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INTRODlJGTIOB 

In an ever increasing world population the need for a food protein 

source of' high biological value anc1 of a short productionalcl. becomes 

increas1agly urgent. Thriving on the b7-producta of' a dense dair;y indust17 

in Ve.tern Europe, pork BeCUle a chief protein. source in these people t 8 

diet. They learned early to breed and teed for lean pork carcassea. 

Restricted feeding did not pose a probl•• in the Jl8.Dy small enterprise. 

where mant18.l labor was moreabUDdaat than in our mechanized agriculture. 

With the approach. of a population densit,. warranting a Cluallty market 

tor pork it is becoming more important to adopt a selt-teeding technique 

tor swine which. will restrict nutrient intakes during the fiD1shing period 

to levels that will produce meaty, high quality careasses. Since it is 

becoming generally accepted that a dUution of' the Ilutrients b1 tibroue 

materials (termecl "bulk" 111 this report) will serve this end, the purpose 

of' this investigation was to compare the effects on f'eed utilisation and 

carcass quality of varying levels of difterent bulks in finishing ratiou 

tor swine. 

Since sertiDg and wastage ot diluted bulky rations is reeogD1Md.as 

a problem in selt-teeding of swine, the effect of peUeting of suoh rations 

was included in the project. 

Obvious advantages ot small pilot animals in nutritioDal studies 

prompted the inclusien of Iliee in the project to learn to which extent 

they could serve as such tor swine. Identical ratioDs were ted to the two 

species in identical experimental designs. Feed utilization and complete 

carcass analyses in mioe were compared to feed utilization and character­

istic carcass measurements in swine and reported in a separate section ot 

the thesis. 
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Secondary aspects such as adjusting the protein digestibilities 

for protein intake, nonprotein dry matter 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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LIDRl1'UBl BIVIn; 

Proportion&!. growth in swine conforms to the l.w of ·devlUolBen'tal 

direction,· exhibiting a ve1l det1ned anterior-posterior ~ent :troa 

earlier to later developiDg regions (86). !he intJ:unce ot v~ degrees 

of undernutrition upon growth processes ·in larger en1-ale (8"1~ vas a lead 

in s18temat1c studies of nutritional etfects upon bod7 developtent &IlCl 

'body composition in the pig (88, 89). This reve&l.ed that the: consequence 

of extremes in high and low Jlutritionel planes was a pattern of' growth, 

af'fecting parts of the bod1 increasingl,. in the order. head, ears, neck, 

legs, body length, bod7 depth, 101ns and hind quarters. The effect upon 

the aajor bod,- tissues increased in the ordera s1d.D, tendon, Ilands, bone, 

JIlU8Cle and tat (8'1). 

Young bacon pigs exhibited various growth patterns, when fed at low (L) 

or high (H) plene of nutrition or combinations ot these, dur11llg the groviq 

and finishing periods. A high plane of nutrition in the fiDishing period 

advanced late developing parts of the bod,. of which tat 1s a -...for tis_, 

while a low plaue f'avored earlier developing parts dom1nated b7 bone and 

muscle. Restricted nutrition in the growing penoel (from ve8Jldng to about 

100 pounds bod7 weight) enhanced the above-mentioned efrect. (88, 89)., fhe 

overall etrect of the combinations of' nutritional levels. LB, iE, m.. and Lt, 

on the major body tissue., vas 8J1 increase in bone and auscle, and a deerea•• 

in tat, in the same sequence. 

UDder otherwise similar conditiona gilts bave been found ito yield car­

oassea vith less tat and more muscle than barrows, and thus attain. higher 

cOJaercial grades andAR*score. (ll, 19, 52, SO, 120). Therefore it has 

ottell been r8COJIDIleDded that gilta and barrows be ted at ditte"n1; nutritioul 

* Advanced Registr,y (90) 
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levels in order to 71eld carcasses or equall1 high quality. 

Variation in nutritional plane has been achieved in difterent VQ's 

depending on feeding practices. For decades restricted hand~ed1nl has 

been used to produce lean bacon carcasses for the d-.anding ~:ti.

market (55). At the same t:i.Jlle, howver, the desirable etfec~s or various 

bulks have been appreciated. As an example, this is borneoutl in a report 

Canadian coJlDDissioD. studying svine husband17 011 a ~ur of the 

United ngdoll. and DeBark 111 1909. Sections of the report read 111 parta 

aIn England, tests on 720 pigs dur1n.g tive years gave rile. to 'the 

co lus10n that the five diets producing the best qullty meat were, 

eereasing orderl Barley and Bran, Barley and Potato~s, Barle7 

and Milk, Barlq and Com geras, and Barley alone. a 

further I 

,""lYI'le.... in the rom ot roots or other green fodder 1s ~onsid.red

ssential part of the successfUl pig-rusers' tood .-ppl7. 1Il 

aDda 

-.AD. ther lesson gathered in each CO\1Dt17 vas the common 'concept that 

pigs shoUld be raised on easUy digestible tood. lAs 'ther get 

old r, roughage should be added to the diet. Shortly ~tore slaughter­

the ration s.t10uldbe made stronger to speed up ~8h1Dg and to 

a higher Q.uality ot meat. a 

The e paragraphs indicate that the tad_ental pr1ncipl~8 in the pro­

duotiont high quality bacon carcasses vere well mo.. fift,1' years ago 

although the causes and etfects were pema.ps less well tm<1erlJtood. The 

r818.rJts uggest that actually the level of bulk in the rations vas used 

to 1mproe the bacon qual1t7. 



- 5 ­

In experiaental work the Dutriti.on has been li.ll1ted by restrictiDg 

the teed supply when handteed1Di is practiced (5, 21, 47, 126), or by' 

limiting the teeding tiae when selt-reeders are used (5, 13). Crapton 

(3J) has pointed out that under practical conditions both otthese method. 

are UDsatisfactoI7, for the purpose of, producing higher grade bacon car­

casses, since aggressive animals still Wi.ll be over ted, while the more 

timid individuals will 'be too much restrioted. 

Dilution ol sell-ted, 11:1 xed rations with fibrous, indigestible materials 

has been practiced in m&n7 experim8Ilts tor the purpose ot restrictiDg the 

intue of nutrients. In experiment.. with 1li08 (8, 9, 12), rata (85), poultry 

(2<), 40, 41, 46) and swine (4, 7, il, 17, 27, 34, 56, 70, 79, SO, li5, 120), 

this practice has been successfUl in IIlOdif)'il'lg growth rates and carcass 

compositiona. 

The practice of designing an ad lib. ted ration to sustain a defined, 

intermediate level of growth, has eDhuced tlle need tor a ration unit which 

wUl denote the amount of digestible nutrients vh1ch a vo11111ta17 cons_ption 

of the ration will supply the organi_ \32). Such a UD1t must be based upon 

concentration of digestible nutrients, plus factors that will determine 

voluntary consumption of the ration e.g. bulk, palatability and rate or 

passage through the alimenta17 tract. 

The Pr1mar7 effect of increased bulk in. a ration is a decrease in the 

concentration of nutrients (9, 56) and, if the bulk replaces the different 

Ilutrients to various degrees, a change in the nutritive balance of the ration 

also oceurs (60, 99). Depending on the acceptability (29, 45, 53, 56, 68) 

and bulkiness \4, 8, 12, 102, 127) or the fibrous traction added, the an:l-.] 

will seek to adapt intake to requirement (44, 79, 112). This adaptation has 

been suggested to be governed ma1Dly by' the need for energy (58, 99), 
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probably because of the magnitude of this factor in the context ot 

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, 

3.3), increased commercial grades (10, 13, 34) and lowered dressing per­

centage (80, 120, 127). An increased consumption of dry matter because 

ot 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 difterence between energy laid down in fat and in other b~

tissues (77), maximum teed efficiency is obtained at bulk levels somewhat 

higher than those tor maximum gain (4, 5, 13). This errect is expected to 

be more noticeable in species with a higher tendency for fat deposition. 

Since swine is one or these species (13, 79, 87), and since too much fat 

is incompatible with a high carcass quality (90), the level of' bulk in 

self-ted finisher rations must be high enough to reduce the available 
deposition 

nutrients sufficiently to prohibit excessive I or fat. 

Thus, in two series of cooperative experiments by several research 

institutions across Canada, Bell et ale (10, 11) showed that the feeding 

recommendations laid down by the U.S., I.R.ef, in "Nutrient Requirements 
(ql/-) 

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

* National Research Council 
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breed under Canadian conditiona. When the level or bulk in the ration 

was increased by' substituting oats for barley, a decrease in fat deposition 

assoeiated with improved earcass quality resulted. 

Further studies are needed on physio1ogioal properties of bulks in 

order to explain dirferences in eff'eets of these (8, 77). Density ot the 

dI7 rations, crude fiber content and concentration of nutrients, vere in­

adequate as indicators of the effects on feed intake and rate of' passage. 

It is suggested that hydroph1lie properties (8, 102, 113) of the diets 

during the various stages of digestion may be important factors infiuenoing 

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 vas counteracted by' the addition of' choles~erol

to the diet. Growth promoting effects of' low levels of alfalfa in rat 

diets (11) and of alfalfa, oellulose and wheat bran in ohick diets \39, 

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

results could occur if the added bulk caused a favorable change in the 

balance of nutrients. The presenceo£' oellulose in rat diets has been 

observed to cause increased growth of B-vitamin synthesizing bacteria in 

the digestive tract (54). In another instance cellulose 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 complexity of factors at work in the effect of 

various bulks on animal response (8, 77, 102, 113) is evident trom the 

many controversial conclusions reached from apparently similar experimental 
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treataents. 

Some basic effects of inert materials in the gastrointestinal tract 

has been reported by Hoelsel (62), who personally ingested a.ounts of nOD­

nutritive material sufficient to produce a marked sense of :fUllness. This 

did not dispel strong gastric hunger-Uke contractions of the stomach. 

Evidence was presented that altho'Ogh non-nutritive materials dispel the 

desire to eat only temporarily bJ filling the stomach, a more lasting' 

effect was caused b1 the tilling of the intestines. .l stud,. of' the rate 

of passage of' food through the alimentary tract of pigs l23) shoved that 

a delq took place maiDl7 in the large intestine. 

Observations of the rate of' passage (61) of such inert materials as 

cork, cotton thread, seeds, rubber, glass beads, altllDinUlll, iron, eilver 

or gold in: rabbits, guinea pigs, dogs" eats, rats, mice, monkey-s, pigeons, 

hens or lI8l1, revealed considerable variation 411oR8' species and .....'*. 
individuals.. The lighter and the heavier materials were found to pass 

slover 'than the intenaediate. A simple mechanical explanation (71) for 

the slower passage rate of particles 8ither much lighter or JIlUCh heavier 

than the main stool ie, that particles less dense than the chyme are retarded 

in passing through intestinal loops positioned as aD. inverted "U, ft· while 

heavy particles are retarded in passing through loops positioned as a "U. II 
The laxative effect of bulks depends on chemical as vell as ph7sical 

properties (77). Addition of cellulose (84) or wheat bran (103) to the 

diets of htaans ha."> been shown to increase the rate of passage. With 

increasing levels of wheat bran in htDan diets the rate of passage tendec1 

to bcreaee while the digestibility of the fiber tended to decrease t~O).
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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 lb. pigs. The tunction of 

.Jreretion on time was a sigmoid curve with mean 5 .and 95% excretion times 

of 21 and 53 hrs. respectively.. The average retention time vas 34.2 ~,.,

There was evidence that the faster passage gave lower protein digestibility, 

but had DO effect on the digestibilitY" of dI7 matter or· crude fiber. In­

creasing amounts 0 f water in the ration tor pigs significantl,. decreased 

the retention time but had no etfect on the digestibilitY' of dry matter 

or protein, nor did it alter the moisture content of the feces. Similar 

rate ot passage was obtained for two rations of widel,. different digesti­

bilities (24). 

In 1925 Fraps (51), concluded. "It is an even chence that differences 

in the digestion bY' individual animals maY' cause variations ot about 3% 

of the productive value with corn, ldleat and a few siJDUar feeds, about 6~

in the usual run of feeds and about l~ with some low-grade teeds. a: Vhi1e 

these variations mq have been reduced somewhat,. by' improved JIl8Dag_ent and 

experimental tecbDiques since then, there 1s still evidence of wide varia­

tions in the digestibUities of tibrouefeeds, and particularly in the "crude 

fiber" and ·cellulose" fractions afthese (40, 50, 65, 66, 83, 109, no, lll, 

115, 126, 127). In view of the mode ot the maturing processes in 1'1brou8 

plants (37, 63, 67) the variation in digestibility coetricients of the d1"1' 

matter and, especially of the unspecific fractions ·crude fiber" and ·cellulose" 

withiD as well as between plant species, is not surprising. 

It has long been realised that the tractions determined as crude fiber, 

nitrogen-free extract, cellulose, hemi-cellulose, etc. are 'UDspeclt1c in 
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compositionandpbysielogieal significance fer the nutrition of man, 

animal and bird (36, 93, 105, 12,3), and that their main function 1s 

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

has been suggested that a traction W1'JIled digestible energ could be used 

aa an index of this function (11, 75, 116), especially because energy 

is simple to determine and apec1f'1c inphysio1ogieal significanoe and 

eODlpos!1iion, which again minimizes 'the variability of its digestibility 

ooefficients. As suggested by Crampton (32) the ideal teed unit would be 

the digestible nutrients turnished in the portion of teed which an 1ndiddual 

wouldeoDSWIe under otherwise simUar condltiona. As pointed out this teed 

unit will depend on the several properties which determine palat&bUit7, 

bulkiness, digestibility and nutrient balance ot a dlet. 

The extent to which pelleting attects palatability, bulkiness, 

digestlbUlV, and nutrient etrieleneyot a ration govenls the cbanle in 

Dutritional value ot the ration. Acoording to suggestions derived from a 

large number or investigations, the pri.JD.ary ertects ot peUeting can be 

s'W1UIarlzed as tollowsJ 

1. Increased teed consumption (1, 14, 20, 48, 119) due to increased. 

densit1 (6, 28, 57, 73, 95) and palatability (28, 1(0), the latter caused 

by decreased dustiness of the ration (59). 

2. Increased availabUiv of nutrients (1, 2, 14) due to inoreased 

digestibility (72), decreased termentation 10sse8 (15, 1(0) and inactivation 

of grovth 1nh1bitors (2). 

3. Decreased teed wastage (29, 59) and greater a88ura.DCeof a ba1allced 

d1et (100) since pelleting prevents sorting and refusal of ooarse and lIlore 

unpalatable particle•• 
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It has been shown that p.Ueting or rations for swine (16, 43, 59) 

poultry (1, 2, 57, 73, 95), lambs (a, 48, 91) and cattle t~, 101, 106) 

increased feed etriciency and rate or gain. This effect is suggested to 

be associated with the level of roughage and quality- of the feed. 'l'he 

higher level of roughage and the poore~ quality of teed have been found 

to give greater advantage for pelletinl (14, 25, 26, 28, 78, 92, 1(0). 

Pelleting of high q,uality, concentrated rations has beea found to give 

no advantage (14, 26, 92) or even to result in decreased intake ad rate 

of gain, but increased teed efficiency- (96). An increased feed efficleacy­

with decreased intake and rat. of gain, as alsoesperl_ced in rmainants 

by Axelson et ale (4), can probabl7 be explai.n.ed b7 enerED' differences 

in body- tissues laid down at various rates of gaiD, especially- in swine 

where fast gains produce much fat. 

The nutritional value of a given protein depends to a large extent 

on its 8I1i.llO. acid make-up (104). Tl:ds is especiaJ.l7 true in non-:nDB1Dants 

which do not possess a well-developed protein s1Dthesiziug JDicrof'lora in 

the gut (77). The recommended protein requireents for swine (94) and 

other non-rmuinants are therefore based on an assumed diversit7 of proteill 

source to assure an adeq,uate am.1no-ac~d balance in the diet. When this 

reqt1i.rement is tulfilled the digestlbi11t,. of the protein governs its 

nutritive 'Y8lue. 

The ratio of .excreted nitrogen to,.tn-geated nitrogen is the apparent 

indigestibility coefficient of protein. The recal nitrogen has been shown 

to depend on protein intake (.38, 64, 74, 121), the level of indigestible 

fiber iD the ration (74, 81, 84, 115,121), the smount of d17 matter con­

sumed (74, 107, 108) and bod,. size (121, 122). It has rurther been rO\1D.d 
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to have two sources or origin, one being indigestible diet8.17 proten, tne 
plus the microflora 

other digestive jUices, enzymes and abraided cells/or the gastrointestinal 

tract, the latter fraction termed metabolic fecal nitrogen (:31, 71). 

Since the metabolio fecal nitrogen is independent of' prote1D 1ntalce 

en, 38), the apparent protein digestib1l1ty 1s partly a fUnction of the 

protein level in a ration. In determining the true protein digestibility­

it 1s necess&r1' to mow the metabolic fecal nitrogen v8J.ue, which is then 

deducted trom the total fecal nitrogen. The metabolic fecal nitrogen has 

beep deterJUned by feeding a protein free diet (82), the fecal nitrogen 

then being entirely of' metabolic origin. It has been suggested that the 

metabolic fecal nitrogen :from a protein :tree diet is not the same as that 

from a balanced diet tlS), and that some species could not surnve long 

enough on a protein tree diet to give reliable experimental observations 

(82) • A small amount of a completely digestible protein in an otherwise 

protein tree diet has therefore been used (81, 82). As an alternative, 

an extrapolation or recal nitrogen to zero proteiD intake in an experiment 

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 1n metabolic fecal nitrogen can be 

accounted for by the variation 1n metabolic bod,. size (107, 108), dry 

matter intake (81, 107, 108) and dry matter excretion (81, 107, 122), it 

would seem most adVisable to estimate protein digest1bilit1' b1' adjustiBg 

the fecal llitrogen ror independent variables such as nitrogen intake, 11OD­

nitrogenous dry matter intake, Don-nitrogenous dry matter excretion, meta­

bolic bod,. SiS8, etc., in a multiple regression. 
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EXPERIMENrAL PROOEDTJRE 

Parpose and De.sign 

In this study the effect or ··p1ane ot nutrition upon •performance and 

carcass quality or. swine and mice were observed. Mice •were included to 

elucida.te the recurring question as to whether they can serve as pilot 

animals f'orswine innutrltionalinve$tlgatlons. 

Similar rations were ted to the 'two species and identical experimental 

designs vrere used, except that only me-lemice were used, whereas sex dif­

rarences in swine were investigated. 

Three planes of nutrition (table 1) were tested by means of graded 

levels ·0£ fiber in the rations. Five sources of riber were included. 

Ea.ch ration was red either as a meal or as pellets, to observe the effect 

or pelleting. A.3 x5x 2 x 2 factor1al design was used, the last factor 

being the sexes (swine only). 

A second experiment with mice wa$ conducted to verify the.digestibility 

coefficients of the bu.lksderived from trial 1, since it was felt that they 

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

Table 1.- Experimental Designs. 

Source of 62% TDN 65%·TDN 68% TDN 
Fiber (Bulk) Sex Meal Pellet Meal Pellet Meal Pellet 

(1) 
Oat hulls M. la Ib 6a 6b 11a lib 

F. 
Alfalfa M. 2a 2b 7& 7b 12a 12b 

F. 
Wheat bran M. .3a .3b Sa 8b l.3a 1,3b 

F. 
Cellulose M. 4a 4b 9a 9b l4a 14b 

F. 
Corn cobs M. 5a 5b lOa lOb 1Sa ISb 

F. 
(1) Ration number. 



-14­

Table 2.-The Ration IngredientaandTheir Composition.

Dry Grude Gross 
Ingredient matter TDN protein energy Calcium Phosphorus

(1) (2) (1) (2) (2) 

% Cal./gm. % ~

Wheat 92.5 70 15.2(1) 4.51 0.05 0.37 

Barley 93.0 70 13.1(1) 4.46 0.09 0.47 

Soyoe..·,,> oil meal 94.0 77 44.1(1) 4.85 0.25 0.60 

Meat meal 94.9 77 47.5(1) 3.99 8.00 4.00 

Oat hulls 94.9 27 3.0(2) 4.40 

A1te.J.fa meal 94.4 45 17.0(2) 4.49 1.20 0.20 

Wheat bran 57 16.0(2) 4.66 0.10 

Cellulose 96.4 o o 4.16 -
Corn cobs 96.8 o o 4.4.3 

Casein 92.8 87 81.8 

Caloium oarbonate 38.50(3) 

Diealoium phosphate 2.3.50(.3) 18.70(3) 

(1) Determined in the laboratory. 

(2) Data obtained trom reoognized foodstuffs tables. 

(3) Manufaoturer's analyses. 

(4) ~tin phosphorus not inoluded (77). 
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Rations 

The basal rations were made up trom equal parts ot wheat and bar1e)? 

as the major digestibleenergy source, 'and equal parts ot soybeall..oil 

meal and meat meal as the major protein source. On the basis ot the 

composition ot. the i.ngredients given in table 2, the rations were cal­

culatedto comply with the requirements tor total digestible nutrients 

(TDN) and protein by solving the equations: 

it x xl + (T' x Y) + (1 x Z) =per cent TDN in the ration; 
100 

(p x X) + (p x y) + (p xZ) .. 
100 ::: per cent. protein in the ration; 

x+y+z 
100' • =1.00; 

where: 

T = percent TDN in component. 

P =per oent protein in component. 

x =per cent of "bulk" in the ration. 

Y =per oent ot wheat and barley in the ra.tion. 

Z = per cent of soy-,r" oil meal plus meat meal in the ration. 

Vitamins < A and Dwere added in $ynthetie form (*). Since the carrier 

in this8upplement was S~A oil meal it wa~ substituted for equal amounts 

ot this ingredient in the basal ration. A 50% safety margin above the reeom­

mended level (94) for swine was supplied, namely 150 I.tI. ot vitamin D and 

1500 r.tr. ot A per pound ottead. 

The calcia and phosphorus contents at the rations were adjusted to 

150% of the .requirements' (94) by adding calculated amounts or calcil1ll1 

(*}Vita.m.in A and D. supplement . :.8UpPU8d',> by N. D. Hogg Ltd., Toronto, Ont. 
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carboDate and dicalei11ll phosphate. ODe half per cent iodized salt was 

added to all rationa. Fourteen per cent protein was provided 1. the 

rations tor awine, this level vas Incr$aaed by adding 2% callein to the 

diets tor mice. Table 1 in appendix contaiDs detailed composition ot all 

rations. 

8w11l8 Experiment 

ExperiJaental aniaals I Parebred I arkshires ot the UBiveratty lara 

herd wre u.aed. Sixty gilts and aUt,. barrows were randomly allot.d 

to the thirty ratiou, two replicatea to .each sex. They were sta.ned 

0.11 tbe test as the,. reached 100 t ; poUDda 11ve weight dtlr1ng the late 

spring and SUJUler ot 1958. 

Exper1llental tacilitiesl The trial was carried out in the experi­

aen'bal piggery which provides sueD. tacilities as intividual aelf-teeding, 

autOllatlc watering and cleaDing systems, torced air 'Ventilation and 

heating, raised sleeping platforms, and weighing equipnent for feeders 

and animals. The rations tor the pigs were made up in 1000 potIJld. batCDeS 

in the tarm elevator. PrellllJlliDs of' the protein, m!ll8ral and vitamiD 

concentrates were prepared in a naller miDr prior to the tinal 'blendiDl 

ot all the components. It was estillateci that 60 tOllS of t.ed was needed 

ter the experiment. The half' of' this 1IaS made into ,3/16 inch pellets at 

the F.derated Cooperatives Ltd. (*) Feed Plant at Saska.tooD, and the entire 

requirement prepared prior to the begilming ot the trial. The other halt, 

which was ted as a meal, was Bl1.xed in 500 poUDd. lots as needed during 

the experiment. 

