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INTRODUCTION

In an ever inereasing world population the need for a food protein
source of high bioclegical value and of a éhert production cycle becomes
increasingly urgent. Thriving on the by-products of a dense daiiy industry
in Western Europe, pork became a chief protein source in these people's
diets They learned early to breed and feed for lean pork carcasses.
Restricted feeding did not pose a problem in the many small enterprises
where manual labor was more sbundant than in our mechanized agriculture.

With the approach of a population density warranting a quality market
for pork it is becoming more important to adopt a self-feeding technique
for swine which will restrict nutrient intakes during the finishing period
to levels that will produce meaty, high quality carcasses. ©Since it is
becoming generally accepted that a dilution of the nutrients by fibrous
materials (termed "bulk" in this report) will serve this end, the purpose |
of this investigation was to compare the effects on feed utilization and
carcass‘quality of varying levels of different bulks in finishing rations
for swine, |

Since sorting and wastage of diluted bulky rations is recognized as
a problem in self-feeding of swine, the effect of pelleting of such rations
was included in the project.

Obvicus adventages of small pilot animals in nutritional studies
prompted the inclusion of mice in the project to learn to which extent
they could serve as such for swine. Identical rations were fed to the two
species in identical experimental designs. Feed utilization and complete
carcass analyses in mice were compared to feed utilization and éharacter—
istic carcass measurements in swine and reported in a separate section of

the thesis,
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Secondary aspects such as adjusting the protein digestibilities
for protein intake, nonprotein dry ma%ter intake and excretion, and
physiological body size, separate determination of the digestibility

of simultaneously fed bulk and basal fractions of the rations, etc.,

were also considered.
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LITERATURE REVIEW

Proportional growth in swine conforms to the law of 'dev;alopnenﬁal
direction," exhibiting a well defined anterior-posterior gradient from
earlier to later developing regions (86), The influence of vuﬁw degrees
of undernutrition upon growth processes in larger animals (87) vas a lead
in systematic studies of nutritional effects upon body develoﬁnent and
body composition in the pig (88, 89), This revealed thet the conseQuenca
of extremes in high and low nutritional planes wae a pattern of growth,
affecting parts of the boedy increasingly in the orders head, ears, neck,
legs, body length, body depth, loins and hind quarters, The effect upon
the major body tiasms increased in the orders skin, tendon, glands, bone,
muscle and fat (87). |

Young becon pigs exhibited various growth patterns, when fed at low (L)
or high (H) plane of nutrition or combinations of these, during the growing
and finishing periods, A high plane of nutrition in the finishing peried
advanced late developing parts of the body of which fat is a mor tissue,
while a low plane favored earlier developing parts dominated by bone and
muscle. Restricted nutrition in the growing peried (from ieaﬁing to about
100 pounds body weight) enhanced the above-mentioned effects (88, 89). The
overall effect of the combinations of nutritional levelss LH, HH, HL and LL,
on the major body tissues, was an increase in bone and muscle, and a decrease
in fat, in the same sequence,

Under oﬁheraise similar conditions gilts have been found to yield car-
casses with less fat and more muscle than barrows, and thus attain higher
commercial grades and AR*scores (11, 19, 52, 8@, 120). Therefore it has

often been recommended that gilts and barrows be fed at different nutritional
# Advanced Registry (90)
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levels in order to yield carcasses of equally high quality.

Variation in nutritional pLane has been sachieved in 'diffbrent vays
depending on feeding practices., For decades restricted handﬂeeding has
been used to produce lean bacon carcasses for the demanding 3ritish
market (55). At the same time, however, the desirable effects of various
bulks have been appreciated, As an example, this is borneout in a report
(22) by a Canadian commission studying swine husbandry on a tour of the
United Kingdom and Demmark in 1909, Sections of the report read in part:

"In England, tests on 720 pigs during five years gave rise to the |

conclusion that the five diets producing the best qnnlit& meat were,

in decreasing order: Barley and Bran, Barley and Potatoes, Barley
and Milk, Barley and Corn germs, and Barley alone,"
further: ‘

"Roughage in the form of roots or other green fodder is considered
an essential part of the successful pig-raisers! food sui;ply."‘
and: ‘

"Another lesson gathered in each country was the common concept that

young pigs should be raised on easily digestible food, As they get

older, roughage should be added to the diet., Shortly before alaughter-
ing, the ration should be made stronger to speed up finishing and to
as a higher quality of meat,"

These paragraphs indicate that the fundamental principles in the pro-

duction of high quality bacon carcasses were well known fifty years ago
although the causes and effects were perhaps less well understood. The
remarks suggest that actually the level of bulk in the rations was used

to improre the bacon quality.
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In experimental work the nutrition has been limited by restricting
the feed mﬁply vhen handfeeding is practiced (5, 21, 47, 126), or by
limiting the feeding time when self-feeders are used (5, 13). Crampton
(3)) has pointed out that under practical conditions both of these methods
are unsatisfactory, for the purpose of producing higher grade bacon car-
casses, since aggressive animals still will be over fed, while the more
timid individuals will be too much restricted.

Dilution of self-fed, mixed rations with fibrous, indigestible materials
has been practiced in many experimeats for the purpose of resirieting the
intake of nutrients, In experiments with mice (8, 9, 12), rats (85), poultry
(29, 40, 41, 46) and swine (4, 7, 11, 17, 27, 34, 56, 70, 79, 80, 115, 120),
this practice has been successful in modifying growth rates and carcass
compositions,

The practice of designing an ad 1ib, fed ration to sustain a defined,
intermediate level of growth, has enhanced the need for a ration unit which
will denote the amount of digestible nutrients which a voluntary consumption
of the ration will supply the organism {32). Such & unit must be based upon
concentration of digestible nutrients, plus factors that will determine
voluntary consumption of the ration e.g. bulk, palatability and rate of
passage through the alimentary tract.

The primary effect of increased bulk in a ration is a decrease in the
concentration of nutrients (9, 56) and, if the bulk replaces the different
nutrients to various degrees, a. change in the nutritive balance of the ration
also occurs (60, 99). Depending on the acceptability (29, 45, 53, 56, 68)
and bulkiness (4, 8, 12, 102, 127) of the fibrous fraction added, the animal
will seek to adapt intake to requirement (44, 79, 112). This adaptation has

been suggested to be governed mainly by the need for energy (58, 99),
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probably because of the magnitude of this factor in the context of
nutritional demands under the conditions at hand.

A decreased intake of adequately balanced nutrients slows down the
rate of growth (7, 42, 56, 79, 115) in association with leaner carcasses
(4, 5, 11, 47, 124), higher percentages of ham, shoulder and loin (17, 21,
33), increased commercial grades (10, 13, 34) and lowered dressing per-
centage (80, 120, 127). An increased consumption of dry matter because
of higher levels of bulk in the ration, has been suggested to enlarge the
digestive tract (16) and thus cause lower dressing percentage (11, 17, 27).

The desirable level of bulk in a diet will depend on whether maximum
gain, maximum feed efficiency, or a specific carcass composition is the
goal, For maximum gain, a bulk level sufficient to ensure optimum physiolog-
ical conditions in the gastrointestinal tract is required (40, 41, 77).
Due to the difference between energy laid down in fat and in other body
tissues (77), maximum feed efficiency is obtained at bulk levels somewhat
higher than those for maximum gain (4, 5, 13). This effect is expected to
be more noticeable in species with a higher tendency for fat deposition.
Since swine is one of these species (13, 79, 87), and since too much fat
ie incompatible with a high carcass quality (90), the level of bulk in
self-fed finisher rations must be high enough to reduce the available

deposition
nutrients sufficiently to prohibit excessive / of fat.

Thus, in two series of cooperative experiments by several research
institutions across Canada, Bell et al. (10, ll)yshowed that the feeding
recommendations laid down by the U.S., N.R.C#, in "Nutrient Requirements

Q4
for Swine,",produced inferior, over-finished carcasses in the Yorkshire

# National Research Council
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breed under Canadian conditions, When the level of bulk in the ration

was increased by substituting oats for barley, a decrease in fat deposition
associated with improved carcass quality resulted.

Further studies are needed on physiological properties of bulks in
order to explain differences in effects of these (8, 77)., Density of the
dry rations, crude fiber content and concentration of nutrients, were in-
adequate as indicators of the effects on feed intake and rate of passage,
It is suggested that hydrophilic properties (8, 102, 113) of the diets
during the various stages of digestion may be important factors influencing
intake, stomach emptying time, peristaltic rates, appetite and in turn
animal response (8),

Alfalfa meal in chick diets has been reported to contain factors
adversely affecting palatability (29, 45, 53, 68) or growth (69, 76).

The growth inhibiting factor has been identified in some cases as saponin
(97, 98), the effect of which was counteracted by the addition of cholesterol
to the diet, Growth promoting effects of low levels of alfalfa in rat

diets (11) and of alfalfa, cellulose and wheat bran in chick diets (39,

40, 118) have been observed. It was suggested (60, 99) that similar

results could occur if the added bulk caused a favorable change in the
balance of nutrients, The presence of cellulose in rat diets has been
observed to cause increased growth of B-vitamin synthesizing bacteria in

the digestive tract (54). In another instance callul;se caused a retardation
in growth of chickens at lower levels than did oat hulls (58). Also oat
hulls have been reported as adversely affecting the palatability of rations
for young pigs (35). The compleiity of factors at work in the effect of
various bulks on animal response (8, 77, 102, 113) is evident from the

many controversial conclusions reached from apparently similar experimental



treatments.

Some basic effects of inert materials in the gastrointestinal tract
has been reported by Hoelzel (62), who personally ingested amounts of non-
nutritive material sufficient to produce a marked sense of fullness, This
did not dispel strong gastric hunger-like contractions of the stomach,
Evidence was presented that although non=-nutritive materials dispel the
desire to eat only temporarily by filling the stomach, & more lasting
effect was caused by the filling of the intestines, A study of the rate
of passage of food through the alimentary tract of pigs (23) showed that
a delay took place mainly in the large intestine.

Observations of the rate of passage (61) of such inert materials as
cork, cotton thread, seeds, rubber, glass beads, sluminum, iron, silver
or gold in: rabbits, guinea pigs, dogs, cats, rats, mice, monkeys, pigeons,
bens or man, revesled considerable variation .among : species and ameng:%
individuals. The lighter and the heavier materials were found to pass
slower than the intermediate, A simple mechanical explanation (71) for
the slower passage rate of particles either much lighter or much heavier
then the main stool is, that particles less dense than the chyme are retarded
in passing through intestinal loops positioned as an inverted "U,"™ while
heavy particles are retarded in passing through loops positioned as a "U."

The laxative effect of bulks depends on chemical as well as physical
properties (77). Addition of cellulose (84) or vheat bran (103) to the
diets of humans ﬁar» been shown to increase the rate of passage, With
increasing levels of wheat bran in human diets the rate of passage tended

to increase while the digestibility of the fiber tended to decrease (30).
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Castle and Castle (23) measured the rate of passage by stained inert food
particles mixed in the ration for 50 - 180 1lb, pigs. The function of
excretion on time was a sigmoid curve with mean 5 and 95% excretion times
of 21 and 53 hrs, respectively. The average retention time was 34.2 hrsy-.
There was evidence that the faster passage gave lower protein digestibility,
but had no effect on the digestibility of dry matter or crude fiber, In-
creasing amounts of water in the ration for pigs significantly decreased
the retention time but had no effect on the digestibility of dry matter
or protein, nor did it alter the moisture content of the feces, Similar
rate of passage was obtained for two rations of widely different digesti-
bilities (24).

In 1925 Fraps (51) concludeds "It is an even chance that differences
in the digestion by individual animdls‘may cause variations of about 3%
of the productive value with corn, wheat and a few similar feeds, about 6%
in the usual run of feeds and about 14% with some low-grade feeds." While
these variations may have been reduced somewhat by improved management and
experimental techniques since then, there is still evidence of wide varia-
tions in the digestibilities of fibrous feeds, énd particularly in the "crude
fiber" and ®"cellulose® fractions of these (40, 50, 65, 66, 83, 109, 110, 111,
115, 126, 127), In view of the mode of the maturing processes in fibrous
plants (37, 63, 67) the variation in digestibility coefficients of the dry
matter and, especially of the unspecific fractions "crude fiber” and "cellulose®
within as well as between plant species, is not surprising.

It has long been realized that the fractions determined as crude fiber,

nitrogen-free extract, cellulose; hemi-cellulose, etc, are unspecific in
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composition and physiological significance for the nutrition of man,

animal and bird (36, 93, 105, 123), and that their main function is

%o furnish the organism with energy (31, 77, 93). In view of this it

has been suggested that a fraction termed digesﬁible energy could be used
as an index of this function (11, 75, lié), especially because energy

is simple to determine and specific in physioclogieal significance and
composition, which again minimizes the variabllity of its digestibility
coefficients. As suggested by Crampton (32) the ideal feed unit would be
the digestible nutrients furnished in the p&rtion of feed which an individual
would consume under otherwise similar conditions. As pointed out this feed
unit will depend on the several properties which determine palatability,
bulkiness, digestiblility and nutrient balance of a diet.

The extent to vhiéh pelleting affects palatability, bulkiness,
digestibllity, and nutrient efficiency of a ration governs the change in
nutritional value of the ration. According to suggestions derived from a
large number of investigations, the primary effects of pelleting can be
summarized as followss: |

1. Increased feed consumption (1, 14, 20, 48, 119) due to increased
density (6, 28, 57, 73, 95) and palatability (28, 100), the latter caused
by decreased dustiness of the ration (59). ”

2. Increased availability of nutrients (1, 2, 14) due to increased
digestibility (72), decreased fermentation losses (15, 100) and inactivation
of growth inhibitors (2). .‘

3. Decreased feedeastage (29, 59) and greater assurance of a belanced
diet (100) since pelleting prevents sorting and refusal of coarse and more
unpalatable particles,
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It has been shown that pelleting of rations for swine (16, 43, 59)
poultry (1, 2, 57, 73, 95), lambs (8, 48, 91) and cattle (3, 101, 106)
increased feed efficiency and rate of gain, This effect is suggested to
be associated with the level of roughage and quality of the feed. The
higher level of roughage and the poorer quality of feed have been found
to give greater advantage for pelleting (14, 25, 26, 28, 78, 92, 100).
Pelleting of high quality, concentrated rations has been found to give
no advantagé (14, 26, 92) or even to result in decreased intske and rate
of gain, but increased feed efficiency (96). An increased feed efficiency
with decreased intaie and rate of gain, as also experienced in ruminants
by Axelson et al. (4), can probably be explained by enmergy differences
in body tissues laid down at various rates of gain, especially in swine
vhere fast gains produce much fat,

The nutritional value of a given protein depends to a large extent
on its amino acid make-up (104). This is especially true in nc:;n-rminants
which do not possess a well-developed protein synthesizing microflora in
the gut (77). The recommended protein requirements for swine (94) and
other non-ruminants are therefore based on an assumed diversity of protein
source to assure an adequate amino-acid balance in the diet, When this
requirement is fulfilled the digestibilify of the protein governs its
nutritive value,

The ratio of excreted nitrogen to ‘ingested nitrogen is the apparent
indigestibility coefficient of protein, The fecal nitrogen has been shown
to depend on protein intake (38, 64, 74, 121), the level of indigestible
fiber in the ration (74, 81, 84, 115, 121), the amount of dry matter con-

sumed (74, 107, 108) and body size (121, 122). It has further been found
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to have two sources of origin, one being indigestible dietary protein, tne
plus the microflora

other digestive juices, enzymes and abraided cells/of the gastrointestinal
traet, the latter fraction termed metabolic fecal nitrogen (31, '7'7);

Since the metabolic fecal nitrogen is independent of protein intaie
(31, 38), the apparent protein digestibitity is partly a function of the
protein level in a ration. In determining the true protein digestibility
it is necessary to know the metabolic fecal nitrogen vaiue, which is then
deducted from the total fecal nitrogen, The metabolic fecal nitrogen has
been determined by feeding a protein free diet (82), the fecal nitrogen
then being ehtirely of metabolic origin., It has been suggested that the
metabolic fecal nitrogen from a protein free diet is not the same as that
from a balanced diet (18), and that some species could not survive long
enough on a protein free diet to give reliable experimental observations
(82). A =mall amount of a completely digestible protein in an otherwise
protein free diet has therefore been used (81, 82). As an salternative,
an extrapolation of fecal nitrogen to zero protein intake in an experimex#:b
of graded protein levels in the rations has been shown to give metabolic
fecal nitrogen values of realistic magnitude (18, 117, 122), Since it has
been found that the major variation in metabolic fecal nitrogen can be
accounted for by the variation in metabolic body size (107, 108), dry
matter intake (81, 107, 108) and dry matter excretion (81, 107, 122), it
would seem most advisable to estimate protein digestibility by adjusting
the fecal nitrogen for independent variables such as nitrogen intake, non-
nitrogenous dry matter intake, non-nitrogenous dry matter excretion, meta-

bolic body size, etc., in a multiple regression,
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EXPERTMENTAL PROCEDURE
Purpose and Design

In this study the effect of plane of nuﬁrition upon performance and
carcass quality of swine and mice were observed. Mice werse included to
elucidate the recurring question as to whether they can serve as pilot
animals for swine in nutritional investigations.

Similar rations were fed to the two species and identicalvexpériment;l
désigns were used, except that only méle mice were used, whereas sex dif-
ferences in swine were investigated. |

Three planes of nutritidn (table 1) were tested-hy means of graded
levels of fiber in the rations. Five sources of fiber were included.

Each ration was fed either as a meal 6r as pellets, to obseive the effect
of pelletings 4 3 x 5 x 2 x 2 factorial design was used,kthe last factor
being the sexes (swine only).

A second experiment with mice was conducted to verify the digestibility
coefficients of the bulks derived from trial 1, since it was felt that they

did not agree well enough with values from previous work in this laboratory.

Teble le~ Experimental Designs.

Source of 62% TDN 65% TDN 6% DN
Fiber (Bulk) Sex Meal Pellet Meal Pellet Meal Pellet
Oat hulls ;4. la(l) 6 éb 1le 11b
Alfalfa | g: 2a 2L Ta 7b 12s 12b
Wheat bran g 32 3b  8a gb 13 13b
Cellulose | 1;. Lo 4b % % lia | 14b
Corn cobs Mo S 5 10 10b 152 15b

(1) Ration number.



Table 2.~ The Ration Ingredients and Their Composition.

Dry Crude Gross

Ingredient matter TDN protein energy Calcium FPhosphorus
1) (2) (1) (2) (2)
% % % Cal./gm. % %
Wheat RS5O 15.2(1)  4e51 0,05 0437
Barley 93.0 70 13.1(1)  4e46 0,09  0s47
Soybean oil meal 940 77  44.1(1) 485 0.25 0.60
_ Meat meal %9  TT  4T.5(1) 3.9 8.00 400
Oat hulls %9 27 3.0(2) 4440 - -
Alfelfa meal Yok 45 17.0(2)  4e49 1.20 0,20
Wheat bran Rb 57 16,0(2)  4.66 0.10 0.20(4)
Cellulose %644 0 0 4416 - -
Corn cobs 96,8 0 0 bel3 - -
Casein . ®».8 87  8L8 5482 - -
Calcium carbonate 38.50(3)
Dicalcium phosphate 23.50(3) 18.70(3)

(1) Determined in the laboratory.
(2) Data obtained from recognized foodstuffs tables.

(3) Manufacturer's analyses.

(4) Phytin phosphorus not included (77).
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Raticns

The basal rations were made up from equal parts of wheat and barley
as the major digestible energy source, ‘and equal parts of scybsan. oil
 meal and meat meal as the méjor protein source, On the basis of the
composition of the ingredients given in table 2, the rations were cal-
culated to comply with the requirements for total digestible nutrients

(TDN) and protein by solving the equations:

X) + TlOOY + T X 2) = por cent TDN in the ration;

PxX)+(PxY) + (Px2
el 136 L+ (Fx7) per cent protein in the ration;

3
n

per cent TDN in component.,

per cent protein in component.

per cent of "bulk" in the ration.

<.oOow
]

i}

per cent of wheat and barley in the ration.

Z = per cent of soybean: oil meal plus meat meal in the ration.

Vitamins A and D were added in synthetic form (*). Since the carrier
in this supplement was soybean - oil meal it was substituted for equal amounts
of this ingredient in the basal ratibn. A 50% safety margin above the recom-
mended level (94) for swine was supplied, nemely 150 I,U. of vitamin D and
1500 I.U. of A per pound of feed,

The calcium and phosphorus contents of the rations were adjusted to

150% of the requirements (94) by adding celculated amounts of calcium

(*) Vitamin 4 and D supplement - supplied * by N. D. Hogg Ltd., Toronto, Ont.
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carbonate and dicalcium phosphate. One half per cent iodized salt was
added to all rations. Fourteen per cent protein was provided im the
rations for swine, this level was increased by adding 2% casein to the
diets for mice. Table 1 in appendix contains deteiled composition of all

raetions.

Swine Experiment

Experimental animals: Purebred Yorkshires of the University Farm
herd were used. Sixty gilts and sixty berrows were randomly allotted
to the thirty rations, two replicates to each sex, They were started
on the test as they reached 100 % 5 pounds live weight during the late

spring and summer of 1958 ,

Experimental facilities: The trial was carried out in the experi-
mental piggery which prevideé such facilities as individual self-feeding,
automatic watering and eleaning systems, forced air ventilation and
heating, raised sleeping platforms, and weighing equipment for feeders
and animals. The rations for the pigs were made up in 1000 pound batches
in the farm elevator. Pre-mixes of the protein, mineral and vitamin
concentrates were prepared in a smaller mixar prior to the final blending
of all the components. It was estimated that 60 toms of feed was needed
for the experiment. The half of this was made into 3/16 inch pellets at
the Federated Cooperatives Ltd.(*) Feed Flant at Saskatoon, and the entire
requirement prepared prior to the beginning of the ‘triale The other hslf,
which was fed as a meal, was mixed in 500 pound lots as needed during
the experiment,

(*) Pelleting of the rations by the Federated Cooperatives Ltd., Saskatoon,
and slaughtering of the barrows by the Empire Meat Co. Ltd., Saskatoon,
is acknowledged.
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Feeding practices: The feeding can be classified as partly restricted
self-feeding (13). Thekpigs were allbwed to eat for one hour twice daily
(7 - 8 aems and 4 - 5 Psms), during which timesthey were confined to
individusl feeding stalls without accéss to water. As a rule, less than
an hour was required to satisfy the dppetite. A limited amount of wastage
wes noted mainly in the unpeslleted high‘fiber rations. However, any
wastage was returned to the féeders or deducted from the feed supplied,
glving feed records without loss. The pigs appeared to consume small
amounts of the wheat straw used for bedding.

Experimental observations and saﬁpling techniques: Body weighté and
feed consumptions were recorded at 14 day intervals. 4t 200 * 5 pounds
live weight the pigs wefe taken off test. The back fat thickness was
measured on the live animals by means of the leanmeter as in a previous
study in this department on measurement of carcass quality (125). The
barrows were sleughtered at the Empire Meat Co. Ltd., Saskatoon. Their
carcasses were scored according to the Advanced fegistry (AR) specifications
(90) by offieérs of the Production and Marketing Branch of the Canada Depart—
ment of Agriculture. The detailed measurements are presented in the appendix
table 2,

The digestibility gnd rate of paSsage of the diets were determined for
all the animals by the chromic oxide indicator technique. One per cent
 chromic oxide (Cr203) was added to thé pre-mix for a 500 pound batch of
each ration. Half of each batch was pelleted. Each pig was fed its
chromic oxide-containing ration for 7 consecutive days. The number of
hours between the first feeding of chromic oxide and its appearance in

the feces was recorded as rate of passage. "Grsb samples" of the feces
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were obtained at 8 a.m., 1 pom. and 5 p.m. during the three last days.
As a preservative, 50 ml. of 4% boric acid and 1 ml. of toluene was used,
for a day's collection, At the end of the sampling, all the feces from
any one pig were combined, mixed with water, and homogehized in a five
quart, high speed, Waring blendor., A part of the homogenate was poured
into a dozen of 4 ounce-portion paper-cups. In this condition the samples
were frozen and kept until the time of anslysés in the laboratory. The
rations were sampled from the individual feeders, bulking identical diets.
Analyses were carried out on the feéd and feces samples for gross
energy by the oxygen bomb calorimeter; nitrogen by the micro Kjeidahl

technique (*);and chromic oxide by the perchloric acid method (appendix).

Mouse Trial 1

Animels originating from the Carworth Farms No., 1 5train, which have
been bred in this department for nearly eight years, wefe used in the
experiment. Weanling male mice weighing between 8 and 9 grams and less
than 21 days of age, were randomly allotted to four replicates of the
thirty rations shown in table 1 and appendix table 1 and‘to individusal
cages of a battery in the thermostatically cqntrolled laboratory. Feed
and water were allowed ad 1ib. The trial lasted for 14 days during whichk ’
time individual feed intakes and body gains were recorded. For the purpose
of digestibility determinations the fecal productioh during the last 10
days wes colledted and its dry weight recorded.

At the end of the experiment the body composition of the mice was

determined, After removal of food residue ffom the intestinal tracts the

(*) A steam distilletion suitable for micro Kjeldahl analysis. R. Markhame.
Biochemical Journal, 36: 790-791. 1942,
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carcasses were subjected individually to analyses for water, fat, ash
and protein, the latter by difference (appendix).

Prior to the mixing of the rations the individual ingredients were
finely ground in order to avoid sorting by the animals. To simulate pel-
leting, half of each ration was moistened, put through a meatvchopper
and dried in vacuum at 75° Centigrade. This process gave the mixtures
a hard crumbled texture.

Gross energy determinations and nitrogen analyses were carried out

on the feed and feces samples combined according to treatment.

