6l 2.23 46,1 4.8  (12.6) 16.3 (23.8)
Bulk type X Bulk modulus :
Sf x f L,54 1.96 L7.4 L3 (12,0) 18,0 (25.1)
X e 4L.38 251 47.8 Lheb  (12,4) 16.4 (23.9)
Wo x T Lol 1.51 LT o4 L.2 (11.8) 19.9 (26.5)
x c 432 1,40 45,6 3.8 (11.2) 22,2 (28.1)
Oh x £ Le55 1.78 46,9 3.8 (11.2) 17.7  (24.9)
xc L8 1.93 46,6 3,8 (11.3) 16.8 (24.2)
1 Angular transformation of data according continued ..,

to Johnson (1950)
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TABIE D - continued

Stomach - liquid phase

21. pH 22, Vis- 23, Sur- 24, Oven 25, Ash in
cosity face dry resi- oven dry
tension dues residue

centipoise dynes/cm. % (Angles) %  (Angles)
Bulk type X Pelleting

Sf xm Lo 313 2.09 L6.6 3.8 (11,2) 16,7 (24.1)
xXp L.61 2,37 47.8 5.2 (13.2) 17.7  (24.9)
Wo x m La57 1.43 L5.8 3.5 (10,8) 21.9 (27.9)
X p 4419 1.48 47.3 Le5 (12.2) 20,3 (26.8)
Oh x m LaLib 1.67 46,0 3,0  (10.0) 18,7 (25.6)
Xp L,57 2,05 L7.5 Lo7  (12.5) 15,9  (23.5)
Bulk type X Antibiotic
Sf x nil by, 22% 1.86% 48,6 3.9%  (11.4) 19.6% (26.3)
x add Ls70 2,61 L6.6 5,1 (13.0) 14.9  (22.,7)
Wo x nil 4439 1.45 46,6 Le5 (12,2) 20,3 (26,8)
x add 4437 1.45 L6.5 3.5 (10.8) 21.8 (27.8)
Oh x nil L.37 1.87 48,6 3.7  (11.1) 1hah (22,3)
x add L.66 1.85 Ll a9 3.9 (11.4) 20,2 (26.7)
Bulk type X Sex
Sf xb Le62  2,66% 47.6 5.1 (13.0) 16,7  (24,1)
X g 429 1.81 48,3 3.9 (11.4) 17.7 (24.9)
Wo xb 4,50 1,52 46.3 4,8 (12,6) 21.0 (27.3)
X g Le26 1,39 46,8 3.3  (10.4) 21.0 (27.3)
Oh x b e 55 1.92 46,8 4e3  (11,9) 18,0 (25.1)
X g La48 1.79 L6.T7 3.4 (10,6) 18,7 (25.6)
ISR for means
min,  0.23 0.43 2.2 ( lak) ( 3.6)
max, 0,26 0449 2. ( 1.6 ( 4s1)
Feeding frequency X Bulk modulus '
2xf Lakl 1.75% L8,5% LoO* (11,5) 19,4  (26.1)
X c L3l L.6L 16,3 3.4 (10,6) 18,1 (25.2)
3xf Lebl 1.75 46,0 he2  (11.8) 17.7 (24.9)
X c Laly7 2426 47.1 Le8  (12.7) 18,7 (25.6)
Feeding frequency X Pelleting
2xm 4a36 1,53 46,3 3.2 (10.3) 19.1  (25.9)
X p L4436 1,85 4845 L.2 (11.8) 18.4  (25.4)
3xm Le53 1.93 4549 3.6  (11.0) 18,9  (=25,8)
Xp he55 2,08 47,2 500 (13.5) 17.5  (24.7)
Feeding frequency X Antibiotic
2 x nil Lo 2l 1. 54 48,4 3.6 (10.9) 17.3  (24.6)
x add L.48 1.85 L6k 3,8 (11.2) 20,2 (26.7)
3 x nil halyd 1.92 L7 .4 Lo5  (12,3) 18.8  (25.7)
x add L4667 2,09 L5.7 Le5 (12.2) 17.6  (24.8)

continued ....
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TABIE D -~ continued

Stomach - liquid phase

21. pH 22, Vis- 23, Sur- 24, Oven 25, Ash in
cosity face dry resi- oven dry
tension dues residue