(*) FellatiDg ot the rations bT the Federated Cooperatives Ltd., Saskatoon, 
and slaughtering ot the 'barrows by the Eapift Meat Co. Ltd., Saskatoon, 
is acknowledged. 
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Feeding praotioes I The feeding.oan be classified·as partly restricted 

self-feeding (13). The pigs were allowed to eat for one hour twice daily 

(7,- 9 a.m. and 4 - 5 p.m.), during W;hich timesthey were confined to 

individual feeding stalls without access to water. Asa ru1.e, less than 

an hour was required to satisfy the a'ppetite. A limited amount of wastage 

was noted mainly in the unpelleted high fiber rations. However, any 

wastage was returned to the feeders or deduoted from the feed supplied, 

giving feed reoords without loss. The pigs appeared to oonsume small 

amounts of the wheat straw used for bedding. 

Experimental observations and sampling teohniques: Body weights and 

feed consumptions were recorded at 14. d$.Y intervals. At 200 :!: 5 potl..'lds 

live weight the pigs were taken off test. The back fat thiokness was 

measured on the live animals by means: of the leanmeter as in a previous 

study in this deJ:El.rtment on measurement of carcass quality (125). The 

barrows were slaughtered at the Empire Meat Co. Ltd., Saskatoon. Their 

carcasses were scored acoording to the;Advanced mgistry {AR)specifications 

(90) by officers of the Production and Marketing Branch of the Canada Depart­

ment of Agriculture. The detailed mea.surements are presented in the appendiX 

table 2. 

The digestibility and rate of passage of the diets were determined for 

all the animals by the chromic oxide indicator technique. One per cent 

chromic oxide (Gr203) was.added to the pre-mix for a 500 pound batch of 

each ration. Half of each batch waS pelleted.Baob. pig was fed its 

chromic oxide-containing ration for 7 consecutive days. The number of 

hours betyeen the first feeding of chromic oxide and its appearance in 

the feces was recorded as rate of pas~age. ItGre.b samples!' at the feces 
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were obtained at·g a.m_, 1 p.m. and 5 p.m. during the three last days. 

As a preservative, 50 Ill. of 4%bori¢ acid· and 1 ml. o!·toluen.,·'W&sused, 

for a day's colleotion. At the end of the sampling, all the feces from 

any one pi.g were combined, mixed tdtlrlwater, and homogenized in a five 

quart, high speed, Waringblendor. A part of the homogenate was poured 

into a dozen. of t ounce-portion pape:r-eups. In this condition the samples 

were frozen and kept until the time of analyses in the laboratory. The 

rations were sampled from the individual feeders, ·bulking identical diets. 

Analyses were carried out on the feed and feces samples for gross 

energy by the oxygen bomb calorimeter; nitrogen by the micro Kjeldahl 

technique (*); and chromic oxide by the perchloric aeid Ilethod (appendix). 

Mouse Trial 1 

Animals originating from the Carworth Farms No. 1 strain, which have 

been bred in this department for nearly eight years, were used in the 

experiment. Weanling male mice weighing between 8 and 9 grams and less 

than 21 d~~s of age, were randomly allotted to four replicates of the 

thirty rations shoynintable I and appendix table 1 and to individual 

cages of a battery in the thermostatically controlled laboratory. Feed 

and water were allowed.ad lib. The trial lasted for 14 days during which 

time individual feed intakes and body gains were reoorded. For the purpose 

of digestibility detenninations the trecal production during the last 10 

days was collected and its dry weight recorded. 

At the end of the experimen~the body composition of the mice was 

determined. After removal of food residue from the intestinal traots the 

(*) A stearn distillation suitable for micro Kjeldahl analysis. R. Markham. 
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 re.tions 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 meat chopper 

and dried in vacuum at 750 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 Trial 2 

Since the digestibility coefficients of the bulks obtained in trial 

1 deviated ....rkedl" 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 1 except 

that the ~ilk increments were added to basals of uniform composition, in 

an effort to reduce the effect of ~ar~o.UScbasals 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 table 1). The levels of bulk 

added were similar to those in trial 1 but rou...nded. In addition to 

these 15 rations, rations corresponding to the basals of nos. 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 rationa ""wa.s fed in three repli­

oations. Pelleting was omitted. 
~~\VERS/ry------w

LIBRARY~ATCHE't<~~ • 
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For the ~trpose of determining rate of passage, the ueight and 

per cent dry matter of the residue in the alimentary tract· were obtained 

at termination of the experiment. Carcass analyses were not carried out. 

In all other respects the procedure was similar to tha.t followed in trial 1. 
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RESULTS AND DISCUSSION 

Swine Trial 

Level of total digestible nutrients (TDN) in the rationsl In 

formulating the rations the TDN unit 'Was used because of its dominance 

in feeding stuffs tables and in recommendations for nutrients allowances. 

For comparative purposes theectual TDN in the rations listed in table 3, 

was calculated from gross energy content and its digestibility as deter­

mined qy the chromic oxide technique. A conversion factor of 4.4 digestible 

Calories Per gm. of TDN, as suggested by Crampton (31), was used. 

The feeding of several levels of each bluk facilitated the calculation 

of separate TDN contents of the bulks and basals (table 4). For this 

purpose, a slight modification of nCarber,y1s Method of Determining Digesti­

bility" as described by Crampton (31) was used (appendix). 

For each type of bulk the regression (Y =a + hI) of fecal Calories (Y) 

on gross Calories ingested per 100 Calories in basal (X) was calculated. 

In this relationship 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 - (lOOb)(appendix). 

Since each vallle 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 ration is: 

100 - (lOOb + 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 (Fer Gent). 

Bull: type Bulk level Mean 
High Medium LowHigh Medium Low 

Meal Pellet Meal Pellet Meal Pellet 

Oat hulls 56.6 6,3.6 58.6 67.1 65.5 ' 72.6 

A.1falf'a 61.1 65.6 62.1 72.1 6,3.1 72.6 

Wheat bran 58.1 64.6 60.1 65.1 71.1 69.6 

Oe1lulose 64.1 69.1 60.6 71.6 69.6 72.1 

Oorn cobs 58.6 71.1 65.6 70.1 71.1 76.6 

D(bnlk type) (P(0.05) a5.5 

D(bulk level) (P-<O.OS) :5.0 

D(meal vs.pel1et) (p"o.OS) :4.0 

(1) 4.4 digestible Calories = 1 gmt of' Total Digestible ~hltrients.

D =difference necessary for significance at P<O.05 (114). 
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Table 4.- Total Digestible Nutrients Calou~ated Separately for Bulka and Basala 
in the Swine Rations. 

~nlficance of
(1) Oorrelation %TDN -neviation 

Type of bulk ooeffioients (2) in (3) in from 
(ryx) bulk basal linearity 

at P: 

Oat hulls 0.91 20 .t 17 70 :t 5 <0.0; 

Alfalfa 0.91 51 ± 10 70 ± 3 >0.2; 

Wheat bran 0.97 57 ± 6 73 ! 6 < 0.10 I 

Cellulose 0 ••77 14 ± JO 73 :!: .3 < 0.10 
~
U> 

Corn cobs 0.78 -2 ± 37 75 ± 4 < 0.01 

(1) y =Gal. excreted/lOO Gal. in basal ration ingested. 
x =.Gal. ingested/IOO Oal. in basal ingested. 

(2) (100 - 100b) x Cal./gm. = %TDN. 
4.4 

(3) (100 - (lOOb + a» x Gal./gm. 
4.4 . = %TDN. 
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From table 3 it is particularly noticeable that pelleting increased 

the TDNlevels significantly (P('O.05) in all rations except the low levels 

ot wheat bran and cellulose. Theoretically this increase could be due to 

chemical changes brought about qy heat, pressure, moisture, or combinations 

or these in the p3l1eting process. (1, 2, 14, IS, 72, 100). 

It is also obvious that most of the rations tailed to com~ with 

the desiredTDN levels ot62,65 and 68 per cent respectively in the high, 

medium and low bulk rations as set out in table 1. Furthermore the vari­

ab~lity within bulk levels was too great to allow a distinction between 

the medium end either of the outside levels. However, vhen the .eff'ect 

of pelleting is neglected, for comparative purposes (table 3, columns 

7-9), it is apparent 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 betvreen the bulk and basal, as indicated 

~ a deviation from linearity of the function of Y on X (table 4)tapPendix 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 percent t,oo high. 

The test for linearity suggests that the associative effect between alfalfa 

and basal is smaller than for the other four types ot bulk used (appendix). 

In the wheat bran rations thedi.sagreement "\-lith the design (tables I and 3) 

appears to be due mainly to associative effect, since the TDN levels or 

bulk.and basal (table 4) agree fairly well with the proposedva.luesin 

table 2, and since the function of Y on X deviates from linearity (P~O.lO)

(table 4). 
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The cellulose rations disagree with the design (tables I 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<O.lO (table 4). Also the eorn cob rations deviated 

from the designs (tables 1 and 3) mainly because of associative ettecta 

between bulk and basal as evidenced by a deviation trom linearity ot the 

regression of Y on X, which is significant at pc:::: 0.01 (table 4). 

The 95 per cent confidence intervals on the TDN in the bulks (table 4) 

indicate a great variability between individual animal's abilities to 

digest fibrous material. However, it is easential to bear in mind that 

the magnitude of influence of associative ettects and experimental errors 

i8 inversely proportional to the fraction of the ration constituted by 

the compound or mixture, for which the TD! is determined in simultaneous 

feeding, (appendix I). 

, Since in most rations the bulk is a minor part, the majoritl of the 

variability in TDN content could be due to experimental errors and/or 

associative eftects 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 experimental error or associative etfect 'ausing a 1 per cent 

change in the TDN ot the basal ration would change the apparent TDlf in the 

corn cobs by 92/8 =11.5%. 

The 95 per cent confidence interv!'.ls on the TDN in the basal rations 

indicate that in spite of some variability in composition (appendix table 1), 

only the corn-cob-basals deviated significantly from oat hull and altalta­

basals. This deviation could be due to a relatively large associative efrect 

as indicated by the deviation trom linearity of I on X (p< 0.01) (table 4). 
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Digestible crude protein (DCP) in the rations for swine: The 

designed 14 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 deviations 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 

alfalfa and 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 oop values signi­

ficantly lower than the medium level of any of the other bulks, while 

the low alfalfa caused protein digestibilities lOlTer (p <0.05) than the 

corresponding levels of wheat bran, cellulose and corn cobs. 

It has been shown that the apparent digestibility afcrude protein 

is affected, through metabolic fecal nitrogen, qy such factors as protein 

intake (38, 64, 74, l21), 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). A multiple 

regression, 

Y =0.083 + O.29U1 + 0.067X - 0.002X - 0.03lX
3 4 2 

where Y = pounds of nitrogen x 6.25 excreted deily, 

Xl = pounds of nitrogen x 6.25 intake daily, 

X2 =pounds of nonprotein dry matter intake daily, 

13 =pounds of nonprotein dry matter excreted daily, 

and X4 = physiological body weight (lbs.O•75), 
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Table 5.- Protein in the Swine Rations.

Bulk Crude Protein Apparent digestible 
protein digestibility n , crude protein 

Ty~ Level apparent adjustecI lt in feed in energy intake 

% % gm./lb. gm./dig. 
Therm 

gm./dB:f 

Oat hulls High 15.2 79.0 84.2 54.2 45.2 278 
Medium 14.7 77.5 75.7 51.8 41.6 232 
Low 15.6 76.7 80.9 54.1 39.4 269 

Alfalfa High 15.5 69.4 66.4 48.8 38.6 211 
Medium 15.3 70.0 65.7 49.1 36.8 219 
Low 15.5 73.7 72.0 51.7 38.1 249 

Wheat bran High 15.5 73.2 69.6 51.5 42.2 222 
Medium 14.6 74.7 71.7 47.6 .38.2 211 
Low 16.3 79.3 82.4 56.0 41.6 285 

Cellulose High 15.5 78.9 80•.3 55.4 41.7 264 
Medium 15.1 77.2 78•.3 52.8 40.0 241 
Low 14.6 79.2 76.6 52.5 .37.1 254 

Corn cobs High 15.6 80.6 8.3.1 57.1 44.4 286 
l.fedium 15.3 79.·5 82.0 54.9 40.; 275 
Low 14.1 79.7 81.4 50.8 34.• 5 252 

D(p~0.05) 4.6 2•.3 3.2 1.7 .34 
D(P< 0.05) 3.9 1.5 2.7 1.5 29 

Meal 74.8 74.6 51.4 41.0 241 
Pellet 78.5 78.7 54.0 39.0 258 

D(~0.05) 1.2 1.0 0.8 0.5 9 

(1) See appendix II. 
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was used in adjustiDgthe nitrogen x 6.25 excreted tor the four independ­

ent variables. The adjusted values were used in calculating the proteiD. 

digestibility (table 5, column 5). 

In the above regression the coefficients of Xl' 13 and X4 were 

significant at P <c).Ol, while ~ was signiticant at P< 0.05. Of th.e 

total variabllitr1n the fecal proteiD (nitrogen x 6.25) 32.8 per cent 

vas accounted for by the four independent Yariables. The variabilitY' 

in protein intake accounted for 64.3 per cent of this, TariabUitY' in 

nonprotein dry matter excretion accounted for 28.6 per cent, physiological 

bod)" weight for 5 per cent and nonprotein dry matter intake tor 2.9 per 

cent. 

The adjusted protein digestibllities (APB) (table 5) feature larger 

and more significant differences than the apparent ""&lues, indicating 

that some important causes of variabUity were not considered in the 

multiple regression. 

The significantly lower APD in the high and medium alfalfa and wheat 

bran rations (table 5) than in the corresponding cellulose and corn cob 

rations suggest that protein source is one ot the oDdtted factors. The 

same is indicated by' the inverse relationship between APD and levels of 

alfalfa and wheat bran, and the increase in .APD from medi_ to lovoat 

hull level. In other words in oat hulls, alfalfa and wheat braa 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 APB aad levels of cellulose and corn 

c~bs (table 5) could perhaps be explained by a simple dilution effect, i.e. 
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the greater bulk level could theoretically inorease 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 teed, 

per digestible Them and consumed per day, are shown in table 5, columns 

6-8. The accuracy of' these values is atfected to some degree by the 

apparent protein digestibility and differences in the crude protein con­

tent of the rations. In the case of the alfalfa and wheat bran rations 

the inoreasing bulk levels significantly (P<0.05) decreased the digestible 

crude protein level in the rations. This trend, however, is reversed 

betveen the medium and low wheat bran rations, apparently due to a lover 

crude protein content in the medium rations. In the cellulose and corn 

cob rationa the higher bulk levels show significantl.1 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 vith bulk level. This increase (table 5, column 7) 

vas signifioant (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 inoreased sufficiently at the low bulk levels to 

change the sequence and reverse it in the ease· 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 ot the absorbed nutrients as protein. 

The daily intake ot apparent digestible crude protein (table 5, 

column 8) depends on teed intake, pro~in level and digestibility. 
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Peculiar variation and significant dirferences in these values can be 

explainedby' above criteria. Thus, the lover \P<O.(5) intake in the 

medilD--than in the lov--oat hull rations, is caused aainl7 b1 the lower 

crude protein level, while the difference (p< a.05) between the medi_ 

and the high in addition i8 due to the difference in apparent digest­

ibilitY' (table 5) and an increasing teed intake with increasing bulk 

level (ta'Dle 7). The significantly greater digest!hle protein intake 

in the low altalfa aad wheat bran rations coincides with a significant!,. 

greater apparent protein digestibilitY' {table 5, colUIID 4} and a decreasing 

feed cODSUIlptlon with increasing bulk level (table 7). In the corn cob 

rations, where the high level caused a greater (p< 0.(5) intake of digest­

i'ble protein than the low level, this was associated with a higher crude 

protein level in the rations, and a higher apparent digestibilit7 of' the 

proteiD, althougn not significant. In addition, increasing bulk level was 

associated with increasing teed intake (table 7). 

The effect of pelleting was a significant increase in apparent prot.iIl 

digestibilit7 (table 5). This caused a greater (P< 0.(5) digestible crude 

protein level in the rations. A significant decrease in the ratio of 

digestible protein and digestible energy indicates that the digestibilitY' 

ot other components in addition. to protein. was increased by' peUetiDg. 

~1nee pelleting did not increase reed intake slgn1t1cantl,. (table 9), the 

increase (P<O.05) in digestible crude protein intake appears to be due to 

the increased digestibility of protein (table 5). 

No difference. existed between sexes in 8D7 or the above discussed 

eriteria (appendix tables 4, 7, 8 and ll). 
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Anima.l response as a ration unit: In most nutritional experiments in 

livestock production, the ration response is measured qy 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 consumer 

preference in quality. 

The amounts of lean and fat are most accurately determined qy complete 

carcass analyses, but this is impractical in the bacon carcass, 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 commercial 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 they originated 

in the high bulk rations oftha two more bulky mixtures of alfalfa and wheat 

bran. The Bl grades due to underweight were distributed evenly e.mong the 

three ~ilk 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 10\-1 bulk rations. The highest percentage of grade A 

carcasses were 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 appeared 

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

Total Grade 
Treatment observations B1(1) A Bl(2) B2(3) 

Level of buLl<: 
High 
Medium 
Low 

20 
20 
20 5 

13 
16 
12 

4 
4 
3 

3 

Type of bulk 
Oat hulls 
Alfalfa 
~'heat bran 
Cellulose 
Corn cobs 

12 
12 
12 
12 
12 

1 
1 

2 
1 

10 
7 
5 
g 

11 

1 
3 
5 
2 

1 
2 

Physical condition 
Meal 
Pellet 

30 
30 

4 
1 

18 
23 

6 
5 

2 
1 

Total 60 5 41 11 3 

Dressing percentage: 73.6 72.8 70.2 68.0 
, D(0.05) =0.7 

(1) Overfinished and/or too much shoulder fat. 
(2) Carcass wt. below 140 lbs. (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 fau1.tycarcass weight, the variability in ca.rcass l-reights (Y) and 

its causes were studied. The first independent varia.ble to consider was 

naturally the shipping weight (Xr). The dressing peroentage, which is 

the ratio of chilled ca.rcass weight and shipping weight, accoun1B for the 

remaining variability. It was therefore desirable to examine factors 

affecting the dressing percentage. As it has been suggested that bulk;y 

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

decreased dre'ssing percentage (ll, 17, 27), the bulkiness of the 
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rations interma of daily intake of digestible Therms (12) was used as 

the second independent variable, giving the regression: 

Y =0.79Xl + 2.5012 - 30.64. 

The standard deviation oty and the errors of estimate from Xl and ~

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 (~), 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 

~ou1d produce a high percentage of grade A carcasses b,fadjusting the 

shipping weight accordingly. However, this may not apply generally under 

!!4 lib. feeding, since in this experiment the pigs ~~re restricted to feed 

for two hours per day during which time they had no access to water. .lind, 

both of these limitations have been shown to reduoe the feed consumption 

(13,49), which again would affect the degree of finish, fatness and COlll­

mercial grading. An estimate of the degree of restriction imposed by 

the feeding technique used, was obtained by comparing the maturity or 

the pigs in the experiment to. the pigs simultaneously fed in the 

piggery, but not on test. The latter group consisted of twent,y-eight 

barrows and sixty-one gilts, which were considered as one group, since 

the difference between sexes was not significant (p< 0.05) • The experi­
(p O.Os) 

mental pigs finished an. average of ten days' slower! than the non-experi­

mental onesdespite .the experimental re.tions containing an average ot 

66.3% TDN, while the commercial finishing ration was estimated to contain 

64.9'J, TDN. 
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The main dressing percentages of the four groupings of commercial 

grades in table 6 are all significantly different (Po< 0.05) • It is 

typical that the dressing percentages 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 tdthin 

levels of bulk (table 3), it was found convenient to compare bulk types 

by means of regressions of the various observations on per cent of bulk 

in the ration. In table 7 the erfec1» of bulk type on feed intake, 

digestible energy (DE) in the ration, and digestible energy intake 

(DEI) a:re recorded. 

In the "per cent bulk-digestible Galories 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 intakes reduced the signi­

ficance of the regressions in the case of the oat hull, cellulose and 

corn cob rations, but did not change 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 (table 1, appendix). 

The changes in daily feed intake with increasing bulk level are shown 

in table 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 oat hull and corn cob 

rations were consumed in greater amou~t as the level of bulk increased, 

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



Type of bulk 

Oat hulls 

Alfalfa 

~fueat bran 

Oellulose 

Corn cobs 

D(P<O.05) 

Table 7.- The Effect of Bulk Type on Feed Intake, Digestible Energy Intake 
and Digestible Energy Content on the Rations for Swine. 

~eed intake Digestible Calories Digestible Calories 
Mean % 
btJ~k

-:. (lbs ./dav) 
Mean I Change for each % 

per pound of feed 
Mean Change for each % 

oonsumed per d~
Mean Change for eaoh % 

increase in bulk increase in bulk increase in bulk 

I 12.7 I 4.86 I +0.05 ± 0.016 1276 -11.7** 6200 -43.2 

I 20.3 I 4.;2 I -0.08 :t 0.008 1320 -·.4.7** 6000 -43.5** 

I 38.6 I 4.55 I -0.06 : 0.005 129.3 - 4.6** I 5910 -.36•.3** , 
I 7.8 I 4.73 I -0.04 ± 0.038 1355 - 9.7** 6400 -56.3 

v.> 
V'l 

7.8 5.00 +0.03 ;!: 0.029 1375 -20.0** 6860 -92.4* 

0.32 47 . 329 

* Significant at P~0.05.
** Significant at P< 0.01. 
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nutrients in the rations. The effect of these buUL~s would probably change 

to negative values'!,fikrpr'a1Jlounts'or"the' bUllt'wr8',\used. 

Apparently the higher levels of alfalfa and oran, 'and of the more 

voluminous cellulose exceeded the animalstcapacity and/or desire for 

feed intake and thus brought about a decrease in addition to the declining 

DE level in the ration. Thus, l>rhile 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 palatability 

and bulkiness of the ration. 

The significant differences bet\\'een the mean feed intakes, digestible 

Calories p3r pound of feed and DEI (table 7), may be considered as due to 

failure to fully appreciate the full implicati.ons of DEI in the design of 

the rations. However, since the TDN unit does not consider the feed intake 

or DEI, one can only estimate 't-mat the level of buLle 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. 

-
Type of bull: 

Oat hulls 

Alfalfa 

Wheat bran 

Cellulose 

Corn cobs 

62% TDN
Provided Should

have been 

% % 

20.2 16.4 

32.0 38.9 

60., 50.5 

12.3 20.8) 

12.3 15.1 

65% ,TDN
Provided Should 

have been 

% % 

12.5 11.4 

20.3 26.3 

38.8 37.7 

7.8 14.7 

7.8 12.2 
I 

68% TDN 
Provided Should 

have been 

of% If) 

,., 6.2 

8.5 13.5 

16.5 24.6 

3.3 8.5 

3.3 9.2 
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It cannot be overlooked, however, that intake of digestible energy' 

is an even better criterlon. for desired bulk percentages than DE in the 

rations. For this purpose the nature of .the relationship between 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 which 

only three levels of bulk were used. Only the regression for oat hulls de­

viates £rom linearity (P<O.05). This, however, is not satisfactory proof' 

that· the relationship between bulk level and intake for the remaining four 

types is rectilinear in the range covered, since three points on a sigmoid 

curve could fallon a straight line and thus show no deviation from linearity. 

In view of the finding by various research groups, that pelleting is 

of greater advantage in more bulki'rations, it is worth noticing that in this 

experiment pelleting. had no significant effect on feed intake (table 9), 

nor was there any significant interaction between bulk types, bulk levels 

and physical conditlon(table 9, appendix) ,which might have been expected 

because of texture differences in the bulks. 

Table 9.- The Effect of Felleting on Intake of Nutrients
in the Rations for Swine.

Bulk level 
Feed intake 
lbs.!day 

Meal Pellet 

Digestible energy intake 
Therms!day 

Meal Pellet 

High 5.6.3 6.27 

Medium 4.54 4.65 5.57 6.4.3 

Low 4.79 4.98 6.53 7.22 

DL(l) 

DP 

(1) See footnote appendix table 3. 
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The digestible 8De:ru'intake was increased signi.f1cantl1 by" pelletiDg, 

due mainlY' to increased digestibility- of the rations (tahle 9). 