Mouse Trisl 2 _

Since the digestibility coefficients of the bulks obtained in triai
1 deviated mgrkedly from values derived in earlier work in this labor-
atory, it was desirable to check them in an additional trial. In this,
the experimental conditions were kept similar to those in trial l‘except
that the bulk increments were added ﬁo basals of uniform composition, in
an effort to reduce the effect of various basals on the digestibility of
the bulks,

The uniform basal in this trial was identical to the basal fraction
of ration number 2 in trial 1 (appendix teble 1), The levels of bulk
added were similar to those in trial 1 but rounded. In addition to
these 15 rations, rations corresponding to the basals of noé. 2, 8 and
14 in trial 1 were fed without addition of bulk, This was done to check
the digestibility of these basals obtained in simultaneous feeding‘in
trial 1, Thus in trial 2 a total of‘18 rations .was fed in three repli-

cations, Pelleting was omitted,
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For the purpose of determining rate of passage, the weight and
per cent dry matter of the résidue in the alimentary tract were obtained
at termination of the experiment. OCarcass analyses were not carried out.

In 211 other respects the procedure was similar to that followed in trial 1.
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RESULTS AND DISCUSSION
Swine Trial

Level of total digestible nutrients (TDN) in the rations: In
formulating the rations the TDN unit was used because of its dominance
in feeding stuffs tables and in recommendations for nutrients allowances.
For comparafive purposes the ectual TDN in the rations listed in table 3,
was calculated from gross energy content and its digestibility as deter-
mined by the chromic oxide technique. A conversion factor of 4.4 digestible
Calories per gm. of TDN, as suggested by Crempton (31), was used;

The feeding of several levels of each bulk facilitated the calculation
of separate TDN contents of the bulks and basals (table 4)e For this
purpose, a slight modification of "Carbery's Method of Determining Digesti-
bility" as described by Crampton (31) was used (appendix).

For each type of bulk the regression (Y = a + bX) of fecal Calories (Y)
on gross’Calories ingested per 100 Calcries in basal (X) was calculated.

In this relationshi? the regression coefficient (b) is the ratio of fecal
Calories from bulk to Calories ingested in the bulk increment which is
the indigestibility coefficient of energy. Consequently the per cent
energy digestibility of bulk is: 100 - (100b) (appendix).

Since each value of X contains 100 Calories of the basal ration plus
a number of Calories from the bulk component, the ratio of Y (estimated
for X = 100) to 100, is the indigestibility coefficient of energy in the
basal. Thus the per cent energy digestibility of the basal retion is:

100 - (100b + a)(appendix). The confidence intervals of b and of estimated
Y (114), serve as such for the digestibility coefficients of bulk and basal

respectively.



Table 3.~ Total Digestible Nutrients(l) in the Swine Rations (Per Cent).

Bulk type Bulk level Mean
High Medium Low High Medium Low
Meal Pellet Meal Pellet Meal Fellet
Oat hulls 5646 6346 5846 67.1 65.5° TR46 60,2 62,8 68.9
Alfalfa 61,1 65,6 62,1 M1 631 T2.6 634 671 68,0
Wheat bran 581 646 601 651 TLL 696 6.3 627 0.4
Gellulose 64.1 69.1 60.6 71.6 69.6 7.1 66,6 66.1 70.9
Corn cobs 58,6 Tl.l 65.6 70.1 71.1 | 76.6 649 67.9 73.9
D(bulk type)(P<0.05)35.5 ¢ 4.0
D(bulk level)(P<0,05):5.0 : 3.5

D(meal vs. pellet)(P<0.05)34.0

(1) 4.4 digestible Calories = 1 gm. of Total Digestible Nutrients,

D = difference necessary for significance at P< 0,05 (114).

—zz-.



Table 4= Total Digestible Nutrients Calculated Seperately for Bulks and Basals

in the Swine Rgtions.

Signiiicance of
(1) Correlation % TDN gbeviation
Type of bulk coefficients (2) in (3) in from
(ryx) bulk basal linearity
at P:
Oat hulls 0.91 20 * 17 70 %5 < 0.05
Alfalfa 0,91 51 + 10 70 £ 3 > 0.25
Wheat bran 0,97 57 % 6 73 %6 < 0.10
Cellulose 0.77 14 % 30 73 % 3 < 0.10
Corn cobs 0.78 -2 37 75 %4 < 0.01
(1) y = Cal. excreted/100 Cal. in basal ration ingested.

(2) (100 ~ 100b) x Cal./gm.

(3) (100 - (100b + a)) x cal./gm.

bed

= % TDN,

x = Cal. ingested/100 Cal. in basal ingested.

= % TDN,

- T -
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From table 3 it is particularly noticeable that pelleting increased
the TDN levels significantly (P<0.05) in all rations except the low levels
of wheat bren and cellulose. Theoretically this increase could be due to
~chemical changes brought about by heat, pressure, moisture, or combinations
of these in the pelleting process; (1, 2, 14, 15, 72, 100).
It is also obviocus that most of the rations failed to comply with
the desired TDN levels of 62, 65 and 68 per cent respectively in the high,
medium and low bulk rations as set out in table 1, Furthermore the vari-
ability within bulk levels was too great to allow a distinction between
the medium end either of the outside levels. However, when the effect
of pelleting is heglected, for comparative purpdses (table 3, columns
7-9), it is spparent that the failure of the various rations to measure
up to expectations has several causes. For the oat hull rations it seems
to be due to an over-estimation of the TDN level in the oat hulls (tables
2 and 4) and, an associative effect between the bulk and basal, as indicated
by a deviation from linearity of the function cf.Y on X (taﬁle L) {appendix I).
The alfalfa rations are closer to the design (tables 1 and 3) than any
other, although the low and medium TDN levels are 1 to 2 per cent too high,
The test for linearity suggests that the associative effect between alfalfa
and basal is smaller than for the other four types of bulk used (apbendix).
In the wheat bran rations the disagreement with the design (tables‘l and 3)
appears to be due mainly to associative effect, since the TDN levels of
bulk and basal (table 4) agree fairly well with the proposed values in
table 2, and since the function of Y on X deviates from linearity (P<0.10)
(table 4).
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The cellulose rations disagree with the design (tables 1 and 3)
apparently because of an underestimation of the TDN in cellulose (tables
2 and 4) and/or an associative effect indicated by a deviation from
linearity at P<0.10 (table 4). Also the corn cob rations deviated
from the designs.(tables 1 and 3) mainly because of associative effects
between bulk and basal as evidenced by a deviation from linearity of the
regression of Y on X, which is significant at P<0.01 (table 4).

The 95 per cent confidence intervals on the TDN in the bulks (table 4)
indicate a great variability between individusl animal's abilities to
digest fibrous material, However, it is essential to bear in mind that
the magnitude of influence of associative effects and experimental errors
is inversely proportional to the fraction of the ration constituted by
the compound or mixture, for which the TDN is determined in simultaneous
feeding, (appendix I).

-Since in most rations the bulk is a minor part, the majority of the
variability in TDN content could be due to experimental errors and/or
associative effects between bulk and basals, Thus in the case of corn
cobs, which is present in the rations in an average of 8 per cent (appendix
table 1), an experimentel error or associative effect €ausing a 1 per cent
change in the TDN of the basal ration would change the apparent IDN in the
corn cobs by 92/8 = 11.5%. | |

The 95 per cent confidence intervals on the TDN in the basal rations
indicate that in spite of some variability in composition (appendix table 1),
only the eorn-cob-baséls deviated significantly from oat hull and alfalfa-
basals, This deviation could be due to a relatively large associative effect

as indicated by the deviation from linearity of Y on X (P<0.01)(table 4).
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Digestible crude prétein (DCP) in the rations for swine: The
designed 1.4 per cent crude protein in the rations was exceeded in all
cases (table 5) for unknown reasons. However, since the feed samples
were bulked for analyses, it is not known whether the devietions are
statistically significant.

The apparent digestibility of the protein (table 5) was decreased
significantly (P <0.05) with increasing bulk levels only in the case of
alfelfe agd wheat bran, The high level of these two bulks also exhibited
a significantly lower protein digestibility than the high level of the
three remaining bulks. The medium alfalfa level gave DCP values signi—
ficantly lower than the medium level of sny of the other bulks, while
the low alfalfa caused protein digestibilities lower (P <0.05) than the
corresponding levels of wheat bran, cellulose and corn cobs.

It has been shown that the apparent digestibility of crude protein
is affected, through metabolic fecal nitrogen, by such factors a8 protein
intake (38, 64, 74, 121), level of indigestible fiber in the ration (64,
81, 84, 115, 121), amount of dry matter consumed (74, 107, 108), and
physiological body size (121, 122), thus an attempt has been made to
adjust {appendix) for these variables (table 5, column 5). A4 multiple

regression,

<
1]

0.083 + 0.291%; + 0.067K3 - 0.002X4 - 0.031X2

where Y = pounds of nitrogen x 6.25 excreted deily,
X7 = pounds of nitrogen x 6.25 inteke daily,
X, = pounds of nonprotein dry matter intake daily,

XB = pounds of nonprotein dry matter excreted daily,

. . 0.
and X, = physiological body weight (1lbs. 75),
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 Table 5.~ Protein in the Swine Rations.

Bulk Crude Protein Apparent digestible
protein digestibility ) crude protein
Type Level o apparent adjnsted? in feed in energy intake
% £ % gn./1b.  gm./dig. gm./day
: Therm

Oat hulls High 15.2 79.0 82 54,42 45.2 278
. T Low 15.6 76.7 8009 5401 39.4 269
Alfalfa High 15.5 69.4 6644, 48.8 38.6 211
Medium 15.3 70.0 65.7 49.1 36.8 219
Wheat bran High 15.5 73.2 69.6 51.5 422 222
Medium 14.6 The7 .7 4L7.6 38.2 211
Low 16.3 79¢3 - 824 56.0 1.6 285
Cellulose High 15.5 78.9 80,3 55e4 41.7 26/,
' “Medium 15.1 T7.2 783 52.8 40,0 241
Corn cobs High 15.6 28046 83,1 57.1 Lhods 286
Medium 15,3 79.5 82,0 549 4045 - 275
Low 14.1 79.7 8l.4 50.8 3Le5 252
D(PY¥0.05) Leb 2.3 3.2 1.7 34
D(P<0.05) 3.9 1.5 2.7 1.5 29
Meal 748 ka6 51e4 41.0 241
Pellet 78.5 78.7 5440 -39.0 258
D(P<0.05) 1.2 1.0 0.8 0.5 9

(1) See appendix II.
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was used in adjusting the nitrogen x 6,25 excreted for the four independ-
ent variables, The adjusted values were used in calculating the protein
digestibility (table 5, colwmmn 5).

In the above regression the coefficients of X, X3 and XL were
significant at P<0.0l, while X, was significant at P< 0.05. Of the
total variability in the fecal protein (nitrogen x 6.25) 32.8 per cent
was accounted for by the four independent variables, The variability
in protein intake accounted for 64.3 per cent of this, variability in
nonprotein dry matter excretion accounted for 28,6 per cent, physiological
body weight for 5 per cent and nonprotein dry matter intake for 2.9 per
cent,

The adjusted protein digestibilities (APD)(table 5) feature larger
and more significant differences than the apparent values, indicating
that some important causes of variability were not considered in the
multiple regression,

The significently lower APD in the high and medium alfal fa and wheat
bran rations (table 5) than in the corresponding cellulose and corn cob
rations suggest that protein source is one of the omitted factors. The
same is indicated by the inverse relationship between APD and levels of
alfalfa and wheat bran, and the increase in APD from medium to low oat
hull level. In other words in oat hulls, alfalfa and wheat bran a portion
‘ of the protein could be tied up in fibrous material and thus prevented
from digestion. Since cellulose and corn cobs contain no protein, such
an effect could not take place in these rations.

The direct relationship between APD and levels of cellulose and corn

cobs (table 5) could perhaps be explained by a simple dilution effect, i.e.
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the greater bulk level could theoretically increase the exposure of the
nutrients to digestive enzymes and intestinal absorption area causing a
greater digestibility. The peculiar values for the three oat hull levels
are unexplainable, except for the opposing effects of the above two theories.
The levels of apparent digestible crude protein per pound of feed,
per digestible Therm and consumed per day, are shown in table 5, columns
6~8. The accuracy of these values is affected to some degree by the
appaerent protein digestibility and differences in the crude protein con-
tent of the rations., In the case of the alfalfs and wheat bran rations
the increasing bulk levels significantly (P<0.05) decreased the digestible
crude protein level in the rations. This trend, however, is reversed
between the medium and low wheat bran rations, apparently due to a lower
crude protein content in the medium rations. In the cellulose and corn
cob rations the higher bulk levels show significantly higher levels of
digestible crude protein, apparently due to a higher crude protein level.
Since all the rations were designed to contain the same level of
crude protein, the ratio of digestible protein and digestible energy could
be expected to increase with bulk level. This increase (table 5, column 7)
wes significant (P< 0.05) except between the low and medium levels of
alfalfa and wheat bran. In these two cases the apparent protein digest-
ibility (column 4) was increased sufficiently at the low bulk levels to
change the sequence and reverse it in the case of wheat bran. Thus,
despite the distortion by the apparent protein digestibilities, it
appears obvious that in the higher bulk rations the animals received a
greater fraction of the absorbed nutrients as protein.
The daily intake of apparent digestible crude protein (table 5,
column 8) depends on feed intake, protein level and digestibilitj.
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Peculiar va.riation and significant differences in these values can be
explained by above criteria. Thus, the lower (P<0,05) intake in the
mediwm--than in the low--oat hull rations, ie caused mainly by the lower
crude protein level, while the difference (P< 0,05} between the medium

and the high in addition is due to the difference in apparent digest-
ibility (table 5) and an increasing feed intake with increasing bulk

level (table 7). The significantly greater digestible protein intAkQ

in the low alfalfa and wheat bran rations coincides with a significantly
greater apparent protein digestibility (tabie 5, column 4) and a decreasing
feed consumption with inereasing bulk level (table 7). In the corn cob
rations, where the high level caused a greater (P<0,05) intake of digest-
ible protein than the low level, this was assoeiaﬁod with a higher crude
protein level in the rations, and a higher apparent digestibility of the
protein, although not significant, In addition, increasing bulk level was
associated with increasing feed intake (table 7).

The effect of pelleting was a significant increase in apparent proteim
digestibility (takle 5), This caused a greater (P<0.05) digestible crude
protein level in the rations, A significsnt decrease in the ratic of
digestible protein and digestible energy indicates that the digestibility
of other components in addition to protein was increased by pelleting.
Since pelleting did not increase feed intake significantly (tahle 9), the
increase (P< 0.05) in digestible ecrude protein intake appears to be due to
the increased digestibility of protein {table 5).

No differences existed between sexes in any of the above discussed

eriteria (appendix tables 4, 7, 8 and 11).
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Animel response as & ration unit: In most nutritional experiments in
livestock production, the ration response is meesured by‘gain in body weight,
although the most economical gain may be the ultimate goal. Due to the
transient nature of fluctuations in economical responses it is desirable
to separate these from the biological effects by applying a measure which
can be subjected to current economical structures. In bacon production
body weight gain cannot be considered as such a measure because of conéumer
preference in quality.

The amounts of lean and fat are most accurately determined by complete
carcasg analyses, but this is impractical in the bacon carbass, and further-
more it does not indicate the distribution of these tissues. Commercial
grading can be used as an adjunct to body weight gain to obtain a superior
appraisal of ration response. The distribution of commercisl grades in
the swine experiment is listed in table 6, It is interesting to notice
that the three B2 grades were due to underweight and that théy originated
in the high bulk rations of the two more bulky mixtures of alfalfa and wheat
bran,s The Bl grades dve to underweight were distributed evenly among the
three bulk levels, with the three cases in the low bulk rations originating
in the alfalfa and wheat bran mixtures. The Bl grades due to overfinish
all occurred in the low bulk rations. The highest percentage of grade 4
carcasses wére obtained in the medium bulk level of corn cob and oat hull
mixtures, which then would indicate that these were the more ideal rations
from the grading view point. The physical condition of the rations apéeared

to have no effect on the carcass grading (table 6).
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Table 6.~ Distribution of Commercial Grades
- and Averﬁge Dressing Percentages.

Total Grade
Treatment observations 2
s s g1 ) po(3)

Level of bulk

High 20 - 13 A 3

Medium 20 - 16 A -

Low 20 5 12 3 -
Type of bulk

Oat hulls 12 1l 10 1 -

Alfalfe 12 1 7 3 1

Wheat bran 12 - 5 5 2

Gellulose 12 2 8 2 -

Corn cobs 12 1 11 - -
Physical condition '

Megl 30 VA 18 6 2

Pellet 30 1 23 5 1
Total 60 5 Fal 11 3
Dressing percentage: 73.6 72.8 7042 68.0

- D(0.05) = 0.7

(1) Overfinished and/or too much shoulder fat.

(2) Carcass wt. below 140 1lbs. (only fault).

(3) Carcass wt. below 135 lbs. (only fault). |
Since in all cases but five, the disqualification for grade A's was

due to faulty carcass weight, the variability in carcass weights (Y) and

its causes were studied. The first independent variable to consider was

naturally the shipping weight (Xl). The dressing percentage, which is

the ratio of chilled carcass weight and shipping weight, accounts for the

remaining variability. It was therefore desirable to examine factors

affecting the dressing percentage. As it has been suggested that bulky

rations enlarge the gastrointestinal tract (16) and therefore cause:

decreased dressing percentage (11, 17, 27), the bulkiness of the
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rations in terms of daily intake of digestible Therms (Xé) was used as
the second independent vafiable, giving the reéressionz

¥ = 0.79%; + 2.50%, ~ 30,64. 4
The standard deviation of Y and the errors of estimate from X; and X2
show that, of the variability in carcass weight (Y), 26.2% was due to
shipping weight (Xl) and only 2.3% was caused by bulkiness of the ration
in terms of digestible energy intake (Xz), while the remaining 71.5% was
due to other factors including experimental errors.

Thus, it appears that if some of the major causes of the variability
in dressing percentage were brought under control, all the rations fed
could produce akhigh percentage of grade A carcasses by adjusting the
shipping weight accofdingly. However, this may not apply generally under
ad lib. feeding, since in this experiment the pigs were restricted to fee@
for two hours per day during uhicﬁ time they had no access to water. And,
both of these limitations have been showﬁ to reduce the feed consumption
(13,49), which again would affect thevdegree of finish, fatness and com-
mercial grading. An estimate of the degree of restriction imposed by
the feeding technique,used, wes obtained by comparing the maturity of
the pigs in the experiment to the pigs simultaneously fed = in the
piggery, but not on teSt; The latter group consisted of twenty-eight
barrows and sixty-one gilts, which were considered as one group, since
the difference between sexes was not significant (P<f0.d5).’ The experi-
mentel pigs finished an average of ten days'slowe&?tﬁiﬁaiie non-experi- -
mental ones despite the experimental rations containing an average of
66,3% TDN, while the commerciasl finishing ration was estimated to contain
64,49% TDN. |
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The main dressing percentages of the four groupings of commercial
grades in table 6 are all significantly different (P<0.05). It is
typicel that the dressing percéntages decrease with decreasing degree
of finish and decreasing carcass weights, probably reflecting the effect

of a slower finishing rate upon carcass composition.

Feed intake: Due to the variability in TDN between types within
levels of bulk (table 3), it was found convenient to compére Bulk types
by méans of regressions of the various observations on per cent of bulk
in the ration., In teble 7 the effects of bulk type on feed intaké,
digestible energy (DE) in the ration, and digestiblé energy inteke
(DEI) are recorded.

In the "per cent bulk~digestible Calories per pound of feed function,
the regressions are 'all highly significant, whereas in the per cent bulk-~
DEI effect, changes and/or variability in feed intekes reduced the signi-
ficance of the regressions in the case of the ocat hull, cellulose and
corn cob retions, but did not cheange them in the case of alfalfa and
wheat bran rations, which latter may be attributed to the greater spread
in the levels of these two bulks {teble 1, appendix).

The changes in daily feed intake with increasing bulk level are shoun
in teble 7, column 3. The 5% confidence intervals on the regression co-
efficients of feed intake on bulk level show that the effect of all the
bulks were significant at the levels fed. That ocat hull and corn cob
rations were consumed in greatér amount as the level of bulk increased,-

presumably was an attempt to compensate for decreases in the level of



Table 7.~ The Effect of Bulk Type on Feed Intake, Digestible Energy In'ba.ke
and Digestible hne'r‘gy Content on the Rations for Swine,

fFFeed intake Digestible Calories Digestible Calories
Mean % T (bs,/day) per pound of feed consumed per day
Type of bulk bulk Mean | Change for each % Mean Change for each % Mean Change for each %
’ increase in bulk increase in bulk increase in bulk
Oat hulls 12,7 4186 +0,05 £ 0,016 | 1276 ~11, 7% | 6200 -43.2
Alfalfa 20.3 Le5R -0,08 ¥ 0,008 1320 = Lo T 6000 =3¢ HitH#
Wheat bran 38.6 Le55 -0.06 % 0,005 1293 ~ LobHH 5910 =36, 3%
Cellulose 7.8 LeT3 0,04 % 0,038 1355 - 9, 7%k 6400 ~5643
Corn cobs 7.8 5,00 +0.03 X 0.029 1375 ~20.0%3* 6860 A
D(P<0.05) 0.32 47 - 329

# Significant at P<0,05.
*# Sionificant at P<0.01l.

- GC -
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nutrients in the ;ations. The effect of these bulks would probably change
to negative values 1ff;ﬁrgbr:hmounts offthé,bulk'werb:uaed.

Apparently the higher levels of alfalfa and bran, and of the more
voluminous cellulose exceeded the animals'! capacity and/or desire for
feed intaké'and thus brought aBout a decrease in addition to the declining
DE level in the ration. Thus, while the magnitude of decline in DE of
the rations depends on the digestibility of the bulk type and associative
effect, the degree of decline in DEI in addition depends on palatébility
and bulkiness of the ration.

The significant differences between the mean feed intakes, digestible
Czlories per pound of feed and DEI (table 7), may be considered as due to
failure to fully appreciate the full implications of DEI‘in the design of
the rations. However, since the TDN unit does not consider the feed infake
~or DEI, one can only estimate what the level of bulk in the rations should

have been on the basis of DE in the rations (table 8).

Table 8.~ Levels of Bulk in the Rations for Swine.

62% TON I 65% TDN | 68% TDN
Type of bulk Provided Should Provided Should Provided  Should
have been ' have been have been
% Z. % % % %
Ozt hulls 20,2 16.4 12.5 11.4 505 642
Alfalfe 32.0 38.9 20.3 2643 8.5 13.5
Wheat bran 60.5 5045 39.8 3747 16.5 2406
Cellulose - 12.3 2048 7.8 147 T 33 8e5
Corn cobs 12.3 15.1 7.8 12,2 | 33 942
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It cannot be overloocked, however, that intake of digestible energy
is an even better criterion for desired bulk percentages than DE in the
rations., For this purpose the‘nature of the relationship betweeh bulk
levels and intakes of DE for various bulk types could be studied further,
The data in table 7, column 8 are derived from linear regressions in ﬁhich
only three levels of bulk were useds. Only the regression for oat hulls de-
viates from linearity (P<0.05). This, however, is not satisfactory proof
that the relationship between bulk level and intake for the remaiﬁing four
types is rectilinear in the range covered, since three points on a sigmoid
curve could fall on a straight line and thus show no deviation from linearitye.
In view of the finding by various research groups, that pelleting is
of greater advantage in more bulkyrations, it is worth notiecing that in this
experiment pelleting had no significant effect on feed intake (table 9),
nér was there any significant interaction between bulk types, bulk levels
and physical condition (table 9, appendix), which might have been expected
because of texture differences in the bulks, | |

Table 9.~ The Effect of Pelleting on Intake of Nutrients
in the Rations for Swine.

Feed intake © Digestible energy intake
Bulk level 1bs./day Therms/day
Meal Pellet Meal Pellet

High 4T 4oL 563 - 6,27
Medium Lo 54, Le65 | 5457 6443
Low R 4e98 6453 7.22
DL(1) ' 0.32 ' 0447

DP i 0426 ' ’ - 0.39

(1) See footnote appendix table 3.
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The digestibie energy intake was increased significantly by pelleting,
due mainly to increased digestibility of the rations (table 9).

Since it has been established that under similar conditions barrows
produce a lower grade carcass than gilts, due to overfinish, it is im-
portant to notice that the males had s significantly greater daily intake
of digestible energy than females (tabite 10, appendix), This was due
to greater feed intake (table 9, appendix) rather than to increased
digestibility, since the digestible energy in the rations between sexes

was not significantly different (table 6, appendix).

Performance of swine: The slower gains produced by the alfalfa
and wheat bran rations (table 10, section A) is a reflection of lower
daily intakes of digestible energy (table 7) rather than a lower digestible
energy efficiency. Thie is bormeout by consideration of the gains adjusted
for digestible energy intake and efficiency of DE utilization as shown by
digestible energy per pound of gain (table 10).

than by bran and alfalfa

The faster gains by the oat hull rations/wae due to a greater digest-
ible energy efficiency (table 10), rather than to intake of total feed
or digestible energy (table 7).

The data in table 10, éection A indicate that when palatabiiity and
bulkiness of the bulks were considered in making up the rations to assure
equal intakes of digestible energy, the oat hull rations appeared to give
faster and more efficient gains than any of the other four bulks.

The various bulk levels (table 10, section B) had an expected effect
on the rate of gain and feed- and energy-efficiency; the low levels pro-
ducing significantly (P<0,05) faster gains than the high and medium levels,

and giving significantly greater feed efficiency than the high levels, _
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Table 10.~ Performance of Swine (Mean Values),.