centipoise dynes/cm. % (Angles) % (Angles)
Feeding frequency X Sex

2xb L4 3730 1.95 L6 by Lo3  (11.9) 18.7 (25.6)
X g Le35 Lok L84 3.1 (10.1) 18,7 (25.6)
3xb L.77 2.12 47.0 5.1 (13,0) 18,4  (25,4)
X g Le31 1.89 L6, 4,0 (11.5) 18.1 (25.2)
Bulk modulus X Pelleting
Fxm L1450 1.5 4646 3.3 (10.5) 19.5 (26.2)
X p Lie52 1.95 47.9 Le9 (12.8) 17.6 (24.8)
Cxm L W40 1.92 45,6 3.4 (10.8) 18,5 (25.5)
. Xp 4439 1.98 47.8 Lo7 (12.5) 18,3  (25.3)
Bulk modulus X Antibiotic :
F x nil Lokl 1,71 4843 4,0  (11.5) 19.4  (26.1)
x add Ly62 1.79 4643 3.9  (11.4) 17.7  (24.9)
C x nil Loy 1.75 4746 4,0 (11.6) 16.8 (24.2)
x add Lo 5l 2415 45.8 L0  (11,6) 20,0 (26,6)
Bulk modulus X Sex
Fxb  hl67 1.96 47.1 L.8 (12.6) 18.8 (25.7)
X g La36 1.53 L7l 3.4 (20.7) 18.3  (25.3)
Cxb Lok 2,10 46,3 Lo6  (12,4) 18.3  (25.3)
Xg he3l 1.80 L7.1 3.6 (10.9) 18.5 (25.5)
Pelleting X Antibiotie
M x nil Lo 23% 1.60 L7.2 3.3  (10.5) 17.9 (25.0)
x add k.66 1.86 4540 3.4 (10.8) 20,2 (26.7)
P x nil lali2 1.85 48,6 he8  (12.6) 18,3 (25.3)
x add Lok9 2,08 C47.0 4,9 (12.7) 17.6  (24.8)
Pelleting X Sex
Mxb L.53 1.92 L5.6 4.0  (11.5) 19.4  (26.1)
X g L4436 1.5k 46,6 2.9  (9.8) 18,7 (25.6)
Pxb L,61 2.1 47.8 5.4 (13.4) 17.7  (24.9)
X g L4430 1.79 L7.9 Le2 (11.8) 18.1 (25.2)
Antibiotic X Sex _
Nil x b 4439 1,82 47,6 Lo5  (12,2) 19.8% (26,4)
X g La26 1,63 48,2 3.6 (11.,0) 16.4  (23.9)
Add x b Le75 2.2, L5.7 L9  (12.8) 17.3  (24.6)
X g Lo 40 1.69 46,3 3.4 (10.7) 20,5  (26.9)
1SR means min. 0,19 0435 1,8 ( 1.2) ( 3.0)
max., 0,21 0.38 2.0 ( 1L.2) ( 3.2)

continued ....
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TABLE D - continued

Stomach -~ liquid phase

21, pH 22. Vis- 23, Sur- 24, Oven 25. Ash in
cosity - face dry resi- oven dry
tension dues residue

centipoise dynes/cm. % (Angles) % (Angles)

Significant 2nd order interactions:
Bulk type X Feeding frequency X Bulk modulus

Sfx2xf 2,23%
X c 2,05
x3xf 1.69
X ¢ 2,98
X ¢ 1.43
x c 1.37
thx2xf 1.53
X c 1.43
x3x7f 2,03
X ¢ 2.4
Bulk type X Bulk modulus X Antibiotic
Sf x f x nil Ly JLy65 1.88% 3.9%  (11.4)
x add .62 2,04 4.8  (12,6)
xex nil 3,97 1.85 3.8 (11.3)
x add ‘}-1-078 3.18 5:14 (130[4')
Wb x £ x nil L4436 1.42 4.1 (11.7)
x add Le53 1.59 L.3  (11.9)
x ¢ x nil Lal2 1.48 49  (12.8)
x add Le21 1.32 2.5 (9.0)
Oh x £ x nil Lo L0 1.82 4,0  (11.5)
x add . 4,70 1,73 3.6 (10.9)
X ¢ x nil La3L 1.91 Lol (11.7)
x add Le62 1.96 L3 (11.9)
Bulk type X Pelleting X Sex
Sfxmxb JANES
X g L.01
Xpxhb L6l
X g L.58
Wwxmxb L.55
. xg 4460
xpxb Loliy
X g 3.93
Ohxmxb L3
X g Lal9
Xpxb L4 .66
X g Lo48

continued ....
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TABIE D - continued

Stomach - liquid phase

21, pH 22. Vis- 23, Sur- 24. Oven 25, Ash in
cosity face dry resi- oven dry
tension dues residue

centipoise dynes/cm. % (Angles) % (Angles)
Bulk type X Antibiotic X Sex

Sf x nil x b L, 35% 48,73k
X g 4,08 L8,6
X add x b 4,98 L5.4
xXg Lo3 48,0
Wb x nil x b L.37 4741
xg Lol 46,0
xadd x b L.63 L5.5
X g L,12 k7.6
Chxnil xb Lk 47.1
X g 4430 50.1
x add x b L .65 L6, L
X g L.67 L3.4
ISR for means
min, 0,33 0,61 3.1 ( 2.0} ( 5.2)
S max.  0.35 0,72 3.7 { 2.4) ( 6.1)
Feeding frequency X Bulk modulus X Antibiotic
2 x f x nil LaR1% 14485
x add L.61 2.02
X ¢ x nil L426 1.60
x add 4,36 1.68
3 x T xnil L.60 1.93
x add L.62 1.56
X ¢ x nil Lhe22 1.90
x add L2 2,63
Feeding frequency X Bulk modulus X Sex
2xfxb L'7.0%
xg 50.1
xXecexhb L5.8
X g 46,8
3xfxb ‘ L7.2
X g _ 45,0
XxXecxb 46,7
X g L7.4

continued ..,...
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TABIE D - continued