Since 1t has been established that under similar condition8 'barrows 

produce a lower grade carcass than gilts, due to overtin1sh, it is ilIl­

portant to not1ce that the males had a signiticantl7 greater daU7 intake 

of' digestible energy than females ~tab1. 10, appendix). !his was due 

to greater teed intake (table 9, appendiX) rather than to increased 

digestibUitY', since the digestible energy in the rations between sexes 

vas not significantlr different (table 6, appendix). 

Perf'ormance of' swine: 'l'be slower gains produced b7 the alfalfa 

and wheat bran rations (table 10, section A) 1s a retlectlon of' lower 

dailY' intakes or digestible energy (table 7) rather than a lover digestible 

enera atriclenc1. This is 'bon8out by consideration of the gains adjusted 

tor digestible energy intake and etficiencY' ot DE utilisation as shown by 

digestible energJ per pound of gain (table 10). 
than by bran and alfalfa 

The taster gains by the oat hull rations/was due to a greater digest­

ible energ,' etficienc7 (table 10), rather than to intake or total feed 

or digestible energy (table 7). 

The data in table 10, sect10n A indicate that when palatab1l1t7 and 

bu:Ud.ness 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 or the other four bulks. 

The various bulk levela (table 10, section B) had an expected etteet 

on the rate or gaia and feed- and enero-efficienc;r; the low levels pro­

ducing significant17 (P<O.05) f'aster gains than the high and medi_ levels, 

and giving significantlY' greater teed etrieienc,. than the high levels. 
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Table 10.- Perto1'Jla1lce ot Swine (lleu Values). 

Ga1ae Gains EtficieBcy 
Treat1lent unadjustecl adjusted Feed/gaia m(2)/ga1D 

tor DEI(l) 

Oat hUlls 

Alfalfa 

Wheat bro 

Cellulose 

Corn cobs 

B. Btil.k level 

Media 

Low 

D(P<0.05) 

c. Physical condition 

Meal 

Pellet 

D(P<0.05) 

D. Sex 

Hale 

Female 

D(P<0.05) 

Ibs./dq 

1.23 

1.09 

1.05 

1.20 

1.30 

0.12 

1.13 

1.1.3 

1.25 

0.08 

1.U 

1.23 

0.05 

1.22 

1.1.3 

0.05 

108./481' 

1.24 

1.14 

1.12 

1.17 

1.18 

0.07 

1.20 

1.19 

1.14 

0.05 

1.19 

1.16 

0.0.3 

1.16 

1.19 

0.0.3 

lbs./lDS. Them.e/lbs. 

3.97 5.05 

4.2.1. 5.54 

4.43 5.69 

3.98 5.37 

3.88 5.32 

0•.31 0.41 

4.22 5.31 

4.12 5.35 

3.95 5.55 

0.20 0.2:7 

4.24 5.33 

.3.95 5.47 

0.14 0.18 

4.14 5.46 

4.06 5•.34 

0.14 0.18 

(1) Digestible _81'Q intake. 
(2) Digestible energ. 



Although a trend apparentl,. ensts, JlO significant differences 

occurred in digestible enero- eff'icienc,. ae Jleasured b1 the ratio of 

digestible energy to gaiD. HO_Ter,it is interesting to !lotice that 

the gains adjusted for digestible enerQ intake are .ignitic&lltl,. greater 

tor the high and med1\1Jl, than tor the low 'bulk levels. This controverq 

ill s1gn1ticaace of digestible energ eftiei_o,. can prohabl,. De &Ceo_ted 

tor By the error 1D.troduced in the dige.tible energ,- effieiene7 figures 

bT the 1mplied assumption that all of the digestible energ,- eonSUJled is 

used for ga1n. This implication penalises the better rations ad favors 

the poorer ones thus 'bringing the difference below significance. 

~e effects or pelletiDg -\ table 10, section C) were sigrdtieantl7 

faster gain and greater teed efriclenc)", a reflection ot the increased 

digestible eneqa level or the rations rather than from increased feed 

intake (table 9)., The error introduced in the digestible eneru- erticiene,. 

figures (table 10, section C) b7 neglectiDg to deduet tile enero- used for 

aainteIWlce appears to be great enough to reduce the d1tf'ereace bet__ 

Ileal and pellets to below significaaoe aen the meal actuall,. gave signiti­

cantl,. (P <0.05) higher digestible enerQ efrieleao,. tIwl the pellets, 

according 1;0 the gaiDs adjusteci for dig••tiDle eneru 1l1talte. 

The barrows gained sip1t1cantl7 taster than the gilts (table 10, 

sectioD D) du first.l,. to a sign1t1eantl7 greater feed intake (appendix 

table 9) 811d, second17 since there was no sex ditfer$nce in digesti'bU1t7 

ot enerU' (appendix table 6), to a sigrdf'1eantl;r greater digestible energy 

intake (appendiX table· 10). 

When the total feed and diges1ii'b.Le energJ" used tor aai.Dteaaaee ._ 

neglected in calculating the ett1cienc,. of the.. two criteria for ga1D 
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(table 10, section D) no differences existed betyeen sexes. Ho~rever,

the gains adjusted for digestible energy intake, show a significantl1 

greater digestible energy efficiency .qy 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 u..tlit of gain due to energy 

differences between fat a.nd protein. The fact that the barrows 

produced significantly (p'<0.05) thicker average back fat than the 

gilts according to ths·lea.nmeter measu.rements (appendix table 16) 

supports the concept the.t on similar rations barrows will eat more 

feed, gain faster, produce more fat and exhibit a lower feed efficiency 

than gilts. 

Carcass characteristics: The effect of bulk type on various carcass 

characteristics is shovm in table 11, section A. As pointed out e~rlier

the reliability of this comparison is lessened by the failure to design 

the rations so as to provide nearly equal intakes of digestible energy 

between types and \lithin levels of bulk (appendix table 10). 

The wheat bran rations resulted in significantly lower dressing 

percentages than the oat hull and corn cob rations (table il, section A). 

This was associated with a slower growth rate (table 10, section A), 

lower intakes .of total feeda.nd digestible energy (table 7), less average 

back fat and per cent of middle (table 11, section A). There were a.lso 

trends toward larger loin area and higherAR scores. However,these 

trends were not statistically significant and it is recognized that all 

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



Table 11.- Oarcass Characteristics of Swine (MalesOnly) (Mean Values). 

Treatment 
Dressing 

percentage Ham Middle Shldr. 
Shldr. 
fat 

Average back fat 
Grader (1) Leanmeter 

Loin 
area 

AR 
soore 

% % % ins. ins. ins. sq. ins. 

A. Bulk type 
Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 
D(P<O.05) 

73.1 
72.2 
70.5 
71.9 
73.0 
2.1 

24.9 
25.1 
24.8 
24.2 
24.7 
1.0 

48.0 
47.5 
47.8 
4.9.0 
48.2 
1.1 

27.2 
27.4 
27.4 
26.8 
27.1 
1.0 

1.74 
1.73 
1.63 
1.74 
1.71 
0.14 

1•.3.3 
1.31 
1.22 
1.36 
1.34 
0.11 

1.15 
1.20 
1.08 
1.21 
1.21 
0.09 

3.87 
3.9.3 
4.07 
3.85 
3.70 
0.53 

87.8 
89.6 
88.8 
84.2 
85.3 
6.5 t; 

I 

B. Bulk level 
High 
Medium 
Low 
D(P<0.05) 

71.4 
72.1 
73.0 
1.4 

25.0 
24.6 
24.6 
0.7 

47.7 
48.1 
48.6 
0.7 

27.4 
27.3 
26.8 
0.6 

1.65 
1.70 
1.78 
0.09 

1.26 
1.29 
1.39 
0.0? 

1.11 
1.17 
1.2.3 
0.06 

3.93 
4.03 
3.69 
0.35 

90.1 
88.8 
82.4 
4•.3 

G. PhYsical.condition. 
Meal 
Pellet 
D(P<0.05) 

72.2 
72.1 
1.0 

24.8 
24.7 
0.5 

47.9 
48•.3 

0.5 

27•.3 
27.1 
0.4 

1.72 
1.70 
0.06 

1.31 
1•.32 
0.0; 

1.19 
1.15 
0.04 

3.91 
.3.86 
0.24 

86.8 
87.4 
2.9 

(1) As meas\U'$d by the official meat grader. 
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With regard to feed intake, digestible energy intake (table 7), 

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 ~ the two types of rations, only the percentage of' 

middles, the loin area and the !R scores were of similar trends, while 

the average back fat, acoording to theleanmeter, was significantly 

thicker for the alfalfa rations than for the wheat bran rations (table 11, 

section A). 
etfects 

The oat hull, cellulose and corn cob rations did not produoe/signi­
one another 

ficantly (P<O.05) dif'ferenttr•.;,;j" in any of the measured caroass 

characteristics (~able 11, section A). 

The failure to design the rations so as to provide nearly equal DEI's 

between t~ypes end within levels of bulk (appendix table 10) tends to 

reduoe the differences in carcass characteristics on an average basis 

between the three bulk levels (table 11, seotion B). In spite of this, 

the high bulk: levels resulted in general oarcass improvement as shown by 

significantly (~O.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 effects 

were associated with lower (P<O.05) digestible energy intakes (appendix 

table 10), slower gains and higher'feedand digestible energy efficiency, 

probably due to decreased relative body fat production, (table 10, section 

B). These re sults 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 charaeteristi.cs of the swine differ significantly from that 

of the high level (ta.bles 10 and il, section B). Thisean perhaps partly 

be explained qy the fact that the high bulk rations were consumed in 

relatively greater volumes than the medium ones (appendix table 9) in 

a progressing effort to compensate for the lO't~r digestible energy 

levels, to the extent that no significant differences existed in the 

digestible energy intakes of the two sets of rations (appendix table 10). 

However, it is indicated that the medium bull: rations gave an intermediate 

effect by the faotthat they were all intermediate in position except ~or

the loin area (tableslOand-ll, section B) e.nd only in two oases did they 

deviate signifioantly from the low bulk rations, namely in the average 

back fat and the AR score (table 11, section B). 

Although pelleting 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 gain (table 10, section C), it showed no significant 

effects on the caroass measurements (table 11, section 0), exoept on 

the average back fat by. the leanmeter, where a significant (p<'O.O,) 

decrease resulted from pelleting. Since this is the only indication of 

an effect of pelletingon carcass quality, there could perhaps be reason 

t.o regard it as the one theoretical instance in twenty where the resut 

is due to chance. This suggestion is alsosnpported by the above finding 

that pelletingincreased DEI and rate of gain, two effects· which generally 

are found to be associated with an inorease in bac~ fat. 

Since the gilts were not graded at the packing plant, the back fat 

measurements. qy the leanmeter is the only carcass criterionavailable for 
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oomparing the sexes. As could be expeoted from greater· feed intakes 

and faster gains by the barrows, they also produoed thicker (P<O.OS) 

average back fat than the gilts (appendix table 16). 

Since the formulation of the rations in regard to equa.l TDN levels 

f.mOftl> types and within levels of bull: (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 quallty by tYFeS and levels of bulk on 

the basis of equal digestible energy intakes (DEI). The reason for 

using this criterion rather than TDN was 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 

. lnthe Same operation. 

The simple correlation and regression coefficients of the various 

carcass characteristics on DEI are shown in table 12. These were used 

to adju.stthe observed means in table II giving rise to the adjusted 

means in table 12. Although the correlations, except for shoulder fat, 

were significant (p <:0•OS), the adjusted carcass 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" ve.lues sufficiently to reveal some int.eresting dif­

ferences (P<O.OS). 

~fuen the effeots of varying DEI were removed, the celltuose rations 

produced carcasses with less ham and more middle (p<o.oS) than the other 

bulk types (table 12). Under the same conditions the wheat bran rations 

produced less' (P<O.OS) shoulder fe.t and average back fat than the other 



Table 12.- Caroass Characteristios of Swine Adjusted for DEI (Mean Va.1ues). 

Treatment DEI Ham Middle Shldr. 
Shldr. 
fat 

Average back fat 
Grader Leanmeter 

Loin 
area 

oAR 
soore 

Theme/day % % % ins. ins. ins. sq. ins. 

Bu1.k type 
Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 
D(P< 0.0;) 

6.40 
6.25 
6.29 
6.79 
7.17 
0.54 

24.9 
25.0 
24.7 
24.2 
24.8 
0.5 

48.1 
47.6 
47.9 
48.9 
47.9 
0.7 

27.2 
27.3 
27.3 
26.9 
27.3 
0.5 

1.74 
1.74 
1.64 
1.74 
1.70 
0.07 

1.34 
1.,32 
1.23 
1.35 
1.32 
0.06 

1.16 
1.21 
1.09 
1.20 
1.19 
0.05 

.3.84 
3.88 
4.04 
.3.88 
3.79 
0.22 

87.3 
88.7 
88.0 

. 84.7 
86.8 

.3.3 
• 

I 

~

Bulk level 
High 
Medium 
Low 
D(P <0.05) 

6.25 
6.17 
7.31 
0.46 

24.9 . 
24.5 
24.7 
0.4 

47.8 
4S.2 
48.3 
0.6 

27.3 
27.2 
27.0 
0.4 

1.66 
1.71 
1.76 
0.06 

1.27 
1.31 
1.33 
0.05 

1.12 
1.18 
1.20 
0.04 

3.88 
.3.97 
.311180 
0.19 

89.2 
87.7 
84.3 
2.8 

I 

CO.rT$~~ion(r~)
Regression(b ..-) 
Reduction. inYx 

variability due to DEI(%) 

-0.22* 
-0.20(1) 

1.6 

0.33** 
0~4;(1)

5.0 

-0.28* 
-0.26* 

3.2 

0.16 
0.02 

0.4 

0.36** 
0.04 

6.0 

0.19* 
0.04 

0.9 

-0.3.3** 
-0.15* 

4.8 

-0.39** 
-2.61** 

7.2 

(1) = signifioanoe a.t P< 0.10. 
* =P< 0.05. 

** = P< 0.01. 
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four bulk types, and larger (P~0.05) loin area than the corn cob rations. 

In addition the wheat bran and alfalf'a·rations result~d in higher (P,<O.05) 

AR saoresthan did the oellulose rations. 

Some of these differences could possibly be due to different DE 

efficieney as affected by the ratio of energy utilized for maintenance 

a.nd gain. It could be exp:;cted t:b..a.t at the lower DEI in •the alfalfa 

and wheat bran rations (table 12) a larger fraction of the DE is used 

for maintenance than at the higher DEI·in cellulose and corncob rations, 

mainly because at the lower DEI the growth was slower {table 10, column 2) 

and· therefore. the test period longer. An·a.djustment of the DEI values 

for maintenance energy would probably reveal uhether other factors than 

the suggested ones were contributing to the differences shown. 

The differences (p< 0.05):amqng the effectso! bulk levels (table 

12), remaining after the adjustment for variability in DEI, can possibly 

be eXplained similarly to those between bulk types discussed above. In 

this case, the thinner· (Po<: 0.05) shoulder fat and average back fat, and 

the higher (po<; 0.05) .AR SClores produced by the high bulk ratlons,as 

compared to the lowbulkra-tions, .. woUld be due to lower energy efficiency 

for. gain, because a larger fraction ot th~ DE was used for maintenance. 

The correlatlon coefficients (table 12) show that as the DEI waS 

increased the.percentage·ofham and shoulder, the loin area and the AR 

score' decreased (~0.05), while the percentage of middles and thickness 

of: back fat increased (p< 0.05). The magnitude of these efrects is 

expressed.inthe regression coefficients (table 12). It ls realized 

that these values are means.fortherange 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 percent protein with al:l 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: oat hullS, alfalfa 

meal, wheat bran, .cellu~ose and corn cob$, were fed asa meal and as 

pellets to sixty male and sixty female pigs in a 5 x 3x 2 x 2 factorial 

experiment. 

The pigs were on test from 100 to 200 pounds of body weight, during 

which time records were kept of feed consumption and weight gain. Ohromium 

oxide wa.s used e.s an indicator in digest.ibility determinations. At the 

end of the trial the back fat was measured qy the leanmeter, and the males 

were AR scored by the official meat graders as they were slaughtered at 

a local packing plant. 

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 bett.."6en the two extremes. This apparently was due to 

incorrect preliminary estimation of TDN in some of the bulks, and to an 

associative effect between the digestibility of bulk and basal fractions 

of the rations plus the variability between animals. 

The TDN in the various. bulks were calculated to be 20 :!: 17% in oat 

hulls, 57 :!: 6% in wheat bran, 14 ±. 30% in cellulose and -2 :!: 37% in corn 
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cobs. The large.· confidence intervals (p <0.05) are due to the fact that 

the magnitude ,Of va.riability is inversely proportional to the fraction 

of the ration contributed by the ingredient in question. Despite some 

differences in composition oftha basal rations, only the corncob 

basal showed a higher TDN content than the basal for oat hulls and 

alfalfa. 

The variability in fecal nitrogen excretion was reduced. 32.8% by 

adjusting for variability in protein intake, nonprotein dry matter 

excretion, physiological body size and nonprotein dry matter intake. 

The relative contribution qy each of these co-variates was in turn. 

64.3, 28.6, 5.0 and 2.9$. The data suggest the.t differences in protein 

digestibility could be due to source and/or degree of exposure to.proteo­

lytic enzymes and proximity to intest,inal absorption surfaces, the pro­

teins in the bulks perhaps being less digestible because of crude fiber 

involvements. 

The consumption of the rations containing oat hulls and corn cobs 

increased with the level of "bulk," while the reverse took place in the 

al£a.lfa,.wheat bran and cellulose rations (P<"0.05). This effect was 

considered as a function of nutrient requirement and feed capacity in 

relation to Itbulkiness" and/or 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 

intake in an effort to compense.te for decreasing levels of digestible 

nutrients, the greater levels and/or bulkiness of alfalfa, wheat bran 

and cellulose overtaxed the animals' feed capacity and/or appetite causing 

decreased feed consumption. 
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The a1.falfa and wheat bran rations were consumed in smaller amounts 

and produced slower gains than the remaining. bulk types. These effects 

. were a~sociated with decreased efficiency of feed and digestible energy 

and a. tendency for greater loin area and AR scores. In addition the 

wheat bran rations produced lower dressing percenta.ge and less back 

fat than the oat 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 other bulk types, and larger 

loin B.ree. than the corn cob rations, while the cellulose rations produced 

less ham and more middle than all other rations, and lowerAR scores than 

the al:f'alfaand wheat bran rations. Theoretically these eff"ects cou1.d 

all be due to diff"erences 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 DEcouldbeex:t:ected to be utilized for maintenance. 

The low bulk rations gave significant.ly greater intake and lower 

efficiency of digestible energy, e.nd significantly faster gains and higher 

feed efficiency than the medium and high bulk rations. These eff'ectswere 

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 measurements, the high b\uk rations still showed less shoulder 

and average back fat and higher AR scores than the low 'bluk levels. The 

explanations for these effects could be differences in DE effioiency as 

explain.ed above for the·differences.between bulk types. 
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Felleting increased the TDN level except in the rations with the 

low level of' alfalfa and wheat bran. Also the apparent digestibility 

of crude protein was increased qy pe11eting. These effects could have 

been caused by chemical changes brought about by heat, pressure, moisture 

or combinations of these in the pe11eting process. Felleting had no 

effect on feed intake but due to the increase in TDN level signifioantly 

more digestible energy was obtained, resulting in faster gains and 

greater feed efficiency. None of the carcass cbaracteristic$ were 

significantly affected by pe11eting of' the rations. 

The male pigs exhibited greater daily feed intakes and faster gains 
: 

and produced thicker back fat than the females, while the females showed 

greater digestible energy efficiency. 

Faulty carcass weight due to variabi1ity in dressing percentage 

appeared to be the major cause of failure in the commercial grading. 

Mouse Trials 

Level of TDN in the rations: As in the swine data the TDN values 

(tables 13 and 14) are calculated from digestible energy levels, setting 

4.4 digestible Galories equal to 1 gm. of TDN (31). The data in tablel.3 

were obtained similarly to the swine data in table 4. 

It is obvious from table 13 that the simulated pelletinghad no effect 

on thed~g.stibi~~~1of nutrients in any of the rations. It also appears 

that, except for the h.i.gh 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 

rations respectively. 
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It is realised that a _atl portion ot this deviatioD vas due to 

the caaeill (~) added to the ratio.e. This 1101I1d change the desiped 

le..eJ.s to 62.50, 65.44 aDd es.3S % IorDN tor the three bulk levels 

respec'liive17. h additional part ot the d8V1atioD can be explained 

i. the dirterences in DB nlues as estiJaated tor des1phg the rations 

(table 2) and as obtained in the e:zperiaea:ul result. (table 14). Another 

reason tor some ot the ditterences could be that the estiaatea.were baaed 

on averace valus tor swiae ad might Dot appl7 to mioe. 

From tables 1 udU 1t is clear that all the d1tterence. from the 

1J1t-.ded DN values are posit1"e, except tor the high. wheat bran ration. 

This suggests that the DR level in eoae or all ot the. basal 1Dgredi_ta 

(tatll.e 2) was tmderestiJU:ted, vh.ich is ooafimed by' the Talues tor the 

basal mixtures given in table 14, ool\11111s 6 ad 7. In r88J*'t to the 

individual 'bul.ks, it appears :rroa tables 2 ad 14 that ill des1gJl1Dc tAe 

ratiolls the 'I'DN 1eTela in oat l1\1lls ana vbeat braa were ovex-est1Jllated, 

g1v1Ilg rise to a greater spread in TDlf between the three levels of 'bal.t 

than intended (table 13, ooluns 8-10). The oe1111108e and COrD coDa 

(tables 2 and 14) were also overest1aated for trial. I, but not tor trial 

II, hence too great a spread ocourred 1n the three TD! levels (table 13, 

eoltD.ld1s 8~10). ne alfalfa agreed fairl)' well with the estimated TDN 

level -(tables 2 and 14), confirmed by a ditferenoe beweea each of the 

tare. Dullt levels (table 13, col\1U.8 S-lO) close to the designed 3% TDN. 

It Yill 'be noti.ced tro. table 14, comparing trial I with tr1al II, 

tba't tne fDI levels in oat huUs, cellulose and corn cob. wre 81gra1ficantl7 

(p< 0.(5) greater in trial II, while alfalta' s TDI value was s1gaiticantly 



Table 13.- Total Digestible Nutrients in the Mouse Rations (Trial I) (Fer Cent). 

Bulk type Bulk level Mean 
High Medium Low 

Meal Pellet Meal Pellet Meal Pellet High Medium Low 

Oat hulls I 60.9 62.4 68.2 69.2 75.0 74.8 61.6 68.7 74.9 

Alfalfa 

Wheat bran 

Cellulose 

I 

I 

I 

69.9 

57.3 

68.2 

70.3 

59.4 

67.1 

72.9 

66.2 

73.0 

72.4 

67.0 

72.3 

76.4 

74.4 

76.2 

76.8 

72.4 

76.8 

70.1 

58.9 

67.7 

72.7 

66.6 

72.7 

76.6 

73.4 

76.5 

\J"t 
\A) 

• 

Corn cobs 67.6 65.7 72.1 '72.4 76.6 77.5 66.7 72.3 77.1 

D(bulk type) (P<0.05) :2.6 :1.8 

D(bulk level) (P<0.05) :1.8 I :1.6 

D(meal vs. pellet) (p< 0.05) :2.2 

--~---



Table 14.- Total Digestible Nutrients Caloulated Separately for Bulks and Basals 
in the Mouse Rations. 