Gains Gains Efficiency
- Treatment unadjusted  adjusted Feed/gain  DE(2)/gain
for DRI(1)

1bs./day 1bs./day 1bs,/1bs.  Therms/lbs,

A, Buik type
Oat hulls 1.2 1.24 3.97 5,05
Alfalfa 1.09 1.14 4.2 5¢54
Wheat bran 1,05 1.12 hek3 5.69
Cellulose 1.20 | 1.17 3.98 5437
Corn cobs 1.30 1.18 3.88 5.32
D(P<0,05) 0.12 0.07 0.31 0.4
B, Bulk level
High . 1.13 1.20 4e22 5.31
Medium 1.13 1.19 4012 5.35
Low 1.25 1.14 3.95 5¢55
D(P<0,05) 0,08 0.05 0.20 0,27

C. Physical condition

Meal 1.11 1.19 he24 5¢33

Pellet 1.23 1.16 3495 5¢47

D(P<0.05) 0.05 0.03 0.14 0.18
D, Sex |

Male 1.22 1.16 [AVA 5.46

Female 1.13 1.19 4,06 534

D(P<<0.05) 0.05 0.03 0.14 0.15

(1) Digestible energy intake.
(2) Digestible energy.
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Although a trend apparently exists, no significant differences
occurred in digestible energy efficiency as measured by the ratio of
digestible energy to gain, However, it is interesting to notice that
the gains adjusted for digestible energy intake are significantly greater
for the high' and medium, than for the low bulk levels, This controversy
in significance of digestible énergy efficiency can probably be accounted
for by the error introduced in the digestible energy efficiency figures
by the implied assumption that all of the digestible energy consumed is
used for gain, This implication penalizes the betier rations and favors
the poorer ones thus bringing the difference below signiﬁ.cancé.

The effects of pelleting (table 10, section C) were significantly
faster gain and greater feed efficiency, a reflection of the increased
digestible energy level of the rations rather than from increased feed
intake (table 9), The error introduced in the digestible energy efficiency
figurea (table 10, section C) by neglecting to deduect the energy used for
maintenance appears to be great enough to reduce the difference bstiween
mesl and pellets to below significance when the meal actually gave signifi-
cantly (P <0.05) higher digestible energy efficiency than the pellets,
according to the gains ‘adjusted for digestible energy intake,

The barrows gained significantly faster than the gilts (table 10,
section D) due firstliy to a significantly greater feed intake (appendix
table 9) and, secondly since there was no sex difference in digestibility
of energy (appendix table 6), to a significantly greater digestible energy
inteke (appendix table 10),

When the total feed and digestibie energy used for maintenance were

neglected in calculating the efficiency of these two criteria for gain
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(table 10, section D) no differences existed between sexes. However,
the gains adjusted for digestible energy intake, show a significantly
greater digestible energy efficiency by the female pigs; This latter
effect is in accordance with the concept that as rates of gain increase
the animal lays down increasing proportions of fat in the body tissues,
which again calls for more energy per unit of gain due to energy
differences between fat and protein, The fact that the barrows
produced significantly (P<0.05) thicker average back fat than the
gilte according to the leanmeter measurements (appéndix table 16)
supports the concept thet on similar rations barrows will eat more
feed, gain faster, produce more fat and exhibit a 1ower feed efficienby
than gilts,

Carcass characteristies: The effect of bulk type on various carcass
characteristics is showm in table 11, section A. As pointed out earlier
the reliability of this comparison is lessened by the failure té design
the rations so as to provide nearly equal intakes of digestible energy
between types and within levels of bulk (appendix table 10),

The wheat bran rations resulted in significantly lower dressing
percentages‘than the oat hull and corn cob rations (teble 11, section A).
This was associated with a slower growth rate (table 10, section A),,
lower intakes of total feed and digestible energy (table 7), less average
back fat and per cent of middle (table 11, section A). There were also
trends toward larger loin area and higher AR scores. However, these
trends were not statiétically significant and it is recognized that all

of these effects are typical of finishing pigs on restricted energy intekes.



Table 1l.~ Carcass Characteristics of Swine (MalesOnly)(Meen Values).

Dressing Shldr, Average back fat Loin AR
Treatment percentage  Ham Middle Shidr. fat Grader(l) Leanmeter area. score
% % % inse. inS. ins. -lo 8 ins,

A, Bulk type : :
Ost hulls 7301 ) 2409 4800 272 1.74 1033 1015 3087 87.8
Alfalfa 7242 25.1 475 7.4 1.73 1.31 1.20 3.93 89.6
Wheat bran 70.5 R/e8 47.8 274 1.63 1.22 1.08 407 88.8
Cellulose 1.9 Rle2 49,0 26,8 1.74 1.36 1.21 3485 8.2
Corn cobs 73.0 24e7 48,2 27.1 1.71 1.34 1.21 3.70 8543
D(P<0.05) 2.1 1.0 1.1 1.0 0.14 0.11 0.09 0.53 6e5

Be Bulk level
High TLely 25,0 47.7 274 1.65 1.26 1.11 3493 90.1

- Medium 72.1 RLe6 48.1 273 1.70 1,29 1.17 4«03 828.8
Low 7340 246 48.6 26.8 1.78 1.39 1.23 3469 8244
D(P<0,05) 1.4 047 0.7 0.6 0.09 0.07 0.06 0635 4e3

G+ Physical condition
‘Meal 7262 24.8 4709 2703 1,72 1.31 1.19 3091. 86.8
Pallet 7R.1 RlLeT 483 27.1 1.70 1.32 1.15 3.86 874
D(P<<0.05) 1.0 0.5 0.5 O 0.06 0.05 0.0 024 2.9

(1) As measured by the official meat grader.
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With regard to feed intake, digestible energy intake (table )
growth rate and feed and energy efficiency (table 10, section A), the
alfalfa rations resembled the wheat bran rations. However, in the effects
upon the carcasses by the two types of rations, only the percentage of
middles, the loin area and ﬁhe AR scores were of similar trends, while
the average back fat, according to the leanmeter, was significantly
thicker for the alfalfa rations than for the wheat bran rations (table 11,
section A). |

: effects
The oat hull, cellulose and corn cob rations did not produce/éigni-

one another _
ficantly (P<0,05) different from:/ in any of the measured carcass
characteristics (table 11, section 4).

The failure to design the rations so as to provide nearly equal DEI's
between types and within levels of bulk (appendix table 10) tends to
-reduce the differences in carcass characteristics on an average basis
between the three bulk levels (table 11, section B). In spite of this,
the high bulk levels resulted in general carcass improvement as shown by
significantly (P<0,05) lower dressing percentages, less per cent middles,
shoulder fat and average back fat and higher per cent shoulder and AR
score than the low bulk levels (table 11, section B). These effecté
were associated with lower (P<0,05) digestible energy‘intakes (appendix
table 10), slower gains and higher‘feed-and digestible energy efficiency,
probably due to decreased relative body fat production, (table 10, section
B). These results can all be regarded as typical for the treatment

differences.
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In no case did the effect of the medium bulk level upon performance
and carcass gharacterishics of the swine differ significantly from that
of the high level (tables 10 and 11, section B). This can perhaps partly
be explained by the fact that the high bulk rations were consumed in
relatively greater volumes than the medium ones (appendix tabie 9) in
a progressing effort to compensate for the lower digestible energy
levels, to the extent that no significant differences existed in the
digestible energy intakes of the two éets of rations (appendix table 10).
However, it is indicated thet the medium bulk rations gave an intermediate
effect by the fact that they were all intermediate in position except for
the loin area (tableslO and-11, section B) and only in two cases did they
deviate significantly from the low bulk rations, namely in the average
back fat and the AR score (téble 11, section B).

Although pelletiﬁg increased (P<0.05) the level of digestible
energy in the rations and the digestible energy intake (table 9), as
well as the rate of gein (table 10, section C), it showed no significant
effects on the carcass measurements (table 11, section C), except on
the average back fat by the leanmeter, where a significant (P<0.05)
decrease resulted from pelletings. Since this is the only indication of
an effect of pelleting on carcass quality, there could perhaps be reason
to regard it as the one theoretical instance in twenty where the result
is due to chance. This suggestion is also supported by the above finding
that pelleting increased DEI and rate of gain, two effects which generally
are found to be associated with an increase in back fat. -

Since the gilts were not graded at the packingkplant,'the bﬁck fat

measurements by the leanmeter is the only carcass criterionavailable for
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comparing the sexes. As could be expected from greater feed intakes
and faster gains hy the barfows, they also produced thicker (P<0.05)
average\bagk fat than the gilts (appendix table 16).

Since the formulation of the rations in regard to equal TDN levels
among  types and within levels of bulk (high, medium and low) was not
' met with a great deal of success (table 3), an attempt has been made to
compare the effects upon carcass quality by types and levels of bulk on
the basis of equal digestible energy intakes (DEI). The reason for
using this criterion rather than TDN wés firstly, that the TDN values
would have to be calculated from the digestible energy (DE) levels in
the rations and secondly, that by using the DEI the effects of vari-
ability in intake due to palatability, bulkiness, etc. could be eliminated
~in the same operation. |

The simple correlation and regression coefficients of the various
carcass characteristics on DEI are shown in table 12, These were used
to adjust the_observed means in table 11 giving rise to the adjusted
means in table 12. Although the correlations, except for shoulder fat,
were significant (P<0.05), the adjusted carcess characteristics did
not deviate markedly from the observed values (tables 11 and 12).
However, reduced variability in the adjusted data due to DEI also
reduced the "D" velues sufficiently to reveal some interesting dif-
ferences (P<0,05).

When the effects of varying DEI were removed, the cellulose rationé
produced carcasses with less ham and more middle (P<0.05) than the other
bulk types (table 12). Under the same conditions the wheat bran rations

produced less (P<0.,05) shoulder fat and average back fat than the other



Table 12.- Carcass Characteristics of Swine Adjusted for DEI (Mean Values).

Shldr, Average back fat Loin AR

Treatment DEI Ham Middle Shldr. fat  Grader ~ Leanmeter area  score
Therms/dey % % % ins, ins. ins, sq.’ ins.
Bulk type | : | B
Qat hulls 6:40 24.9 48.1 2742 1074 1034 1.16 3.84 8703
Alfalfe 6.25 - 25.0 7.6 273 1.74 1.32 1.21 3.88 88.7
Wheat bran 6.29 24;7 4709 27-3 1.64. . 1023 ' 1.09 4004 o 88.0
Cellulose 6.79 24.2 .4.8.9 26.9 1074 1.35 1.20 3088 84.7
Corn cobs 7.17 2408 4709 2703 1.70 1032 1019 3079 8608 -
D(P< 0.05) 0.54 0.5 0.7 0.5 0,07 0.06 0.05 0,22 3.3 ;\
: o
1
- Bulk level :
Medium 6.17 R2Le5 4842 7.2 1.71 1.31 1.18 3,97 = 87.7
Low : 7.31 L7 483 27.0 1.76 1.33 1.20 3,80 8443
D(P<0.05) 0.46 Oed 0s6 - - 0.4 0.06 0,05  0.04 0.19 2.8
Correlation(r__ ) ~0422% 0.33%% =0,28*% 0,16 0436%# 0.19* -0.33%% -0;39**
Regression(b ] -0.20(1) 0.45(1) -0.26% 0,02 0.04 0.04 -0.15% ~2,61%*
yx
‘Reduetion in v
variability due to DEI(%) 1.6 540 342 SIA 6.0 0.9 L8 742
(1) = significance at P<0.10.
#*

P< 0.05.
P<0.01.

nunan

*i#
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four bulk~ty£es, and larger (P<0.05) loin area than the corn cob rations.
in gddition the wheat bran end alfalfa rations resulted in higher (P<'0;05)i
AR scores than did the cellulose rations. ;

Some of these differences could possibly be due to different DE
efficiency as affected by the ratio of energy utilized for maintenance
and gain. It could be expected that at the lower DEI in the alfalfa
and whe;t bran rations (table 12) a larger fraction of the DE is used
for maintenance than at the higher DEI iﬁ cellulbse and corn cob rations,
meinly because at the lower DEI the growth was siower (table 10, column 2)
and therefore the test period longer. An adjustment of the DEI values
for maintenancé energy would probably reﬁeal’whether other factors than
theksuggested ones wefe contributing to the‘differences shown.

The différences (P< 0.,05) among the effects of bulk levels (table
12),‘remﬁining after the adjustment for variability in DEI, can possibly
be explained similarly to those between bulk types discussed above. In
‘this case, the thinner (P<0,05) shoulder fat and average back fat, and
the higher (P<:0.05) AR scores produced by the high bulk rations, as
compared to the low bulk rations, would be due to lower energy efficiency
for gain, because a larger fraction of the DE was used for maintenance,

The correlation coefficients’(table 12) show that as the DEI was |
increased the percentage of ham and shbulder, the 1éin area and the AR
score- decreased (P< 0.,05), while the ?ercehtage of middles and thickness
of back fat increased (P<0.,05). The magnitude of these effectsyis
- expressed in the regression coefficients (table’lz). It is realized

that these values are means for the range of DEI covered, and that a
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curve-linear regression possibly would fit the data better due to the
changing relationship between energy requirement‘for maintenance and

| gain with changing DEI,

Summary: Finishing rations consisting of equal parts of wheat and
barley, adjusted to contain 14 per cent protein with a 1:1 mixture of
meat meal and soy bean oil meal, and containing three different levels
of TDN (62, 65 and 68%) with each of the five bulks: oét hulls, alfalfa
meal, wheat bran, cellulose and corn cobs, were fed as a meal and a8
pellets to sixty male and sixty female pigs ina 5 x 3 x 2 x 2 factorial
experiment, |

The plgs were on test from 100 to 200 pounds of body weight, during
which time records were kept of feed consumption and weight gain. Chromium
oxide was used as an indicator in digestibility determinations. At the
end of the triel the back fat was measured by the leanmeter, and the males
were AR scored by the official meat graders as they were slaughtered at
a locel packing plante

Whereas the desired levels of TDN were 62, 65 and 68%, the over-all
differences in TDN content in the rations, at the three bulk levels, were
significant only between the two extremes. This apparently was due to
incorrect ﬁmeliminary estimation of TDN in some of the bulks, and to an
associative effect betweenvthe digestibility of bulk and basal fractions

of the rations plus the variability between animals.

I+

The TDN in the various bulks were calculasted to be 20 17% in oat

1

hulls, 57 % 6% in wheat bran, 14 % 30% in cellulose and -2 X 37% in corn
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cobss The large confidence intervals‘(P<=0.05) are due to the fact that
the magnitude of variability is inversely proportional to the fraction
of the ration contributed by the ingredient in questiog. Despite some
differences in composition of the basal rations, only the corn cob
basal showed a higher TDN content than the basal for ocat hulls and
alfalfa. )

The variability in fecal nitrogen exﬁretion was reduced 32.8% by
adjusting fér variability in protein intake, nonprotein dry matter
excretion, physiological body size and nonprotein dry matter intake.

The relative contribution by each of these co-variates was in turns

64e3, 28,6, 5.0 and 2.9%., The data suggest that differences in protein
digestibility could Be due to source and/or degree of exposure to proteo-
lytic enzymes and proximity to intestinal absorption surfaces, the pro-
teins in the bulks perhaps being less digestible’because of crude fiber
involvementse.

The consumption of the rations containing oat hulls and corn cobs
increased with thé level of "bulk," while the feverse took place in the
alfalfa, wheat bran and celluloée rations (P<0.05). This effect was
considered as a function of nutrient requirement and feed capacity in
relation to “bulkiness“kand/br palatability of the rations. Thus, while
the levels of oat hulls and corn cobs were low enough to tax the animals!
appetite and feed capacity only to a level allowing for increased feed
inteke in an effort to compensate for decreasing levels of digestible
nutrients, the greater levels and/or bulkiness of alfalfa, wheat bran
and cellulése overtaxed the animals' feed capacity and/or appetiﬁe causing

decressed feed consumption,
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The alfalfa and wheat bran rations were consumed in smaller amounts
and produced slower gains than the remaining bulk types. These effects
" were associated with decreased efficiency of feed and digestible énergy
and a tendency for greater loin area and AR scores. In addition the
wheat bren rations produced lower dressing pgrcentage and less back
fat than the ocat hull and corn cob rations. When the various carcass
measurements were adjusted for variability in DEI, the wheat bran rations
were found to produce less back fat than the cther bulk types, and larger
loin area than the corn cob rations, while the cellulose rations prodﬁced
less ham and more middle than all other rations, and lowef AR scores than
the alfalfa and wheat bran rations. Theoretically these effects could
all be due td differences in digestible energy efficiency for gain, since
at low DEI such as in the wheat bran and alfalfa rations, a larger frac-
tion of the DE could be expected to be utilized for maintenénée.

The low bulk rations gavebsignificantly greater intake and lower
efficiency of digestible energy, and significantly faster gains and higher
feed efficiency than the medium ard high bulk rations., These effects were
associated with higher dressing percentages, higher percentage of middles,
lower percentage of shoulders, more shoulder and average back fat, and
lower AR scores. After removal of the effect of varying DEI from the
carcass megsurements, the high bulk rations still showed less shoulder
and average back fat and higher AR scores than the low bulk levels. The
explanations for these effects could be differences in DE efficiency as

explained above for the differences between bulk typess
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Pelleting increased the TDN level except in the rations with the
low level of alfalfa and wheat bran; Also the appsrent digestibility
of crude protein was increased by pelleting. These effects could have
been caused by chemical changes brought about by heat, pressure, moisture
or combinations of these in the pelleting process. Pelleting had no
effect on feed intake but due to the increase in TDN level significantly
more digestible energy was obtained, resulting in faster gains and
greater feed efficiency, None of the carcass characteristics were
significantly affected by pelleting of the rations.

’ The male pigs exhibited greater daily feed intakes and faster gains
and‘produéed thicker back fat than the females, while the females showed
greater digestible energy efficiency.

Faulty carcass weight due to variability in dressing percentége

appeared to be the major cause of failure in the commercial gradinge

Mouse Trials

Level of TDN in the rationss As in the swine data the TDN values
(tables 13 and 14) are calculated from digestible energy levels, setting
Lel digestible Calories equal to 1 gm. of TDN (31)s The data in table 13
were obtained similarly to the swine data in table 4.

It is obvious from table 13 that the simulated pelleting had no effect
on thedlgestibility o .t ients in any of the rations. It also appears
that, except for the high level of oat hulls and the medium level of
wheat bran, all the rations deviated significantly (P<0.05) from the
designed levels of 62, 65 and 68% TDN in the high, medium and low bulk

retions respectively,
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It is realized that a small portion of this deviation was due te
the casein (2%) added to the ratioms, This would change the designed
levels to 62,50, 65.44 and 68,38 £ TDN for the three bulk levels
respectively. An additional part of the deviation can be explained
in the differences in TDN values as estimated for designing the rations
(table 2) and as obtained in the experimental results (table 14). Another
reason for some of the differences could be that the estimates were based
on average values for swine and might not apply to mice,

From tabies 1 and]3 it is clear that all the differences from the
intended TDN values are positive, exsept for the high wheat} bran ration,
This suggests that the TDN level in aome or all of the basal ingredients
(taoie 2) was underestimated, which is confirmed by the values for the
basal mixtures given in table 14, columns 6 and 7, In respest to the
individual bulks, it appears from tables 2 and 14 that in designing the
rations the TDN leveis in oat hulls and wheat bran were overestimated,
giving rise to a greatef spread in TDN between the thrse levels of bulk
than intended (table 13, columns 8-10). The cellulose and corn cobs
(tahles 2 and 14) were also overestimated for trial I, but not for trial
11, hence too great a spread occurred in the three TDN levels (table 13,
columns 8-10), The alfalfa agreed fairly well with the estimated TDN
level (tables 2 and 14), confirmed by a difference between each of the
three bulk levels (table 13, columns 8-10) close to the dosigned 3% TDN.

It will be noticed from tahle 14, comparing trial I with trial 1I,
that the TDN levels in oat hulls, cellulose and corn cobs were significantly

(P<0.05) greater in trial II, while alfalfa's TDN value was significantly



Table 13.~ Total Digestible Nutrients in the Mouse Rations (Trial I)(Per Cent).

-G ~

Bulk type Bﬁlk level Mban
High Medium Low

Meal Pellet Meal Pellet Meal Pellet High Medium Low
Oat hulls 6049 6244 6842 69.2 7540 7448 61,6 6847 749
Alfalfs 69.9 7043 7249 TR/ 764, 76.8 70.1- TReT7 7646
Wheat bran 57.3 59.4 6642 67.0 ek 724 58.9 6646 T3e4
Cellulose 6842 67.1 730 23 7642 7648 677 727 7645
Corn cobs 67.6 65.7 72.1 TRk 7646 775 66,7 TRe3 77.1
D(bulk type) (P<0.05):2.6 1.8
D(bulk level)(P<0.05):1.8 1.6

D(meal vs. pellet)(P<0,05):2.2




Table 1l4e= Total Digestible Nutrients Calculated Separately for Bulks and Basals

in the Mouse Rations.

Per cent of bulk

Type of bulk Per cent of basal
Adjusted for basal
Trial I Trial II Trial I Trial II Trial I Trial II
Oat hulls ~Tel, £ 6,7 7¢3 1 6,2 642 0.2 81.0 % 1,1 79.7 £ 2.7
Alfelfa 5340 X 6.6 1.6 £ 5,1 4746 4240 78.9 ¥ 1.5 80.8 * 1.3
Wheat bran 4703 1 306 4900 -+- 203 1‘.605 4607 ) 77.8 : 3.2 7901 : 1.7
Cellulose -20.7 * 8,7 8,0 £ 147 =442 ~13.3 81,3 * 0,8 80,0 % 1.3
Corn cobs -30.4 % 7.9 1,5 £ 16,1  -18.8 ~3.8 81.7 X 1.6 8045 *

1.3

-G -
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lower. In the wheat bran rations in trial II an associative effect
between the bulk and basal fractions of the rations was indicated by
a deviation from linearity (P<0.05) of fecal Calories on Calories
ingested per 100 Calories in basal (eppendix). In addition associative
effects occurred wherever negative TDN levels were obtained (appendix).
Thus it must be assumed that the differences in TDN level of the
bulks between the trials are due to associative effects, The basal
ration fed alone es an additional treatment in trial II was found teo
contain 80,7% TDN. This value was not significantly (P<<0,05) different
from any of the levels obtained for the basals in the simultaneous feeding
(table 14, columns 6 and 7)., When the TDN levels in the bulks in both
trials are adjusted to this basal, (table 14, columns 4 and 5) a somewhat
better agreement seems to exist, Furthermore, since the magnitude of
variability in TDN values obtained in simultaneous feeding is inversely
proportional to the size of the fraction in question (110), it is realized
that the negative values for oat hulls, cellulose and corn cobs do not
constitute any serious experimeatal errors, For example, the corn cobs
in trial I showed a TDN value of -30.4% (table 14) which is significantly
different from zero presumably due to an associative effect, If this
value is adjusted to zero, keeping the TDN level for the total ration
constant, the TDN in the basal must be decreased correspondingly. The
amount of decrease would be 30.4 x 8/92 = 2,6% units, since on an average
~ basis the corn cobs form 8% of these rations, leaving 92% to the basal
fraction, This would give a TDN level in the basal of 81.7 - 2.6 = 79,1%,
a value which is not significantly different from the TDN level of the

basal when fed alone in trial 1I. From this it is understandable that
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the variability in TDN levels determined in simultaneous feeding often
is large, especially when the fraction in question is emall, as is usually
the case for fibrous materials, To the author!s knowledge there has been
no mention as to vwhether this fact could be part of the answer te the
large variabilities observed (40, 50, 65, 66) in digestion coefficients
of fibrous feeds and particularly in the crude fiber and cellulose fractions

of these.

Digestible crude protein in the rations for mice: As in the swine
rations the designed crude protein levels (table 15, column 3) appear
slightly too high, the average being 16.6% while it should have been 14%
plus 1,6% in the added 2% casein, However the differences between the
rations are quite small except perhaps in the slfalfa rations, where the
differences are appreciable at the higher bulk levels, It is uncertain
however whether the differences are statistically significant since the
feed samples were bulked for analyses.

The apparent protein digestibility (table 15, column 4) increased
with decreasing bulk level for all five bulk types, verifying the conecept
of increasing metabolic fecal nitrogen with increasing level of indigestible
fiber, In the case of oat hulls and wheat bran, these increasea vere
significant (P<0,05) for each bulk increment, while in the alfalfa and
cellulose rations only the difference between high and low levels of bulk
were significant and in the corn cob rations the high level was signi-
ficantly lower than medium and low.

As in the swine data an attempt was made to adjust the apparent protein
digestibility for variations in metabolic fecal nitrogen due to protein

level in the rations, nonprotein dry matter consumption and excretion
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Table 15.,~ Protein in the Mouse Rations,

Bulk. Crude: - Adjusted
Type Level protein: Digestibility digestibility(l)
% 3 £

Oat hulls High 16,1 57e4 66,2
Medium 16.6 6544 69.5
Low: 16.5 63,1 642
Al falfa High 17.5 65,0 61.7
Medium. 17.4 66.3 64,2
Low: 16,7 67.2 6l.4
Wheat bran High 16.3 58,6 60,8
Medivm: 16.6 62.1 6440
Low 1644 67.7 67.1
Cellulose: High 16,0 67.5 70,2
Mediwm 16,9 69,3 63,0
Low. 16,0 69.9 64.8
Corn cobs High 16,2 62.5 6544
Medium 16,7 66,5 67.2
Low: 16,6 67.6 674
D(P<0.05) 2,2 1.8
D(P<.0,05) 1.9 1.7
Meal 6T 653
Pellet. 66.3 65,7
D(P<0.05) 1.6 1.3

(1) Adjusted for variability in protein intake, non-nitrogen dry matter
intake and excretion, and physiclogical body size.
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and body size, The regression relating these variables iss
Y= 0,276 + 0.410%; = 0,047X, + 0.098X3 - 0.076X;

where Y = grams of nitrogen x 6,25 excreted in 14 days,

X, —grams of nitrogen x 6,25 consumed in 14 days,

X,~grams of non-nitrogen dry matter consumed in 14 days,

X3=grams of non-nitrogen dry matier excreted in 14 days,
and X,=physiological body size (weight in gm,0+75),
The levels of significance of the coefficients of the independent
varisbles are: for X; P<0.,01, for X; P<0.06, for X3 P<0.001 and for
X, P<0.25. The total variability of Y was reduced by 61.8% by adjusting
for the four independent variables, Of this reduction 42,3% was con-
tributable to Xy, 1.6% to Xp, 55.7% to X5 and 0.4% to X4, Thus, in this
experiment the majority of the variability in fecal nitrogen was due to
non-nitrogen dry matter excretion and protein intske, while the effect
of non-nitrogen dry matter intake and body size was insignificant (P<0,05).