Stomach - liquid phase

21. pH 22, Vis- 23, Sur- 2L, Oven 25. Ash in
cosity face dry resi- oven dry
tension dues residue

centipoise dynes/cm., % (Angles) % (Angles)
Feeding frequency X Pelleting X Antibiotic

2xmxnil L, 223%
x add 4L.50°
X p X nil L,25
x add LoLT7
3 xmx nil L.,24
x add L.83
x p x nil L.59
x add 4,51
Bulk modulus X Pelleting X Bex
Fxmxb 1,643
' xg ‘ Lokl
Xpxb 2,29
X g 1.61
Cxmxb 2421
X g 1,63
Xpxhb 1.99
Bulk modulus X Antibiotic X Sex
Fxnil xb L L 2%
x add x b 4,91
X g L.33
X add x b 4,59
X g Lo48
Pellets X Antibiotic X Sex
Mxnil xb L W4 230 1.83% Lo2%% (11.8)
x add x b L o6l 2,01 3.8 (11.2)
X g 4469 1.70 3.2 (10.3)
Pxnilxb 136 1.81 Le7  (12.5)
X g LL.LL8 la89 l+08 (1207)
x add x b L. 86 2.48 6.1 (14.3)

continued ....
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Stomach - liquid phase

21. pH 22, Vis- 23, Sur-~ 24. Oven 25, Ash in
cosity face dry resi- oven dry
tension dues residue
centipoise dynes/cm. % (Angles) % (Angles)
LSR for means
min, 0,17 .50 2.6 (1l.6) 1 ( Le2)
mex.,  0.31 0.57 2.9 ( 1.9) ( 4e8)
General mean LoLi5 1.85 47,0 L,0 (11.6) 18.5 (25.5)
Number of
observations 94 92 92 92 . 92
Error M,S. used  0.1064 0.3617 9. 464 (3.874) (25.87)
D.F, for error .. .
M. S, 36 34 3L 3k 34




TABIE E -~ SUMMARY OF PHYSICAL AND ANALYTICAL MEASUREMENTS ON INGHESTA SAMPLES

Magnitude and direction of deviation from stomach values

Measure Stomachl Small Cecum Cecum + large large Rectal
intestine? intestine intestine i
Moisture % 72,3 + 12,2 + 11,8 + 6,5 + 5.4 + 2,4
Dry matter % 27,7 - 12,2 - 11,8 - 6,5 - B4 - 2.4
Crude protein '
a., wet sample basis % 4.0l + 0,10 - 1.78 - 1.30 - 1,00 - 0.72
b. dry matter basis % 1se5 + 12,0 ~ 0.5 - 1.7 ~ 1.0 - 1.5
Ether extract
a. wet sample basis % 1.17 - 0.45 -~ 0,68 ~ 0.15 -~ 0,23 - 0,02
b. dry matter basis % Le23 + 0,39 - 1,17 + 0,59 0 + 0,30
N.F.E.
a. wet sample basis % 16.0 - 9,2 - 8,8 - 6.4 - 6,5 - 5.k
b. dry matter basis A 57.8 - 14,2 ~ 12,2 ~12.4 -15,3 -15.8
Ash
" a,.wet sample basis % 2,10 - 0.50 - 0,17 + 0,55 + 0,55 + 1.24
b. dry matter basis % 757 + 2,73 + 4,58 + 14,95 + 3,38 + 5,63
Crude fiber
a. wet sample basis % 438 - 2,01 - 0.30 + 0,88 + 1.73 + 2,53
b. dry matter basis % 15,8 - 0.5 + 9.9 + 9,0 +11,6 +11.5
Klasson lignin
a, wet sample basis % 3.46 - 1,17 - 0,82 + 0,25 *+ 0,29 + 0,89
b. dry matter basis % 12.5 + 2,3 + 4,1 + 5.0 + 4,3 + 4,7
Specific gravity
a. ingesta 0.9635 - 0,0566 - 00,0500 - 0,0255 - 0,0141
b. ligquid phase 1.019 + 0,009 - 0,007 - 0,004 - 0,004
pH Leb5 + 25k + 1,51 + 1,75 + 1,57
Viscosity (centipoise) 1.85 +f:@ 72 - 0.25 + 1,43 + 1,44
Surface tension (dynes/cm.) 47.0 -8 o L 0,8 + 0.6 = 145
Oven dry liguid residue % 4.0 +32,5 ¢ pa 1.3 - 1,1 - 0.9
Oven dry liquid residue Ash % 18,5 - Y 9.6 + 8.9 + 8.4

1 General mean values
2 Deviation in actual units
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