Type of bulk Ear oent of bulk Per cent of basal 
Adjusted for basal 

Trial I Trial II Trial I Trial II Trial I Trial II 

Oat hulls I -7.4 ;t 6.7 7.3 ±. 6.2 -6.2 0.2 81.0 t 1.1 79.7 ± 2.7 
I 

Alfalfa I 53.0 :t 6.6 41.6 to 5.1 47.6 42.0 78.9 ! 1.5 80.8 ! 1.3 \)\ 
+:'­

Wheat bran I 47.3 :!: 3.6 49.0 ! 2•.3 46.5 46.7 77.8 :to 3.2 79.1 :to 1.7 
J 

Gellulose I -20.7 :t 8.7 -8.0 t 14.7 -14.2 -13.3 81.3 ! 0.8 80.0 :t. 1•.3

Gorn cobs I -30.4 ! 7.9 -1.5 ± 16.1 -18.8 -3.8 81.7 :. 1.6 80.5 :t. 1.3
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lower. In the wheat bran rations in trial II an a88Oc1ative ettecot 

between the bulk aDd basal fractions ot the rations vaS indicated b7 

a deviation trom linearity (P<O.05) or fecal Calories. on Calories 

ingested per 100 Ca1.o~iea in basal (4i!Jj)elldlx). In addltioD associative 

ettects occurred wherever negative TBN levEl1.. were obtained (appendix). 

Thus it must De aSSlUIled that the dirterences in TDlf level ot the 

bW.ks between the trials are due to associatiye effects. The basal. 

ration ted alone as an additional treataent in trial II was round to 

eontaiD SO.7% TIlN. 'fhis ...alue vas not significantly (P<..O.05) dirterent 

troll a.n.y or the levels obtaineel tor the hasals in the simultaneous teediDg 

(table 14, colans 6 and 7). When the 'rDN level s in the bulks ill both 

trials are adjusted to this Dasal, (table 14, eoluu8 4 and 5) a somewhat. 

better agre.ent seems to exist. Furthermore, since the magnitude ot 

variaWit;,. in TDIl values obtained in simultaneous teeding is inversel;,. 

proportional to the size of the fraetioD in question (llO), It is realised 

that the negative valus tor oat hulls, cellulose and com cobs do not 

constitute 8D7 serious uperiJD.8Btal errors. For eDlllple, the corn cob~

in trial I showed a !DB value ot -~.4$ (taDl.e 14) which is s1pificantl7 

dirterent trca zero presaa'bl;,. due to an associativa effect. If this 

value 1s adjusted to zero, keeping tl:1e TDN leTel. for the total ration 

constant, the TDII in the basal must be decreased correspondingl;r. The 

81IlOut ot decrease would be 30.4 x 8/92 : 2.6% units, since on an average 

basis the corn cobs fora 8%. ot these rations, leaving 92% to the basal 

traction. This would give a TDII level in the basal of 81.'1 - 2.6 : 79.1%, 

a value which is not significantl7 ditterent from the TDIT level of the 

basel _en ted alone in trial II. From this it 1s understandable that 
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the vartabilit;,. in 'l'Dlt: levels detemined in siJau1.tU80US feeding otten 

1s large, especiall;,. when the rraction 1ft question 1s aall, as is usuall7 

the case tor fibrous aaterials. To the author's bowledg. there has been 

no mention as to whether this fact could be part of the &nswer 'to the 

large variabilities observed (40, 50, 65, 66) ill digestion coefficients 

of fibrous f.eds and particularlY' ia the crude tiber and cellulose tractions 

of these. 

Digestible crude protein in the rations for mice: As in the ewirle 

rations the designed crude proteiD. levels (table 15, colan 3) appear 

slightl;,. too. high, the average being 16..6% while it should have be_ 1/$ 

plu8 1 ..6% in the added ~. casein. However the differences between the 

rations are quite SII&1.l except perhaps in the alfalfa rations, where the 

differences are appreciable at the higher bulk ln81s. It is Ullcertairl 

however whether the dirferenees are stat1sticelly significant since the 

feed. semplea were bulked for analyses. 

The apparent protein digestibilitY' (table 15, colUllll 4) increased 

with decreasing bulk level for all f:ive bULk tJPes, veritying the conoept 

ot increasing metabolic fecal nitrogen with increasing1evel of indigestible 

fiber., In the case of oat hulls and *eat bran,., these bcreas•• vere 

significant (P <E).OS) for eacb bW.k increment, while in the alfalfa ancf 

cellulose rations onl1 the difference between high and low levels of bulk 

were significant and in tbe corn cob rations the high level was slgni­

ficantl7 lever than mediUDl and low. 

As· in the swine data an att8lpt was made to adjust the apparent protein 

digestibility for variations in metabolic fecal nitrogen due to protein 

level in the ratiolls, nonprotein d17 matter consumption and excretion 
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Table 15.- Protein in the Rouse lations.

Bullt, Crude; Adjusted 
'lype Level protein Dlgestibil1t7 dige&tlbillt7(1} 

eat hUlls 

A1.talta 

Wheat braD 

CellULose 

Com cobs 

D(P< 0.(5) 

High 

Low; 

High 

High 

Lov: 

Kedila 

LoW: 

~

16.1, 

16.6 

16.5 

17.5 

17.4 

16.'1 

l6.3~

57.4 

65.4, 

67.2 

58.6 

62.1 

67.7/ 

67.5 

69.3 

66.5 

67.6 

69.5 

64.2 

61.4 

60.8' 

'4..0 

67.1 

64.8 

65.4 

67.4. 

Heal 6/i.7' 

66.3 

D(P<O.05) 

(1); Adjusted tor variabUit7 in protein intake, non-D1trogea d17 aatter 
intake and emretion, and physiological bod7 sise. 
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and boq size. !he regression relating these variables i8' 

1= 0.27& + 0.410~ - 0.04~ +0.09813 - O.Q7~

where I:& grams of 111trogen x '.25 eDreted in 14 dqs, 

Sr=-grams of n1trogen x 6.25 consaed in 14 dqe,. 

~_-r=gr_s of non-nitrogen 417 utter consaaed in 14 dq., 
X3:IIL gr81llS of non-nitrogen 41'7 matter emrat. in 14 dqs, 

aDd; ~= physiological body size: (weight in p.0.,"15). 

The levels of sigDificance ottae eoefrieient. of the.: independent 

variables are:' for Xl P<O.Ol, :tor ~p)<a.fi)6,tor~ P<O.OOl and for 

X4 P'<0.25. The total variabUit7 of I vas reduced bT 61.8% b7 adjust1Dg 

tor the four independ_t variables. or this reduction 42.~ vas con­

tributa'bJ.e to Xl' 1.$ to ~, 55.T$ 1;0 X, anel 0.1S to ~ !hue, in this 

e:xperiaeu:t the majorit7 of thevariab1llt7 in fecal nitrogen was due to 

non-Di.trog8ll dr7 matter excretion and protein intake, while the erfect 

or non-nitrogen Q17 matter intake and boq sise; vas insignit:l.cant (P<O.05). 

Shee the reJ.ati"Ie effect on the variabllity b the dependent variable 

(I) b1 8D7 one of the hdependent. variables (Xl' X2, X, an4~) can_ 

attri_ted to its degree of YariabUit7 in the observed ._ple and ita 

closeness of association with the dependent Variable, it i8 interesting 

that the nonprotein d17 JIlatter emretion (X,> vh.i.ch caused the greatest, 

_OUtlt of reduction (55.7%1' ill the variability ot fecal nitrog. excretion 

(Y), also had the greatest Variability, n8Dlel7 a coetricient of variabilit;y 

ot 2l.4J, while the physiological body slz~ (~), reduciDg the variab1liV 

111 li by orU.y 0./$, eDibited a low coefficient of variabUi1i7 ot" 5."'. 
The proteiD. intake" (11), which acCOUllted tor 42.~ ot the reductio. 1Jl 

the variabllit;y of Y, had a coefficient of variabilit;y ot 1l.1~, *11e 
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the nonprotein dry matter intake (12) had a coerficient of variability

or 12.2% and reduced the variability in Y by only 1.6%. This can only

that some major factors affecting the fecal nitrogen excretion were omitted 

in the multiple regression. From the lower (p~O.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 experiJDent, that the protein source was one important factor that 

was neglected. The lower (~.O.05) adjusted digestibility ot protein in 

the low oat hull, alfalfa and cellulose rations could perhaps be explained 

by the dilution eftect 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 :PI:ttern in regard to a dilution efrect may be due to a dirference 
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in bulltiness fro. the other rations, the wheat 'bran rations beiDg extremal,,­

'bullq due to the higher percentage and bW.1t7 texture or wheat bran, and 

the corn cob rati.one being low in buJJt1ness due to a low percentage and 

a low bu.1Jtiness of ground corn cobs. 
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bulks and thus a better 'basis tor comparison of these. 

It is obvious that the inclusion of' increasing 8IIOunts of' &J1'1' of 

the five bulks had a retarding etfect on teed intake. No difrerenc.~

(P<.O.O;) appeared "between the low level of the various types, except 

for the alfalfa which depressed the intake to a greater (P< O.Os) eneat 

than the other bulks. This could pemaps suggest a palatability ettect 

which could be supported·· by the medium bulk levels where the intake of 

the alfalfa rations was below (P'<.0.05) that of oat hull, cellulose and 

corn cob rations. However, the vol•• eftect could haTe 'been involved 

in this, .a8 appears to be the case in the wheat 'bran ration with an intake 

lover (P<O.O;) than the other four 'bW.lt types.. The high bulk levels show 

a similar trend for the oat hull and corn cob rations, whereas the: cellulose 

ration deviates (P<.O.O;) sOJaewhat. This 1s aa uneJq)lained efreet lIhich 

perhaps is due to natural chance, the probab1l1ty be1q less than 5~.

The high whe-.t bran and Llf'alfa rations follow sharply declining trends 

which for the tormer vas established already by the low and medi_ bulk 

leVels. The explanation for this probably 1s the higher percentage of 

these bulks (appendix table 1) in the rations. Especially the wheat braD 

organi. t s natural urge to satis1) its requir_ent- by the various enerC1 

levels and bulk type8. It is noticeable that 01111' the altalta rations were' 

not eODSUIIled 1a incre&s1llg amounts with the declining digestible energy leftls. 
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lfh1s again suggests that palatabU!t7 eo11l.d have been IUd.tiDg in the 

intake of' these ratioD.s. The increase in intake due to decliD1:ng energy­

level was greatest in the wheat bran ratioas, probahly .due to tile great 

bulkiness of these. lext in lue 8.I1d in descenting order were the effects 

in oat hull, cellulose and com cob rations. By ell_ce or otherwise, this 

was the apparent order of bulk111ess of the, ratiolls as oaused by level and 

type of bulk. 0Dl7 the alfalfa rations, did not fall into this liD•• 

Despite a relativel7 low digestible energy- intake of the alfalfa ratione 

(table 16, 001811 4J the dry matter intake of the medillB level was signi­

ficant17 less than tor the ,. correspending level of oat hulls and, tended 

to be lower than for the same levels of 'the other bulks. S1mi.larly the 

low level of alfalfa was significantl7 lover thaD the low leTel of wheat 

bran and tended to be lower thall·the corresponding levels of the other 

bulks. This eould indicate that the low intakes of the alfalfa ratioRS 

were caused part17 by depres.eel ~~;_41t~i.~1··ratherthan increued bulki­

ness, p&rticl1larl7 since a given level of wheat braD on a percentage basis 

was greater than the corresponding level of alfalfa (table 8). 

The higher 'bulk level decreased the d1'7 matter intake s1ga1ticautl7 

0&7 in the ease of wheat bran (table 16, eoluma 3), eaus1Dg a pronoaeed 

decrease in digestible energy intake (eolum S) tor each bu1lt iller_at. 

Despite no sigll1ficant differences in dry matter intake between levels of 

"the other btiUts \tabJ..e 16, column 3), the digestible energ iJl'tak8S on 

the high 'bulk levels were lower (p< C).OS) than for tile low leYe18 , except 

in the oaseofthe cellulose rations where no difterences appeared. In 

the latter rations the mice apparent17 managed to adjust reed consapt1oll 

to compensate tor the differences in digestible energJ" levels 1D. the rations. 
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l'able16.- Feed Consumption and Efficiency and Bod7 Gaia in Mouse Trial I.

Type 
BUlk 

Level 
Dry lIatterintake 
actual adj. (1) 

Dig. 
el1erl7 
intake 

Boei7 gain 
actual adj. (2) 

Dig. 
0aJ../gm.. 
gain 

gm./14 
d81's 

"../14 
d81's 

Oal./14 
i81'S 

gra./14 
days 

p./14 
days 

Oat ,hulls High 48.9 41.' 132 12.0 12.2 ll.l 

Ked1l1Dl 47.9 46.5 145 13.2 12.1 ll.Q 

Low 44.9 48.8 148 12.8 ll.3 1l.6 

Alfalfa High .36.9 36.9 114 10.6 12.8 10.8 

Medi.... 39.' 41.9 127 11.4 12.2 ll.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 

Medi.... U.8 38.5 123 12.5 13.8 9.8 

Low 45.9 48.4 148 13.9 12.4 10.8 

Cellulose High 47.0 44.7 140 13.5 - 12.9 10.4 

Medium 43.0 44.9 137 12.2 ll.9 11.3 

Low 44.8 50.0 151 13.5 11.7 1l.2 

Corn cobs High 44.7 41.6 129 12.1 12.7 10.7 

Medium 44.8 46.4 142 12.5 li.? U.S 

Low 43.2 48.8 147 13.3 12.0 11.1 

D(TJpe) 5.9 1.7 18 2.4 1.4 1.6 

D(Level) 5.1 1.4 15 2.0 1.2 1.4 

(1) Adjusted tor digestible Calorie. per pt. of feed (covariance significant 
at P< C.(5). 

(21 Adjusted for digestihl.e Calorie intake lcovanatlce sigrdf'icant at P< 0.(5). 
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'rhe total bod,. weight gain was decreased significantl,. b1 the h­

creased bulk level onl,. in the wheat bran rations (table 16, col'Ullm 6), 

where the high bulk level caused a slover gain than the madi_ and low 

l.evel..s. Between the bulks, differenees were significant tor the high 

and low levels of alfalfa and the corresponding levels of cellulose. 

While the high wheat bran rations gaTe lower lP<:O.(5) gains than the 

high levels of all amept the alfalfa rations. 

WheD body' we1gnt gaiDs vere adjusted tor digestible energy intake 

(table 16, co1uam 7) , it was found that the loW' altalra rations gave 

significantly lower digestible energy efficiency than the mediua and 

high levels or alfalfa. This is also supported by' the calculation of 

digestible Calories per gram of gain (table 16, colUIDD 8), where the low 

alfalfa rations required signifieantly- more digestible Calories per gr_ 

of gain than the high alfalfa rations. In the wheat Dran rations the 

media level gave greater (P<O.05) digestible energy etticiency than the 

low level (table 16, col\1Dll1 7), whereas the high leVel vas intermedia1ie 

in posi1iion. This agrees with Axelson n AL. (4) when thq state tbat a 

smaller dail,. intake of metabolizable energy, thaD. that causing JlaXimal 

weight gain, 1ield the highest effieienc,.. Apparently the high wheat bran 

ration was tne onlY' "high" bu:.ue ration whieh was consumed in &mOunts 

causiDg below maximal digestible energy efficiencY'. It is realized that 

sinoe DO adju8'tm.ent in energy utilizat:1.on has been made for main:tanane. 

requir8aen't, the rat:1.0ns consumed at lover levels and causing slower 

growth, will eDibit lover energ effiCiency for gaiD, due to the greater 

maintenanoe requirement than in faster growing animals. 
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Simulated pelleting of' the rations had no significant ettect 011 8.l'11 

or the criteria listed in table 16 (appendix 'tables 26, 'Z1, 32 and 33). 

Carcass composition: The mean values of the carcass oomposition 

of the 120 mice from trial I are presented in table 17. The scarc1t,. 

of' significant differences in body fat level (co1U1Dl'l 3) can possibly be 

attributed to physiological age, since in a rapid growth period ani-als 

are less prone to fattening. ow..z the lUgh wheat 'braD. rations were dilu.te 

8l1d "buJ.kyft 81lough to cause a significant (P<O.05) decline in per cent 

body f'a't as compared to the low wheat bran and 'the high oat hull, cell­

ulose and corn cob rations. 

As is commonly the case, the peRCentage of water in the 'body' (collDlll 

4) was inversel7 related to peree.tage of fat. The correlation coefficient 

(r = -0.76) was eipifieant atP< 0.01. The high wheat bran ration gave 

higher (P< 0.(5) bodY' water leYel than the medi.. and low wheat bran and 

the high oat hull, cellulose and corn cob rations. .t1.so the high altalfa 

ration gaTe higher (P<O..OS) bod1 water level than the medil1lll ration.. The 

dittereRoe ia boq tat. (column 3) between these rations was close to 

significance at P< 0.05. 

Ia order to determiae-. whether the increased bod,. vater levels were 

attributable entirely to the decreases in bodY' rat, the body wa'ter was 

adjusted (cel.. 5J tor bod,. fat. This reduced the variabUit,. b7 37.5~

and revealed more significut difterellc.s, indicating t.t1a't ii.t18 high 1.,,818 

or alfalfa and wheat bran gave higher (p <.0.(5) bod)" water content thaD: 

the aediua and lov levels of the same bulks, regardless of 'the fatness of 

the an1m81s. The high oat hull ration caused higher (P<0.05) watelr level 

than the _&dim ration and the low alfalfa ration higher (p< O.OS) level 
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Talle 17.- Carcass OOmposition or Hiee (Figures in Per cent).

Bulk Total carcass 

Type Level IFat Water !rotein 
obser- Adj. 
ved tor 

tat 

Fat tree careas. 

Ash Water Protein Ash. 

Oat hulls High 5.69 71.0 71.' 2O~.2 I 3.10 75.3 21.4 3.28 

Kedi_ 5..98 70.,5 70.6 20.5 3.02 '75.0 21.8 3.23 

Low 1 6.15 70.5 70..8 20.3 3.,01 74.8 21.6 3.20 

Alfalfa High 4.81 72.2 71.4 19.9 3..08 75•.8 20.9 3.23 

Hedi_ 5.,87, 70.7 76.8 20.2~ I 3..21 75.1 21.5 3.41 

Low 15.79 71.2 71.1. 20.0 3..05 75..6 21.2 3.24 

Wheat bran High 

Media 

Low 

Cellulose High 

Kedita 

Low 

Corn cobs High 

Hediua 

Low 

D(P-< 0.(5) 

4.34 73.1 

5.39 71.5 

16.09 70.7 

6.41 70.6 

6..12 70.7 

16.53 70.4 

5.99 70.7" 

5.87' 70.9 

5.84 70.8 

1.28 1.3 

72.0 

71.2 

70.9 

71.1 

70..9 

71.0 

70..8 

71.0 

70.8 

0.5 

19..6 

20.3 

20..4 

20.0 

20.3 

20.1 

20.3 

20.1 

20.3 

0.9 

3.00 

2.88 

2.94 

3.02 

2.95 

2..cn 
3.06 

3.,08 

3.08 

0.23 

76.4 20.5 3.14 

75.5 21.4 3.04 

74.8 21106 3.13 

75.4 2.1..4 3.22 

'15.3 21.6 3.16 

75.3 21.5 3.17 

75.2 21..6 3.26 

75..3 21.4 3.2:1 

74.9 21..9 3.25 

1.1 1.0 0.24 

,.D(P< 0.G5)~.09 1.1 0.3 0.8 0.19 0.9 0.8 0.21 

Heal 

Pellet 

D.(P < 0.,05) 

15.99 70.9 71.0 20.1 2.9'7 75.3 21.5 3.16 

5.60 71.1 70.9 20.2 3.08 75.4 21.4 3.28 

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, colUJms 6 and 7) were fairly constantregardles8 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 tree 

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 etfect on body fat, only the high wheat bran ration brought about 

significant changes in body composit~on. 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 rations. 

Although simulated pe1leting had no significant efreet on TD! level 

(table 1.3), feed intake or rate of gain (appendix tables 26 and 27), it 

caused a decrease (P4C: 0.(5) in per cent body rat and an increase (p< 0.05) 

in ash content (table 17). On a fat tree basis, the ash content was stUl 

increased (p~O.05) by the pelleted rations, indicating that this etrect 

was not just a counteraction or the decrease in body fat. The reasons 

for these etfects 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 mB~le mice for a period of two weeks in 

a 5 x 3 x 2 factorial eXPeriment. Thepelleting process was simulated 

by moistening and granulating the rations in a meat chopper followed qy 

drying in vacuum. 

During the 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 carcas$es. The TDN level in 

the rations was determined from the conventional feces-feed ratios and 

the digestible energy levels, assuming 4.4 digestible Galories to be equal 

to I gm. TDN. 

In .•all the rations except the high level of oat· hulls and the medium 

leyel of wheat bran, the TDN levels deviated significantly from the designed 

62, 65 and 68%. TheTDN in the various bulks apPeared to be lower than 

those obtained in the swine trial, although it cannot be concluded that the 

differences are statistically significant. In spite of some variability 

in composition of the basal ration-fractions, no significant differences 

were fou-'1d in TDN levels. 

The variability in fecal nitrogen excretion was reduced by 61.8% by 

adjusting for varia.bility in protein intake, intake and excretion of non­

nitrogenous dry matter and physiological body size. The relative contribution 

by each of these factors w~re 42.3, 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 or altalfa decreased the intake of these rations to levels below 

the rations contaiDing the other three bulk types. ODly in the wheat 

bran rations were the body weight gains slowed down by increasing bullt 

levels. The high wheat bran ratioDS also gave slower gains than the 

high level of the four other bulk types. 

The teed intakes adjusted for variabilit7 in digestible energy level 

showed that increasing bulk levels decreased the teed intakes .ignificant17. 

A comparison of the observed and adjusted intake. ind.ieated that the ettect 

upon teed intake by the organin's _tural urge to eatis!) it. energy 

requirement was a significant taetor. The relative _gn1tude of this 

eftect as shown by the difterence between the observed and adjusted in­

takes of the various 'bulk t1pes was in descending order, wheat bran, oat 

hulls, corn cobs, cellulose and altalta. It could 'be due to a low palat­

ability that alfalfa is last in this succession despite its relativel1 

low digestible energy intakes. The other rations occur in the arrq 

according to app.rent bill kiness except perhaps tor corn cobs and cellulose 

which possibly could be interchanged 1D this respect. 

In regard to body composition the high wheat bran ration produced. 

significantl,. less body rat than other rations. In general, body tat was 

sipiticantly correlated (r .= -0.76) with body vater. The regression 

indicated that a 1% increase in tat resulted in a 0.7"/% decrease in vater. 

The levelS of protein and ash in the carcasses were not attected by the 

level and. type ot bUlk in the rationa exe.pt in the cas. of the high 1e.,..1 

of wheat braDvh1ch produced a sign1f'icantl3' lower body protein level than the 
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low wheat bran ration. The high wheat bran ration also gave higher levels 

of body water and lower levelPof. body protein on a fat free basis. 

Simulated pelleting had no effect on the intake or digestibility 

of 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 oounter-effect of the change 

in body fat. Simulated pelleting appeared to deorease the metabolio 

fecal nitrogen whereas it did not ohange the true digestibility of 

protein. 

Comparison of Species 

The advan~gesof a smaller pilot animal are generally recognized. 

In this section an e.ttempt has been made to compare the 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 swin.e in nutrition 

studies. 

Among the vario~s observations in the two species the more obvious 

comParisons uereplotted in scatter diagrams. In the case of an indication 

of a relatton~hip the correlation. wasdetennined. The following list 

contains the criteria considered and the primary results of the compe.risons. 

Crtteriacompared: 

Feed intake- correlated (P<O.Ol). 

Digestible energy intake - correlated (P<O.Ol). 

Dry matter digestibility -. correlated (p< 0.01). 

Protein digestibility- no apparent relationship. 
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Bedy weight gain - correlated (P<0.05). 

Feed efficiency - no apparent 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 va. per cent protein in carcasses of mice ­

no significant correlation. 

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

apparent relationship. 

The significant 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 latter were used tlO 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 coefficient (b) from one WOllid 

indicate a different 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 betlween the species by 

similar rations. 

The correlation in feed intake (table 18) between swine (Xl) and mice 

(~) was significant at P<O.Ol. The regression of Xl on ~ shows that a 

one gram increase in feed intake in a fourteen day period qy the mice 

corresponded to 0.052 pounds increase in intake per day qy the swine. 