Since the relative effect on the variability in the dependent variable
(Y) by any one of the independent variables (X3, X3, X3 and X;) can be
attributed to its degree of variability in the observed sample and its
closeness of association with the dependent variable, it is interesting
that the nonprotein dry matter excretion (,2'3) vhich caused the greatest
amount of reduction (55.7%) in the variability of fecal nitrogen excretion
(Y), also had the greatest variability, neamely a coefficient of variability
of 2i.4%, vhile the physiological body sise: (X;), reducing the variability
in Y by only 0,4%, exhibited a low coefficient of variability of 5.7%.
The protein intske (X;), which accounted for 42,3% of the reduction in

the variability of Y, had a coefficient of variability of 11,1%, while
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the nonprotein dry matter intake (Xz) had a coefficient of variability
of 12.2% and reduced the variability in Y by only 1.6%. This can only
mean that under any circumstances X2 is less closely associated with
Y than is X,.

Although simulated pelleting had no effect on TDN level (table 13),
feed intake and feed efficiency (appendix tables 26 and 28), the apparent
digestibility of protein in the pelleted rations was significantly (P<:0.05)
greater than in the meal (table 15, column 4). An explanation for this
could be that the moistening and drying of the rations caused changes in
the proteins, increasing the digestibility, However, since the protein
digestibility adjusted for the four independent co-variates (Il to XA)
(Qolumn 5), was not significantly different between pellets and meal, it
appears that simulated pelleting in some way affected the level of meta-
bolic fecal nitrogen and did not alter the true digestibility of protein.

As in the swine data, large and aigﬁificant differences are present\\
in the adjusted protein digestibilities (table 15, column 5), suggesting
that some major factors affecting the fecal nitrogen excretion were omitted
in the multiple regression. From the lower (P<0.05) digestibilities in
the high and medium alfalfa and wheat bran rations as compared to the
corresponding levels in the other bulks, it can be concluded, as in the
swine experiment, that the protein source was one important factor that
wag neglecteds The lower (P<ﬂ0.05) adjusted digestibility of protein in
the low oat hull, alfalfa and cellulose rations could perhaps be explained
by the dilution effect in the higher bulk rations similar to that in the
swine rations. That the wheat bran and corn cob rations do not exhibit

the same pattern in regard to a dilution effect may be due to a difference
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in bulkiness from the other rations, the wheat bran rations being extremely
bulky due to the higher percentage and bulky texture of wheat bran, and
the corn cob rations being low in bulkiness due to a low percentage and

a low bulkiness of ground corn cobs.

Feed intake and efficiencys When rations are diluted for the purpose
of lim:';.ting intaxe of nutrients, the effect of the diluent may be separated
into two main functions, the first being to reduce the concentration of
digestible mutrients, the second to influence the weight or volume of
feed voluntarily eaten, The latter function which ordinarily depends on
"bulkiness" and/or palatability is complicated by the organism's natural
urge to satisfy its energy requirements. In this light the differences
and trends in the dry matter and digestible energy intakes (table 16)
offer interesting clues,

That the high alfalfa and wheat bran rations were consumed in signi-
ficently smaller quantities than the other thres bulks (tatle 16) indicates
greater "bulkiness® and/or inferior palatability due to the addition of
these bulks, Thus the dilution effects were enhanced causing an additional
drop in digestible energy intake and body weight gain (table 16, coLumns
5 and 6).

When the feed intakes were adjusted for digestible energy levels in
the rations (coiumn 4), distinet, signmificant differences between bulk
levels appesred. Only the high and medium cellulose levels showed no
sign:i.fiéant (P<0.,05) differences. The adjusted feed intakes illustrate
the effect of increasing bulk level on feed intake unaffected by the
organism's natural urge to satisfy its energy requirement, In other words

they express more clearly the actual effects of the levels of the various
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bulks and thus a better basis for comparison of these.

1t is obvious that the inclusion of increasing amounts of any of
the five bulks had a retarding effect on feed intake, Ko difference:
(P<0.,05) appeared between the low level of the various types, except
for the alfalfa which depressed the intake to a greater (P<0,05) extent
than the other bulks, This could perhaps suggest a palatability effect
which could be supported by the medium bulk levels vhere the intake of
the alfalfa rations was below (P<0,05) that of oat hull, cellulose and
corn cob rations. However, the volume effect could have been involved
in this, as appears to be the case in the wheat bran ration with an intake
lower (P<0,05) than the other four bulk types. The high bulk levels show
& similar trend for the oat hull and corn cob rations, whereas the cellulose
ration deviates (P<0,05) somewhat, This is an unexplained effect which
perhaps is due to natural chance, the probability being lLess than 5%,
The high wheat bran and aitfalfa rations follow sharply declining trends
which for tﬁe former was established already by the iow and medium bulk
levels, Thé explanation for this probably is the higher percentage of
these bulks (appendix table 1) in the rations., Especially the uheat bran
rations had a bulky appearance, whereas the apparent bulkiness of the aifalfa
rations could lead one to suggest that low palatability was a contributing
factor to declining intskes,

' table 16

By comparing the actual and adjusted dry matter intakes (columns 3 and
4) one can obtain a good illustration of the relative effect upon "the
organism's natural urge to satisfy its requirement* by the various energy
levels and bulk types., It is noticeable that only the alfalfa rations were

not consumed iam increasing amounts with the declining digestible energy levels,
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This again suggests that palatability could have been limiting in the
intake of these rations, The inerease in intake due to declining energy
level was greatest in the wheat bran rations, probably due to the great
bulkiness of these, Next in line and in descending order were the effects
in oat hull, cellulose and corn cob ratioms, By chance or otherwise, this
was the apparent order of bulkiness of the rations as caused by level and
type of bulk, Only the alfalfa rations did not fall into this line,

Despite a relatively low digestible energy intske of the alfalfa rations
(table 16, colwmn 4) the dry matter intake of the medium level was signi-
ficantly less than for f.he ‘corresponding level of oat hulls and tended
to be lower than for the same ievels of the other bulks, Similarly the
low level of alfalfa was significantly lower than the low level of wheat
bran and tended to be lower than the eorrequnding levels of the other
bulks, This could indicate that the low intakes of the alfaifa rations

were caused partly by depressed 8292PiRblsil |
ness, particularly since a given level of wheat bran on a percentage basis
was greater than the corresponding level of aifalfa (table 8).

The higher bulk level decreased the dry matter intake significantly
only in the case of wheat bran (table 16, column 3), causing a pronounced
decrease in digestible energy intske (column 5) for esch bulk increment,
Despite no significant differences in dry matter intake between levels of
‘the other bulks (tabie 16, column 3), the digestible energy intakes on
the high bulk levels were lower (P<0,05) than for the low levels , excepl
in the case of the cellulose rations where no differences appeared, In
the latter rations the mice apparently managed to adjust feed consumption

to compensate for the differences in digestible energy Levels in the rations.



Table 16,~ Feed Consumption and Efficiency and Body Gain in Mouse Trial I,

Bulk Dry matter intake egigéy Body gain G:li?gm.
Type Level  actual  adj.(l) intake actual adj.(2) gain
it il il gl o
Oat hulls High 4849 41.3 132 12,0 12,2 11.1
Mediwm  47.9 4b.5 145  13.2 12,1 11,0
Low bhe9 48.8 148 12,8 11,3 11.6
Alfalfa High 36.9 36.9 114 10,6 12,8 10.8
Medimm  39.9  41.9 127 1.4 122 11.3
Low 40.6 45.9 137  11.1 10,8 12.5
Wheat bran High 38,1 28,5 98 8.9 12,9 11.6
Medimm  41.8 38.5 123 12,5 13.8 = 9.8
Low 5.9 484 L8 13.9 124 10.8
Cellulose High 47.0 LhaT 140 13.5 - 12,9 10.4
Medim  43.0 4he9 137 12,2 11.9 1l.3
Low 448 50,0 151 13,5 11,7 11.2
Corn cobs High 2,4.7 AN 129 121 12,7  10.7
Medium  44.8 46.4 142 12,5 11,7 11.5
Low 43.2 48.8 147 13.3 12,0 1.1
D(Type) 509 1.7 18 24l 1.6
D(Level) 5.1 1.4 15 2.0 1.2 1.4

(1) Adjusted for digestible Caiories per gm, of feed (covariance significant
at P<0,05).
(2) Adjusted for digestille Calorie intake (covariance significant at P< 0.05).
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The total body weight gain was decreased significantly by the in-
creased bulk level only in the wheat bran rations (table 16, column 6),
~ where the high bulk level caused a slower gain than the medium and low
levels, Between the bulks, differences were significant for the high
and low levels of alfalfa and the corresponding levels of cellulose,
While the high wheat bran rations gave lower (P<0,05) gains than the
high levels of all except the alfalfé. rations,

When body weignt gains were adjusted for digestible energy intake
(table 16, column 7), it was found that the low alfalfa rations gave
significantly lower digestible energy efficiency than the medium and
high levels of alfalfa, This is also supported by the calculation of
digestihle Calories per gram of gain (table 16, column 8), where the low
alfalfa rations required significantly more digestible Calories per gram
of gain than the high alfalfa rations, In the wheat bran rations the
medium level gave greater (P<0,05) digestible emergy efficiency than the
low level (table 16, column 7), whereas the high level was intermediate
in position., This agrees with Axelson et al.(4) when they state that a
smaller daily intake of metabolizable energy, than that causing maximsl
weight gain, yield the highest efficiency. Apparently the high wheat bran
ration was the oniy "high" bulk ration which was consumed in amounts
causing below maximal digestible energy efficiency. It is realized that
since no adjustment in energy utiiization has been made for maintenance

requirement, the rations consumed at lower levels and causing siower

growth, will exhibit lower energy efficiency for gain, due to the greater

maintenance requirement than in faster growing animals,
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Simulated pelleting of the rations had no significant effect on any

of the criteria listed in table 16 (appendix tables 26, 27, 32 and 33).

Carcass composition: The mean values of the carcass composition
of the 120 mice from trial I are presented in table 17, The scarcity
of significant differences in body fat level (column 3) can possibly be
attributed to physiological age, since in a rapid growth period animals
are less prone to fattening. OQOuly the high wheat bran rations were dilute
and "bulky" enough to cause a significant (P<0,05) decline in per cent
body fat as compared to the low wheat bran and the high oat hull, cell-
ulose and eorn cob rations,

- As is commonly the case, the perceniage of water in the body (column
L) was inversely related to perceatage of fat. The correlation coefficient
(r = =0.76) was significant at P<0,0l. The high wheat bran ration gave
higher (P< 0,05) body water level than the medium and low wheat bran and
the high oat hull, cellulose and corn cob rations, Alsc the high alfalfa
ration gave higher (P<0,05) body water level than the medium ration. The
differcnce in body fat (column 3) between these rations was close to
significance at P<0.05.

In order to determine whether the increased body water levels were
attributable entirely to the decreases in body fat, the body water was
adjusted (coluwmn 5) for body fat, This reduced the variability by 37.5%
and revealed more significant differences, indicating that the high levels
of alfalfa and wheat bran gave higher (P<0,05) body water content than
the medimm and low levels of the same bulks, regardless of the fatness of
the animels, The high oat hull ration caused higher (P<0.05) water level

than the medium ration and the low alfalfa ration higher (P<0.05) level



Table 17.- Carcass Composition of Mice (Figures in Per Cent).

‘%'

Bulk Total carcass Fat free carcass
Type Level | Fat Water Protein| Ash Water Protein Ash
obser- Adj.
ved for
fat
Oat hulls High | 5.69 71L.0 70,9 20,2 | 3.10 75.3 2l.4 3.28
Medium| 5,98 70.5 70.6 20,5 | 3,02 75.0 2.8 3.23
Low | 6,15 70,5 70.8 20.3 | 3.0L 74.8 21.6 3,20
Alfelfa  High | 4.81 72,2 Ti.4 19.9 | 3.08 75.8 20.9 3.23
Medimm | 5,87 70.7 70,8 20,2 | 3.2 75.1 2.5 3.4l
Low 5.79 Ti.2 T1.1 20,0 | 3.05 75.6 Q.2 3.2
Wheat bran High | 434 73.1 72,0 19.6 | 3.00 76.4  20.5 3.14
Medium | 5,39 71.5 71.2 20,3 | 2.88 75,5 2.4 3.04
Low | 6,09 70.7 70,9 20.4 | 2,94 748 2.6 3,13
Cellulose High |6.41 70.6 7L.1 20.0 | 3.02 75.4 21.4 3.22
Medium | 6,12 70.7 70,9 20,3 | 2,95 75.3 2.6 3.16
Low  [6.53 70.4 71.0 201 | 297 75.3 2.5 3.17
Corn cobs High |[5.99 70.7 70,8 20.3 | 3,06 75.2 21.6 3.26
| Medium | 5,87 70,9 7TL.0 20,1 | 3.08 75.3 2.4  3.27
Low 5.8, 70.8 70.8 20.3 | 3.08 74,9 2.9 3.25
D(P<0.05) 1,28 1.3 0.5 0,9 |0.23 1.1 1.0 0.2
J,D(P<o.05)1.b9 1.1 0,3 0.8 019 0.9 0.8 0.2
Meal 5,99 70,9 7.0 20,1 | 2,97 75.3 2.5 3.16
Pellet 5,60 71.1 70.9 20,2 | 3.08 75.4 2.4 3.28
D(P<0,05) 0,33 0.3 0.2 0.2 |0.,06 0.3 0.3 0,06
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than the medium ration. The latter of these differences opposes the trend
that the higher bulk levels produced higher body water levels, However,
it is noticeable that when the rate of gain (table 16, column 6) is compared
to adjusted body water level (table 17, column 5), a slow gain is always
associated with a high body water level particularly within the rations
containing oat hulls, alfalfa and wheat bran. The percentages of protein
and ash (table 17, columns 6 and 7) were fairly constant regardless of bulk
type and level. Only the high wheat bran ration brought about lower (P<0.05)
protein levels than the low wheat bran,

Since the regression of body water on body fat was -0.77, signifying
that 1% increase in body fat caused a drop of 0.77% in water content, it
was considered worthwhile to compare the body composition on a fat free
basis to give a clear picture of what took place. This comparison is
shown in table 17, columns 8, 9 and 10. The data show that aside from
the effect on body fat, only the high wheat bran ration brought about
significant changes in body composition. This ration gave higher (P<0,05)
body water level than the low wheat bran and the high oat hull and cellulose
rations, and lower (P<0.05) protein level than the medium and low wheat
bran and high cellulose rationse

Although simulated pelleting had no significant effect on TDN level
(table 13), feed intake or rate of gain (appendix tables éé and 27), it
caused a decrease (P<0,05) in per cent body fat and an increase (P< 0.05)
in ash content (table 17). On a fat free basis, the ash content was still
increased (P<0.05) by the pelleted ratioms, indicating that this effect
was not just a counteraction of the decrease in body fat. The reasons

for these effects remain unanswered.
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Summary: The rations from the previous swine experiment, fortified
with 2% casein to increase the protein to a level suitable for rapid
growth, were fed to 120 weanling mele mice for a period of two weeks in
a 5 x 3 x 2 factorial experiment. The pelleting process was simulated
by moistening and granulating the rations in a meat chopper followed by
drying in vacuum.

During thé experiment records were kept of feed consumption, excretion
of feces and body weight gains. At termination, analyses for water, fat,
protein and ash’were carried out on all the carcasses. The TDN level in
the rations was determined from the conventional feces-feed ratios and
the digestible energy levels, assuming Lel, digestible Calories to bq equal
to 1 gm. TDN,

In all the rations except the high level of:oat hulls and the medium
level of wheat bran,'the TDN levels deviated significantly from the designed
62, 65 and 68%. The TDN in the various bulks appeared to be lower than
those obtained in the swine trial, aithough it cannot be concluded that the
differences are statistically significent. In spite of some variability
in composition of the basal ration-fractions, no significant differences
- were found in TDN levels.

The variability in fecal gitrogen excretion was reduced by 61.8% by
adjusting for variability in protein intake, intake ahd excretion of non-
nitrogenous dry matter and physiclogical body size. The relative contribution
by each of these factors were 2.3, 1.6, 55.7 and 0.,4% respectively. As
in the swine data it is indicated that protein source and dilution effect’
in the intestinal tract were two important factors in determining the

digestibility of the protein.
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It is suggested that the bulkiness of wheat bran and the palat-
ability of alfalfa decreased the intake ’of these rations to levels below
the rations éontaining the other three bulk types. Only in the wheat
bran rations were the body weight gains slowed down by inereasing bulk
levels. The high wheat bran rations also gave slower gains than the
high level of the i‘our other bulk typese.

The feed imtakes adjusted for variability in digestible energy level
showed that increasing bulk levels decreased the feed intakes significantly.
A comparison of the observed and adjusted intekes indicated that the effect
upon feed intake by the organism's natural urge to satisfy its energy
requirement was a significant factor. The relative magnitude of this
effect as shown by the difference between the observed and adjusted in-
takes of the various bulk types was iﬁ descending order: wheat bran, oat
hulls, corn cobs, cellulose and alfslfa. It could be due to a ldw palat-
ability that alfalfa is last in this guccossj.on despite its relatively
low digestible energy intakes. The other rations occur in the array
according to apperent bulkiness except perhaps for corn cobs and cellulose
which possibly could be interchanged in this respect.

In regard to body composition the high wheat bran ration produced
significantly less body fat than other rations. In general, body fat was
significantly correlated (r = -6.76) with body water. The regression
indicated that a 1% increase in fat resulted in a O. 77% decrease in water.
The levele of protein and ash in the carcasses were not affected by the
level and type of bulk in the rations except in the case of the high level
of wheat bran which produced a significant]& lower body protein level than the
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1oﬁ wheat bran ration. The high wheat bran ration also gave higher levels

of body water and lower levels of body protein on a fat free basis.
Simulated pelleting had no effect on the intake or digestibility

éf the rations nor the rates of gain. However, a decrease in per cent

body fat and an increase in’per cent ash took place in the animals fed

pelleted rations. The ash content was also greater on a protoplasmic

basis indicating that it was more than a counter-effect of the chanze

in bocdy fat. Simulated pelletiﬁg appeared to decrease the metabolic

fecal nitrogen whereas it did not change the true digestibility of

protein,

}Gomparisondof Species

The edventeges of a smaller pilot animal are generally recognized.

In this‘seé;ion an attempt has been made to compare ﬁhe effects of identi-
cal experimental rations on swine and mice. The object of this was an
appraisal of the suitability of mice as pilot animals for swine in nutrition
studies.

Among the various observations in the two species the more obvious
comparisons were plotted in scatter diagrams. In thé case of an indication
of e relationship the cbrrelation was determined. The following list
contains the criteria considered and the primafy results of the comperisons.

Criteria compared: |

Feed intake - correlated (P<0.01).

Digestible energy intake - correlated (P<0.01l).

Dry matter digestibility - correlated (P<0.01).

Protein digestibility - no apparent relationship.



- 71 -

Body weight gain - correlated (P<0.05).

Feed efficiency - no appafent relationship.

Energy efficiency =~ no significant correlation.

Average back fat in swine vs. per cent fat in carcasses of mice -
correlated (P< 0.01).

Per cent ham in swine vs. per cent protein in carcasses of mice -
no significant correlation,

Loin area in swine vs. per cent protein in carcasses of mice - no

apparent relationship.

The significent correlations and corresponding regressions are
shown in table 18, Due to the differences in units and magnitude of
response between the two species, the mean values and ratios of these
were included. The letter were used tc determine if the effect upon the
species deviated significantly from each other. Had the units and the
magnitude of response been similar, as is the case in the per cent DMD,
a significant deviation of the regression coefficiént (b) from one weculd
indicate abdifferent effect in the two species. The ratio of the means
is the best estimate available of the value from which b should deviate
significantly to indicate a difference in effect between the species by
similar rations,

The correlation in feed intake (table 18) between swine (Xl) and mice
(X,) was significant at P<0,0l. The regression of X; on X, shows that a
one gram increase in feed intake in a fourteen day period by the mice
corresponded to 0.052 pounds increase in intake per dey by the swine.

Since the value of by x0 (0.052 % 0.035) was significantly (P<0C,05)



Table 18,~ Correlation of Various Effects by Identicel Rations in Swine and Mice,

Criteria Swine ‘nites .o gorg}aizio‘? Regression Mean
(x ) ( oefficien b . - _ -

) X,) ) a sk, | | R [k
Feed intake | 1bs./dsy gm./1/ days 0. 67%* 2,47 * 1.74(1) | 0.052 * 0.035 | 4.73] 43.5 |0.11
DMD % % O&%** 18.2 ,t 8.84 0.71 : OulB 68-0 70.2 10.97 1
DEI Therms/day Cal./14 days| 0.79% 2.09 * 2,08 0,033 * 0.015 | 6.28|135  |0.047 ‘T"Z
Rate of gain| 1bs./day gm. /14, days 0.63% 0.47 % 0.37 0.058 % 0,030 | 1.18] 12.2 [0.097
Body fat Av. in, beck| % of carcass|  0.70%* 0.77 X 034 0.094 * 0.058 | 1.31| 5.79/|0.23

fat

* Significant at P<0.05.

## Significant at P<0,01.

(1) Confidence interval st P< 0.05.



Table 19.-~ Comparison of Verious Effects by Identical Rations in Swine and Mice.

Feed intake DMD DEI Gain Body fat
Bulk type Bulk level | Swine Mice |Swine Mice | Swine Mice Swine Mice Swine Mice
ibs. egm./14 | % % Therms Cal./14| 1bs. gm./14| Av. in. % of
per day  days : per day days | per day days | back fat carcass

Oat hulls High 5.14 4849 62.5 6l.8 | 6,17 132 1.26 12,0 1.26 5.69
Medium YAYA | 479 6e3 H9.1| 5.62 145 1.15 13.2 1.32 5.98

Low 4'96 4409 71.0 75'8 6.83 148 1.28 12.8 1.40 6015

Alfalfa High 4e33 3649 65.1 69.8 | 5.50 114 1.02 10,6 | 1.25 481
Medium 4045 3909 6902 72-4 5098 127 1.07 11.4 1029 5:87

Low LeT9 40.6 Tlel 76,6 | 6,52 137 1,20 11.1 1.39 5.79

Wheat bran High 4030 38.1 60.9 5803 5026 98 0094 8.9 1.17 4034
Medium Le/8 41.8 63.6 65.3| 54,60 123 0.98 12.5 1.23 5439

LOW 4087 4509 71.1 72.9 6086 148 lo24 1309 1.27 6.09

Cellulose High 417 470 67,1 67.2 | 6434 140 1.17 13.5 1.30 6.41
Medium Le58 43.0 68.4 72,1 | 6.03 137 1.16 12,2 1.34 6.12

Low 483 Lle8 73eh 767 | 6485 151 1.26 13.5 1.45 6.53

Corn cobs High 5.02 Mo? 67.8 67.1 6.1}8 1.29 1.29 12.1 1.31 5.99
Medium 5.00 Lte8 69.7 Tl.0| 6.80 142 1.31 12,5 1.29 587

LOW 4.97 4302 75-0 7606 7032 147 1-30 13.3 1043 5.84

DT (P« 0,05) 0.57 6.0 3.7 2.0 0.83 18 0.17 2e/ 0,18 1.28
DL(P< 0.05) 0449 5.1 3.2 17| 0.7 15 0.12 2.0 0.16 1.09
C(Variability Coefficient)5.78 8402 6.01 7¢9 | 9.6/ 10.8 | 10.3 10.8 5491 9.87

C = The standard deviation as per cent of the mean.

-€L -
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smaller than the mean ratio of pounds of feed consumed per day by swine

(xl = 4473) 2nd grams of feed consumed during fourteen days by mice

(R = 43+5) namely 4.73/43.5 = 0,11, the effect of the various rations
upénxfeed intake in the two species was considered to be different (P<0.05).

The fact that the ratio of il and 22 was greater (P<0,05) than
bx1x2 shows that the increasing bulk levels affected the feed intake in
mice to a greater extent than in swine., In other words the swine appeared
to be better equipped to handle bulky rations than the micee.

An inspection of the feed intske data in table 19 shows certain
relative similarities between the two species. Both consumed less (P< 0.05)
of the high level alfalfa and wheat bran rations than of the corresponding
levels of corn cobs and cellulose. Also the high wheat bran rations were
consumed in smaller amounts thaen the low levels by both species. Relatively
few additionel significant differences were present in any of the species.

Various similar trends were present., Although not statistically
significant the intake of oet hull and corn cob rations tended to increase
with the level of these bulks in the ration. In the alfalfa rations the
intake tended to be inversely related to the bulk level, In the cellulose
rations the medium level tended to be consumed in smaller quentities than
either the low or high levels for both species.

In regard to feed intake it would then appear that generally the swine
and the mice readted similarly to the rations studied, The only difference
appeared to be 2 more rronounced effect in the mice than in the swine,.

The correlation of DMD between the species (table 18) was extremely
high, That the regression coefficient was smeller (P<0.01) than the ratio
of the two means, and that the intercept (a) of the regression line on the

X axis was greater (P<O0,01) than zero, show that the effect of increasing
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bulk levels again was greater in the mice than in the swine, A simple
examination of the DMD values in table 19 gives an indieation of the

above conclusion, It is noticeable that at the high levels of oat

hulls, wheat bran and corn cobs, the swine tend to exhibit greater

DMD's., In the cellulose ration no difference was apparent, whereas

in the alfalfa ration the mice showed the greater DMD, In the medium

level of all the bulk types the mice tended to exhibit higher DMD's than
the swine, In the high level the same trend continued with an increasing
margin for the mice over the swine,

It is realized that the 2% casein added to the rations for mice
(appendix tahle 1), should render these more digestible and it could well
be the reason why the mean DMD by the mice was 2,2% higher than that for
the swine (table 18), From these observations it would therefore appear
that the major difference in DMD of the rations studied between the two
species was a more pronounced retardation by increasing bulk levels in mice
than in swine,

The DEI by the two species were correlated at P< 0,01 (table 18), An
increase in one Calorie during fourteen days by mice corresponded to an
increase of 0,033 Therms or 33 Calories per day by swine as indicated by
the regression coefficient (bx;xy). The effect of the bulks on DEI cannot
be considered to differ between the two species, since b was not signi-
ficantly (P< 0,05) different from the ratio of the means (Xj/Xp = 0.047).
However, since 'a' was greater (P< 0,05) than zero, it must be assumed that
generelly the DEI by the swine was relatively larger than by the mice,

The fact that the effect of bulk on the DEI was not different (P<0.05)

for the two species, when feed intake and digestibility were both affected
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to a greater (P<0,05) extent in mice, can only be explained by a greater
variability in DEI than in feed intake and DMD, That this is the case
is indicated at the bottom of table 19, where the DEI indeed shows greater
variability coefficients than the feed intake and the DMD,

A gain of one gram during fourteen days by the mice corresponded to
0.058 pounds or 26 grams per day by swine, Since b was significantly
smaller (P<0,05) than the ratio of the means (tebie 18), it is indicated
that the effect of the bulks was greater in the mice than in the swine,
This corresponds to the effect upon feed intaxe and DMD, which both were
greater (P<0,05) in the mice,

Average inches of back fat in swine, as measured by the official
carcass graders, and per cent of fat in carcasses of mice were correlated
at P< 0,01 (table 18)., The regression coefficient shows that a one per
cent increase in carcass fat in the mice corresponds to 0.094 inches
increase in the average back fat thickness of the swine, That b was
greater (P<0,05) than the ratio of the means indicates tnat the effect
of the bulks upon fat deposition was more severe in the mice than in the
swine, which corresponds to the effects upon feed intake, DMD and body
weight gain,

The previous discussion of the data in tables 18 and 19 would suggest
certain similarities in the response to various rations in the swine and
the mice, However, the swine appeared to be better equipped to consume
and digest increasing levels of the bulks studied than the mice, This
ability manifested itself in correspondingly greater gains and fat deposi-
tions from the more bulky rations in the swine, The results of the compari-

son suggest that further investigations as to the feasibility of using
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mice as pilot animals in swine nutrition studies would be desirable,

It could be suggested that the effect of differences in physiological
age and physioclogical body size be considered in possible future work.
This is prompted by the realization that younger and faster growing
animals are less prone to fattening, and that nutritional effects are
most likely to be tied in with physiological body sisze, which then per-

haps could be the basis for translation of results between species,
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GENERAL SUMMARY AND GONCLUSION

The Effect of Bulk Type and Level upon Feed Intake, Digestible Energy (DE)
Level and Digestible Energy Intake (DEI)

In comparing oat hulls, alfalfa, wheat bran, cellulose and corn cobs,
as bulk additives to rations for finishing pigs and weanling mice, it
appeared that the limiting effect upon feed intake was greater by wheat
bran and alfalfa. This however could be due to the higher levels of
these bulks required to equalize the concentration of nutrients in the
various rationse

In rations fed to swine the digestible energy (DE) level decreased
by 11e7, 4Le7y Leb, 9.7 and 20 Calories per pound of feed for a one per
cent increase in each of the five bulks respectively. The levels of
nutrients furnished were complicated by differences in effect upon feed
intake between the bulks. Thus a one per cent increase in each of the
bulks caused a drop in digestible energy intake (DEI) of 43, 44, 36, 56
and 92 Calories per day respectively, when the ranges of bulks were 6-20,
9-32, 17-61, 3-12 and 3-12 per cent of the rations respectively.

Feed intakes by the mice were not affected significantly by the vary-
ing levels of any of the bulk types, although strong trends prevailed of
an inverse relationship between level and intake in the alfalfa and wheat
bran rations, and a direct relationship in the oat hull rations. The intakes
adjusted for levels of DE in the rations showed an inverse relationship
between bulk level and feed intake for all bulk types. This was proposed
to mean that as the bulk levels were increased, the mice increased their
feed intakes to partly compensate for lower nutrient levels. A similar

conclusion was reached from the swine data.
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The DEI by the mice was decreased significantly from the low to
the high level of all bulk.tjpes except cellulose. 4 strong trend in
this direction existed for each increment of all the bulk types.
The Effect of Bulk Type and Level upon Digestibility of Lnergy in the
Bulk and Basal Ration Fractions
The digestibility of energy in the bulk and basal fractions of the
rations were determined by a modification of "Carbery's Method of Deter-
nining Digestibility." Great variability invthe energy digestibility
of the bulks included in the rations at low levels were proposed to be
due to the simple mathematical relstionship thatvthe effect of experimental
errors upon the standard deviation of observed data is inversely proportional
to the relative numerical magnitude of the observations. |
When the five bulks were included at average levels of 13, 20, 39, 8
and 8 per cent of the rations respectively, the per cent total digestible

nutrients (TDN) and 5% confidence intervals were: by swine, 20 % 17,

51 210, 57 26, 14 % 30, -2 ¥ 37; by mice in trial 1, -7 £ 7, 53 X 7,
47 £ 4, <21 £ 9, =30 X 8, and by mice in trial 2, 7 X 6, 42 * 5, 49 % 2,
-8 £ 15, -2 ¥ 16 respectively in oat hulls, alfalfa, wheat bran, cellulose

and corn cobs. A4lthough some of the differences within bulks appear to be
real, this cannot be concluded since associative effects in digestibility
between the bulk and basal fractions were apparent in all the observations
except the alfalfalratiqns, the wheat bran rations fed to mice in trial 1
and the oat hull rations fed to mice in trial 2.

The above mentioned essociative effécts will also influence the TDN
levels in the basal ration fractions. However, in spite of a slight vari-

ation in the composition of the basals, no significant differences in TDN
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were present between bulks and within species of animals. The mice
appeared to digest the basal fractions to a greater degree than the swine,
this difference could be due partly to associative effects, and partly
to the inclusion of an extra 2% casein in the mouse rations for an adequate

protein supply for rapid growth.

The Effect of Bulk Type and Level upon Protein Digestibility

The effect upon apparent protein digestibility by protein intake,
nonprotein dry matter intake and excretion, and physiological body size
(weightO+75) was studied. The variability in fecal nitrogen due to above
independent co-variates was found to be: in swine, 21, 1, 9 and 2, and in
mice, 26, 1, 35 and 0.2 per cent respectively. In both species the vari-
ability in fecal nitrogen unaccounted for was suggested to be due mainly

to protein source, bulkiness of the ration and experimental error.

The Effect of Bulk Type and Level upon Animal Performance

Lower intakes of the alfalfa and wheat bran rations by swine resulted
in slower gains and decreased efficiency of feed and DE. The reason for
lower Di efficiency was concluded to be due to a greater maintenance
requirement since slower gaining animals were on test for a longer period
than faster gaining ones. When the gains were adjusted for variability in
DEI, the Qat hull rations appeared to give faster and more efficient gains
than any of the bulk types studied.

Generally the low bulk rations produced faster gains and greater feed
efficiency in swine. However, despite the suggestion that slower gaining

animals use more energy for maintenance and therefore utilize the DE less
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efficiently for gain, it was indicated that the high bulk rations gave
greater DE efficiency. This may be explained by energy differences in
the body tissues laid down at different rates of gain, the faster gains
being more expensive due to greater proportions of fat.

The high level of wheat bran in the rations for mice caused slower
gains than the corresponding levels of the other bulks except alfalfa,
and slower gains than the medium and low levels of wheat bran. The medium
level of wheat bran showed greater DE efficiency than the high level, while
the low level was intermediate in this regard. This was explained by the
opposing effects of the two theories that in slower gains more energy is
required for maintenance, and that faster gains are less efficient because
of greater fat proportions. The high wheat bran rations appeared to be
the only "high bulk"™ ration consumed in amounts causing below maximum DE

efficiency.

The Effect of Bulk Type and Level upon Carcass Characteristics

The effect of bulk types and levels upon carcass characteristics in
swine were analyzed on the basis of equal DEI in order to eliminate the
influences of varying feed intakes and DE levels in the rations. This wes
done by adjusting the various carcass measurements for variability in DEI.
On ﬁhis basis the cellulose rations produced less ham and more middle than
the other bulk types. The wheat bran rations produced less shoulder fat
and average back fat than the other bulks, and larger loin area than the
corn cob rations. The alfalfa and wheat bran rations caused higher advanced
registry (AR) scores than the cellulose rations.

Generally the high bulk rations produced less shoulder fat and average

back fat, and higher AR scores than the low bulk rations. Since the
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carcass characteristics were based upon equal DEI's, the differences were
considered as due to differences in DE efficiency for gain as affected
by rate of gain.

Correlations of the various carcass measurements upon DEI, showed
an inverse relationship for ham, shoulder, loin area and AR score, and
a direct relationship for middles and back fat.

The unadjusted carcass measurements indicated that the wheat bran
rations resulted in lower dressing percentage than the oat hull and corn
cob rations, and less average back fat than any of the other bulks. The
high bulk rations as a whole caused lower dressing percentage, less middle,
shoulder fat and average back fat, and more shoulder and higher AR scores
than the low bulk levels,

In mice the high wheat bran rations produced carcasses with less fat
and protein and more water than the low levels of wheat bran, and less fat
and more water than the high levels of oat hulls, cellulose and corn cobs.

Body fat and body water were inversely correlated (r = =0.77).

The Effect of Pelleting

Pelleting of the rations fed to swine increésed the TDN level except
in the low alfalfa and wheat bran rations. It had no effect upon feed
intake. The increased TDN levels resulted in greater TDN intakes which
in turn caused faster gains and greater feed efficiencies. None of the
measured carcass characteristics were affected by pelleting.

To simulate pelleting in the mouse rations half of each ration mixture
was moistened, passed through a meat chopper and dried in vacuum at 65° C,

This gave the rations a hard, crumbled texture. No effect of this treatment
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appeared in feed intake, digestibility or gain. However, a decrease in
body fat and an increase in ash took place in the mice fed the "pelleted"
rations. oSimulated pelleting appeared to decrease the metabolic fecal

nitrogen, but did not affect the true protein digestibilitye.

Sex Differences
The male pigs showed a greater daily feed intake, produced faster
gains and thicker back fat, whereas the females exhibited greater DE

efficiency.

Comperison of Species

Significant correlations between mice and swine existed in feed
intakes, dry matter digestibilities, digestible energy intakes, rates
of gain and levels of body fat (per cent of fat in carcasses of mice and
average inches of back fat in swine). It was suggested that physiological
body size and age could be compared in the two species in a search for

a basis for translating results from mice to swine,
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APFENDIX

I. Calculation of Separate Digestibility Coefficients for Energy in
the Fractions of Supplement (Bulk) and Basal in Mixed Rations

The principle in this method is basically "Carbery's Method of
Determining Digestibility" as described by Crampton (31).

Since each of the five bulks were fed in three levels, it was possible
to determine the regression of "total fecel Calories for every 100 Calories
of the basal fraction consumed" (Y) on "total Calories consumed per 100
Calories in the basal fraction" (X). The regression coefficient (b) in
this function is obviously the ratio of "Calories excreted due to the
added bulk" to "Calories consumed in the bulk increments." This in turn
is the indigestibility coefficient of the bulk. Therefore the digestibility
percentage of the bulk is: 100 - 100b.

Since each value of X contains 100 Calories of the basal fraction of
the ration plus the energy in the bulk increment, the ratio of Y (estimated
for X = 100) to 100, is the indigestibility coefficient of energy in the
basal fraction,xi.e. the energy indigestibility coefficient in the basal

fraction = Y/X, when X = 100 and Y = a + b%. The digestibility coefficient

and the digestibility per cent is:

therefore is: 1 -~ a + bX _ 1 ~ a + 100b,
- amr-tmy a4

X 100
100 - 100(1 - a + 100b) — 100 - (100b + a).

100

Some interesting aspects are revealed by an examination of this system
of calenlating the digestibility of the energy in the basal and bulk frac-
tions of a ration. An associative effect between the two ration fractions
is indicated by a regression coefficient (b) larger than 1 or smeller than
zero and/or a curvilinesr function of ¥ on X. This is born out firstly by
the fact that when b is larger than 1, the energy excreted due to the bulk

increment exceeds the energy consumed in the bulk increment, giving a
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negative digestibility. Secondly, if b is negative the energy excreted
due to the bulk increment is a negative value giving a digestibility of
bulk-energy above 100% which can only be accomplished by an associative
effect increasing the energy digestibility in the basel fraction of the
ration., Thirdly, when the function of Y on X is curvdlinear, a change
in the ratio of "Calories excreted due to bulk" to "Calories consumed in
bulk" occurs. This can only take place with a change in the digestibility
of energy in bulk and/or besal with a changing ratio of these fractions
and therefore must be considered as an associative effect between them.

Whenever a curvdlinesr function of Y on X is being expressed by a
linear regression, b is only an average value for the continuously
changing ratio of Y and X, and will cause an error in the eétimation
of the 'a' value. Both of these effects are likely to give inaccurate
estimates of the digestibility of the energy in the two ration fractions,
basal and bulk. A concave function expressed by a linear regression will
cause a low 'a' valve which means too low a digestibility of the basal
energy fraction when dealing with a positive regression and too high a
digestibility in a negative regression. The réverse of this takes place
in a convex function,.

Since the proportionate effect of a unit change in a number is inversely
related to the magnitude of the number, it is obvious thet when a fraction
of a ration is studied, all experimertal errors in this fraction will increase

its standard deviation to the above degree.
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TI. Adjustment of Apparent Protein Digestibility Coefficients by
Multiple Independent Co-variates.

The fecal nitrogen x 6.25 (Y) was adjusted for variability in protein
intake (X;), nonprotein dry matter inteke (X5), nonprotein dry matter
excretion (X3) and physiological body size (weight0‘75)(x4)-

The partial regression coefficients (b1 to bA) of Y on each independent
X in the multiple regression: ¥ = a + bX; + b2X2 + b3X3 + bAXA’ were used
in this adjustment hy means of the equation: adjusted ¥ =7, - bl(ii - i)l -

b2(ﬁi - %)y - b3<ii - i)3 - bé(ii - i)A) (114 pp. 130 and 413-445), where:

§4 = the mean of Y for any individual experimental treatment,
%; = the mean of X for the corresponding experimentel treatment,
% = the overell mean of X, and

(ii - i)l to (ii - §34 = the difference between ; and X for each of
the four independent co-varistes (Xl to XA)’

The adjusted fecal nitrogen x 6.25 was then used in calculation of
the adjusted protein digestibilities in tables 5 and 15 by the conventional

formula: 100 - 100 x adjusted fecal nitrogen x 6.25
observed protein intake

ITI. Procedure for Chromic Oxide Analysis

The following was the standard proceduré for chromium oxide enalysis
in the laboratory of the Depertment of Animal Husbandry, University of
Saskatchewan. It was based upon the report bys "D. W. Bolin, R. P. King
and E. W. Klosterman. & simplified method for the determination of chromic
oxide (Cr203) when used as an index substance. Science 116: 634. 1952,"
plus personal commnnication between Dr. J. Milton Bell and Dr. E. W.

Crampton, Professor and Cheirman, Department of Nutrition, Macdonald

College, Quebec.
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Procedure

1.

2.

3e

Lo
e

Te
8o

Weigh 1 g. samples of feeds and 0.5 g. samples of feces. Flace

in 100 ml, Kjedahl flasks calibrated to 110 ml. The samples must
not exceed 1.000 g. because of explosion danger.

Add 10 ml. of oxidizing reagent, plus glass beads, and heat until
organic matter has been oxidized (green color). Allow flasks to
cool,. |

Add an additional 10 ml. of oxidizing reagent, washing down any
particles adhering to the neck and sides of the flasks, Resume
heating until all Crp03 has been oxidized (yellow, orange or red).
Swirl flask, rotate 180° and continue heating for 2-3 minutes.

Cool flasks to room temperature, and make up to volume (110 ml.).
Filter through a medium paper (Whatman #40) discarding the first 25
ml. of filtrate.

Prepare dilutions if necessery.

Read % trensmittance at 4407puagainst distilled water at 100.

Using calibration chart prepared from standard curve, determine mg.

Crp03 in 110 ml. of solution. Correct to mg. Cr203 in 1 g. sample,

Preparation of standard curve

1.

2.
3.
o

Digest 0.1000 g. Crp03 as indicated above. Dilute to volume in 100
ml. volumetric flask (reference solution contains 1 mg. Crp03 per ml.).
Meke up dilutions of 10 pg. through 100 pg. per ml.

Read # transmittance (T) at L/Onu against distilled water set at 100.
Plot on one—cycle semi-logarithmic graph peper % T vs. yg. Orp03 per

mle
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5, Determine regression equation (Y =a + bX), (Y = log T), (X = pg.

Crp03 per ml.).

Oxidizing reagent
1. Dissolve 5 g. of sodium molybdate in one liter of water.

2+ Add one liter of perchloric acid (70-72%) to this solution and mix

thoroughly.

IV. Procedure for Carcass Analyses in Mice
The following was the standard procedure adopted by Professcor

J. Milton Bell, for carcass analyses of mice in the Laboratory of the

Department of Animel Husbandry at the University of Saskatchewan.

1, Asphyxiate the animal in a large beaker using & few drops of chloro-

form on a piece of cotton.

2. Remove the contents from the stomach and the intestines.

3¢ Cut open the shoulder and rump to speed up drying and fat extraction.

e Record the weight of a dry a2lnndum thimble.

5« Place carcass in the dry thimble.

6., Record weight of thimble plus carcass.

7. Dry thimble plus carcass in vacuum at 65° C for 6 hours.

8. Record the weight of the dried thimble plus carcass.

9. Calculate loss in weight upon drying as per cent water in the carcass.
10. Extract the carcass in the thimble with Skellysolve F for 12 hours.
11, Dry thimble and carcass in vacuum at 65° C for 2 hours.

12. Record the dry weight of thimble plus carcass.
13. Calculate loss in weight upon extraction as per cent of fat in the

carcass,
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15.
16,

17.
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Ignite thimble and carcass in muffle furnace for 6 to 8 hours at
300-400° C in order to avoid boiling-over and loss of material,
then increase temperature to 800° C for 2-4 hours.
Weigh and record the weight of the thimble plus ash.
Calculate loss in weight upon ignition as per cent of protein in the

carcasss

Calculate the remaining ash as per cent of ash in the carcass.

An ideal recording sheet for these analyses should contain the

following columns:

3

—8

2e
3.
bs
5,
6.
Te
8.
%
10.
11.
12,
13.
14
15.

16.

Mouse number,

Thimble number.

Dry thimble weight,

Weight of total carcass.

Weight of cleaned carcass plus thimble.
Weight of cleaned carcass.

Welght of dried carcass plus thimble.
Weight of water lost in drying.

Per cent of water in carcass,

Height of dried extracted carcass plus thimble,
Weight of fat lost in extraction.

Per cent of fat in carcass,

Weight of ash plus thimble after ignition.
Weight of protein lost in ignition.

Per cent of protein in carcass.

Weight of ash.



17,
18,
19.

20,

Per cent
Fat free
Per cent
Per cent

Per cent

- 100 =
of ash in carceass,
body weight.
of water in fat free carcass.
of protein in fat free carcass.

of ash in fat free carcass.



Table 1.~ Composition of Experimental Rations (Pounds or Grams of Ingredients).

: [ 62% TDN 65% TDN 68% TDN
‘Ration No. 1 2 13 |4 5 6 7 18 9 |10 fnn 12 13 |1 |15
Oat hulls 20.2 12.5 545
Alfalfa mpal 32.0 20.3 845
Wheat bran 6045 38.8 1645
Cellulose 12.3 7.8 3.3
Corn cobs 12,3 7.8 3.3
Barley 39e4 |34:0 |19.8 3946 {3946 [40.0 (3904 [30.3 4209 4249 [44e8 [44e8 14047 (4641 (4641 IE;
Wheat 3944 3440 [19.8 (3946 [39.6 [40.0 394 [30.3 [42.9 [42.9 [44e8 [44e8 [40.7 [4601 [461 T
Soy bean oil meal 49 |0 0 bel | 4el | 366 | o3 | 2 |31 |31 023 | .8 | 29|21 2.1
Vitamin A and D 2 2| 2| 2| 2 2] 2] 2] 2] 2] 2] 2] 2] 2] .2
supplement (1) ‘ ;
Meat mesl 51 |0 O | 4e3 | 4e3 | 348 | o5 | o4 | 3.3 3.3 2.5 |10 |11 |2.3]02.3
Calcium carbonate 81| 39| 1.01|1.01| 1.01) 1.04| 73| 1.17| 1.14 | 1.14{ 1.25 | 1.14 | 1.22 | 1.27| 1.27
Dicaloium phosphate | +86|1.76 |2.34 | +75| o75] 91| .50 |2.76| .o1| .o1| .96 |1.28|1.44] 12.02] 1,02
Todized salt Sl 5| 5 | 5| 5 5| 5| 5| 5| s 5|5 5] 5] 5
Casein (2) 2,0 [ 2,0 [1.0 2.0 [ 2.0 || 2.0 | 2.0 |2.0 |2.0 |2.0 [|2.0 |2.0.[2.0 | 2.0 |2.0

(1) N. D. Hogg Ltd., Toronto.
(2) In the mouse rations only.



Table 2.~ Carcass Characteristics of the Male Pigs.

Days Ship~ Car- Av,

, Pig on Total ping ocass length Fat measurements Weight (1bs.) Loin Belly AR

Ration No. test gain  wt,. wte of sides shldr. back loin ham middle shldr. aresa Grade grade Scorse
‘ lbs. 1bse 1lbse ings  ins., ins, ins, 1lbs. lbs. 1bs. 8q. ins.