Since the value of bXJ.X2 (0.052 :!: 0.035) was significantly (p <0.05) 



Table 18.- Correlation of Various Effects b~T Identical Ra.tions in Swine and }fice. 

Crit.eria Swine Units Mice Correla.tion Regression Mean 

(Xl) (~)
Coefficient 

x1/:!,(r) a b A Xl ~
~~

Feed intake Ibs./ds.y gm./ILt- days 0.67** 2.47 ! 1.74(1) 0.052 ! 0.035 4.73 43.5 0.11 

DMD % % 0.96** 18.2 ! 8.84 0.71 ~ 0.13 68.0 70.2 0.97 

DEI Therms/day Cal. /14 days 0.79** 2.09 !. 2.08 0.033 :to 0.015 6.28 135 0.04 

Rate of gain 1bs./day gm./14 days 0.63* 0.47 :t 0.37 0.058 !. 0.030 1.18 12.2 0.09 

Body fat Av. in. be.ck %of carcass 0.70~(.* 0.77 :: 0.34 0.094 ~ 0.058 1•.31 5.79 0.23 
fat 

i 

* Significant at P<0.05. 

** Significant at P<O.Ol. 

(1) Confidence interval at P< 0.05. 

:2 

~
7 

7 



Table 19.- Comparison of Variolls Effects by Identical Rations in Swine and ~lice.

Feed intake DMD DEI Gain 
Bulk type Bulk level Swine Hice Swine Mice Swine lvlice Swine Nice 

Ibs. gm./14 01 % Therms Ca1./14 1bs. gm./141° 

per day days per day days per day days 

Oat hulls High 5.14 48.9 62.5 61.8 6.17 132 1.26 12.0 
Medium 4.47 47.9 64.3 69.1 5.62 145 1.15 13.2 
Low 4.96 44.9 71.0 75.8 6.83 148 1.28 12.8 

Alfalfa High 4.33 36.9 65.1 69.8 5.50 114 1.02 10~Q __ 
Medium 4.45 39.9 69.2 72.4 5.98 127 1.07 11.4 
LoW' 1.:.• 79 40.6 71.1 76.6 6.52 137 1.20 11.1 

Wheat bran High 4.30 38.1 60.9 58.3 5.26 98 0.94 8.9 
Medium 4.48 41.8 63.6 65.3 5.60 123 0.98 12.5 
Low 4.87 45.9 71.1 72.9 6,86 148 1.24 13.9 

Cellulose High 4.77 47.0 67.1 67.2 6.34 140 1.17 13.5 
lv1edium 4.58 43.0 68.4 72.1 6.03 137 1.16 12.2 
Low /.y.83 44.8 73.4 76.7 6.85 151 1.26 13.5 

Corn cobs High 5.02 44.7 67.8 67.1 6.48 129 1.29 12.1 
Medium 5.00 44.8 69.7 71.0 6.80 142 1.31 12.5 
LoW' 4.97 43.2 75.0 76.6 7.32 147 1.30 13.3 

DT(P< 0.05) 0.57 6.0 3.7 2.0 0.83 18 0.17 2.4 

DL(P< 0.05) 0.49 5.1 3.2 1.7 0.71 15 0.12 2.0 

G(Variability Coefficient)5.78 8.02 6.01 7.9 9.64 10.8 10.3 10.8 

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

Body fa.t 
Swine Mice 

Av. in. %of 
back fat carcass 

_ 

1.26 5.69 
1.32 5.98 
1.40 6.15 

1.25 4.81 
1.29 5.87 
1.39 5.79 

1.17 4.34 
1.23 5.39 
1.27 6.09 

1.30 6.41 
1.34 6.12 
1.45 6.53 

1.31 5.99 
1.29 5.87 
1.43 5.84 

0.18 1.28 

0.16 1.09 

5.91 9.87 

I 

c:1 
I 
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buU: levels again was greater 1D the mice taan ill the swine. ! s1aple 

examination of the IItD values 111 table 19 gives aD indieation of the 

above conclusion. It 1s noticeable that at the high levels of oat 

hullS, wheat eran and com CODS, the sWine telld to exhibit greater 

11m's. In the cellule•• ratien no differenoe vas apparent, whereas 

1n the alfalfa ration the mice shoved. the greater DIm. Ia the Dedi_ 

level of all the Du1..k t"'8 the lIlice t_ded to e:xh1bit higher lIm l s thaD. 

the sWine. In the high level the same trend continued with u 1Ilcrea81ng 

margin for the mice over the swine. 

It ie realized that "he 2% casein added to the rations for Jl:i.ce· 

(appendix table 1), shoULd render these more digestible and i1; ooula vell 

be the reason why the mean DMD by' the mice ftS 2.~ higher tlwl that for 

the ewiDe (table 18). Prom these obeenations it VO\1ld therefore appear 

that the major difference in 11m of t11e ratioll. studied. between th. t_ 

specie. was a more pronounced retardation b11ncreasing bulk l"81s in mee 

thaD. in swine. 

The DEI b7 the two spec1es vere correlated at P< 0.01 (table 18). AD 

increase in one Calorie during fourteen dqs by mice COrr8spozned 1;0 an 

increase of 0.03' Therae or 33 Calories per day Dy' swiae as indicated 'by 

the regression coefficient (b Xlxi. The effect of the bulks on DEI CaDDot 

De considered to titfer ietween the two speci.s, since b vas not signi­

ficantly (p< 1.(5) different froll the ratio of the means (XJ!x2 - 0.04'7). 

However, since t a f vas greater \P< 0.(5) than zero, it lIUSt be ass._ tha't 

generalll' the DEI 1:>7 the swine was relat1Tell' larger than b7 the Dice. 

!he fact that the efrect at bulk on the lBI was not difterent (p< 0.(5) 

for the two species, when reed intake aDd digestibilit7 were both airected 
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to a greater (P<O.05) extent ill mioe, can only be exp1a1ned by a greater 

variability in DEI tl'1an ia reed intake and DMD. That this is the case 

is indicated at the bottom of table 19, where the DEI indeed shows greater 

variabUit)" coefficients than the teed illtue and the DMD. 

A gain of one gram during fourteen days by the mice correspoaded to 

0.058 pounds or 2t> grams per dq by swine. Since D was signitic8.lltl7 

SBlaller (P <0.(5) than the ratio or the means (table 18), it is indicated 

that the effect or the bulles vas greater in the mice thaD. in the swine. 

This corresponos to the errect upoD feed 1ntue and DMD, which both were 

greater (p< 0.(5) in tee mee. 

Average inches of' back fat in swine, as measured by' theoftieial 

carcass graders, and per cent of fat in careasses of'mce were cerrelated 

at P< 0.01 (tal;iLe 18). The regression coefficient· shows that a one per 

cent increase in carcass rat in the mice corresponds to 0.094 inches 

increase in the average back fat thickness or the n1Jle. That b was 

greater (P'<..O.05) tlwl the ratio of the means ind1.cates tnat the effect 

of the bulks upon fat depoSition vas more severe in the mice than in the 

swine, which corresponds to the effects upon feed intake, DHD and bod7 

we:i.ght gain. 

The previous discusslon of' the data in tables 18 and 19 wollld suggest 

certain s1m1larities in the response to various rations in the swine and 

the mice. However, the swine appeared to be better equippe<l to consume 

and digest increasing level s of the bulks studied than the mice. This 

abilit)" manifested itself in correspondin&l1 greater gains and fat deposi­

tions from the more bu1.ky rations in the swine. The results of the compari­

son suggest that further investigations as to the reasibility of using 
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mice as pilot anima] s in swine nutrition studies would be desirable. 

It could be suggested that '&he etfect of' differences in physiological 

age and physiological bod,. size be considered ill poss!ble tutur.work. 

This is prompted by the realization that ,.ounger 8Dd taster growing 

animals are less prone to fattening, 811d that nutritional effects are 

most likely to be tied in with physiological boq size, which then per­

haps could be the basis for translation of' result,s between species. 
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GENERAL SUMMMY AND CONCLUSION 

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 rations. 

In rations fed to swine the digestible energy (DE) level decreased 

by 11.7, 4.7, 4.6, 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 resplctively, 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 qy 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 qy the mice was decreased significantly from the low to 

the high level of all bulk. types except cellulose. A strong trend in 

this direction existed for each increment of all the bulk types. 

The Effect of Bulk Type and Level upon Digestibility of Energy in the 
Bulk and Basal P~tion Fractions 

The digestibility of energy in the bulk and basal fractions of the 

rations were determined by a modification of nearbery's ~~thod of Deter­

mining Digestibility." Great variability in the energy digestibility 

of the bulks included in the rations at low levels were proposed to be 

due to the simple mathematical relationship that the 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: bw swine, 20 ! 17, 

51 ! 10, 57 ! 6, 14 ! 30, -2 ! 37; Qy mice in trial I, -7 ! 7, 53 ! 7, 

47 ~ 4, -21 ! 9, -30! 8, and by mice in trial 2, 7 ~ 6, 42 ! 5, 49 ± 2, 

-8 ! 15, -2 1 16 respectively in oat hulls, alfalfa, wheat bran, cellulose 

and corn cobs. Although some of the differences within bulks appear to be 

real, this cannot be concluded since associative effects in digestibilit,y 

between the bulk and basal fractions were apparent in all the observations 

except the alfalfa rations, the wheat bran rations fed to mice in trial I 

and the oat hull rations fed to mice in trial 2. 

The above mentioned associative effects 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 qy swine resulted 

in slower gains and decreased efficiency of feed and DE. The reason for 

lower DE 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 oat 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 slovler 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 bulkJf ration consumed in amounts causing below maximum DE 

efficiency. 

The Effect of Bulk Type and Level upon Carcass Gharacteristics 

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 was 

done by adjusting the various carcass measurements for variability in DEI. 

On this 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 (Ali) 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, 

shotuder 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 Belleting 

Pelleting of the rations fed to swine increased the TDN level except 

in the low alfalfa and wheat bran rations. It had no effect upon feed 

intake. The increased TDN levels resluted 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. Simulated pelleting appeared to decrease the metabolic fecal 

nitrogen, but did not affect the true protein digestibility. 

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. 

Comparison 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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APPENDIX 

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 "Carbary's Method of 

Determining Digestibility" as described qy Crampton (31). 

Since each of the five bulks were fed in three levels, it was possible 

to determine the regression of "total fecal 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 d.ue to the 

added bulk" to "Calories consumed in the bulk increments." This in turn 

is the indieestibility coefficient of the bilk. 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, i.e. the energy indigestibility coefficient in the basal 

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

therefore is: 1 - a + hI _ 1 - a + 100b. and the digestibility per cent is: 
X - 100' 

100 - 100(1 - a + 100b) = 100 - (lOOb + a). 
100 

Some interesting aspects are revealed qy an examination of this system 

of calculat~ng the digestibility of the energy in the basal and bulk frac­

tiona of a ration. An associative effect bet,~en the two ration fractions 

is indicated qy a regression coefficient (b) larger than 1 or smaller ~han

zero and/or a curv,ilinear function of Y 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 qy an associative 

effect increasing the energy digestibility in the basal fraction of the 

ration. Thirdly, when the function of Y on X is curvilinear, a change 

in the ratio of "Calories excreted due to bulk" to "Calories consumed in 

bulk" occurs. This can only take place l1ith a change in the digestibility 

of energy in bulk and/or be,sal with a changing ratio of these fractions 

and therefore must be considered as an associative effect between them. 

H'henever a curvilinear 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 estimation 

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 tn.ll 

cause a low 'a' value 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 reverse of this takes place 

in a convex function. 

Since the proportionate effect of a 11nit change in a number is inversely 

related to the magnitude of the number, it is obvious that when a fraction 

of a ration is studied, all experimental errors in this fraction will increase 

its standard deviation to the above degree. 
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II. Adjustment of Jl.pparent Protein Digestibility COl3fficients by 
Multiple Independent Co-variates. 

The fecal nitrogen x 6.25 (Y) was adjusted for variability in protein 

intake (Xl)' nonprotein dry matter intake (X2), nonprotein dry matter 

excretion (X3) and physiological body size (weightO. 75)(X4). 

T!le partial regression coefficients (~ to b4) of Y on each independent 

X in the multiple regression: Y = a + ~Xl + b2X2 + b X3 + b X4, were used3 4
in this adju.stment hy means of the equation: adjusted Y =Yi - ~ (xi - x)l ­

b2(xi - x)2 - b3(xi - x)3 - b4(xi - x)4' (114 pp. 130 and 413-445), where: 

Yi =the mean of Y for any individual experimental treatment, 

Xi =the mean of X for the corresponding eXPerimental treatment, 

x = the over8ll mean of X, p~d

(Xi -x)l to (xi - x)4 = the difference between Xi and x for each of 

the four independent co-va.riates (Xl to XL.). 

The adjusted fecal nitrogen x 6.25 was then used in calculation of 

the adjusted protein digestibilities in tables 5 and 15 qy the conve~tional

formula: 100 - 100 x adjusted fecal nitrogen x 6.25 
observed protein in.take 

III. Procedure for Chromic Oxide Analysis 

The following was the standard procedure for chromium oxide analysis 

in the ls.boratory of the Department of P~imal Husbandry, University of 

Saskatche't-J'an. It was based upon the report by: tiD. W'. Bolin, R. P. King 

and E. ~I. Klosterman. A simplified method for the determination of chromic 

oxide (cr 0 ) when used as an index substance. Science 116: 6.34. 1952, ,.
2 3

plus personal communication between Dr. J. Hilton Bell and Dr. E. W. 

Crampt1on, Professor and Che.irman, Department of Nutrition, l'/lacdonald 

College, Quebec. 
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Procedure 

1. Weigh 1 g. se.mples of feeds and 0.5 g. samples of feces. Place 

in 100 ml. Kjedahl flasks calibrated to 110 IDl. The samples must 

not exceed 1.000 g. because of explosion danger. 

2. Add 10 rol. of oxidizing reagent, plus glass beads, and heat until 

organic matter has been oxidized (green color). Allow flasks to 

cool. 

Preparat.ion of standard curve 

1. Digest 0.1000 g. Gr203 as indicated above. Dilute to volume in 100 

rol. volumetric flask (reference solution contains 1 mg. Gr203 per mI.). 

2. Make up dilutions of 10 )1g. through 100 )lg. per ml. 

3. Read %transmittance (T) at 440nJUagainst distilled water set at 100. 

4. Plot on one-cycle semi-logarithmic graph paper %T vs. y.g. Cr203 per 

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

Cr203 per rol.).

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 qy Professor

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

Department of Animal Husbandry at the University of Saskatchewan.

1. Asphyxiate the animal in a large beaker using a 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. 

4. Record the weight of a dry alundum thimble. 

5. Place carcass in the dry thimble. 

6. Record wei3ht 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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14. Ignite thimble and carcass in muffle furnace for 6 to 8 hours at 

300-4000 C in order to avoid boiling-over and loss of material, 

then increase temperature to 8000 C for 2-4 hours. 

15. Weigh and record the 'tJeight of the thimble plus ash. 

16. Calculate loss in weight upon ignition as per cent of protein in the 

carcass. 

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

An ideal recording sheet for these analyses should contain the

follol,-ling columns:

1. Mouse number. 

2. Thimble number. 

3. Dry thimble weight. 

4. Weight of total carcass. 

5. Weight of cleaned carcass plus thimble. 

6. Weight of cleaned carcass. 

7. tveight of dried carcass plus thimble. 

8. Weight of water lost in drying. 

9. Fer cent of water in carcass. 

10. Weight of dried extracted carcass plus thimble. 

11. Weight of fat lost in extraction. 

12. Per cent of fat in carcass. 

13. Ueight of ash plus thimble after ignition. 

14. Weight of protein lost in ignition. 

15. Ber cent of protein in carcass. 

16. i'leight of ash. 
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17. Per cent of ash in carcass. 

18. Fat free body weight. 

19. Per cent of water in fat free carcass. 

20. Per cent of protein in fat free carcass. 

21. Per cent of ash in fat free carcass. 



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

62% TDN 65%·.TDN ~TDN
Ration No. 1 2 .3 4 5 6 7 8 9 10 11 12 I 1.3 114 I 15 

Oat hulls 
1

20.2 12.5 5.5 

Alfalfa meal 32.0 20•.3 8.5 

Wheat bran 60.5 .38.8 16.5 

Cellulose 12•.3 7.8 .3•.3 

Corn cobs 12•.3 7.8 I .3•.3 

Barley 1139.4 134.0 119.8 139.6 139.6 1140.0 139.4 130.3 142.9 142.9 1144.8 1J.4.8 140.7 146•1 146.1 

1139.4 134.0 119.8 139.6 1.39.6 1140.0 44.e r.e 40.7 46.1 46.1Wheat 39.4 30• .3 42.9 42.9 

Soy bean oil meal II 4.9 I 0 \0 

Vitamin A and D II .2 I .2 I .2 
supplement (1) 

Meat meal 5.1 0 0 

Calcium carbonate .81 •.39 1.01 

Dicalcium phosphate 

Iodized salt 

II .86

I .5 

1.76 

.5 

2.14 

.5 

Casein (2) .. 2.0 2.0 1.0 

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

I 4.1 1 4.1 1\ 

I .2 I .2 II 

4.3 4.3 

1.01 1.01 

.75 .75 

.5 .5 ~

2.0 2.0 

3.6 

.2 

3.8 

1.04 

.91 

.5 
.2.0 

.3 

I .2 

.5 

.7.3 

.50 

.5 

2.0 

.2 

I .2 

.4 

1.17 

1.76 

.5 

2.0 

3.1 

I .2 I 

.3.3 

1.1.4 

.91 

.5 

2.0 

3.1 

.2 II 

3•.3 

1.14 

.9111 

05 ~
2.0 ... 

I 

~
0 
~

I 

2•.3 .8 .9 2.1 2.1 

.2 I .2 1 .2 I .2 1 .2 

1.0 1.1 I 2•.3 I 2• .32.5 

1.14 1.22 11.271 1.27 

.96 11.28 11.4411.021 1.02

.5

1.25 

.5 1.5 I .5.5 
·2.0 2.0. 2.0 I 2.0 I 2.0 



Table 2.- GaroassGharacteristioe of the Male Pigs. 

Days Ship- Oar- Av. 
Pig on Total ping cass length Fat measurements Weight (lhe.) Loin Belly AR 

Ration No. test gain wt. wt. ot sides shldr. back loin ham ·middle shldr. area Grade grade Score 
Ibs. Ibs. Ibs. ins. ins. ins. ins. Ibs. Ihe. Ihe. sq. ins. 

1& 431 84 96 196 144 31.1 1.8 .9 1.2 31.5 59.0 36.0 .3.85 A E 91
lION 77 96 198 143 31.2 1.6 .7 1.0 .31.0 57.0 35.5 3.98 .A. E 95

Ib 14N 75 97 199 145 .32.5 1.8 1.0 1.4 .30.; 61.0 .35.0 3.66 A E 86
1401 74 96 198 138 ,31.; 1.7 .9 1.], 29.0 58.• 5 ,32.0 3.81 Bl G 94

2a 104N 109 100 199 1.47 .31.3 1.6 .9 1.1 32.5 61.0 36.0 4.12 A E 98 
208N 74 93 195 1.33 30.4 1.6 .8 1.1 29.5 56.0 31.5 4.48 B2 E 98 I 

2b 4SN 90 97 199 144 .31.6 1.7 1.0 1.4 ,31.0 61.5 3.3.0 3.67 A G 87 p 

1701 10.3 104 204 146 31.8 1.8 .s 1.2 .32.5 60.5 35.5 3.84 .l E 9.3 N 
0 

I 

3a 60N 88 96 197 1.3.3 .30.4 1.5 .7 1.1 29.5 52.0 33.; .3.92 B2' F 87
173N 12.3 98 194 135 31•.3 1.6 .7 1.1 .31.0 5.3.5 33.5 5.41 Bl F 87

.3b 242N 109 98 195 133 .31.l. .7 .9 1.1 28.0 56.5 32.0 3.96 B2 E 95
182N no 102 198 139 31.0 1.5 .8 1.2 ,30.0 57.0 33.0 3.79 Bl E 96

4a 61N 75 97 200 144 30.7 1.6 .8 1.1 31.0 58.5 35.5 4.1.3 A F 8S
l,32N 97 94 197 139 31.3 1.6 .9 1.1 30.5 60.0 32.0 3.69 Bl G 97

4b 223M 72 104 200 141 .31.4 1.6 .9 1.5 29.5 60.0 3.3.0 3.5.3 .l G 82
219N 85 11.4 210 153 30.9 1.9 1.1 1.5 ,32.5 62.0 .37.' 4.11 .l G 80

Sa 45N 75 102 198 145 30.6 1.A. .9 :L.3 ,30.0 61.0 34.0 .3.51 A G 86 
189N 96 108 210 155 32.1 I.; 1.0 1• .3 34.0 63.0 .36.0 3.05 A. G 82 

5b 7;N 70 102 202 1;1 ,31.6 1.7 1.0 1.4 32.; 63.5 35.0 4.01 .l G 89 
126» 62 104 203 l4J.. 31.1 1.8 1.0 1.4 .34.; 62.0 32.0 4.14 .l E 91 



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

Ration 
Pig
No. 

Days 
on 
test 

Total 
gain 
Ibs. 

Ship­
ping 
wt. 

1bs. 

Car­
cass 
wt. 

Ibs. 

Av. 
length 

or sides 
ins. 

Fat measurements 
shldr. back loin 
ins. ins. ins. 

Weight (lbs.) 
ham midd1eshldr. 
1bs. Ibs. 1bs. 

Loin 
area 

sq. ins. 
Grade 

Belly 
grade 

AR 
Soore 

6a 69:N 95 99 197 146 30.9 1.6 1.0 1.4 32.5 59.0 34.5 3.97 A E 89 

6b 
141M 

88N 
142N 

81 
67 
81 

99 
105 
106 

197 
205 
204 

148 
145 
149 

30.5 
30.0 
30.3 

1.7 
1.7 
1.8 

.9 
1.0 

.9 

1.2 
1.4 
1.2' 

32.; 
32.5 
.32.0 

65.0 
60.5 
6,3.0 

32.5 
34.0 
35.0 

4.62 
3.47 
4.62 

A 
A 
A 

E 
E 
G 

98 
81 
89 

78 51N 116 98 196 145 30.9 1.8 1.0 1.2 31.5 58.5 37.0 4.23 A E 90 

7b 
165N 
217N 
192N 

95 
68 
85 

94 
92 
98 

194 
194 
197 

136 
136 
146 

.32.2 

.30.S 
30.5 

1.7 
1.6 
1.7 

.7 
1.0 

.9 

1.2 
1.5 
1.2 

30.0 
29.5 
32.0 

54.0 
57.0 
58.0 

33.5 
31.5 
34.5 

3.65 
3.6S­
4.16 

Bl 
Bl 
A 

E 
G 
G 

9.3 
81 
94 

I 

t-J 
0 

81. ;8N 
147N 

9; 
83 

96 
100 

196 
204 

139 
143 

31.6 
.32.2 

1.8 
1.7 

.9 

.8 
1.1 
1.1 

29.5 
29.0 

58.5 
61.5 

.3.3.0 
33.0 

.3.54 
4.06 

B1 
J. 

G 
G 

86­
93 

\.;.) 