- 1s L3N 84 9 1% 1.4 31.1 1.8 9 142 31,5 59.0 3640 3.85 A E 91

110N 77 9% 198 143 31.2 1.6 e7 10 31s0 57.0 35.5 3.98 A E 95

- 1b LN 75 97 199 145 32.5 1.8 1.0 1.4 30,5 61,0 35,0 3466 4 E 86

LON 7, 9% 198 138 31.5 17 49 1.1 29,0 58,5 32,0 3.81 BL G 9

28 104N 109 100 199 147 3l.3 1.6 9 1.1 32,5 61,0 36,0 412 A B og

208N 74 93 195 133 3044 1.6 8 1l 2945 56,0 3l.5 belB - B2 E 98

2b 48N 20 97 199 14 31.6 1.7 1.0 .4 31.0 61l.5 33,0 3.67 A G 87

: 170N 103 104 204 146 31.8 1.8 8 12 32,5 60.5 3545 3.8 A E 93

3= 60N 88 % 197 133 3044 1.5 o7 1el 2945 52.0 33,5 3.9R B2 F 87

1738 123 98 194 135 31.3 1.6 o7 1ol 31,0 53.5 3345 54l Bl F 87

3b 242N 109 98 195 133 31.1 7 +9 1 28,0 56,5 32,0 3.9 B2 E 9

182N 110 102 198 139 31.0 1.5 o8 1.2 30,0 57.0 33,0 3.79 B E 9%

Lb 223N 72 104 200 1 31.4 1.6 9 1.5 29,5 60.0 33.0 3453 J G 82

219N 85 114 210 153 3069 149 1l 1.5 3245 62,0 3745 Lell A G 80

5e L5N 75 102 198 145 30.6 1.4 ¢9  le3 30,0 61,0 34.0 3.51 & G 86

189N 96 108 210 155 32,1 1.5 1.0 1e3 34,0 63,0 36,0 3.05 A G 82

56 75N 70 102 202 151 @ 31.6 1.7 1.0 L4 3Re5 63,5 35,0  L.O1 & G 89

1268 62 104 3.1 1.0 1ok 34e5 62,0 3240 el A E 9

203 141

1.8
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Table 2.- Carcass Characteristics of the Male Pigs. (Continued)

Days Ship- Car- Av,
Pig on  Totel ping cass length Fat measurements Weight (1bs,) Loin Belly AR
Ration No., test gain wt. wte of sides shldre back loin hem middle shldr. ares Grade grade Score
lbs, 1lbs. 1lbs. ins. ins, ins, ins, 1bss 1lbs, 1lbs. 8qe ins.
6a, 69N 95 99 197 46 30.9 1.6 1,0 1.4 3245 5940  34e5 3.97 & E 89
141N 81 99 197 148 30.5 1.7 «9 12 32,5 65,0 32,5 e 62 A E 98
é6b 88N 67 105 205 145 30.0 1.7 1.0 1.4 32,5 60,5 3440 3047 A E 81
1,2N 8l 106 204 149 30.3 1.8 9 1.2 32,0 63,0 35.0 Le62 A G 89
Te 51N 116 98 196 145 30.9 1.2 1.0 1.2 31.5 58,5 37.0 4e23 A E 90
165N 95 94 194, 136 32.2 1.7 o7 1.2 3040 540 33.5 3.65 Bl E 93
To 217N 68 92 194 136 30.8 1.6 1.0 1.5 29.5 57,0 31.5 3.68 Bl G 81 [
' ) w
8e 58N 95 9% 196 139 31.6 1.8 9 11 29,5 5845 33,0 3.54 Bl G g6
147N 83 100 204 143 322 1.7 8 1.1 29.0 61,5 33,0 4«06 i G 93
8 240N 119 9% 199 140 29.5 1.7 o8 1.2 32,0 57.0 33.5 5,13 A E 86
149N 9, 101 201 141 30.3 1.6 9 1.1 30,0 60,0 33.5 3,70 A G 93
121N 90 104 202 148 31.7 1,8 9 1.3 32,0 64.0 35.0 400 A G 91
9b 56N 84 98 196 146 3044 1.8 1.0 1.3 31.0 63.0 35.0 Le26 A G 89
. 89N 88 103 202 143 30,6 1.6 9 12  29.5 5945 3440 LelB A E 95
10a . 50N 84 98 198 145 314 1.7 «? 1ld4 30.5 61.5 35,0 4408 A G 86
129N 90 98 196 12 3042 1.9 1.1 1.4 30,0 60.0 35,0 3eR A E 84
10b 112N 63 96 200 148 30.6 le5 9 1a3 32,0 63,0 36,5 4e22 A E 92
1938 72 9% 19, 144 3144 1.6 .7 1.1 310 58.0 3.49 & E R

36.0



Teble 2.~ Carcass Characteristics of the Male Pigs. (Continued)

Days Ship~ Car- Av, 2
Pig on Total ping cass length Fat measurements Weight (1bs.) Loin Belly AR
Ration No. test gain whe wt, of sides shldr, beck loin ham middle shldr, area Grade grade Score
lbss 1lbs.s 1bs,. ins, inss ins, ins, 1lbs. 1lbs. 1l1lbs. 8q. ins,
1la 108N 95 112 210 155 30.9 1.8 1.1 1.5 32,0 65,0 36,0 4e53 A G 83
164N 57 93 198 144, 31.6 1.9 .9 1.5 31,0 60.0 34.0 2,98 Bl G 76
11b 76N Th 98 200 149 31.5 1.8 1.0 1o4 32.5 625 345 3.61 A G 86
194N 95 97 197 149 32.1 1.7 <9 1.3 32.0 60.5 35.5 3.36 A G 85
12a 87N 77 2R 194 141 30.8 1.9 1.1 1.4 29.5 605 3345 3.80 A E 87
' 1748 129 104 200 148 31.6 1.8 8 12 37,0 57,0 34.0 3.80 A F 86
12b LN 79 100 204 153 30.9 1.9 1.0 1e6 32,0 64s0 3645 4el2 Bl G 78
13a 52N 87 106 201 150 " 3045 1.7 .9 1le2 31.5 61,0 350 @ 3,98 A G 83
113N 62 92 194 139 304 1.6 9 1.2 30,5 60,0 33,0 yRYAY Bl G 93
13b 39N 75 101 203 18 3l.1 1.6 8 142 315 59.0 36.5 3642 A G 88
181N 63 99 198 138 31.2 1.6 1,0 1,5 29.0 61,5 31,0 3649 Bl G 78
lla 128N 77 95 193 141 3045 2.1 1.3 1.6 29,0 63,5 3045 3.11 Bl P 62
180N 7 91 196 VYA 31.0 1.7 11 145 31.0 62,0 34.0 3.91 Bl G 82
14b 130N 7, 101 199 141 30.9 16 .9 1.3 28,5 60.5 3R.0 3.6, A G 88
148N 66 104, 202 149 32.0 1.8 1.0  1e5 32s0 63.5 3445 4400 A G 82
15a 86N 77 102 202 149 3045 2.1 1.l 1.6 32,0 6Le5 3440 3420 Bl G 7,
218N 64 99 199 144 30.8 1.8 ¢9  leh 310 5945 340 3.86 A G 86
15b 120N 77 101 198 145 30,6 1.6 9  leh 30,0 61.5 34.0 3.51 A G 81
171N 97 95 196 141 o 3008 1.9 1.0 1. 5 3005 580 5 '310 5 ) 3 4—3 A B 81

- 70T -
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Table 3.- Dry Matter Digestibility (%) of Rations Fed to Swine,

Bulk Meal Pellet Meel Pellet | Male Fem.
Type Level |[Male Feme Male Fem,
(TLPS)() (T L P) (rLs) |(rL)
Oat hulls High 59,7 5842 6544 66,6 |58,9 66,0 62,6 62.4 | 6245
Medium 56-3 6402 69.7 66.8 60.2 6802 63.0 6505 64'3
Low 6940 6647  T3:6 T4eb | 678 Thel 7Tle3 70.7 | 1.0
Alfalfa High [65.4 59.7 67.3 67.6 |62.5 6744 6644 63.7 | 65.1
Medium |64e0 65.5 T3¢ 7347 |6LeT T3.6 | 68,8 6946 | 6942
Low 673 65,6 75,2 761 | 66.h 7546 7.3 70.9 | 1.1
Wheat bran High 574 57.9 64.4 63.6 57.6 6400 6009 6008 6009
Medium | 6347 59¢6 64e9 66.0 | 61,6 6544 6le3 62.8 | 63.6
Low 1 7349 70,7 702 6904 72.3 6907 72.1 70.1 7101
Cellulose High 63.0 66,9 69,2 69.3 |64.9 69,2 66,1 68,1 | 67.1
Low T4he0 Tle3  T3ed The9 | 7246 The2 73.7 73.1 | 734
Corn cobs High 62.3 61.5 72.7 74.5 61.9 73.6 67.5 68&0 6708
Medium 66.4 68.6 72.8 7007 6704 7108 69.6 6907 69-7
Low T2e6 7249 7649 T7e5 |TReT 71742 The8 7542 | 75.0
DT: 7.47(2) DTt 5.29 DTs 5,29 DTs
DL: 6,38 DL 452 DL: 4e52 374
DPs 5,31 DP: 3.76 DS: 3,76 | DS:
DS: 5,31 3.19
(T P8) (T P) (T 8) (T)
Oat hulls 61.7 63.0 69¢6 6943 |62.3 69.4 67.5 66,1 | 65.9
Alfalfa 65.6 6346 72,0 T2.5 [64e5 T2.2 68,8 68,0 | 68.4
Wheat bran 65.0 6207 66-5 6603 63.8 66‘4 65.8 6500 6501
Gellulose 6602 6708 72'4 7201 6700 72.2 6933 6909 ] 69'6
Corn cobs 6701 67.7 Thel 7402 67.4 /Y 70.6 70.9 70.8
DTs L.31 : DT: 3.05 DT:s 3.05 | DTs
DP: 3.07 DP: 2.17 DS: 2.17 2.16
DSs 3,07
(L Ps) (L P) (Ls) | ()
High |61e5 60.8 67,8 68,3 |61.2 68¢l | 64eT 64eb | 6446
Medium | 6244 64.6 Tl.l 69.8 |63.5 70.5 66,8 67.2 | 67.0
Low TLe3 690k 73e8 The5 |70eh The2 | 726 T2.0 | T2.3
DL: 2,86 DL: 2,02 DLs 2,02 | DLs
DPs 2,38 DP: 1,68 DS: 1.68 1.43
DS; 2038 :
(P 8) () (s) Mean
65¢1 64e9  70.9 70.9 [65.,0 70.9 | 68.0 67.9 | 68.0
DP: 1,37 DPs 0.97 - DS: 0.97
DS: 1,37 ' 1

(1) Interaction. T = Bulk type.
(Meal or Pellet).
(2) D = Difference requirsd for significance at P<0.05,
Statistical Methods, Fifth Ed., page 25

L = Bulk level,
S = Sexo

1.)

P= Ihbaical condition

(G. W, Snedecor,



Table /.- Apparent Protein Digestibility (%) of Ratio
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ns Fed to Swine.

| DS: 1.68

Bulk Meal Pellet |Meal Pellet |Male Fem.
Type Male Fem. Male Fem.
(T L PS) (T L P) (T L S) (T L)
Oat hulls 77.5 75.5 8l.8 81l.1 7604 84.1 79.7 78‘3 7900
75¢3 767 T4 T8.7T | 7640 79.0 P16l 17T | T7e5
85.6 73‘1 7904 7806 7403 7900 82.5 75'9 76.6
Alfalfa 6904 6609 7004 70.9 68.2 7006 6909 6809 6904
68,5 6648 7346 73.9 | 67,6 73.8 Tlel 7064 | 70.0
' 6903 6707 77.8 80.1 68.4 78c9 7306 7309 7307
Wheat bran 7306 70.1 714-09 Thel 71.8 7406 7403 723 7302
TTe8 TRe9  T2e5 7547 | 7563 Thel 7562 The3 | The7
81.3 80,6 7844 76.9 |8Ll.0 T7.6 79.9 788 | 79.3
GCellulose 7408 80.8 79.9 80.3 77‘8 80.1 77.4 80-6 7809
70,5 73.5 83.9 81,1 | 72.0 82.5 T2 T7e3 | 772
795 78.0 78,1 81l.2 | 78.8 79,7 8.8 796 | 7942
Corn cobs 76.5 78.5 82.3 85.2 Tled 8307 79:4 81.9 8006
T7.1 793 82.0 79.8 | 78,2 80.9 79:6 7946 | 7945
7769 78ed 794 8442 | 78,0 8l.8 78.7 813 | 796
DT: 9.17 DT: 6.49 DT 6049 DT
DL: 7.83 DL: 5454 DL: 5.54 4e58
DP: 6052 DP: 4.61 DS 4.61 DS:
DSS 6.52 3.92
(T Ps) (T P) (T s) (T)
Oat hulls 79.5 75.1 2042 7905 7703 7998 . 7909 7703 ) 7707
Alfalfa 69.1 67.1 7349 75.0 | 68.1 T4l 715 711 | T1e2
Wheafb bran 7706 7405 7543 7547 76.0 T5e4 76.5 75.1 75.8
Cellulose } 74.9 Tk 80.6 80.9 76.2 8047 778 792 7805
Corn cobs 7762 T8s7 8le2 83,1 | 779 82.1 7942 80,9 | 8040
' DT: 5.30 : DT: 3475 DT: 3.75 |DT:s
DP: 3.77 DP: 2.66 DS: 2,66 2.65
(L P8) (L p) (L s) (L)
Thob Thely TTe9 T8.6 | Thel 7843 T6e2 765 | 7642
73e8 73s8 7843 77.8 | 73.8 78.1 761 75.8 | 75.9
78.7 75.6 78;6 8042 | 77.2 9.4 787 T7e9 | 778
DL: 3.51 DL: 2.48 DL3s 2.48 DL:
DP: 2.9 DP3 2.07 DS1 2,07 | 175
DS: 2092 )
(P 8) (P) (s) | Mean
| DPs 1.68 DP: 1.19 DS: 1.19
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Table 5.~ Digestibility (%) of Energy in Rations Fed to Swine.
me—— —— =
Bulk Meal Pellet Meal Pellet| Male Fem,
Type Level | Male Fem, Msle Fem,
- (TLPS) (T LP) (rrLs) | (rL)
Oa‘b hulls High 60.0 5709 6503 67.1 58.9 66.2 62.7 6205 . 6206
Medium 5607 64.0 705 6702 60.3 68‘8 63.6 65.6 L 64;6
Low | 68.4 6602 74.1 7503 6703 74.6 7103 7008 1.1
Alfelfas High | 65,7 60.4 67,9 68,2 | 63,0 68,0 | 66,8 64e3 | 6546
Medium | 62,8 6406 7342 7348 | 63.7 73.4 | 68,0 69,2 | 68,6
Wheat bran Hi 5804 591 65,6 65.1| 58,7 65,3 | 62,0 62,1 | 62,1
, Medium | 64e1 58,1 65,2 66,1 | 6lel 65.6 | 64e7 62,1 | 6344
Low T4he9 7.6 1.5 70.8 7362 7.1 7362 T1.2 TRe2
Cellulose High | 64¢0 678 70,5 70.6| 65,9 70,5 | 6743 6942 | 68,3
Low 7369 7069  The5 T5.8| TRuL T75.1 The2 T3e4 | 7348
Corn cobs High 62.1 60.8 73,9 T4e9| 61eh Thelk 68,0 67.9 | 68.0
Medium 6607 6900 7309 7104- 6708 72.8 70t3 7005 : 70'1&
Low 7205 7204 7705 73.2 72.4 77.8 7500 7503 7502
DT: 8,46 - | DT 5,99 DT: 5499 DT3
DL: 7,23 DLs 5,11 DL: 5.11 4Le23
DP: 6,01 DP: 4.26 DS3 426 DS
DSs 6.01 . 3061
(T P8) (rp) (T 8) (T)
Oat hulls | 61e7 62,7 7040 69,9 | 62,2 69.9 | 65.9 66,3 | 66,0
Alfalfa 6501 6342 242 T2e8 | bhel TRe4 | 68,7 68,0 | 68.3
Wheat bran 65.8 6209 67.4 67;3 64‘4 6703 66.6 65;1 65.8
Cellulose 6645 67.8 7347 73.2| 67.2 1344 701 705 | 703
Corn cobs 6701 6701& 75.1 75,0 67.2 75.0 1.1 71.2 .1
DT: .88 DT: 3.45 DT: 3.45 DT:
DP: 3,47 DPs 2,46 DSs 2,46 | 2.44
-DSs 3.47 ; , ‘
] (L Ps) (L P) (L 8) (x)
High | 62,0 612 68,6 69,2 61,6 68,9 | 65.3 65.2 | 65,2
Medium| 6244 641 71.8 70.5| 63.3 7TL.2 | 67.1 67.3 | 6742
Low TLe3 69e1  Theb T5.3| 7042 75.0 | 73.0 722 | 7246
DLs 3.23 DL: 2,29 DL: 2,29 DL:
DP: 2,69 DP: 1.90 DS: 1.90 1.62
DS3 2.69 :
: (P s) (» (s) Mean
6502 6408 7107 L7 6500 71.6 68.5 6803 : 68.4
DP: 1,15 DS: 1,10

DS: 1,15

DP: 1.10
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Table 6.~ Digestible Therms Per Pound of Ration Fed to Swine. |

Bulk Meal Pellet Meal Pellet | Male Fems
Type Level | Male Fem. Male Fem., g
(TLPS) (rLP (rLs) |(TL)
Oat hulls High 1.15 111 1426 1,29 | 1.13 1.27 1.21 1.20 % 1.20
Medium| 1.10 1.24 1¢37 131 | 117 1.34 1.24 1.28 | 1.25
Low 1,33 128  1o44 1e46 | 1430 1u45 1.39 1.37 | 1.38
Alfalfs High 1.27 1.17 1431 1.32 | 1.22 1,31 1.29 1.25 1.26
Madium 1023 1026 1.43 loM 1»24 1.44 1033 1035 ’ 1‘34
Low 1029 1424 1e45 1e46 | 1426 145 | 1437 1435 | 1.36
Wheat bran High 1.15 1.17 1429 1429 | 1,16 1.29 | 1e22 1.23 | 1.22
Medium | 1.27 1,15 1.29 1.31|1.20 1.30 1.28 1.23 | 1.25
Low 146 1440 1,39 1.38 | 1.42 1.38 1.43 1.39 | 1.40
Cellulose High 1e25 1032  1e38 1438 | 128 1.38 1.32 1.35 | 1.33
Low 1.42 lc36 1043 1‘46 1.39 lg“ 1.43 1041 1.42
Corn cobs High 1.18 1016 1.4 143 1117 1442 1,30 1.30 1,30
Medium | 1.29 1433 1443 1.39(1.31 1,40 1.36 1,36 | 1.36
 Low 1e43 1od2 1452 1.54 | 1e42 1u53 1.48 1.48 | 1.48
DT: 0.16 o DTs 0.11 DT: 0.12 | DT:
DL: 0.14 | DL: 0,10 DL: 0,10 0.08
DPs 0,12 DP: 0,08 DS: 0,08 DLs
DSs: 0,12 0,07
(T Ps) (T P) (rs)y | (1)
Alfalfa 1.26 1.22 1440 1o41 | 1e2) 1.40 1.33 1,32 | 1e32
Wheat bran 1.29 1.2 1432 1633|1426 1e3R 1.31 1,29 | 1.29
Cellulose 1028 1031 1e42 1442 [ 1429 1e42 | 1435 1436 | 136
Gorn cobs 1.30 1130 1045 10&5 1.30 1045 1038 1»38 1038
' DT: 0,10 DT: 0,07 DT: 0,07 | DTs
DP: 0,07 | DPs 0.05 DSs 0.05 0405
DS: 0007 - . :
(L PS) (L P) (L 8) (L)
High 1.20 1,19 1.33 1.34|1.19 1.33 1.27 1.26 | 1.26
Medium [ 1.21 1.24 140 137 1e23 1038 | 1.31 1.31 | 1.30
Low 1.39 1.34 1.45 1-46 1036 145 1.42 1,40 ; le41
DL: 0,06 DLs 0,05 DLs 0,05 | DLs
DP: 0,05 DP: 0,04 DSs 0,04 0,03
DS: 0.05 ,
-~ (Ps) (P) (s) Mean
| 127 126 1.39 1.39 1.26 1.39 1.33 132 | 1e32
DP: 0,03 DPs 0.02 DS: 0,02
DS: 0,03 '




- 109 -

Table 7.- Digestible Crude Protein, Grams Fer Pound of Ration, Fed to Swino.

Wm

DS: 1,17

DSs 0.83

Bulk Meal Pellet Meal Pellet| Mele Fems
Type Level | Male Femes Mple Fem, ‘
(TrLPS) (T L P) (T L8) (T L)
Oat hulls High 53e2 51.9 5642 55.7| 52.5 5640 5LeT 5348 | 5442
Medium | 5043 51.2 53,0 5246 | 5048 5248 | 51.7 51.9 | 51.8
Alfalfe, High | 48e8 470 4944 49.8 | 4749 4946 | 49.1 48.4 | 48.8
Medium 4706 46.4 51.1 5143 | 47,0 51.2 494 4809 49.1
Wheat bran FHigh 51e8 4943 52.7 5243 | 50,6 52.5 | 52.3 50.8 | 51.5
Medium | 49¢5 4644 4642 4842 | 4Be0 4742 | 4749 4743 | 47.6
Low 60.0 5945  57.8 5647|5947 57.2 | 58,9 58.1 | 56,0
- Cellulose High 525 5647 5640 5643 | 54e6 5642 543 56.5 5544
Mbdium 4802 5002 57.3 55v4 49.2 5604 5208 52.& 52.8
Corn cobs High 54'2 55.6 58.3 6004 54.8 5903 56.3 58.0 5701
Medium | 5343 548 56.6 55.1 | 54.0 55.8 5540 55.0 | 55.0
DT: 6,38 DT: L.51 DT: Le51 DT:
DL: 5.45 DL: 3,86 DL: 3.86 3.19
DPs 4054 DP; 3.21 DS 3'21 DS
DSt Le54 2.73
(T PS) (T P) (rs) | (1)
Oat hulls 52e3 5166 55.1 5446 | 51e9 54.8 53e7 53¢1 | 5344
Alfalfa 48.4 47.0 5107 52.4 47.6 52.1 50.1 49.7 4909
Wheat bran 5308 5107 52.2 5204 52.7 5203 5300 5201* 52'5
Cellulose 51.2 52-9 5500 5502 5200 5501 5301 51&.1 5305
Corn cobs 5203 53-4 5501 56:4 5208 55:7 5307 5409‘ 5403
DT: 3.69 DT: 2,61 DT 2.61 :
DS: 2,62 : ‘
(L PS) (L P (L 8) (L)
High 52e1 521  54e5 5449 |52.1 54e7 53e3 5345 | 5344
Medium 4908 49.8 52.8 52.5 4908 52.7 51.3 51.1} 51.2
Low 5209 5200 5401 5502 5205 54-7 5305 5306 ‘ 5305
DL: 2.44 DL: 1.73 DLs 1.73 | DL:
DP: 2.03 DP: 1l.L4 DS: l.44 1.22
DS: 203 ‘ ‘
(P s) (P) () | Mean
51e6 5143 5348 54e2 | 51e4  54.0 527 5248 | 52.8
DP: 1.17 DP: 0.83
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Table 8.~ Grams Digestible Crude Protein Per Therm Digestible Energy
in Rations Fed to Swine,

ey

Bulk Meal Pellst Meal Pellet | Male Fem.
Type Level |Male Fems Male Fem.
; (TLPS) (T L P) (T Ls8s) (T L)
Oat hulls High | 4663 4648  44e8 43e2 |46e6 44e0 | 4546 4540 | 4542
Medium | 457 41e6 3847 4043 |43e7 39¢5 422 41.0 | 41.6
Alfalfa High 3835 4003 3707 38.0 39-4 3709 38.1 39.2 38-6
Medium | 38.8 36.8  35.8 35.7 |37.8 35.8 | 373 36.3 | 36.8
Low | 37.8 38,3 37.8 38.5 |38.1 38.2 37.8 3844 38.1
Wheat bran High 45e1 423 4069 40.7 [43eT7 40.8 43¢0 41e5 | 4242
Medium | 3942 41e0  35.9 36.9 [40.1 364 | 37.6 39.0 | 38.2
) Low Lle2 4206 4.1.6 41.0 41.9 4le3 4104 4108 41.6
Cellulose High |42.2 43.0 40,8 41.0 [42.6 40.9 | 41e5 42,0 | 41.7
Medium | 408 40.5 3944 394 |40.7 39.4 40.1 40.0 | 40.0
Low 37.2 38.1 3662 37,0 |37.7 36.6 3647 37.6 37.1
Corn cobs High /4,509 47.9 41-4 42.3 4609 4109 4307 4501 4404
Medium | 41e5 41e2  39.7 39¢8 {4led 39.8 40.6 40s5 | 40.5
Low 3447 35.1 3342 3449 | 3449 34s1 3440 35.0 3445
DT: 345 DTs 2444 DT: 244 DT
DLs 2,94 DL: 2.08 DL: 2,08 1.72
DP: 2.45 DP: 1,73 DS: 1.73 DLs
DSs 2445 1.47
(T P8) (T P) (T 8) (T)
Oat hulls blel 4249  40e9 40e5 |43e5 4047 425 41T | 420
Alfalfa 3804 3805 37-1 3401 38¢5 35.6 37.8 3603 37¢8
Wheat bran 4108 4200 39.5 3905 4109 39‘5 40.7 4008 4007
Cellulose 40.1 40.5 38,8 39.1 |40e3 39.0 | 3945 39.8 | 39.6
Corn cobs 4067 4L1e 38,1 39,0 | 41,1 38,6 39¢4 4062 | 39.8
DT: 1.99 DT: l.41 DT: 1l.41 DT
DPs 1.42 DP: 1.00 DS: 1.00 1.00
DS: 1442
(L PS) (L P) (L 8) (L)
High 4346 Lhel 4141 4140 [43.8 411 4243 [2.6 | L4
l‘hdim 1..192 1‘.0.2 37‘9 38;4 40.7 38‘1 3906 3903 3905
Low 3842 38,9 37.6 37.9 | 38.5 37.7 37.9 3844 | 38.1
DL: 1,32 DL: 0.93 DL: 0,93 DL:
DP: 1,10 DP: 0,78 DSs 0,78 0.66
DSs 1.10
(P 8) (P) (s) Mean
4100 41-1 38o9 39.1 41.0 39.0 4000 1..001 4001
DPs Og63 DP: 0,45

DS: 0.63
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Table 9.~ Pounds of Feed Consumed Per Day by Swine.

DS: 0.21

Bulk Meal Pellet Meal Pellet | Male Fem.
Type level | Male Fem, Male Fem,
' (TLPS) (T LBP) (T L 8) (T L)
Oat hulls High 5.26 5009 4097 5024 5018 5.11 5012 5.16 5014
Medium 4'38 4.45 5.26 3.80 4.42 4.53 4.82 4012 4.1}7
Low 5428 Lel2 4.92 5622 4-85 5.07 5.10 4.82 4096
Alfalfe High | 4e54 3474  4e58 LedB | helh 453 4056 4e10 | 4433
Medium| 4eld 4e26  Le96 Ledl | 4e20 LeT0 4e55 Le35 | Lehb
Low 4e59 Leh2 5437 LeT8 | 4e51 5.08 4e98 4e60 | 479
Wheat bran High 4020 4030  4e35 Le36 | 4e25 Le36 4e27 Le33 |4e30
Medium | 4e77 4409  LebLl Aedb5 | heh3 4e53 Le69 Le2T | Led8
Low 5032 3.87 5450 Le82 | 460 5,16 5040 4e3h | 487
Cellulose High 5.01 1{-074 5044 3090 4‘88 4:67 5022 4032 4'77
Medium| 48 4ebl 435 452 | 4eT3 Lol 4059 Le56 | 458
Low 5416 Lel9 5033 4e36 | 4e83 Le85 524 Leh2 4e83
Corn cobs High 5055 4e'T6 5453 4e23 | 516 4488 5054 4e50 | 5402
Medium | 4+72 5.14 5029 4e88 | Le93 5.09 5400 5,00 500
Low 5677 45T  Le5h Le99 | 51T LT7 516 LeT8 | 497
DT: 1.14 DT: 0,81 DTs 0.81 DT
DL: 0.97 DL: 0.69 DLs 0.69 057
DPs 0.81 DPs 0457 DS: 0.57 DL:
DS: 0,81 , 049
(T Ps) (T P) (T 8) (T)
Oat hulls 497 4e€5 5405 4eT5 |4e8l 490 5e01 470 | 4486
Alfslfa bod2 Lolli  Le9T Ae5T | 4e28 LeT6 | 4eT0 4e36 | 4e52
Wheat bran LeT6 4e09  4eB2 Lo54 |Aheld2 L.68 4e19 Le32 | 4e55
Cellulosge 5000 LebLl 5,04 4e26 |Le81 L4465 5602 Lebd | 4e73
Corn cobs 5'35 4082 5012 4070 5'08 4091 5.24 4076 5-00‘
DT: Q.66 DT: Q.47 DTs 0.47 DTs
DP: 0,47 DP: 0443 DS: D643 0433
DS: 047
(L P 8) (L P) (L 8) (L)
High LeOl £e52  Le9T hebd |LeTR LoTL 4098 LedB | 4eT
Medium | 4e57 4e51  4e89 Led2 |Le5h 466 LeT3 4ol | Le.60
Low 5022 4e35 5413 Le83 |LeT9 4e98 5418 4e59 | 488
DL: 0444 DL: 0.31 DL: 0,31 DLs
DP: 0.36 DPs 0,26 DSs 0426 0422
DSS 0036
' (P s) (P) (s) Mean
4—090 4046 5.00 4056 4068 4078 4‘95 1&051 4073
DP: 0.21 DP: 0.15 DS: 0.15 )




Table 10.~ Intake of Digestible
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Therms Per Day by Swine.

Bulk Meal Pellet Meal Pellet | Male Fem,
Type Level |Male Fems Male Feme
(TLPS) (TL P (T LS) (T L)
Oat hulls High 6.04 5464 6424 6,74 | 584 6449 6.1 6,19 | 6417
Medium |4e81l 5,48 720 4e96 | 5.15 6,08 6,01 5,22 | 5,62
Low Te02 5,63 7,06 7,62 | 6433 7434 704 6462 | 6483
Medi\m 5005 5038 7008 6039 5022 6074 6.07 5.88 5.98 )
Wheat bran High » 4.83 5.01 5059 506.1 4'92 5.60 5021 5.31 5.26
' Medium [ 6402 4466 5,94 5479 | 534 5487 | 5498 5422 | 5,60
LW 7.74 501(.0 7.64 6.65 6.57 7.15 7.69 6002 6¢86
Cellulose High 6.56 5.52 7078 6.06 6.04 6092 6086 5.82 6034
Low 8421 6448 6,90 7.65 | 7435 7428 Tek8 6422 | 6485
Corn eobs High [6425 6427 7048 5436 [ 6426 6e47 | Te17 5479 | 6448
Medium 5.70 5.73 6.33 6.34 5.72 6.34 6.80 6079 6.80
Low 7.32 6010 7.64 6.32 6.71 6.98 7056 7007 7032
DT: 1.66 DI's 1,17 DTs 1.17 DT:
DL: 1.41 DLs 1,00 DLs 1.00 | 0.83
DPs: 1,18 DP: 0,86 DSs 0,86 DLs
DS 1.18 ) O.TL
(T P8) (T P) (T s) (T)
Oat hulls 5096 5458 6,83 64hl | 5077 6464 | 6640 6401 | 6420
Alfalfa. 5057 5.07 6‘94, 6.42 5.32 6.68 6.26 5.75 6.00
Wheat bran 6.20 5002 6.39 6.02 5.61 6.20 6030 5052 5.%
Ge]:lulose 6094 6.27 7.40 6.82 6-23 6058 7017 6055 6.40
Gorn cobs 6442 6,03 7,15 6,01 | 6,61 7,11 679 6402 6486
DTs 0,96 DT: 0.68 DT: 0,68 DTs
DP: 0,68 DPs 0.48 DSt 0.48 0448
DS: 0.68
(L Ps) (L B) Ls) | @
High [5.89 5436 6,62 5,93 | 5463 6428 | 6426 5,65 | 5.95
Medium | 5428 5.61 6.82 6,05 | 5.45 6444 6405 5.83 | 6,00
Low Te23 5482 7439 704 | 6453 7422 | 7e31 6443 | 6487
DL: 0,63 : DL: 0445 DLs 0445 DLs
DP: 0,53 DPs 0,37 DS: 0437 0.32
DS: 0.53
(P8) ®» (S) |Mean
6213 5,60 6,9 6434 | 5.91 64,64 6.58 5,97 | 6428
DP: 0.30 DS: 0422

DS: 0,30

DP: 0,22
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Table 11.~ Intake of Digestible Crude Protein in Grams Per Day by Swine.

Do 13

Bulk Meal Pellet Meal Pellet |Male Feme
Type Level |Male Fems Male Fem,
(T LPS) (T L P (T L s) (T L)
Oat hulls High 280 263 279 292 271 285 279 277 |278
Medium | 220 228 279 200 224 239 249 214 |23
Low 284 227 275 289 |255 282 279 258 269
Alfalfe High 221 176 226 223 {198 225 223 199 211
Medium [196 198 254 228 197 24 225 213 219
Low 223 210 293 269 |217 2481 258 239 L9
Wheat bran High 218 212 229 229 (215 229 223 220 222
Medium {236 189 213 206 |213 209 22, 197 211
Low 319 230 318 273 |27, 29 318 251 285
~ Cellulose High 263 269 305 219 |266 262 28, 244|264
Medium | 233 233 250 250 |233 250 241 242 2,1
Low 272 232 277 234 |252 256 275 233 254,
Corn cobs High 301 265 322 256 |283 289 312 260 286
Medium | 252 281 300 269 |266 284 276 275 |27
Low 285 228 229 267 [256 248 257 247 |252
DT: 68 DTs 48 DTs 48 DTs
DL: 58 DL: 41 DL: 41 34
DP: 49 DP: 34 - DS: 34 DL:
DS: 49 29
; ‘ (T P 8) ' (TP (T 8) (T)
Oat hulls 261 239 278 260 |250 269 269 250 260
Alfalfa 213 195 291 240 204 249 254 217 226
Wheat bran 257 210 253 236 234 244 255 223 239
Cellulose 256 245 277 234 |250 256 266 239 253
Corn cobs 279 258 284 264 |268 274 281 261 271
DT: 39 DTs 28 DT: 28 DTs
DP: 28 DP: 20 DSs: 20 20
DS: 28
(L PS) (L P) (L 8) (L)
High 256 237 Q7R 24L 247 258 264 240 252
Medium |227 226 259 230 226 245 2,3 228 236
Low 276 225 278 266 |251 272 277 246 262
DL: 26 DL: 18 DLs 18 DLs
DP: 22 DPs 15 DS: 15 13
DS: 22
(P s) (P) (s) Mean
253 229 270 247 |21 258 262 255 258
DP: 13 DPs 9 DS: 9
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Table 12.~ Pounds of Gain in Body Weight

Per Day by Swine.

DSs 0,08

Bulk Meal Pellet Meal Pellet |Male Fem.
Type level |Mele Feme Male Fem.
(TLPS) (T L P (T LS) (T L)
Oet hulls High 1.20 1,22 1,27 1.36 {1.21 1l.32 1.23 129 |1.26
Medium |1.13 0.99 144 1.02 [1.06 1.23 1,29 1,01 |1l.15
Low 1,40 1,12 1,17 1.42 |1.26 1.30 1.29 1.27 |1.28
Medium | 0,92 0,96 1.25 1.1 [0.94 1420 1.08 1,05 |1.07
Low 1,00 1,06 1.38 1.33 |1.03 1036 1.19 1020 1.20
Wheat bran High 0o94 0.86 0092 1002 0&90 0097 : 0.93 0094- 0094
Medium | 1,10 0,92 0,94 0.94 |1.01 0.94 |[1.02 0,93 |0.98
Low 1035 0.88 1046 1-24 1l.12 1;35 ’ 1041 1.06 1.24
Cellulose High 1.13 1,12 1.39 1-03 lo13 121 1026 1,08 1.17
Low 0.88 1,26 1.2 1.47 |1.07 1.36 1.36 1.15 | 1426
Corn cobs High 1024 142 1457 1,08 [1e24 1.33 |1e41 1.16 [1.29
Medium 1.13 1.28 l;M 1.40 1.21 1042 1028 1.34 1031
Low 1.4 1,18 1.1 1.42 |1.31 1.28 1.29 1,30 |1.30
DT: 0.4 DT: 0429 DTs 0.29 |DT:
DLs 0435 DLs 0.25 DL: 0425 0,17
DP: 0.29 DPs 0.21 DSs 0,21 DLs
DS: 0.29 0.12
(T PS) (T P) (T 8) (T)
Oat hulls 1.2 1,11 1,29 1,27 [1.18 1.28 | 1.27 1419 |1.23
Alfalfa 1.00 0.96 1022 1.18 0.98 1.20 1011 1007 1009
Wheat bran 1013 0089 1,11 1,07 |1.01 1.09 1.12 0.98 1005
Cellulose 1,04 1,18 1,27 1,23 |1.11 1.25 1.16 1.21 |1.20
Gorn cobs 1.27 1.23 1038 1.30 |1.25 1.34 1.33 1.27 1,30
DT: 0.24 ‘ DT: 0,17 DTs 0,17 DTs
DP: 0,17 DP: 0,12 DSt 0,12 0.12
DSs 0.17
(LPS) (L P) ’ (L s) (L)
High 1,12 1,06 1.24 1.1% |{1.09 1.18 1,18 1,09 }1.13
Low 1.29 1,07 1432 1.32 |1.18 1.3 1.31 1.20 | 1.25
DL: 0,16 DL: 0,11 DL: 0.11 DL:
DP: 0.13 DP: 0,09 DS: 0,09 0,08
DS: 0,13
(P 8) (P) (8) |Mean
1,16 1.06 1,27 1,19 [1.,11 1.23 | 1.22 1,13 |1l.18
DP: 0,08 DP: 0.05 DS: 0,05
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Table 13.~ Pounds of Feed Consumed by Swine Per Pound of Gain

in Body Weight.

DS: 0.19

Bulk Meal Pellet Meal Pellet | Male Fem.
Type .  Level |Male Fem, Male Fem,
(rLPps) (T L P (T L s) (T L)
Cat hulls High Led2 418 3484 3487 |4e30 3486 | 4a13 4e03 | 4408
Medium | 3489 Led8 3467 3.72 | 4,19 3.70 3678 4410 | 3.94
Low 3678 3.87 425 3,72 | 383 3.99 4602 3.80 |3.91
Medium | 4e52 Led9 3497 3488 |4e51 3.93 LeR5 Lel9 | 4e22
Low | 4eT7 4415 3493 3.75 |4elb 3.84 Le35 3495 | 415
Wheat bran High L£e52 5405  Lo76 Le39 |4eTO Le58 Lebl LeT2 | L.68
Medium 4.31 4944 4.% 4:75 4¢38 4.86 i 4.61; 4060 4062
Low 3486 Lodd 3,78 3489 [4415 3.84 3482 La17 | 4400
Cellulose High |4e46 4e23 3,91 3,79 |4e35 3485 | 4e19 4401 [4.10
Medium | 4435 3696 3473 3486 |4e16 3,80 | 4404 3.91 |3.98
, Low LielO LeOL  3.63 3.68 | 4L.07 3466 3.87 3,86 | 3.87
Corn cobs High |4.50 3¢83 3453 3495 |4el7 3e74 | 4e02 3489 |3.%
Low 4-02 3.86 4.04 3053 3094 3079 4003 3'70 3.87
‘DTS 1.05 DT 0075 DT 0075 DT
DL: 0,90 DL: 0.64 DL: 0.6, 0.53
DP: 0.75 DP: 0.53 DS: 0.53 DLs
DSs 0.75 045
(T p8) (T P) (T 8) (T)
Oat hulls 4e03 4.18 3.92 3077 4.11 3085 3095 3097 3.97
Alfalfe 4050 Le35 4410 3492 | Led3 4401 4e30 Leld | 4421
Wheat bran Le23 Le€l  4e50 Le3h |hehd kb2 4e36 Leh9 |4hed3
Cellulose 4e30 4.08 3.76 377 | 419 3.77 4402 3.93 3.98
-Corn cobs Le2h 3490 375 3066 4e07 3.7 400 3-78 3088
DT: 0,61 DT: 0.43 DT: 0.43 DT:
DP: 0.3 DP: 0.31 DS: 0.31 0.31
DS: 0.43
(L P8) (L P) (L 8) (L)
High Lol Le3h  4e09 Le02 | 4e38 LJ06 4e26 Lo18 | LeR2
Low 4ell 4,07 3.93 3.71 4'09 3-82 402 3089 3495
DL: 0.0 * | DLs 0,29 DLs 0.29 DL:
DP: 0.34 DP: Q.24 DS: 0.24 0.20
DS: 0.34
(ps) (P) (8) . |Mean
4026 Le23  4eOL 3.89 | 4.24 3.95 Lell 4e06 |4.10
DP; 0.19 DP: 0.14 DS: 0,14
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Tablf 14.~ Digestible Therms Consumed by Swine Pbr Pound of Gain
in Body Weight.

DS 0026

Bulk Pellet Meal Pellet |Male Feme
Type level |Male Fem. Mzle Fem,
(T LPS) (TLPp (T L s) (T L)
Oet hulls| High 5407 4ebl  Le82 5400 |4e85 420 Le95 Le82 |L.89
Low 5400 4e94 6410 5.43 [4e97 5477 5455 519 |5437
Alfalfa High 5033 5414 5475 5642 |5423 5458 | 5454 5428 5441
Low 6'06 5-14 5068 501&8 5.60 5.58 5-87 5031 5!59
Wheat bran High  [5,19 5.87 6,12 5,62 |5.53 5487 |5.66 5,75 |5.71
Lw 5.62 6.19 5.26 5:38 5.% 5.32 i 5044 5079 : 5.62
Cellulose High 5055 5658 5437 5,21 |5.56 5429 5046 5040 5443
Medium | 5412 491 5642 542 |5.02 5442 5627 517 |5.22
g Low 5082 5049 5419 5436 | 5665 5027 5651 543 |5447
Corn cobs High 529 Leddy  £e98 5.65 |L.86 5.31 541 5.05 |5.10
Low 5.74 5.48 6013 5041 5.60 577 5¢94 5045 5470
' DT: 1.40 DT:s 0499 : DT 0099 : DT: .
DL: 1.20 DL: 0.85 DL: 0.85 | 0.70
DP: 1.00 DP: 0.70 DS: 0.70 DLs
DS: 1.00 1 0,60
(T P8S) (T P) (T 8) (1)
Oat hulls e T8 5403 5431 5,09 [4.91 5.20 5005 5,06 | 5406
Alfalfa 5.64. 5.33 5-70 5049 5049 5060 5067 5‘41 5054
Wheat bran 5042 5071 5-92 5.73 5057 5'82 - 5.67 5072 5069
Cellulose 550 5433 533 5633 | 5442 5433 5042 5033 | 537
-Corn cobs 5047 5008 5.46 5.30 5-28 5.38 5047 5019 5032
DT: 0,81 ~ |DTs 0,57 DT: 0457 DTs
DP: 0‘57 DP: 0.41 DS: 0.41 0.41
DS31 0.57
f @ Ps) ) ws) |
Medium | 5.15 5,30 5456 5.38 |5.23 5047 | 5436 5034 | 5435
Low 5¢65 5045 5467 5.41 |5455 5¢54 | 5.66 5.43 | 5455
DL: 0.54 | DL: 0,38 DL: 0.38 |DLs
DP: 0.45 DP: 0.32 DS: 0.3 0427
DS: 045 ;
(Ps) (P) (s) Mean
50636 5429 5455 5439 | 5433 547 5046 5434 | 5440
DP: 0.26 DP: 0,18 DSs 0,18 '
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Rate of Passage of the Ingesta Through the

DS: 1.9

Table 15.~
~ Alimentary Canal of Swine (Hours).
Bulk Meal Pellet Meal Pellet |Male Fem.
Type Level |[Male Fem, Male Fem,
(T L PS) (T L P) (rLs) |(TL)
Oat hulls High 26.3 28.3 340 30.0 R73 32.0 30.2 29¢2 129,7
Low 28,8 31.5 27.0 26.8 | 30.2 26.9 27,9 29,2 |28,6
Alfalfs High 24'8 34.0 27.5 35.5 29.4 31.5 26.2 34’8 ) 3005
Low 28-5 29.5 31e3 32,3 | 277 3108 28.6 3009 29,8
Wheat bran High 2743 260 25,0 3043 |26.7 27.7 26,2 28,2 |27.2
Medium 24‘0 25.0 25.0 24.5 24.5 24.8 2405 24.8 24.7
, Low 24+8 2945 25,8 26,3 |27,2 26,1 |25.3 27.9 [26.6
Cellulose High 26,0 25,3 25,0 25,0 |25.7 25.0 2545 2542 |25.4
Medium [25.0 2948 2645 2645 | 274 2645 25,8 28,2 {27.0
LW 27-3 28.8 ,25.8 2808 2801 2703 2606 28.8 2707
Corn cobs High 2648 2940 2943 2943 [27.9 29.3 28,1 29.2 |28.7
DT: 10.1 DT: 7.1 DTs 7.1 DTs
IDL: 8.6 DL: 6.1 DL: 6,1 540
DP: 7.2 DPs 5,1 DS: 5,1 DLs
DS: 7.2 be3
| (T Ps) (T P) (T 8) (1)
Oat hulls 2840 29,6 29,8 29,3 |28.8 29,6 |28.9 29,5 (29,2
Alfalfa ) 25‘2 30.8 2802 32.9 28-0 30.6 2607 3109 29‘3
Wheat bran 25.4 2608 2503 27.0 2601 26.2 2504 2609 26.1
Cellulose 2601 28,0 25’8 26.8 27.1 26;3 26;0 274 2606
Corn cobs 28,5 29,9 2642 27.7 [29.2 27.0 |[27.4 28,8 |28,0
DT: 5.8 DTs: Aol DTs Lol DTs
DP: 4.1 DP: 2.9 DS: 2.9 2.9
DS: 4-1
(L P8) (L P) (L 8) (L)
DL: 3,9 , DL: 2.7 DL: 2.7 DLs
DPs 3.2 DP: 2.3 1 DSs 2.3 1.9
DS: 3,2 ,
(P 8) (P) ~(s)  [Mean
2646 29,0 27.1 28,7 | 27.8 27.9 2648 28,9 |27.9
DP: 1.9 DP: 1.3 DS: 1.3
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Table 16,~ Average Back Fat in Inches Measured on Live Swine
by the "Leanmeter.®
Bulk Meal Pellet Meal Pellet |Male Fem.
Type Level |Male Fem, Male Fems ' '
(TLPS) (TLP (T LS) (T L)
Qat hulls High 1008 1005 1014 1003 1.06 1008 1,11 1004, 1008
Medium |1.05 1,27 1.10 1.07 |1.16 1.09 1,08 1.17 |1l.13
Low 1.32 1.24 1.20 1.17 [1.28 1.18 1.26 1,21 |[l.24
Medium {1.08 1.1, 1,20 1l.22 [1.11 1.21 1.14 1.18 |1.16
Low 1.25 1,27 1.30'1.25 |1.26 1,28 |1.28 1,26 [1.27
Wheat bran High 1.00 1.10 1.04 0.93 |1.05 0.98 [1.02 1.02 |1.02
Medium |1.08 0.97 1.22 1.12 |1.02 1l.16 1.15 1.05 |1.10
~ Low 1.22 1.07 1,10 1.10 {1.,14 1.10 1.16 1,09 [1.13
Cellulose High 1.15 1,02 1.30 1.08 1,08 1.19 |1.23 1.05 |[l.14
' Medium |1.35 1.18 1.17 1.1 |1.26 1.16 1.26 1,16 [1.21
Corn cobs High 1.19 1.17 1,27 1.02 |1.18 1,14 1.23 1.10 |1.17
Medium |1.27 1,22 1,10 1.22 [1.24 1.16 1.19 1.22 |{1.21
Low 1447 112 1,25 1,20 1,29 1l.22 1.36 1.16 |[1.26
- {DTs 0.31 DT: 0,22 DTs 0,22 DT
DL: 0.27 DL: 0,19 DL: 0.19 0.16
DP: 0.22 DP: 0,16 DS: 0.16 |DLi
DSs 0422 0.13 -
' (T PS8) (T P) (T 8) (1)
Oat hulls 1.15 1,19 1,15 1.09 |1.17 1.12 |1.15 1l.14 |[1.15
Wheat bran 1,10 1,05 1,12 1.05 |1.08 1.09 1.11 1,05 |1.08
Celluloss 1033 1.1‘7 1.22 1.08 1025 1015 . 1.28 1013 1.21
Corn cobs ll31 1017 1.21 1'15 1021; 1.18 1026 1016 1021
DT: 0,30 , DT: 0,13 DT: 0,13 DT:
DP: 0,22 DPs 0,09 DS: 0,09 0.09
|DSs: 0.22
- (L P8) (L P) (Ls) | (v
Medium |1.17 1.16 '1.16 1.15 |1,17 1.16 1.17 1.16 |1.17
Low 1.35 1,20 1,21 1.15]1.28 1,18 1.28 1.18 | 1.23
DL: 0.12 , DL: 0,09 DLs 0.09 DLs
DP: 0.10 DPs 0,07 DS: 0.07 0.06
(F 5) (7) (8) | vean
1,22 1.15 1.,18 1.11{1.19 1.15 1.20 1.13 | 1.17
DP: 0.06 DP: 0.04

DS: 0.06

DS: 0004
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Table 17.- Dréssing Percentage of Male Swine,

Bulk :
Type Level Meal Pellet
(rL P (T L)
Oat hulls High 72.8 T1.3 72.1
Low : 73.3  75.1 The2
Alfalfs High L.l 72.0 7.5
Medium 72.1 TR.1 72.1
IJOW 7304 7204 7209
Wheat bran High 68,6 69.2 68.9
Low 7301 71’3 72.2
Cellulose High 7.3 .7 7.5
Medium 70.1 TR7 AR S
Corn cobs High 73.5 T2.2 72.8
Medium 72.8 Thel 735
Low 73.1 72,6 728
| DT: 5.21 DT: 3.69
DL: 4445 DL: 3.15
DP: 3070 ; )
(T P) (T)
Oat hUlls 7306 7207 7301
Alfalfae 72.2 72.2 T2.2
Wheat bran 70,7 70.3 T0e5
Cellulose 7.6 72,2 .9
Corn cobs 73.1 729 73.0
DT: 3.01 DT: 2.13
; BCE) (L)
High ' T4 .3 A
Madium 7200 7202 72:.1
Low 73.2 T2.7 7340
| ~DL: 2.0 DL: l.4
DP: 107 i
(P) Mean
TRe2 TR.1 72.1

DP: 0.96
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Table 18.~ Advanced Registry Score of Male Swine.

Bulk
Type Level Meal Pellet
: | (TL P (T L)
Low 79.5 85.5 82.5
Low 8645 8440 85.2
Wheat bran High 87.0 9545 91.2
Low 88,0 83.0 855
Cellulose High 3RS 81.0 86.6
‘Medi 8245 92.0 872
Corn cobs High 84.0 90.0 87.0
Medi 85.0  92.0 88.5
Low 80.0 81.0 8005
\ DT: 16.0 - DT: 11.3
DL: 13.7 DL: 9.7
DP: 11.4 ‘
(T P) (T)
Oat hulls 88.7 8608 87.8
Wheat bran 88,2 89.3 88.8
Cellulose 82.3 86.0 8402
Corn cobs 83.0 87.7 - 85.3
DT H 9- 3 DT H 60 5
DP: 606
| (L P) (L)
High 90.9  89.3 90.1
Medium 83.4 89.2 88,8
Low 8l.2 83.7 8244
| DL: 7.2 DL: 4.3
DP: 5.1
(p) Mean
86.8 87.4 87.1
DP: 2.9
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Table 19.~ Inches of Shoulder Fat on Male Swine,

Bulk |
Type Level Megl Pellet
(T L P) (T L)
Oat hulls High 170 1.75 1.72
Low 1.85 1.75 1.80
Alfalfas High 1.60 1.75 1.68
Medium 1.75 1.65 1.70
Low 1.85 1.80 1.82
I-.’hea.t bran High 1055 1060 1058
Low 1.65 1.60 1.62
Cellulose High 1.60 1,75 1.68
Low 1.90 1.7 1.80
Corn cobs High 1:45 1.75 1060
Low 1.95 1.75 1.85
DT: 0.33 DTt 0.23
DL: 0.29 DLs 0.20
DP: 0.24
(T P) (T)
Oat hulls 1073 1075 1074
Wheat bran 1065 1.62 loé‘.’p
Cellulose 1.77 1.7 1.75
Corn cobs 1.73 1.68 1.7
DT: 0.19 DT: 0.14
DP: 0014
(L P) (L)
High 1,58 1.72 1,65
Medium 1.75 1.66 1.70
Low 1«.84 1.72 1078
DL: 0.15 DL: 0,09
DP: 0.10
(P) Mean
1.72 1.70 1.71

DP: 0,06




-122 -

Table 20.~ Average Inches of Fat on Shoulder,

Back and Loin of Male Swine,

Bulk ‘
Type Level Meal Pellet
(TLP (T L)
Oat hulls High 1.20 1.32 1.26
Medium 1.30 1.34 1.32
Low 1.45 1.35 140
Alfelfs High 1.19 1.32 1.25
Wheat bran High 1.13 1.20 1.17
Low 1.25 1.29 1.27
Cellulose High 1.19 1.42 1.30
' Medium 1.38 1.30 1.34
Low 1.55 1.35 1.45
Corn cobs High 1.24 1l.39 1.31
"~ Medium 1.40 1.18 1.29
Low 1049 1037 1043
DT: 0426 DT: 0.18
DL: 0.22 DL: 0.16
DP: 0.19 '
(T P) (T)
Oat hulls 1.32 1.33 1.33
Alfalfa 1.27 1.35 1.31
Wheat bran 1.21 1.23 1.22
Cellulose 1. 37 1. 36 ' 1. 36
Corn cobs 1,37 1.31 1.34
DT: 0,15 DT: 0.11
DP: 0.11
| (L P) (L)
High 1.19 1.33 1.26
Medium 1.32 1.27 1,29
Low 1.42 1.35 1.39
DL: 0.12 DL: 0,07
DP: 0.08
(P) Mean
1.31 1.32 1.31

DP: 0.05
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Table 21.—1Pbr Cent of Ham in Male Swine.