I 

8b 240N 119 96 199 140 29.5 1.7 .8 1.2 32.0 57.0 3.3.5 5.13 A. E 86 
149N 94 101 201 l4l .30.3 1.6 .9 1.1 .30.0 60.0 .3.3.5 3.70 1. G 93 

9a 133M 
1211 

88 
90 

94 
104 

199 
202 

139 
148 

32.5 
31.7 

1.8 
1.8 

1.0 
.9 

1.5 
1•.3 

28.0 
.32.0 

62.; 
64.0 

32.0 
35.0 

3.37 
4.00 

Bl 
A 

G 
G 

74 
91 

9b 56N 84 98 196 146 30.4 1.8 1.0 1.3 ,31.0 6.3.0 35.0 4.26 A G 89 
89N 88 103 202 143 .30.6 1.6 .9 1.2 29.5 59.5 34.0 4.48 A E 95 

lOa 50N 84 98 198 145 31.4 1.7 .9 1.4 30.5 61.5 35.0 4.08 J. G 86 

lOb 
129N 
112N 
193N 

90 
63 
71 

98 
96 
96 

196 
200 
194 

l42 
148 
144 

30.2 
30.6 
.31.4 

1.9
I.; 
1.6 

1.1 
.9 
.7 

1.4 
1.3 
1.1 

.30.0 
32.0 
,31.0 

60.0 
6.3.0 
58.0 

35.0 
36.5 
36.0 

3.92 
4.22 
3.49 

A 
A 
A 

E 
E 
E 

84 
92 
92' 



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

Day. Ship- Oar- Av. 
Pig on Total ping c&s. length Fat measurement. Weight (lba.) Loin Belly AR 

Ration No. test gain \tit. wt. of sides shldr.baok loin ham middle shldr. area Grade grade Score 
1bs. 1bs. 1bs. ins. ins. ins. ins. 1bs. 1bs. 1bs. sq. ins. 

11a 108N 95 112 210 155 30.9 1.8 1.1 1.5 32.0 65.0 36.0 4.5.3 A G 83
164N 57 9.3 198 144 31.6 1.9 .9 1.5 31.0 60.0 34.0 2.98 Bl G 76

lIb 76N 74 98 200 149 .31.5 1.8 1.0 1.4 .32.5 62.5 .34.5 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

12& 87N 77 92 194 141 30.8 1.9 1.1 1.4 29.5 60.5 33.5 3.80 A E 87 
174N 129 104 200 148 .31.6 1.8 .8 1.2 .37.0 57.0 34.0 3.80 A F 86 

12b 47N 79 100 204 153 30.9 1.9 1.0 1.6 ,32.0 64.0 .36.5 4.12 Bl G 7S I 
210N 67 100 198 138 31.6 1.7 1.0 1.2 28.0 . 61.0 .3.3.0 .3.60 B1 G 90 j-J 

a 

13a 52N 87 106 201 150 . .30.5 1.7 .9 1.2 31.; 61.0 35.0 .3.98 A G 83 
~

I 
11,3N 62 92 194 139 30.4 1.6 .9 1.2 .30.; 60.0 .33.0 4.40 BJ. G 93 

13b 39ft 75 101 20.3 148 31.1 1.6 .8 1.2 .31.5 59.0 .36.5 .3.42 A G 88 
181N 63 99 198 138 .31.2 1.6 1.0 1.5 29.0 61.5 .31.0 3.49 m G 78 

l4a 128ft 77 95 193 141 30.; 2.1 1•.3 1.6 29.0 63.5 .30.5 3.ll Bl P 62
180N 71 91 196 144 .31.0 1.7 1.1 1.; ,31.0 62.0 .34.0 3.91 B1 G 82

14b I.3ON 74 101 199 141 .30.9 1.6 .9 1.3 28.;' 60.5 .32.0 3.64 A G 88
148N 66 104 202 149 32.0 1.8 1.0 1.5 32.0 63.5 34.5 4.00 A G 82

l;a 86N 77 102 202 149 .30.5 2.1 1.1 1.6 32.0 64.5 34.0 3.20 B1 G 74
2181 64 99 199 144 30.8 1.8 .9 1.4 31.0 59.5 34.0 3.86 A G 86

lSb 120N 77 101 198 145 .30.6 1.6 .9 1.4 30.0 61.5 .34.0 3.51 A G 81
171M 91 95 196 141 .30.8 1.9 1.0 1.5 JO.; 58.5 .31.5 3.43 A E 81
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Table 3.- Dry Matter Digestibility (%) of Rations Fed to Swine.

Bulk Meal Pellet Meal Pellet Male Fem. 
Type Level Male Fem. Male Fem. 

(TL P $) (1) 
Oat hulla High 59.7 58.2 65.4 66.6 

Medium ,6.3 64.2 69.7 66.8 
Low 69.0 66.7 73.6 74.6 

Al:talta High 65.4 59.7 67.3 67.6 
Medium 64.0 6,.5 73.4 73.7 
Low 67.3 65.6 75.2 76.1 

Wheat bran High ;7.4 57.9 64.4 63.6 
Medium 63.7 59.6 64.9 66.0 
Low '73.9 70.7 70.2 69.4 

Oel1ulose High 63.0 66.9 69.2 69.3 
Medium 61.7 65.1 74.7 72.0 
Low 74.0 71.3 73.4 74.9 

Corn cobs High 62.3 61.5 72.7 74.5 
MediWl 66.4 68.6 72.8 70.7 
Low 72.672.9 76.9 77.; 

DT: 7.47(2)
DL: 6.38 
DP: 5.31 
00: ;.31 

(T P S) 
Oat hul1a 61.7 63.0 69.6 69.3 
A1talfa 65.6 63.6 72.0 72.5 
Wheat bran 65.0 62.7 66.5 66.3 
Cellulose 66.2 67.8 72.4 72.1 
Oorn cobs 67.1 67.7 74.1 74.2 

DT: 4.31 
DF: 3.07 
001.3.07 

(T L p) 
;8.9 66.0 
60.2 68.2 
67.8 74.1 
62.5 67.4 
64.7 73.6 
66.4 75.6 
57.6 64.0 
61.6 6;.4 
72.3 69.7 
64.9 69.2 
63.4 73.3 
72.6 74.2 
61.9 73.6 
67.4 71.8 
72.7 77.2 
DT: 5.29 
DL: 4.;2 
DP: 3.76 

(T p) 
62.3 69.4 
64.; 72.2 
63.8 66.4 
67.0 72.2 
67.4 74.2 
DT: 3.05 
DP: 2.17 

(T L S) 
62.6 62.4 
63.0 6;.5 
71.3 70.7 
66.463.7 
68.8 69.6 
71.3 70.9 
60.9 60.8 
64.362.8 
72.1 70.1 
66.1 68.1 
68.2 '68.6 
73.7 73.1 
67.; 68.0 
69.6 69.7 
74.8 75.2 
D'l': 5.29 
DLI 4.;2 
DS: 3.76 

(TS) 
67.; 66.1 
68.8 68.0 
65.8 6;.0 
69•.3 69.9 
70.6 70.9 
DT:3.0; 
DS: 2.17 

(T L) 
62.; 
64.3 
71.0 
6;.1 
69.2 
71.1 
60.9 
63.6 
71.1 
67.1 
68.4 
73.4 
67.8 
69.7 
7;.0 
DT: 
3.74 

00: 
3.19 

(T) 
6;.9 
68.4 
65.1 
69.6 
70.8 
DTI 
2.16 

(L F S) (L p) (L S) (L) 
High 61.; 60.8 67.868.3 61.2 68.1 64.764.6 64.6 
Medi& 62.4 64.6 71.1 69.8 63.5 70.; 66.8 67.2 67.0 
Low 71.369.4 73.8 74.; 70.4 74.2 72.6 72.0 72.3 

DL: 2.86 DL: 2.02 DL. 2.02 DLI 
DF: 2.38 DP: 1.68 001 1.68 1.43 
00: 2.38 

(p S) (p) (8) MeaJl 
65.164.9 70.970.9 65.0 70.9 68.0 67.9 68.0 
:OF:. 1.37 DF: 0.97 001 0.97 
001 1.37 1 

i 

(1) Interaction. T = BUlk type. L = Bu1k level. F = PhJsical cond,ltloa 
(Meal or Pellet). S =Sex. i 

(2) D =Difference required for significance at p<,0.05,1 (G. W. Snedecor, 
Statistical Methods, FitthEd., page .25~.)
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Table 4.- Apparent Protein Digestibility (%) of Ratiohs Fed to Swine.

BuJ.k Meal Pellet Meal Pellet MaleFem. 
Type Level Male Fem. Male Fem. 

(T L P S) (T LP) (T L S) (T L) 
Oat hulls 

lltalta 

Wheat braJl 

Cellulose 

Corn cobs 

High 
Medium 
Low 
High 
Medium 
Low 
High 
MediUlll 
Low 
High 
Medium 
Low 
High 
Medium 
Low 

77.5 75.; 
75•.3 76.7 
85.6 7.3.1 
69.4 66.9 
68.566.8 
69.3 67.7 
73.6·70.1 
77.8 72.9 
81•.3 80.6 
74.880.8 
70.5 7.3.5 
79.5 78.0 
76.5 78.5 
77.1 79•.3 
77.9 78.4 
DT: 9.17 
DL: 7.83 
DF: 6.52 
00: 6.52 

81.8 81.1 
79.4 78.7 
79.4 78.6 
70.4 70.9 
7.3.6 73.9 
77.8 80.1 
74.9 74.4 
72.5 75.7 
78.4 76.9 
79.9 80.3 
83.9 81.1 
78.1 81.2 
82•.3 85.2 
82.0 79.8 
79.4 84.2 

76.4 84.1 
76.0 79.0 
74•.3 79.0 
68.2 70.6 
67.6 7.3.8 
68.4 78.9 
71.8 74.6 
75.3 74.1 
81.0 77.6 
77.8 80.1 
72.0 82.5 
78.8 79.7 
77.4 83.7 
78.2 80.9 
78.0 81.8 
DT: 6.49 
DL: 5.54 
DP: 4.61 

79.7 78.3 
77.4 77.7 
82.5 75.9 

I 69.9 68.9 
71.1 70.4 

i 73.6 73.9 
I 74.3 72.3 
I 75.2 74•.3 
179.9 78.8 
77.4 80.6 
77.2 77•.3 
78.8 79.6 
79.4 81.9 
79.6 79.6 
78.7 81•.3 

i. DT: 6.49 
DL: 5.54 
00: 4.61 

79.0 
77.5 
76.6 
69.4 
70.0 
73.7 
73.2 
74.7 
79•.3 
78.9 
77.2 
79.2 
80.6 
79.5 
79.6 
DT. 
4.58 

00: 
.3.92 

Oat hulla 
Alfalfa 
Wheat bran 
GellUlos8 
Corn cobs 

High 
Media 
Low 

(TP S) 
79.5 75.1 80.2 79.5 
69.1 67.1 7.3.9 75.0 
77.6. 74.5 75•.375.7 
74.9 77.4 80.680.9 
77.278.7 81.2 8.3.1 
DT: 5•.30 
DP: .3.77 
00: .3.77 

(L P S) 
74.4 74.4 77.9 78.6 
7.3.8 73.8 78•.3 77.8 
78.7 75.6 78.6 80.2 
DL'3.51 
DP; 2.92 
00: 2.92 

(p s) 
75.6 74.6 78•.3 78.9 
DP: .1.68 
00: 1.68 

(T P) 
77•.3 79.8 
68.1 74.4 
76.0 75.4 
76.2 SO.7 
77.9 82.1 
DT: .3.75 
DF: •. 2.66 

(t p) 
74.4 78.3 
7.3.8 78.1 
77.2 79.4 
Dt: 2.48 
DP: 2.07 

(P) 
74.8 78.5 
.DP: .1.19 

(T S) 
79.9 77•.3 
71.571.1 . 

Ii 76.5 75.1 
177.8 79.2 
! 79.2 80•.9 
i Dr: .3.75 
IDS: 2.66 
I 

(L8) 
76.2 76.5 
76.1 75.S 
78.7 77.9 
Dt. 2.48 
DS: 2.07 

(S) 
76.9 76.8 
00: 1.19 

(T) 
77.7 
71.2 
75.8 
78.5 
80.0 
nT: 
2.65 

(L) 
76.2 
75.9 
77.8 
DL: 
1.7; 

Mean 
76.9 
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Table 5.- Digestibility (%)·0£ Energy in Ratione Feq to Swine.

Type 
Bulk 

Level 
Meal Pellet 

Male Fem. Male· Fem. 
Meal Pellet Male Fem. 

Oat hulls 

Alfalfa 

Wheat bran 

Cellulose 

Corn coba 

High 
Media 
Low 
High 
Medium 
Low 
High 
Medium 
Low 
High 
Medium. 
Low 
High 
Medium. 
Low 

(1' L P S) 
60.0 57.9 65•.3 67.1 
56.7 64.0 70.5 67.2 
68.466.2 74.1 75•.3 
65.' 60.4 67.9 68.2 
62.8 64.6 73.2 73.8 
66.964.5 75.4 76•.3 
58.4 59.1 65.6 65.1 
64.1 58.1 65.2 66.1 
74.9 71.6 71.5 70.8 
64.0 67.8 70.5 70.6 
61.6 64.~ 76.0 7.3.3 
73.9 70.9 74.5 75.8 
62.1 60.8 73.9 74.9 
66.7 69.0 73.9 71.4 
72.5 72.4 77.5 78.2 
DT: 8.46 
DL: 7.23 
DP: 6.01 
DBa 6.01 

(1'L p) 
58.9 66.2 
60.3 68.8 
67.3 74.6 
63.0 68.0 
63.7 73.4 
65.7 75.8 
58.7 65.3 
61.1 65.6 
7.3.2 71~1
65.9 70.5 
63.2 74.6 
72.4 75.1 
61.4 74.4 
67.8 72.8 
72.4 77.8 
DT: 5.99 
DL: 5.11 
DP: 4.26 

(1'L S) 
62.762.5 
63.6 65.6 i 

71.,370.8 
66.8 64.3 ' 
68.0 69.2' 
71.2 70.4 
62.062.1 i 
64.7 62.1' 
73.2 71.2 
67.3 69.2 
68.8 69.1 
74.2 73.4 
68.0 67.9 
70.3 70.5 
75.0 75.1 
D'l'a 5.99 
DLa·5.11 
os: 4.26 

(T L) 
62.6 
64.6 
71.1 
65.6 
68.6 
70.8 
62.1 
63.4 
72.2 
68•.3 
69.0 
73.8 
68.0 
70.4 
75.2 
DTa 
4.23 

DSa 
.3.61 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 

(1' P S) 
61.7 62.7 70.0 69.9 
65.1 6.3.2 72.2 72.8 
65.8 62.9 67.4 67•.3 
66.5 67.8 73.7 73.2 
67.1 67.4 7;.1 75.0 
DT:4.88 
DP: 3.47 

·DB: 3.47 

(1' P) 
62.2 69.9 
64.1 72.4 
64.4 67.3 
67.2 73.4 
67.2 7;.0 
DT: 3.45 
DPa 2.46 

(1' S) 
65.9 66•.3 
68.7 68.0 
66.6 6;.1 
70.1 70.5 
71.1 71.2 
DT: 3.45 
DSa2.46 

(1') 
66.0 
68•.3 
65.8 
70•.3 
71.1 
DT: 
2.44 

High 
Medium 
Low 

(L·P S) 
62.0 61.2 68.6 69.2 
62.4 64.1 71.8 70.5 
71.3 69.1 74.6 7;•.3 
DL: 3.23 
DP. 2.69 
DB: 2.69 

(L p) 
61.6 68.9 
6.3•.3 71.2 
70.2 75.0 
DL: 2.29 
DP. 1.90 

(L S) 
65.3 65.2 
67.1 67.3 
73.0 72.2 
DL: .·2.29 
DSt 1.90 

(L) 
65.2 
67.2 
72.6 
DL: 
1.62 

(p S) (P) (8) Mean 
65.2 64.8 71.7 71.7 65.0 71.6 68.5.68.3 68.4 
DP: ·1.15 
DB: 1.1; 

DP: 1.10 DSal.10 
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Table 6.- Dige,stibleThermsPer PoundotBation Fe~toSwine.

!

lMale Fem.Bull: Meal Pellet Meal Pellet 
Type Level Male Fem. Male Fem. 

Oat hulls High 
Media 
Low 

Altaita High 
Med,iUll 
Low 

Wheat bran High 
Med,iUDl 
Low 

Cellulose High 
Medil1ll 
Low 

Corn cobs High 
Medium 
Low 

(T L P S) 
1.15 1.11 1.26 1.29 
1.101.24­ 1.371•.31 
1.3.3 1.28 1.44 1.46 
1.27 1.17 1.311.32 
1.23 1.26 1.43 1.44 
1.291.24 1.45 1.46 
1.15 1.17 1.29 1.29 
1.27 1.15 1.29 1• .31 
1.46 1.40 1.39.1.38 
1.251.,32 1.38:1.38 
1.18 1.24 1.46 1.U 
1.42.1.36 1.43 1.46 
1.18.1.16 1.41 1.43 
1.29 1.33 1.431•.39 
1.43,1.42 1.52·1.54 
DT. 0.16 
DL •. 0.14 
DP: '0.12 
00. 0.12 

(T L P) 
1.13 1.27 
1.17 1•.34 
1.30 1.45 
1.22 1.31 
1.24 1.44 
1.26 1.45 
1.16 1.29 
1.20 1•.30 
1.42 1.38 
1.28 1.)8 
1.21 1.43 
1.39 1.44 
1.17 1.42 
1•.31 1.40 
1.42 1.53 
DT: 0.11 
DL. 0.10 
DP: 0.08 

(TL) 
1.20 
1.25 
1.38 
1.26 
1 •.34 
1.36 
1.22 
1.25 
1.40 
1.33 
1.,32 
1.42 
1 • .30 
1•.36 
1.48 
DT' 
0.08 

DL. 
0.07 

Oat hulls 
Altalta 
Wheat ·bran 
Cellulose 
Corn cobs 

High 
Medium 
Low 

(TP S) 
1.191.211.36.1.35 
1.26 1.•22 1.40 1.41 
1.291.24 1.321.33 
1.28 1.31 1.42 1.42 
1.30 1•.30 1.451.45 
DT: 0.10 
DPae.07 
DS: .0.07 

(L PS) 
1.20.1.19 1•.3.3 1• .34 
1.21 1.24 1.40 1•.37 
1•.39 1•.34 '1.4, 1.46 
DL: 0.06 
DPI 0.0; 
ns, 0.05 

(p S) 
1.271.26 1.391.39 
DP: 0.03 
DaaO.O.3 

(T p) 
1.20 1•.35 
1.24 1.40 
1.26 1.,32 
1.29 1.42 
1.30 1.45 
DT: 0.07 
DP, 0.05 

(L p) 
1.19 ·1.33 
1.2.31•.38 
1.)6 ··1.45 
DL: 0.05 
DP, 0.04 

(p) 
1.26 1•.39 
DP•• 0.02 

(TS) • (T)
1.28 1.28: 1.28 
1•.33 1•.32 1.32 
1.31 1.29 1.29 
1•.35 1.36 1.36 
1.)81•.38 1• .38 
DT: 0.07 DT: 
00, 0.05 0.05 

(L)(L :3) 
1.261.27 1.26 
1•.301•.31 1.31 

1.42 .1.40 1.41 
DLIDL. 0.05 
0.0.3OOa ·0.04 

(8) Mean 
1•.3.3 1.32 1.32 
DB: .0.02 
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Table 7.- Digestible Crude Protein, Grams Per Pound of Ration, Feel to Swine.

Bulk Meal Pellet Meal Pellet Male Fem. 
Type Level Male Fem. .Male Fem. 

(T L P S) (T L P) (T L S) (T L)
Oat hulls High 5.3.2 51.9 56.2 55.7 52.5 56.0 54.7·5.3.8 54.2 

Medimn 50•.3 51.2 5.3.0 52.6 50.8 52.8 51.7 51.9 51.8 

Alfalfa 
Low 
High 

5.3•.3 51.6 
48.8 47.0 

56.0 55.4 
49.4 49.8 

52.4 
47.9 

55.7 
49.6 

54.7 5.3., 
49.1 48.4 

54.1 
48.8 

Medium 47.6 46.4 51.1 51•.3 47.0 51.2 49.448.9 49.1 
Low 48.7 47.5 54.6 56.2 48.1 55.4 51.7 51.9 51.7 

Wheat bran High 
Medium 

51.8 49•.3 
49.5 46.4 

52.7 52•.3 
46.2 48.2 

50.6 
48.0 

52.5 ~

47.2 
52•.3 50.e 
47.9 47.3 

51.5 
47.6 

Low 60.0 59.5 57.8 56.7 59.7 57.2 58.9 58.1 56.0 
Oellulose High 

Medium 
52.5 56.7 
48.2 50.2 

56.0 56•.3 
57.3 55.4 

54.6 
49.2 

56.2 
56.4 

54•.3 56., 
52.8 52.~

55.4 
52.8 

Low 52.8 51.7 51.8 53.9 52.2 52.8 52,.3 ·,52.a 52.5 
Corn cobs High 

Medium 
54,.2 55.6 
53.3 54.8 

58.3 60.4 
56.6 55.1 

54.8 
54.0 

59.3 
55.8 

56•.3 58.0 
55.0 55.0 

57.1 
55.0 

Low 49.5 49.9 50.5 53.6 49.7 52.0 50.0 51.a 50.9 
DT: 6.38 DT: 4.51 00': 4.51 DT: 
DL: 5.45 DL:· 3.86 DL: 3.86 3.19 
DPa 4.54 DP. 3.21 DBa 3.21 DS: 
DS: 4.54 2.7.3 

Oat hulls 
Altalfa 

(TP s) 
52•.3 51.6 55.1 54.6 
48.4 47.0 51.7 52.4 

(T p) 
51.9 54.8 
47.6 52.1 

(T S) 
5.3.7 53.]
50.1 49.1 

(T) 
53.4 
49.9 

Wheat bran 
Cellulose 

53.8 51.7 
51.2 52.9 

52.2 52.4 
55.0 55.2 

52.7 
52.0 

52.3 
55.1 

53.0 52.1, 
53.1 54.1 

52.5 
53.5 

Corn cobs 52.3 53.4 55.1 56.4 52.8 55.7 53.7 54.9 54.3 
DT: 3.69 DT: 2.61 DT: 2.61 DT: 
DP: 2.62 DP: 1.85 00: 1.85 1.84 
00: 2.62 

High 
(L P S) 

52.1 52.1 54.5 54.9 
(L p) 

52.1 54.7 
(L S) 

53.35.3.5 
(L) 

53.4 
Medium 49.8 49.8 52.8 52.5 49.8 52.7 51.3 51.1 51.2 
Low 52.9 52.0 54.1 55.2 52.5 54.7 53.5 53.6 5.3.5 

DL: 2.44 DL: 1.73 DL: 1.73 DL: 
DP: 2.0.3 DP: 1.44 00: 1.44­ 1.22 
00: 2.03 

(p S) (p) (s) , Mean 
51.6 51.3 53.8 54~2 51.4 54.0 52.752.8 52.8 
DP: 1.17 DP: 0.8.3 DSa 0.83 
00: 1.17 
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Table 8.- Grams· Digestible Crude Protein Fer Therm Digestible iBnergy
in Rations Fed to Swine. 

Bulk 
Type level 

Oat hulls High 
Medium 
Low 

Alfalfa High 
Medium 
Low 

Wheat bran High 
Medium 
Low 

Cellulose High 
Medium 
Low 

Corn cobs High 
Medium 
Low 

Oat hulls 
Altalta 
Wheat bran 
Cellulose 
Corn cobs 

High 
Medium 
Low 

46.3 46.8 
45.7 41.6 
40.2 40.3 
.38.; 40.3 
.38.8 36.8 
.37.8 38•.3 
45.1 42.3 
.39.2 41.0 
41.2 42.6 
42.2 43.0 
40.S 40.5 
37.2 38.1 
45.9 47.9 
41.5 41.2 
34.7 35.1 
DT: 3.45 
DL: 2.94 
DP: 2.45 
00. 2.45 

Meal Pellet
Male Fem. Male Fell.