Bulk
Type Level Meal Pellet
‘ (TL P (T L)
Oat hulls High 25.0 242 24,6
Medium R5.4 25.1 253
Low 245 25.1 24.8
Alfalfe "High 25.2 25.0 25.1
Medium 25.2 2544, 25.3
Low 26ed  23.6 2540
Wheat bran Higl 26,0 2Le5 25.3
Medium 24.0 25.2 246
Low 24;7 24-14. 2405
Cellulose High R+9 Rhel, 2446
Low 24.0 2L.1 2.1
Gorn cobs High 24.8 25.8 2543
Medium 2440 24.6 2L¢3
DT: 2.6 DT: 1.8
DL: 2.2 DL: 1.5
DP: 108
(T P) (T)
Oat hulls 25.0 2L.8 249
Alfalfa 25,6 L7 25,1
Wheat bran 24,09 24.7 24'8
Gellulose 2442 2462 242
Corn cobs 4.5 = 25.0 RheT7
DT: 1.5 | DT: 1.0
DP: 1.1
‘ (L P) (L)
High 2542 2448 25.0
Medium 2hels 24+8 26
Low 2449 2443 | 2.6
DL: 1.0 | DL: 0.7
DP: 0.8
(P) Mean
2448 RheT 247

DP: 0.5
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Table 22.,= Par Cent of Shoulder in Male Swine.

Bulk

Type Level Meal Pellet
| (TLP (T 1)
Medium 26.2 26.9 26,5
: Low 27.2 27.2 272
Alfalfa '~ High 274 27.0 27.2
‘ LW 2609 27-3 2T.1
Wheat bran High 28.8 275 28.1
Medium 27.0. 27.2 27.1
~ Low 27.1 27.1 27.1
Cellulose High 27.3 R7.7 27.5
Low 25.8 2645 26.1
Corn cobs High 27.2  25.8 2645
Medium 27.8 28.3 28,1
; DT 2.4 : DT: 1.7
DL: 2.0 DL: 1.4
(T P) (T)
Oat hulls 27.3 7.1 27,2
Alfalfa 27.7 27.1 274
Wheat bran 27.6  27.3 274
Cellulose - R6.5 272 26,8
Corn cobs 27.2 26,9 27.1
DT: 1.4 - DT: 1.0
DP; 1.0 :
« (L P) (L)
High ' 27.8 27.0 27.4
Medium 27.2 274 27.3
LOW 26.7 26.9 26.8
; - DL: 0.9 DL: 0.6
DP: 0.8
(P) Mean
27.3 27.1 27.2

DP: 004
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Table 23.~ Per Cent of Middle in Male Swine,.
Bulk
Type Level Meal DPellet
(T L P (T L)
Oat hulls High 4604 48.6 4705
Medium 4844 48.1 48e3
Low 48e5 4T7.8 4842
Alfalfa High L5 48.1 47.8
Low 46.8 4902 48.0
Medium 49.1 47.6 4864
LOW 48.2 4806 4804
Cellulose High 47,9  48.0 48,0
Medium 49.8 48.6 4942
Low 5042 494 49.8
Corn cobs High 48.1 L8edy 48.3
Medium 48e2 472 47.7
Low 48.6 ’ 48.8 4807
DT: 2.6 DT: 1.9
DL: 2.2 DL: 1.6
DPs 109
(T P) ; (T)
Oat hulls 47.8 48.2 4800
Alfelfa 46.8 4,803 4705
Wheat bran 4705 48.1 4708
Cellulose 49.3 48.7 9.0
Corn cobs 48.3 48.1 482
DT: 1.5 DTs 1.1
DP: 1.1
(L P) (L)
High 47,0 4842 4.7
Medium 4'803 47-8 4801
LOW 4805 4808 41806
DL: 1.0 DLs 0.7
DP: 0,8
(P) v Mean
479 4843 48e1
DP: 045 v
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Table 2/.—- Area of Loin(l) in Male Swine.

Bulk
Type Level Meal DPellet
| (T L P) (T L)
Low 3.76 349 3.62
Alfalfa High 4e30  3.76 4403
Medium 3.9 3.92 3.93
Low 3.80 3.86 3.83
Wheat bran High L.67  3.88 4e27
Medium 3.80 hel2 Loll
Low Lo 19 3046 3e 82
Cellulose High 3.91 3.82 3.87
Medium 3469 437 4e03
Low 30 51 30 82 3. 67
Corn cobs High 3428  4.08 3.68
Medium 4,00 3.86 3.93
Low 3.53 3.47 3.50
‘ DT: 1.31 - DTt 0.9R
DL: 1.12 DL: 0,79
DP: 0,93
(T P) (T)
Oat hulls 3.99 3.76 3.87
Alfelfa 4e01 3.85 3.93
Wheat bran LeR2 3.92 407
Cellulose 3.7 4.00 3.85
Corn cobs 3.60 3.80 3.7
DT: 0,76 DTs 0.53
DP: 0.54 '
(L P) (L)
High 4e0L 3.85 3.93
Medium 3.94 4e12 403
Low 3.76 3.62 3469
DL: 0.50 DL: 0.35
DP: 0e42
(P) Mean
3.91 3.86 3.88
DP: 0424

(1) The exact area in square inches of the cross-section

of the main back muscle.



Table 25.- Average Length of Sides in Inches of Male Swine.
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Type Lavel Meal ©Pellet
| (TL P (T L)
Oat hulls High 31.2  32.0 31.6
: Medium 30,7 30,2 3044
Low 31.3 31.8 31.5
Alfalfa High 30.9 3.7 31.3
Low 31.2 31.3 31.2
Wheat bran High 30.9 3l.1 31.0
Medium 31 . 9 290 9 30- 9
Low 30.5 31.2 30.8
Cellulose High 31,0 31.2 31.1
Medium 32.1 30.5 31.3
LWI 3008 31.5 3101
Corn cobs High 31l.4 314 31.4
Medium 30.8 31.0 30.9
Low 3007 3007 3007
DT: 1.4 DT: 1.0
DL: 1.2 DL: 0.9
DP: 1.0
(T P (T)
Oat hulls 31.0 31.3 31l.2
Alfalfa 31.2 31.2 31.2
Wheat bran 31.1 30.7 30.9
Cellulose 31.3 31.0 31.2
Corn cobs 30.9 31.0 31.0
DT: 0.8 DT: 0.6
DP: 0.6
i (L P) (L)
High 31.0 31l.5 31.2
Medium 31l.4 30.4 30.9
DL: 0.5 DL: 0.4
(P) Mean
31l.1 3l.1 31.1

DP: 003
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Table 264~ Grams of Dry Feed Consumed by Mice

During a 14 Day Period.

Bulk |
Type Level Meal Pellet
(TL P (T 1)
Medium 4745 4843 479
Low 43,8 4640 bhe9
Alfalfa High 36.5  37.3 3609
Medium L2e5 37.2 39.9
Low 4062 41.1 4046
Wheat bran  High 41.0  35.3 38,1
Medium 42.4 41.3 4108
Low 475 ble2 459
Cellulose High 4548 4843 47.0
Low Lhe'l 4540 Lie8
Corn cobs High 5.3 Lol IR |
Medium Lbe® 45.0 44e8
Low 43.1 L34 43e2
DT: 8.4 DT: 6.0
DL: 7.2 DL: 5.1
DP: 6.0 ‘
(T P) (1)
Oat hulls [[,704 471 472
Alfa.lfa 3907 3805 3911
Whest bran 4—3.6 40.3 1&109
Cellulose 14!(-09 45.1 4500
Corn cobs MQB 44.2 Mﬁz
DT: 4.9 DT: 344
DP: 3.5
(L P) (L)
High 439 L2.4 43.1
Low 439 43.9 43.9
‘ DL: 3.8 DL: 2.3
DPs 2.7
(P) Mean
4tee0 430 4345
DP: 1,6
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Table 27.,- Grams of Gain in Body Weight by Mice
quing a 1/ Day Period, ‘

Bulk
Type level Meal Pellet
s (T LP) (T L)
Oat hulls High 12,3 11.8 - 1240
Low 12.4 13.1 12.8
Alfalfa High 10.4 10.9 10.6
' Low 10,7 1L.5 11.1
Wheat bran High 9.8 801 809
Medium 12.5 12|6 1205
Cellulose High 12,7 143 1345
: Medium 12.7 11.8 12,2
Low 1308 1302 }.3.5
Corn cobs High 13,0 11.0 12,1
Medium 12,6 12.3 12.5
DT: 3.4 DT: 2.4
DL: 2.9 1 DL 2.0
DP: 2e4
(x P) (1)
Oat hulls 12.6 12.8 12.7
Alfelfs 11.1 11,0 11.0 -
Wheat bran 12.3 1103 11.8
Cellulocse 13.1 13.1 13.1
Corn cobs 13.0 12.2 12.6
\ DT: 109 ' DT: 1'4
DPs 1.4
(L P) (L)
High 11.6 11,2 11.4
Medium 12.6 12,2 12.4
Low 13.0 12.8 12,9
DL: 1.5 DL: 0.9
DPs 1.1 '
(P) Mean
12,4 12,1 12,2

DP: 0.6
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Table 28,~ Grams of Dry Feed Consumed Per Gram of Gain
in Body Weight by Mice.

: Bulk
Type Level ‘Meal Pellet
(TL P (T L)
Oat hulls High hel Lol Lol
Medium 3.6 3.6 3.6
Low . 306 3'5 3‘5
Alfalfa High 3.5 3.4 3.5
Medium 3.5 3.6 3.6
‘ LW 3.8 307 308
Wheat bran High be5 Le'7 Lel .
Medium. 3.4 303 304
Low 3.3 3e4 3e4
Cellulose High 3.6 3e4 3.5
Medium 305 306 3.6
Low 3.2 EA 3.3
Corn cobs High 3.5 hel 3.8
Medium 3.6 3.7 3.7
Low 3.3 363 3.3
DTs 0.9 DT: 0.6
DLs 0.7 DLs 0.5
DP: 006 '
(T P) (T)
Oat hulls 308 307 308
Alfglfe 306 306 306
Wheat bran 307 308 308
Cellulose 3.4 3.5 3.5
Corn cobs 3.5 37 3.6
DTs 0.5 DT: 0.4
DPs 0.4
(L P (L)
Medium 3-5 3.6 306
Low 3.l 3.5 3.5
DL: 0.4 DL: 0.2
DP; 0.3
' (P) Mean
3'6 307 307
DP: 0.2
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Table 29.~ Dry Matter Digestibility of the Rations

Fed to Mice (Figures in Per Cent).

; Bulk o
Type Lavel Meal Pellet
(T L P) (r L)
Oat hulls High 61.0 62,6 - 61.8
Medium - 68.6 69.6 69.1
Low 7501 74'8 75:8
Alfelfa High 69.1 70,6 69.8
Medium TRe5 =~ TRe2 TRe4
Wheat bran High 56,8 593 5843
Medium 6.6 66,0 6543
Low 73.8 TR.1 T2.9
Cellulose High 674 67,0 67.2
Medium T2.1 TR.1 TRl
Corn cobs High 67.7  66.5 67.1
Medium 71.0 1.0 71,0
Low 7643 76.9 76.6
DT: 2.8 DTs: 2.0
DL: 2.4 DLs 1.7
Dp: 2.0
(T P) | (T)
Oat hulls 6842 69,0 68,6
Alfalfe. 72-7 7302 72’9
Wheat bran 65.0 65,8 654,
Cellulose 72.0 7.9 TR0
Corn cobs 7.7 7.5 7.6
DT 106 DT: 1.1
DP: 1.1
(L P) (L)
High 6lel, 65,2 64.8
Medium 69.8 7062 70.0
Low 7506 75-4 7505
DL: 1.1 DL: 0,8
DP: 009
Mean
69.9 70.3 70.1
DP: 005
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Table 30~ Digestibility of Energy in the Rations

Fed to Mice (Figures in Per Cent).

Bulk
Type Level Meal Pellet
; (T L P (T L)
Oat hulls High 62 [ 9 64—- 5 630 7
: Medium 70.2 T1.2 T0.7
Alfaglfa High 70.7 L7 7.2
Wheat bran High 57.9 60.0 5819
Cellulose High 70.2 69.0 69.6
Corn cobs High 69.5 67.6 6845
Low 7801 79.1 7806
DT: 2.6 DT: 1.9
DL: 2.3 DL: 1.6
DP: 1.9 ’
(T P) (T)
Oat hulls 70.0 70-8 70.4
Alfalfa 740 The3 7442
Wheat bran 66,7  67.0 66.9
Cellulose The3 73¢9 Thel
Corn cobs 73.5 73.3 734
DT: 1.5 DT: 1.1 -
DP: 1.1
‘ (L P) (L) -
High 6642 66.6 66.4
- Medium 71.6 71.8 .7
Low 77.3 T7e2 T7.3
DL: 1.2 DL: 0.7
DP: 0.8
(P) Mean
AR 71.8 71.8

DP: 0.5




Table 31.~- Apparent Digestibility of Protein in the Rations
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Fed to Mice (Figures in Per Cent).

DP: 0.6

Bulk
Type level Meal DPellet
(TLP. (T L)
- Oat hulls High 58,7  56.1 574
Medivm ' 6402 66.6 6504.
LW 67'9 6802 68.1
Alfalfs High 63.8 66,2 65.0
Low 67.0 6701& 67.2
Wheat bran High 542 62.9 58.6
Medium 59,6 64.6 621
Low 70.0 65.4 67.7
Cellulose High 65.8 69.3 67.5
Medium 67.9 70.7 69.3
Low 71.9 6709 6909
Corn cobs High 62.2 6[;..6 ) 6205
Medium 65.5 67.6 66.5
Low 65.1 7042 67.6
DT: 3.2 DT: 2.2
DL: 2.7 DL: 1.9
DP: 2.2
| (T P) (T)
Oet hulls 63.6 63'6 63&6
Alfalfa 65.7 66,7 66,2
Wheat bran 61.1 64.3 6208
Gellulose 68. 5 6903 6809
Corn cobs 63 674 | 659
DT: 1.8 DT: 1.3
DP: 1.3 :
(L P) (L)
High 60,9 63.8 62..
Medium 647  67.2 65.9
Low 68.4 67.8 68,1
DL: 1.2 DL: 0.9
DP: 1.0
(P) Mean
64.7 66,3 65.5
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Table 32.- Consumption of Digestible Calories

During a 14 Day Period by Mice.

DP: Le'7

Bulk
Type level Meal [Pellet
(T L P) (T L)
Oat hulls High 135.9 129.0 13244
Medium 12,7 146.9 144.8
Low 144e5 151.5 148,0
Alfalfa High 11203 11603 11403
Medium 13603 118.4 127¢4
Low 1350 139.1 137.1
Wheat bran High 103.5 9R.4 98,0
Medium 123,6 121.4 122.5
: Low 155,1 140.8 148.0
Cellulose High 137.5 1424 140.0
Medium 14107 13300 . 13704
LOW 14908 15201 151.0
Corn cobs High 131.3 127.4 129.4
Medium 14104 14300 142.2
Low 14501 147.9 14605
DT: 2543 DT: 17.9
DL: 21,6 DL: 15.3
DP: 18,0
(T P) (T)
Oat hulls 143,00  142.4 1.7
Alfalfe 127.9 124.6 126,2
Wheat bran 127.4 118.2 122.8
-Gellulose 143.0 142.5 142.8
Corn cobs 139.3  139.4 139.3
DT: 14.6 DT: 10.3
DP: 10,4
(L P (L)
High 124.1 121.5 122.8
Medium 137.1 132.5 13/.8
DL: 9'7 DL: 6.8
DP: 801 .
(P) Mean
135.7 133.4 13446
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Table 33.- Digestible Calories Consumed Per Gram of Gain

in Body Weight by Mice.

Bulk -
Type Level Meal DPellet
(T L P) (T L)
Oa'b hl]lls High 11.1 11.1 llol
Low 11.7 11,6 11.7
Alfalfa High 10.9 10.7 10.8
Medium 11,2 11.5 11.4
Low 12.6 12.4 12.5
Wheat bran High 11.3 11.9 11,6
Medium 909 907 908
Low 10.9 10,7 10,8
Cellulose High 10.9 9.9 1044
LW 1008 1106 1102
Corn cobs High 10,2 11.3 10.7
Low 10,9 11.3 11.1
- DTs 2.3 DTs 1.6
DL: 2.0 DL: 1.4
DF: 106 :
(T P) (1)
Oat hulls 11.3 11.2 11.3
Alfalfa 11.5 11.5 11.5
Wheat bran 10.7 10,8 10,8
Cellulose 11,0 11,0 11,0
Corn cobs 10.8 11.5 11.1
DT: 1.3 DT: 0.9
DP: 009
- (L P) (L)
High 10.9 11.0 11.0
Medium 10.9 11.1 11.0
Low 11.4 11.5 11.5
DL: 0.9 | DL: 0.6
DP: 0.7 ‘
(P) Mean
11,0 11.2 11.1

DP: Oe4
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Table 34.~ Per Cent of Fat in Carcasses of Mice.

DP: 0.33

Bulk :
Type Level Meal Pellet
(TL P (T L)
Oat hulls High 6425 5.14 5.69
Low 593 5,6/ 5.7
Wheat bran High Le58 4.1l b3
4 Medium 5.51 5¢28 5039
Cellulose High 6.72 6.11 6¢41
Medium 6.75 5.50 6.12
‘ Low 6.29 6.78 6453
Corn cobs High 6.06 5¢R 5499
Low 6,07 5,60 5.84
DT: 1.81 DT: 1.28
DL: 1.55 DL: 1,09
DP: 1. 29
| (T P) (T)
Oat hulls 6.34. 5. 55 5094
Alfalfa 5¢54 5644 5049
Wheat bran 5436 5.19 5.28
Cellulose 6.58 6,13 6036
Corn cobs 6.10 5.69 5.90
DT: 1.05 DT: 0.74
DP: O, 74 7
(L P) (L)
Medium 6.10 5.59 5485
Low 6. 17 5.99 ‘ 6,08
DL: 0.69 ~ DLt 0.49
DPS 0058
() Mean
599 5.60 5.7
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Table 35.~ Per Cent of Water in Carcasses of Mice.
Bulk B
Type Level Meal Pellet

; R (T L P) (T L)
Oat hulls High : 70;6 715 7.0
: Medium 705 70.6 705

Low 70.1 7.0 70.5
Medium T1.2 7004 70.7
~ Wheat bran  High 73.1 73,0 73.1
Medium Tl.3 7.6 - TLe5
Low 70.7 70.8 70.7
Cellulose High 70.6 70.5 70,6
Medium 70.1 7103 70.77
. ' Low . 70:8 70.0 70-4
Corn cobs High T0.4 7049 707
Low 70.9 70.7 1 70.8.
DT: 1.8 ~ DT: 1.3
DL: 1.6 DL: 1.1

DP: 1.3 ‘

, (T P) (T)
Oat hulls 70.4 TL.0 0.7
Alfalfa 71.4 71.4 ‘ 71'4
Wheat bran 1.7 71.8 71.8
Cellulose 70.5 70.6 ) 70-6
Corn cobs 707 70.9 70.8

DT: 1.1 DTs 0.7
DP: 0.7
(L P) (L)
High 7103 77 7105
Medium 70.8 7.0 70.9
Low 707 70.8 70.7
DL: 0.7 DL: 0.5
DP: 006
(P Mean
70.9° Ti.l 71.0
DP: 003
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Table 36,- Per Cent of Protein in Carcasses of Mice.

Bulk
Type Level Meal Pellet
(TL P (T L)
Oat hulls High 20.2 20.2 2042
Medium 20.3 20,7 20.5
Low 20.3 20;3 2003
Alfslfe High 20.2 19.6 19.9
‘ Medium 19.9 20.5 20.2
Low 20.2 19.9 20.0
Wheat bran High 19.5 19.8 19,6
Medium 2004 - 2042 20. 3
Low 20.8 20.0 20.4
Cellulose High 19.7 20.3 20.0
' Medium 20.3 20,2 20.3
Low 20.1 20,2 20.2
Corn cobs High 20.5 20.1 20.3
Medium 20.1 2042 2042
Low 20,0 2046 20.3
DT: 1.3 DT: 0.9
DL: 1.1 DLs: 0.8
DP: 0'9
(T P) (T)
Oat hulls 20,3 20.4 20.4
Alfalfe 20.1 20.0 20.1
Wheat bran 2042 20,0 20.1
Cellulose 20,0 2042 20.1
Gorn cobs 2042 2043 20.3
DT: 0.7 DT: 005
DP: 0.5
(L P) (L)
High 20,0 2040 20,0
Medium 20,2 20.4 20.3
Low 20.3 2042 20.3
‘ DL: 0.5 DL: 0.3
DP: 004
- (P Mean
20,1 2042 20.2

DP: 0.2
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Table 37.~ Per Cent of Ash in Carcasses of Mice.

DP: 0.06

Bulk
Type Level Meal Pellet
(T L p) (T L)
Oat hulls High 3.02 3.18 3.10.
Medium 3.05 2.99 3.02
: Low 3.00 3.01 3.01
Alfalfs High 3.10 3.05 3.08
Medium 3.12 3.30 3.21
Low 2093 3017 3005
Wheat bran High 2,88 3.12 3.00
Medium 287 2.90 2.88
Cellulose High 295 3.09 3.02
Medium 20 88 3.02 2e 95
Low 2.89 3004 2097
Corn cobs High 3.04 3.09 3.06
Medium 3001.. 3&13 3.08
Low 3.04 3.11 3.08
DT: 0.32 DT: 0.23
DL: 0,28 DL: 0,19
DP: 0,23
(TP (T)
Oat hulls 3.02 3.06 3.04
Alfalfa 3.05 3.17 3.11
Wheat bran 2.89 3.03 2.9
Cellulose 2.91 3.05 2.98
"Corn cobs 3.04 3.11 3.07
DT 0.19 DTs 0013
DP: 0.13
(L P) (L)
High 3,00 3.11 3.05
Medium 2-99 3007 3:03
LO‘W 2-94 3008 3.01
DL: 0,12 DL: 0.09
DP: 0,10
(P) Mean
2.97 3.08 3.03




Teble 38,- Per Cent Water in Fat-free Carcasses of Mice.
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Bulk
Type Level Meal Pellet
(T L P) (T L)
Oat hulls High 75.3 7503 7503
Medium 75.1 7540 75.1
~ Low Thek 753 The8
Low 755 75'6 7506
Wheat bran High 76.6 7642 7644
Medium 54 T5.6 7545
Low 7403 7504 74'8
Cellulose High 75.7  T5.1 7544,
Medium 752 7544 7543
Low 755 75.1 7543
Corn cobs High 75.0 7504 7502
* Medium 753 7543 7543
Low The9 The9 e 9
DT: 1.5 DT: 1.1
DL: 1.3 DL: 0.9
DP: 1.1
(T P) (T)
Oat hulls 74.9 752 7540
Alfalfa 7545 75:5 7545
Wheat bran 54 757 7546
Cellulose 7545 7542 7543
Corn cobs 75.1 75.2 T5.1
DTs 0.9 DT: 0.6
DP: 0.6
(L P) (L)
High 7506 7506 75'6
Medium 7503 7502 7503
Low 7409 7503 75-1
DL: 0,6 DLs 0.4
‘DPs 0.5
(P) Mean
7543 754 754
DP: 0.3




Table 39.- Per Cent Protein in Fat-free Carcasses of Mice.
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Bulk ‘
Type Level Meal DPellet
, (TL P (T L)
Oat hulls - High 21,5 21.3 21le4
Low 21,7 2105 2106
Alfelfe High 21.2 20, '20.9
Medium 21.3 21.8 21l.5
Low 21.4 21.0 21.2
Wheat bran High 204 20,6 2065
Medium 215 21,3 214
Low 21.9 21.3 21.6
Cellulose High 21.1 21,6 21.4
' Medium 21,8 21.4 21.6
Low 21.5 21,6 21,6
Corn cobs High 21,8 21,3 21,6
Medium 21.5 2104 2104»
Low 21.9 21.8 21.9
DT: 1.4 DTs 1.0
DL: 1.2 DL: 0.8
DP: 1.0
(T P) (T)
Oat hulls 2196 2106 2106
Alfalfa 21.3 21.1 21,2
Wheat bran 21.3 21.1 21.2
Cellulose 2.4 21.5 21.5
Corn cobs 21.7 21.5 21,6
DT: 0.8 DT: 0.6
DP: 006 -
(L P) (L)
- High 21.2 21.1 21,1
Medium 21.5 21,5 21.5
Low 21.7 2105 2106
DL: 0.5 DL: 0.4
DP: 0.4
(P) Mean
2105 21‘4

DP: 0.3

21l.4
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Table 40.- Per Cent Ash in Fat-free Carcasses of Mice,

Bulk
Type Level Meal Pellet
(T L P) (T L)
Oat hulls High 3.22 3.35 3.2
Medium 3.29 3.17 3.2
Low 3.21 3.20 3.2
Medium 3031 3.50 3.1},1
: Low 3.11 3.36 3.
Wheat bran High 2.02 3.26 3.
Medium 3.04 3.05 3.0
Low 3.00 3.27 3.1
Cellulose High 3.16 3.28 3.
Medium 3012 3020 3016
Low 3009 3!26 301
Corn cobs High 3.23 3+30 3.2
' Medium 3.23 3.31 3.2
LOW 3:21 3029 : 362
DTs 0.35 DT: Q.24
DL: 0.30 DLs 0.21
DP: 0,25
(T P) (%
Oat hulls 3024 3.24- 3.
Alfalfa 3.23 3 . 36 ' 302
Wheat bran 3.02 3.19 3.10
Cellulose 3.12 3.25 3.1
Corn cobs 3.22 3,30 | 3¢2
DT: 0,20 DT: 0414
DP: 0.14
| (L P) (L)
Meditum 3.20 3.25 3
Low 3.12 3028 3-2
DL: 0,13 | DL: 0,09
DP: 0.11 ‘
Me
3.16 3,28 3.2
DP: 0,06
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