(T L PS) 
44.8 4.3.2 
38.7 40.3 
39.1 .38.0 
37.7 38.0 
35.8 35.7 
37.8 .38.5 
40.9 40.7 
35.9 36.9" 
41.6 41.0 
40.8 41.0 
39.4 .39.4 
36.2 37.0 
4]..4 42•.3 
39.7 39.8 
33.2 34.9 

(T P S) 
44.1 42.9 40.9 40.5 
.38.4 .38.5 .37.1 .34.1 
41.8 42.0 39.5 .39.5 
40.1 40.5 .38.8 .39.1 
40.7 41.4 .38.1 39.0 
DT: 1.99 
DP. 1.42 
00: 1.42 

(LP S) 
43.6 44.1 41.1 41.0 
41.2 40.2 .37.9 .38.4 
38.2 .38.9 .37.6 .37.9 
DL: 1•.32 
DP: 1.10 
DS. 1.10 

(p S) 
41.0 41.1 .38.9 39.1 
DP: 0.63 
00: 0.63 

Meal Pellet 

(T L P) 
46.6 44.0 
43.7 39.5 
40.3 38.6 
39.4 37.9 
37.8 35.8 
.38.1 .38.2 
43.7 40.8 
40.1 36.4 
41.9 41•.3 
42.6 40.9 
40.7 39.4 
.37.7 36.6 
46.9 41.9 
41.4 39.8 
34.9 34.1 
DT: 2.44 
DL: 2.08 
DP. 1.73 

(T p) 
43.5 40.1 
.38.5 35.6 
41.9 39.5 
40•.3 39.0 
-41.1 .38.6 
DT: 1.41 
DP, 1.00 

(L P) 
43.8 41.1 
40.7 .38.1 
38.5 37.7 
DL: 0.9.3 
DP: 0.78 

(p) 
41.0 39.0 
DP: 0.45 

Male Fe•• 

(T L S):I
45.6 45.0 
42.2 41.0 
39.7 39.2 
38.1 39.2 
.37.3 ,36.3 
.37.8 .38.4 
43.0 41.; 
37.6 39.0 
41.4 41.8 
a.; 42.0 
40.1 40.0 
36.7 37.6 
43.7 45.1 
40.6 40.5 
34.0 35.0 
DT: 2.44 
DL. 2.08 
00, 1..7.3 

(T s) 
42.5 U.7 
37.8 ,36.3 
40.7 40.8 
39.5 .39.8 
.39.4 40.2 
Dr: 1.41 
00: 1.00 

(L s) 
42.3 42.6 
.39.6 )9•.3 
37.9 .38.4 
DL: 0.93 
00: 0.78 

(8) 
40.0 40.1 
00:- 0.45 

(T L) 
45.2 
41.6 
39.4 
38.6 
36.8 
38.1 
42.2 
38.2 
4J..6 
U.7 
40.0 
37.1 
44.4 
40.5 
.34.5 
Dr. 
1.72 

DL: 
1.47 

(T) 
42.0 
.37.8 
40.7 
.39.6 
39.8 
D'l': 
1..00 

(L) 
42.4 
.39.5 
.38.1 
DL: 
0.66 

Mean 
40.1 

.... 
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Table 9.- Pounds of Feed ConsUDled Per Day by Swine.

Bulk 
Type Level 

Oat hulls High 
Medium 
Low 

Altalta High.
Medium 
Law 

Wheat bran High 
MediWB 
Low 

Cellulose High 
Medium 
Low 

Corn oobs High 
Medium 
Low 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulo.. 
Oorn cobs 

High 
Medium 
Low 

Meal Pellet
Male Fem. Male Fem.

(T L P s)
5.26 5.09 4.97 5.24 
4.38 4.45 5.26 3.80 
5.28 4.42 4.92 5.22 
4.54 .3.74 4.58 4.48 
4.14 4.26 4.96 4.44 
4.59 4.42- 5•.37 4.78 
4.20 4•.30 4•.35 4•.36 
4.77 4.09 4.61 4.45 
5•.32 .3.87 5.50 4.82 
5.01 4.74 5.44 3.90 
4.84 4.61 4.35 4.52 
5.16 4.49 5.3.3 4.36 
5.55 4.76 5.53 4.23 
4.72 5.14 5.29 4.88 
5.77 4.57 4.54 4.99 
DT: 1.14 
DL: 0.97 
DPI 0.81 
00. 0.81 

(T p s) 
4.97 4.6; 5.0; 4.75 
4.42 4.14 4.97 4.;7
4.76 4.09 4.82 4.54 
5.00 4.61 5.04 4.26 
5.3; 4.82 5.12 4.70 
DT: 0.66 
DP: 0.47 
00: 0.47 

(L P S) 
4.91 4.52 4.97 4.44 
4.57 4.51 4.89 4.42 
5.22 4.35 5.1.3 4.8.3 
DL: 0.44 
DPs 0.36 
00: 0•.36 

(p s) 
4.90 4.46 5.00 4.56 
DP, 0.21 
00: 0.21 

Meal Pellet Male Fem. 

(T L p) 
5.18 5.11 

(T L S) 
5.12 5.16 

(T L) 
5.14 

4.42 4.53 4.82 4.12 4.47 
4.85 5.07 5.10 4.82 4.96 
4.14 4.5.3 4.56 4.10 4•.3.3 
4.20 4.70 4.55 4•.35 4.45 
4.51 5.08 4.98 4.60 4.79 
4.25 4•.36 4.27 4.33 4•.30 
4.43 4.5.3 4.69 4.27 4.48 
4.60 5.16 5.40 4.34 4.87 
4.88 4.67 5.22 4•.32 4.77 
4-73 4.44 4.59 4.56 4.58 
4.8.3 4.85 5.24 4.42­ 4.8.3 
5.16 4.88 5.54 4.50 5.02 
4.93 5.09 5.00 5.00 5.00 
5.17 4.77 5.16 4.78 4.97 
DT. 0.81 DTI 0.81 D'I'I 
DL: 0.69 Dt: 0.69 0.57 
:OP: 0.57 00: 0.57 DL: 

0.49 

(T P) 
4.81 4.90 

(T S) 
5.01 4.70 

(T) 
4.86 

4.28 4.76 4.70 4• .36 4.52. 
4.42 4.68 4.79 4•.32 4.55 
4.81 4.65 5.02 4.44 4.7.3 
;.08 4.91 
DT: 0.47 

5.24 4.76 
DT: 0.47 

5.00 
nT: 

DP: 0.4.3 00: 0.4.3 0•.3.3 

(L p) (L s) (L) 
4.72 4.71 4.98 4.48 4.71 
4.54 4.66 4.7.3 4.47 4.60 
4.79 4.98 5.18 4.59 4.88 
DL: 0•.31 DL. 0• .31 Dt: 
DP, 0.26 DB. 0.26 0.22 

(p) (8) Mean 
4.68 4.78 4.95 4.51 4.7.3 
DP: 0.15 DS: 0.15 



- 112 ­

Table 10.- Intake of Digestible Theme Per Day bySw:Lne.

Bulk Meal Pellet Meal Pellet Male Fem. 
Type Level Male Fem. Male Fem. 

Oat hulls High 
Medium 
Low 

Alfalfa High 
Medi111ll 
Low 

Wheat bran High 
Medium 
Low 

Cellulose High 
Medium 
Low 

Corn cobs High 
Medium 
Low 

(T L P S) 
6.04 5.64 6.24 6.74 
4.81 ;.48 7.20 4.96 
7.02 5.63 7.06 7.62 
5.76 4•.35 6.00 5.88 
5.05 5.38 7.08 6.39 
5.88 5.48 7.74 6.98: 
4.83 ;.01 5.59 5.61 
6.02 4.66 5.94 5.79 
7.74 5.40 7.64 6.65 
6.56 5.52 7.78 6.06 
6.06 6.82 7.53 6.76 
8.21 6.48 6.90 7.65 
6.25 6.27 7.48 5.36 
5.705.73 6.33 6•.34 
7•.32 6.10 7.64 6•.32 
D'l': 1.66 
DL: 1.41 
DPll.18 
00:1.18 

(T L P) 
5.84 6.49 
5.15 6.08 
6.33 7.14 
5.06 5.94 
5.22 6.74 
5.68 7.36 
4.92 5.60 
5• .34 5~87

6.57 7.15 
6.04 6.92 
6.44 7.15 
7.35 7.28 
6.26 6.47 
5.72. 6• .34 
6.71 6.98 
DTa 1.17 
DLi·l.00 
DPs 0.86 

{T LS} 
6.146.19 
6.01 5.22 
7.04 6.62 
5.88 5.12 
6.07 5.8a 
6.81 6.23 
,.21 5•.3l 
5.98.5.22 
7.69 6.02 
6.865.82 
6.02·6.04­
7.48 6.22 
7.17 5.79 
6.80 6.79 
7.56 7.07 
nTs 1.17 
DLI 1.00 
DB. 0.86 

(1' L) 
6.17 
5.62 
6.83 
5.50 
5.98 
6.52, 
5.26 
5.60 
6.86 
6• .34 
6.0.3 
6.85 
6.48 
6.80 
7•.32 
OT. 
0.8.3 

DL. 
0.71 

Oat hulls 
.A1f'alf'a 
Wheat bran 
Celldose 
Corn cobs 

(1'P S) 
5.96 5.58 6.8.3 6.44 
5.57 5.07 6.94 6.42 
6.20 5.02 6.39 6.02 
6.94 6.27 7.406.82 
6.42·6.03 7.156.01 
DT: 0.96 
DP: 0.68 
001 0.68 

High 
Media 
Low 

(L PS) 
5.89 5•.36 6.62 5.93 
5.28 5.61 6.82 6.05 
7.2.3 5.82 7•.39 7.04 
DL: 0.63 
DPI 0.53 
DB; 0.53 

(p S) 
6.1.3 5.60 6.94 6•.34 
DP:O.30 
00: 0• .30 

(1' p) 
5.77 6.64 
5.32 6.68 
5.61 6.20 
6.23 6.58 
6.617.11 
DTl 0.68 
DP, 0.48 

(L P) 
5.63 6.28 
5.45 6.44 
6.53 7.22 
DL: 0.45 
DPI 0• .37 

(P) 
5.91 6.64 
DPt 0.22 

(1' S) 
6.40 6.01 
6.26 5.75 
6•.30 5.52 
7.17 6.55 
6.79 6.02 
Me 0.68 
nst 0.48 

(L S) 
6.26 5.6; 
6.05 ;.83 
7.3J,.6.43 
DL••0.45 
DB. 0.37 

(8) 
6.58 5.97 
00: 0.22 

(1') 
6.20 
6.00 
5.90 
6.40 
6.86 
DTa 
0.48 

(L) 
5.95 
6.00 
6.87 
DL. 
0.32 

Mean 
6.28 



- 113 ­

Table 11.- Intake of Digestible Crude Protein in Grams Per Day by Swine. 

Bulk 
Type I.evel 

Oat hulls High 
Medium 
Low 

Altufa High 
Medium 
Low 

Wheat bran High 
MeditDll 
Low 

Celluloae High 
Medium 
Low 

Corn oobs High 
MediWll 
Low 

Oat hulls 
Alf'alf'a 
Wheat bran 
Cellulose 
Corn cobs 

High 
MediUJll 
Low 

Meal Pellet 
Male Fem. Male Fem. 

(T L P S) 
280 263 279 292 
220 228 279 200 
284 227 275 289 
221 176 226 223 
196 198 254 228 
223 210 293 269 
218 212 229 229 
236 189 213 206 
.319 230 318 273 
263 269 305 219 
2.33 2.33 250 250 
272 2,32 277 234 
.301 265 322 256 
252 281 .300 269 
285 228 229 267 
DT: 68 
Dt: 58 
DP: 49 
00: 49 

(T P s) 
261 239 278 260 
21.3 195 291 240 
257 210 25.3 2,36 
256 245 277 2.34 
279 258 284 264 
DT: .39 
DP: 28 
00: 28 

(L P s) 
256 237 272 244 
227 226 259 2.30 
276 225 278 266 
DL: 26 
DP: 22 
00: 22 

(p s) 
253 229 270 247 
DP: 13 
W: 13 

Meal Pellet Male Fem. 

(T L p) 
271 285 

(T L S) 
279 277 

(T L) 
278 

224 239 249 214 2)2 
255 282 279 258 269 
198 225 223 199 211 
197 241 225 213 219 
217 281 258 239 249 
215 229 223 220 222 
213 209 224 197 21l 
274 295 318 251 285 
266 262 284 244­ 264 
23.3 250 241 242 241 
252 256 275 233 254 
28.3 289 .3l2 260 286 
266 284 276 275 275 
256 248 257 247 252 
DT: 48 DT: 48 DTa 
DL: 41 DL: 41 .34 
DPa .34 00: 34­ DLs 

29 

(T p) 
250 269 

(T s) 
269 250 

(T) 
260 

204 249 254 217 226 
2.34 244 255 223 239 
250 256 266 2.39 253 
268 274 281 261 271 
DT: 28 DT: 28 DT • 
DP: 20 DSa 20 20 

(L P) 
247 258 

(L S) 
264 240 

(L) 
252 

226 
251 

245 
272 

24.3 
277 

228 
246 

2)6 
262 

DLa 18 DLJ 18 DL. 
DP: 15 00: 15 1,3 

(p) (S) Mean 
241 258 262 255 258 
DP: 9 00.: 9 
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Table 12.- Pounds or Gain in Body Weight Per Day .by. Swine.

Bulk Meal Pellet Meal Pellet Male Fem. 
Type Level Male Fem. Male Fem. 

('1' L P S) ('1' L p) (1' L S) ('1' L) 
Oat hull.s High 1.20 1.22 1.27 1•.36 1.21 1• .32 1.23·1.29 1.26 

Medium 1.13 0.99 1.44 1.02 1.06 1.2.3 1.29 1.01 1.15 
Low 1.40 1.12 1.17 1.42 1.26 1•.30 1.291.27 1.28 

Alf'e.lf'a High 1.09 0.85 1.04 1.08 0.9'1. 1.06 1.070.97 1.02 
Medium 0.92 0.96 1.25 1.14 0.94 1.20 1.0S 1.05 1.07 
Low 1.00 1.06 1 • .38 1 • .3.3 1.0.3 1.36 1.191.20 1.20 

Wheat bran High 0.94 0.86 0.92.1.02 0.90 0.97 0.9.3 0.94 0.94 
Medium 1.10 0.92 0.94 0.94 1.01 0.94 1.02 0.93 0.9S 
Low 1.35 0.88 1.46 1.24 1.12 1•.35 1.41 1.06 1.24­

Cellulose High 1.13 1.12 1•.39 1.0.3 1.1.3 1.21 1.26 1.08 1.17 
Medium 1.12 1.16 1.17 1.1S 1.14 1.18 1.14·1.18 1.16 
Low 0.88 1.26 1.24 1.47 1.07 1•.36 1•.36 1.15 1.26 

Corn cobs High 1.24 1.24 1.57 1.08 1.24 1.33 1.41 1.16 1.29 
Medium 1.1.3 1.28 1.441.40 1.21 1.42 1.281•.34 1• .31 
Low 1.44 1.18 1.14 1.42 1• .31 1.28 1.29 1.30 1• .30 

DTI 0.41 DT: 0.29 DT: 0.29 DT: 
DL: 0•.35 DL: 0.25 DL.I 0.25 0.17 
DP: 0.29 DP: 0.21. DS: 0.21 DLa 
DS: 0.29 0.12 

('1'P S) (1' p) ('1' S) (T) 
Oat hulls 1.24 1.11 1.29 1.27 1.18 1.28 1.27 1.19 1.2.3 
Alfalfa 1.00 0.96 1.22 1.18 0.98 1.20 1.11. 1.07 1.09 
Wheat bran 1.13 0.89 1.11 1.07 1.01 1.09 1.12 0.98 1.05 
Cellulose 1.04 1.18 1.27 1.2.3 1.11 1.25 1.161.21 1.20 
Corn cobs 1.27 1.2.3 1.38 1.,30 1.25 1.34 1.33 1.27 1 • .30 

D'J.': 0.24 DT: 0.17 DTI· 0.17 D'l'a 
np: 0.17 DP. 0.12 DSI 0.12 0.12 
DS: 0.17 

(LP S) (L P) (L S) (L) 
High 1.12 1.06 1.24 1.ll 1.09 1.18 1.18 1.09 1.1,3 
Medium 1.0S 1.06 1.25 1.14 1.07 1.20 1.17 1.10 1.1,3 
Low 1.29 1.07 1.32 1.32 1.18 1.,32 1.31 1.20 1.25 

DL: 0.16 DL: 0.11 DL: O.ll DL: 
DP: 0.1,3 DP: 0.09 00: 0.09 0.08 
00:0.13 

(Ps) (p) (5) Mean 
1.16 1.06 1.271.19 1.11 1.2,3 1.22 1.1.3 1.18 
DP: 0.08 DP: 0.05 00: 0.05 
00: 0.08 
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Table 1.3.- Pounds of Feed Consumed by Swine Per Pound of Gain 

in Body Weight. 

Bulk 
Type Level 

Oat hulls High 
Medium 
Low 

Alfalfa High 
Medium 
Low 

Wheat bran High 
Medium 
Low 

Cellulose High 
Medium 
Low 

Corn cobs High 
Medium 
Low 

Oat hulls 
Alfalfa 
Wheat bran 
Ce11ul.ose 
Corn cobs 

High 
, Medium 

Low 

, 

Meal Pellet 

(T L p) 
4.30 3.86 
4.19 .3.70 
3.83 3.99 
4.31 4.26 
4.51 3.93 
4.46 3.84 
4.79 4.58 
4•.38 4.86 
4.15 .3.84 
4.35 3.85 
4.16 3.80 
4.07 3.66 
4.17 .3.74 
4.10 3.60 
3.94 3.79 
DT: 0.75 
DL: 0.64 
DP: 0.5.3 

(T p) 
4.11 3.85 
4.43 4.01 
4.44 4.42 
4.19 .3.77 
4.07 3.71 
DT: 0.43 
DP: 0.31 

(L p) 
4•.38 4.06 
4.26 3.97 
4.09 3.82 
DL: 0.29 
DP: 0.24 

(P) 
4.24 3.95 
DPa 0.14 

Male Fe•• 

(T L S) 
4.13 4.03, 
3.'78 4.10 
4.02 3.80 
4.30 4.27 
4.25 4.19 
4•.35 .3.95 
4.644.72 
4.64 4.60 
3.82 4.17 
4.19 4.01 
4.04 3.91 
.3.87 3.86 
4.02 .3.89 
3.94 3.75 
4.03 3.70 
D'l': 0.75 
DL: 0.64 
00: 0.5.3 

(T S) 
3.95 3.97 
4•.30 4.14 
4.)6 4.49 
4.02 3.9.3 
4.00 3.78 
DT: 0.43 
00: 0•.31 

(L s) 
4.26 4.18 
4.13 4.11 
4.02 3.89 
DL: 0.29 

.00: 0.24 

(5) 
4.14 4.06 
00: 0.14 

(T L) 
4.08 
3.94 
3.91 
4.29 
4.22 
4.15 
4.68 
4.62 
4.00 
4.10 
3.9tJ 
3.87 
3.96 
3.85 
3.87 
DTI 
0.53 

DLa 
0.45 

(T) 
3.97 
4.21 
4.43 
3.98 
3.88 
DT: 
0.31 

(L) 
4.~2

4.12 
3.95 
DLa 
0.20 

Mean 
4.10 

4.42- 4.18 
.3.89 4.48 
3.78 3.87 
4.20 4.41 
4.52 4.49 
4.77 4.15 
4.;2 5.0; 
4.31 4.44 
3.86 4.44 
4.46 4.2.3 
4.35 .3.96 
4.10 4.04 
4.,0 3.83 
4.19 4.00 
4.02 3.86 
DT: 1.05 
DL: 0.90 
DP: 0.75 
00: 0.7; 

(T 
4.03 4.18 
4.50 4.35 
4.23 4.64 
4.30 4.08 
4.24 3.90 
DT: 0.61 
DP: 0.43 
00: 0.43 

Meal Pellet
Male Fem. Male Fem.

(T L P S) 
3.84 3.87 
3.67 3.72 
4.25 3.72 
4•.39 4.12 
.3.97 .3.88 
3.93 3.75 
4.76 4.39 
4.96 4.75 
3.78 3.89 
3.91 3.79 
3.7.3 3.86 
3.63 .3.68 
3.5.3 3.95 
3.69 3.50 
4.04 3.53 

p s) 
.3.92 3.77 
4.10 3.92 
4.50 4.34 
3.76 3.77 
3.75 3.66 

(L P s) 
4.42- 4.34 
4.25 4.27 
4.ll 4.07 
DL: 0.40 
DP: 0•.34 
00: 0•.34 

4.09 4.02 
4.00 3.94 
3.93 3.71 

(p S) 
4.26 4.23 4.01 3.89 
DP: 0.19 
00: 0.19 
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Tab!. 14.- Digestible Therms ConsU1Dedby Swine Per Pound of Gain
in Body 'Weight. 

Bu1lt 
Type ~vel

Oat hulls High 
Medium. 
Low 

Alfalfa High 
Medium 
Low 

Wheat bra;t1 High 
Medium 
Low 

Cellulose High 
Medium 
Low 

Corn'oobs Hip 
Medium 
Low 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn. cobs 

High 
Medium 
Low 

Meal Pellet
Male ' Fem. Male Fem.

(T L .p> S) 
5.07 4.64 4.825.00 
4.285.52 5.02 4.85 
5.004.94 6.10 5.4.3 
5•.3.3 5.14 5.75 5.42 
5.54 ;.71 5.68 5.58 
6.065.14 5.68 ;.48 
5.195.87 6.12 5.62 
5.45<5.06 6•.39 6.20 
5.62 6.19 ;.26 5.,38 
5.55 5.58 5.37 5.21 
5.12 4.91 5.42'5.42 
5.82 5.49 5.19 5.)6 
;.29 4.44 4.98 5.65 
;.38 5.32 5.27 4.84 
5.745.48 6.13 ; .•41 
DT: 1.40 
DL: 1.20 
DP: 1.00 
DS: 1.00 

(T P S) 
4.78 5.0.3 5•.31 5.09 
5.64 5•.3.3 5.70 5.49 
5.42 5.71 5.92 5.7.3 
5.505.33 ' •.3.3 5•.33 
5.475.08 5.46 5.30 
DT: 0.81 
DP: 0.57 
DB: 0.57 

(L P S) 
5.29.,.13 15.41 5.38 
5.15 5•.30 ': 5.56 5.38 
5.65 '.45 15.67 5.41 
DL: 0.54 
DP: .0.45 
00: 0.45 

(p $) 
5.)6 5.29 '5.55 5.39 
DP: 0.26 
00: 0.26 

Meal PeUetMale Fem., 

(TL :P) (TL S) 
4.95 4.824.85 4.90 
4.65 5.194.90 4.94 
5.555.194.97 5.77 

5.2.3 5.58 '.54,5.28
5.01.5.655.62 5.6.3 
5.87 5•.315.60 5.58 
5.665.755.5.3 5.87 

5.25 6.29 5.925.63 
5.90 5.,32 5.44.5.79 

5.46 5.405.56 '.29 
;.27 5.175.02 '.42 

,.65 5.27 5.515.4.3 
4.86 5•.31 5.14 5.05 

5.3.3'5.085.35 5.05 
5.60 5.77 5.94 5.45 

DT: '0.99DT: 0.99 
DLIO.85DL: 0.85 
00: 0.70DP: 0.70 

(T p) (T S) 
5.05 5.064.91 5.20 
;.67 5.43­5..49 5.60 
5.675.72.5.57 5.82 
5.42 5.3.3;.42" 5.33
5.47 5.195.28 5•.38 
DT: 0.57DTa 0.57 
00:0.41DP: 0.41 

(L 'P) (L 5) 
5•.35 5.265.21 5.40 

5.2.3 5.47 '.36 5•.34 
5.66 5.4.35.55 5.54 
BL. 0.38.BL: 0•.38 

DP: 0.32 DS:O.32 

(p) (5) 
5.46 5.345•.3.35.47 
DBI 0.18DP: 0.18 

(T L) 
4.89 
4.92 
5.,37 
5.41 
5.6.3 
5.59 
5.71 
;.'78, 
5.62 
5.4.3 
5.22 
5.47 
5.10 
5.21 
5.70 
DT: 
0.70 

DL: 
0.60 
(T) 

5.06 
5.54 
5.69 
5•.37 
5•.32 
BTl 
0.41 

(L) 
5•.31 
5•.35 
5.55 
BL. 
0.27 

Mean 
'.40 
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Table 15.- Rate of ~8sage of the Ingesta Through the 
AlimentarY Canal of Swine (Hours). 

Bulk Meal Pellet Meal Pellet Male Fem. 
Type level Male Fem. I Male Fem. 

Oat hulls High 
Media 
Low 

Alfalfa High 
Medium 
Low 

Wheat bran High 
Medium 
Low 

Cellulose High 
Mediwa 
Low 

Corn cobs High 
MediUJI 
Low 

Oat hulls 
Altalfa 
Wheat bran 
Cellulose 
Corn cobs 

High 
Medium 
Low 

(T L p! S) 
26.3 28.3 134.0 30.0 
29.0 29.0 !28.531.0 
28.8 31.5 27.0 26.8 
24.834.0 27.5 35.; 
25.0 29.0 !i 25.8 ,31.0 
28.5 29.5 :,31.3 32.3 
27.3 26.0 125.0 30.3 
24.0 25.0 '25.0 24.' 
24.8 29.5 :25.8 26.3 
26.0 25.3 !25.0 25.0 
25.0 29.8 ,26.5 26.5 
27.3 28.8 :25.8 28.8 
26.8 29.0 ]29.3 29.3 
27.8 31.3 24.0 26.5 
31.0 29•.3 !25•.3 27.3 
DT: 10.1 
DL: 8.6 
DP: 7.2 
DS: 7.2 

(T piS) 
28.0 29.629.8 29.3 
25.2 ,30.8 28.2 32.9 
25.4·26.8 ,25.3 27.0 
26.1 28.0 !25.8 26.8 
28.5 29.9 !'26.2 27.7 
DT: 5.8 
DP, 4.1 
00: 4.1 

(L P $) 
26.2 28.5 '128.2 30.0 
26.2 28.8 !26.0 27.9 
27.5 29.7 \27.0 28.3 
DL: 3.9 
DP: 3.2 
00: 3.2 

(p s) 
26.6 29.0 27.1 28.7 
DP: 1.9 
00: 1.9 

" 

(T L P) 
27.3 .32.0 
29.0 29.8 
30.2 26.9 
29.4 31.5 
27.0 28.4 
27.7 .31.8 
26.7 27.7 
24.5 24.8 
27.2 26.1 
25.7 25.0 
27.4 26.5 
28.127•.3 
27.9 29.,3 
29.6 25.,3 
.30.2 26.3 
DT:7.1 
DL: 6.1 
DPI 5.1 

(T P) 
28.8 29.6 
28.0 .30.6 
26.1 26.2 
27.1'26.3 
29.2 27.0 
DT: 4.1 
DP: 2.9 

(L p) 
27.4 29.1 
27.5 26.5 
28.6 27.7 
DL: 2.7 
DPI 2.3 

(P) 
27.8 27.9 
DP: 1.3 

(TL S) 
30.229.2 
28.830.0 
27.9 29.2 
26.2 34.8 
25.4 30.0 
28.6 .30.9 
26.228.2 
24.5 24.8 
25•.327.9 
25.5 25.2 
25.8 28.2 
26.6 28.8 
28.1 29.2 
25.9 23.9 
28.2 28.' 
DT:7.1 
DL: 6.1 
00:5.1 

(T S) 
28.9 29.5 
26.7 31.9 
25.4 26.9 
26.0.27.4 
27.428.8 
DT: 4.1 
DS:2.9 

(L S) 
27.2 29.3 
26.128•.3 
27.3 28.0 
DL: 2.7 
DS: 2•.3 

(5) 
26.8 28.9 
DS: 1.3 

('1.' L) 
29.7 
29.4 
28.6 
.30.5 
27.7 
29.8 
27.2 
24.7 
26.6 
25.4 
27.0 
27.7 
28.7 
24.9 
28.3 
DTI 
5.0 

DL: 
4.3 
('1.') 

29.2 
29.3 
26.1 
26.6 
28.0, 
DT. 
2.9 

(L) 
28•.3 
27.2 
27.7 
Dt: 
1.9 

Mean 
27.9 
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Table 16.- Average Back Fat in Inches Measured on Live Swine 
by t~e tILeanmeter. ft 

Bulk Meal Pellet Meal Pellet Male Fem. 
Type level Male Fem. Male Fem. 

(T L pi S) (T L)(T L p) (T L S) 
Oa.t hulls High 1.081.111.041.08 1.05 '1.14 1.03 1.06 1.08 

Medium 1.1,31.081.171.0; 1.27 1.10 1.07 1.16 1.09 
Low 1.26 1.211.32 1.24 11.20 1.17 1.28 1.18 1.24 

Altalta High 1.22 1.081.18 1.12 1.151.27 1.09 11.171.07 
Medium 1.161.14 1.181.08 1.14 1.20 1.22 1.11 1.21 

'i I
Low 1.271.281.261.26 1.281.25 1.27 :1.30 1.2; 

Wheat bran High 1.021.021.021.00 1.10 11.04 0.93 1.05 0.98 
Medium 1.101.08 0.971.22 1.12 1.1; 1.051.02 1.16 
Low 1.1,31.22 1.07 11.10 1.10 1.161.091.14 1.10 

Cellulose High. 1.1; 1.02 1.30 1.08 1.•23 '1.051.08 1.19 1.14 
Medium 1.211.261.161.26 1.161.35 1.18 11.17 1.14 
Low 1.261.49 1.30 1.20 1.03 1.3; 1.171.39 1.12 

Corn cobs High 1.19 1.17 ii1.271.02 1.171.231.101.18 1.14 
Medium 1.211.19 1.221.27 1.22 11.101.22 1.24 1.16 
Low 1.261.36 1.161.47 1.12 11.2; 1.20 1.29 1.22 

DT:M': 0.22DTa 0.31 DT: 0.22 
DL: ·0.27 0.16DL: 0.19DL: 0.19 

DL:DP: 0.22 00:0.16DP: 0.16 
00: 0.22 0.13 

(T p)(T' P $) (T)(T S) 
Oat hulls 1.151.1; 1.1.41.151.19 11.15 1.09 1.17 1.12 
A1talra 1.21 1.17 11.22 1.18 1.201.22 1.181.19 1.20 
Wheat bran 1.081.10 1.0; 11.12 1.0; 1.08 1.09 1.11 1.05 
Cellulose 1.211.33 1.17 'i1.22 1.08 1.28 1.131.25 1.15

, 

Corn cobs 1.261.16 1.211.31 1.17 11.21 1.15 1.24 1.18 
DT:DT:0.13DT: 0• .30 DTa 0.13 

DPa 0.22 DSaO.09 0.09DPa 0.09 
00: 0.22

(L:P$) (L p) (L)(L S) 
High 1.111.16 1.061.12 1.111.14 1.09 11.18 1.03 
Medium 1.17 1.16 !1.161.15 1.17 1.16 1.171.17 1.16 
Low 1.28 1.181.35 1.20 1.211.15 1.28 1.18 1.23 

DL.DL:O.12 DL:0.09DL: 0.09 
DP: 0.10, 0.06DPa 0.07 DB: 0.07 
00:0.10 

(p S) (P) (8) Mean 
1.22 1.1; 1.18 1.11 1.19 1.15 1.20 1.13 1.17 
DP: 0.06 DPa 0.04 00: 0.04 
00: 0.06 
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Table17.-Dressing Percentage of'Male ;3wine.

Bulk 
Level Meal Pellet 

(T L p) (TL) 
Oat hulls High 72.8 71.3 72.1 

Medium 74.6 71.9 73.2 
Loll 73.3 75.1 74.2 

Altalta High 71.1 72.0 71.5 
MediUJll 
Low 

72.1 72.1 
73.4 72.4 

72.1 
72.9 

Wheat bran High 68.6 69.2 68.9 
MediUDl 70.5 70.3 70.4 
Low 73.1 71.3 72.2 

Cellulose High 71.3 71.7 71.5 
Medium 
LoW 

70.1 72.7 
73.3 72.4 

71.4 
. ·72.8 

Corn cobs High 73.; 72.2 72.8 
Medium 72.8 74.1 73.5 
Low 73.1 72.6 72.8 

DT: 5.21 DT: 3.69 
DL: 4.45 DL: 3.15 
DP: 3.70 

, 

(T p) (T) 
Oat hulls 73.6 72.7 73.1 
Alfalfa 72.2 72.2 72.2 
Wheat bran 70.7 70.3 70.5 
Cellulose 71.6 72.2 71.9 
Corncobs 7.3.1 72.9 73.0 

DT: 3.01 DT: 2.13 
DP: 2.14 

(LP) (L) 
High 71.4 71.3 71.,4 
Medium 72.0 72.2 72•.1 
Low 73.2 72.7 73. 10 

DL: 2.0 DL: 1.4 
DP: 1.7 

(p) Mean 
72.2 72.1 72 •.1 
DP: 0.96 
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Table1S.- Advanced Registry Score of Male Swine.

Bulk 
Type Level 

Oat hulls Hi~

Med;ium 
LoW 

Alfalfa High 
Medium 
Low 

Wheat bran HigJl 
Medttum 
Low 

Cellulose High. 
'Medium 
Low: 

Corn cobs Higll 
Medium 
Low! 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 

High 
Medium 
Low 

;. 

Meal Pellet 

(T L P) 

86.8 
87.2 
89.3 
86.0 
87.7 

9.3 
6.6 

(L p) 
89.3 
89.2 
83.7 

7.2 
5.1 

(p) 
87.4 

2.9 

(T :L) 
91.5 
89.2 
82.5 
94.0 
89.5 
85.2 
91.2 
89.5 
85.; 
86.6 
87.2 
78.5 
87.0 
88.5 
80.5 

DT: ll.3 
DL: 9.7 

(T) 
87.8 
89.6 
88.8 
84.2 
85.3 

DT: 6.5 

(L) 
90.1 
88.8 
82.4 

DL: 1".3 

Mean 
87.1 

93.0 
93.5 
79.5 
98.0 
91.5 
86.5 
87.0 
89.5 
88.0 
92.5 
82.5 
72.0 
84.0 
85.0 
80.0 

90.0 
85.0 
85.5 
90.0 
87.5 
84.0 
95.5 
89.5 
83.0 
81.0 
92.0 
85.5 
90.0 
92.0 
81.0 

D'l': 16.0 
DL: 13.7 
DP: 11.4 

(T p) 
88.7 
92.0 
88.2 
82.3 
83.0 
D'l': 
DP: 

90.9 
88.4 
81.2 
DL: 
DP: 

86.8 
DP: 
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Table 19.- Inche~ ot Shoulder Fat on Male Swine.

Bulk 
Type Level Meal Pellet 

(T L p) (T L) 
Oat hu.lls Hig)'l 1.70 1.75 1.72 

Med1UJ1l 1.65 1.75 1.70 
LOW 1.85 1.75 1.80 

Alfalfa Hig~ 1.60 1.75 1.68 
Medium 1.75 1.65 1.70 
LoW 1.85 1.80 1.82 

'ta.'h.eat bran High 1.55 1.60 1.;8 
Med:Lum 1.75 1.70 1.73 
Low 1.6; 1.60 1.62 

Cellulose High 1.60 1.75 1.68 
Med:1um 1.80 1.70 1.75 
Low 1.90 1.70 1.80 

Corn cobs High 1.45 1.75 1.60 
Med:Lum 1.80 1.5; 1.6S 
Low 1.95 1.75 1.85 

DT: 0.3.3 DT: 0.23 
DL: 0.29 DL: 0.20 
DP: 0.24 

(T p) (T) 
Oat hulls 1.7.3 1.75 1.7/+ 
Alfalfa 1.73 1.7.3 1.7.3 
Wheat bran 1.65 1.62 1.64 
Cellulose 1.77 1.72 1.75 
Corn cobs 1.7.3 1.68 1.71 

DT: 0.19 DT: 0.14 
DP: 0.14 

(L p) (1) 
Higl1 1.58 1.72 1.6; 
Medium. 1.75 1.66 1.70 
Low 1.84 1.72 1.78 

DL: 0.15 DL: 0.09 
DP: 0.10 

(p) Mean 
1.72 1.70 1.71 
DP: 0.06 
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Table 20.- ~verage Inches of Fat on Snoulder, 
Back' and Loin of.Male Swine. 

Type 
Bulk 

LeVel Meal Pellet 

Oat hulls 

Alfalfa 

"1heat bran 

Cellulose 

Corn cobs 

High 
Medium 
L01o1 
High 
MediUll 
Low 
High 
MediUll 
Low 
High 
Medium 
LoW 
High 
Medium 
LoW 

(T L p) 
1.20 1.32 
1.30 1.34 
1.45 1.35 
1.19 1.32 
1.27 1• .32 
1.37 1.40 
1.13 1.20 
1.24 1.22 
1.25 1.29 
1.19 1.42 
1.38 1.30 
1.55 1.35 
1.24 1.39 
1.40 1.18 
1.49 1.37 
DT:O.26 
DL: 0.22 
DP: 0.19 

. 

· 

(T L) 
1.26 
1.32 
1.1..0 
1.25 
1.29 
1.39 
1.17 
1.2.3 
1.27 
1.~30

1.34 
1.45 
1• .31 
1.29 
1.43 

DT: 0.18 
DL:O.16 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Oorn cobs 

, 

(T P) 
1.32 1.33 
1.27 1.35 
1.21 1.2.3 
1.37 1• .36 
1.37' 1.31 
DT: 0.15 
DP: O.ll 

,. 

(T) 
1.33 
1.31 
1.22 
1• .36 
1.34­

DT: 0.11 

High 
Medium 
Low 

(L p) 
1.19 1.33 
1.32 1.27 
1.42 1.35 
DL: 0.12 
DP: 0.08 

(L) 
1.26 
1.29 
1.39 

DLI 0.07 

(P) 
1.31 1.32 
DP: 0.05 

Mean 
1.31 
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Table 21.- iPerCent of Ham in Male Swine. 

Bulk 
Type Level Meal Pellet 

(T L P) (rt) 
Oat hulls High 25.0 24.2 24.6 

Medium 25.4 25.1 25.3 
Low 24.5 25.1 24.8 

Alfalfa High 25.2 25.0 25.1 
Medium 25.2 25.4 25.3 
Low ,26.4 23.6 25.0 

Wheat bran High 26.0 24.5 25.3 
Medium 24.0 25.2 24.6 
Low 24.7 24.4 24.5 

Cellulose High 24.9 24.4 24.6 
Medium 2.3.7 24.0 2.3.8 
LoW 24.. 0 24.1 24.1 

Corn cobs High 24.8 25.8 25•.3 
Medium 24.0 24.6 24.3 
Low 24.7 24.6 24.7 

DT: 2.6 DT: 1.8 
DL: 2.2 DL: 1.5 
DP: 1.8 

(T p) (T) 
Oat hulls 25.0 24.8 24.9 
Alfalfa 25.6 24.7 25.1 
Wheat bran 24.9 24.7 24.8 
Cellulose 24.2 24.2 24.2 
Corn cobs 24.5 25.0 24.7 

DT: 1.5 DT: 1.0 
DP: 1.1 

(L p) (L) 
High 25.2 24.8 25.0 
Medium 24.4 24.. 8 24.6 
Low 24.9 24.3 24. 10 

DL: 1.0 DL: 0.7 
DP: 0.8 

(P) Mean 
24.8 24.7 24.7 
DP: 0.5 
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Table 22.- Nr Cent of Shoulder in Male Swine.

Bulk 
Type Level Meal Pellet 

(T LP) (T. L) 
Oat hulls High 28.6 27.3 27.9 

Medium 26.2 26.9 26.5 
Low 27.2 27.2 27.2 

Alfalfa High 27.4 27.0 27.2 
Medium 28.8 27.2 28.0 
LoW 26.9 27.3 27.1 

'Wheat bran High 28.8 27.5 28.1 
MediUTI 27.0. 27.2 27.1 
Law 27.1 27.1 27.1 

Oellulose High 27.3 27.7 27.5 
Medium 26.4 27.4 26.9 
Low 25.8 26.5 26.1 

Oorn cobs High 27.2 25.8 26.5 
Medium 27.8 28.3 28.1 
LoW 26.7 26.6 26.7 

DT: 2.4 DT: 1.7 
DL' 2.0 DL: 1.4 
DP: 1.7 

(T p) (t) 
Oat hulls 27.3 27.1 27.2 
ll£al£a 27.7 27.1 27.4 
Wheat bran 27.6· 27.3 27.4 
Oellulose 26.5 27.2 26.8 
Corncobs 27.2 26.9 27.1 

DT: 1.4 nT ••1.0 
DP:·1.0 

. 

(L p) (L) 
High 27.8 27.0 27.4. 
Medium 27.2 27.4 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: 0.4 
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Table 2.3.- Per Gent or Middle in Male Snne.

Bulk 
Type Level Meal Pellet------------+---------........--­(T L P) (T :L) 
Oat hulls High 46.4 48.6 47.5 

Medium 48.4 48.1 48.3 
Low 48.5 47.8 48.2 

Alfalfa High 47.5 48.1 47.1~

Medium 46.1 47.5 46.:S 
Low 46.8 49.2 48.0 

Wheat bran High 45.3 48.0 46.'7 
Med;ia 49.1 47.6 48.4 
LoW 48.2 48.6 48.4 

Cellulose High 47.9 48.0 48.0 
Medium 49.8 48.6 49.2 
Low 50.2 49.4 49.8 

Corn cobs High 48.1 48.4 48.3 
Media 48.2 47.2 47.7 
Low 48.6 ' 48.8 48.7 

DT: 2.6 BT: 1.9 
DL: 2.2 DL: 1.6 
DP: 1.9 

(T P) (T) 
Oat hulls 47.8 48.2 48.0 
Alfura 46.8 48.3 47.5 
Wheat bran 47.5 48.1 47.8 
Cellulose 49.3 48.7 49.0 
Corn cobs 48.3 48.1 48.2 

DT: 1.5 DT: 1.1 
DP: 1.1 

(L p) {L} 
High 47.0 48.2 47.7 
Medium 48.3 47.8 48.1 
Low 48.5 48.8 48.6 

DL: 1.0 Dt: 0.7 
DP: 0.8 

(P) Mean 
47.9 48.3 48.1 
DP: 0.5 
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Table 24.- Area of Loin(l) in Male Swine.

Bulk 
Type Level Meal Pellet 

(T L p) (T L) 
Oat hulls .High 3.92 3.74 .3.83 

Medium 4• .30 4.05 4.17 
Low .3.76 3.49 3.62 

Alfalfa High 4.30 3.76 4.0.3 
Medium 3.94 3.92 3.9.3 
Low 3.80 3.86 3.83 

Wheat bran High 4.67 3.88 4.27 
Medium .3.80 4.1;2 4.11 
Low 4.19 3.46 3.82 

Cellulose High .3.91 3.82 .3.87 
Medium 3.69 4.37 4.0.3 
Loit 3.51 3.82 .3.67 

Corn cobs High 3.28 4.08 .3.68 
Mediwn 4.00 3.86 .3.9.3 
LOll .3.5.3 3.47 3.50 

D'1': 1•.31 DTa 0.92 
DLI 1.12 DL: 0.79 
DP: 0.93 

(T p) (T) 
Oat hulls 3.99 3.76 3.87 
Alfalfa 4.01 3.85 3.9.3 
\fueat bran 4.22 3.92 4.07 
Cellulose 3.70 4.00 3.85 
Corn cobs .3.60 .3.80 3.70 

DT: 0.76 I DT: 0.• 53 
DP: 0.54 

(L p) (L) 
High 4.01 3.85 3.93 
Medium 3.94 4.12 4.03 
Lev .3.76 .3.62 .3.69 

DL: 0.50 DL: 0.35 
DP: 0.42 

(P) Mean 
.3.91 3.86 3.88 
DP: 0.24 

(1) The exact area in square inches of thecross-sectioD 
of the main back muscle. 
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Table 25.- Average Length of Sides in Inches of I1ale Swine. 

Bulk 
Type 

Oat hulls 

Alfalfa 

Wheat bran 

Cellulose 

Corn cobs 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 

!eve1 
: 

High 
Medium 
Low 
High 
Medium 
Low: 
High 
Medium 
Low 
High 
Medium 
Low', 
High 
Medium 
Low 

i 

! 

High 
Medium 
LOW' 

, 

Meal Pellet 

(T L P) 
31.2 32.0 
30.7 30.2 
31.3 31.8 
30.9 31.7 
31.6 30.7 
31.2 31.3 
30.9 31.1 
31.9 29.9 
30.5 31.2 
31.0 31.2 
32.1 30.5 
30.8 31.5 
31.4 31.4 
30.8 31.0 
30.7 ,30.7 
DT: 1.4 
DL: 1.2 
DP: 1.0 

(T p) 
31.0 .31.3 
,31.2 31.2 
.31.1 .30.7 
31.3 31.0 
30.9 31.0 
DT: 0.8 
DP: 0.6 

(L p) 
.31.0 31.5 
.31.4 30.4 
30.9 31.3 
DL: 0.5 
DP: 0.5 

(p) 
31.1 31.1 
DP: 0• .3 

(T L) 
31.6 
30.4 
,31.; 
31.3 
31.1 
,31.2 
31.0 
30.9 
30.8 
31.1 
31• .3 
31.1 
31.4 
30.9 
30.7 

DT: 1.0 
DL: 0.9 

(T)
. 

31.2 
31.2 

; 

30.9 
" 31.2 

31.0 
DT: 0.6 

(L) 
31.2 
.30.9 
31.1 

DL: 0.4 

Mean 
31.1 



- 128 ­

Table 26. - Grams of Dry Feed Consumed by Mice 
During a 14 Day Period. 

Bulk 
Type Ul...el Meal Pellet 

(T L p) (T L) 
Oat hulls High 50.8 46.9 48.9 

Medium 47.5 48.3 47.9 
Low 43.8 46.0 44.9 

Alfalfa High 36.5 37.3 36.9 
Medium 1;2..5 37.2 39.9 
Low 40.2 41.1 40.6 

Whea.t bran High 41.0 35.3 38.1 
Me<ilium 42.4 41.3 41.8 
Low 47.5 44.2 45.9 

Cellulose High 45.8 48.3 47.0 
Medium 44.1 41.9 43.0 
Low 44.7 45.0 44.8 

Corn oobs High 45.3 44.1 44.7 
Medium 44.6 45.0 44.8 
Low 43.1 43.4 43.2 

DT: 8.4 DT: 6.0 
DL: 7.2 DL: 5.1 
DP: 6.0 

(T p) (T) 
Oat· hulls 47.4 47.1 47.2 
Alfalfa. 39.7 38.5 39.1 
Whea.t bran 43.6 40.3 4]..9 
Cellulose 44.9 45.1 45.0 
Corn oobs 44.3 44.2 44.2 

DT: 4.9 . DT: 3.4 
DP: 3.5 

, 

(L p) (L) 
High 43.9 42.4 43.1 
Medium 44.2 42.7 43.5 
Low 43.9 43.9 43.9 

DL: 3.8 DL: 2.3 
DP: 2.7 

, 

(p) Mean 
44.0 43.0 43.5 
DP: 1.6 • 

, 
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Table· 27. - Grams or Gain in Body Weight! by Mice 
D11ring •• ·14 Day Period. 

Bulk ., 
. 

Type Level Meal Pellet 

(T L p) ('1' L) 
Oat hulls High 12•.3 li.8 12.0 

Medium 12.9 13.; 13.2 
Low 12.4 13.1 12.8 

Alfalfa High 10.4 10.9 10.6 
Mediunf 12• .3 10.6 li•.4 
LoW 10.7 li.; 11.1 

Wheat bran High 9.8 8~1 8.9 
Medium 12.5 12.6 12.5 
LoW 14.6 13.2 13.9 

Oellulose High 12.7 14.3 13.5 
MadiulU 12.7 11~8 12.2 
LOll 1.3.8 13.2 13.5 

Corncobs High 1.3.0 11.0 12.1 
Medium 12.6 12.3 12.5 
Low 13.3 13.2 13.,.3 

DT: 3.4 DT: 2.4 
DL: 2.9 DL: 2,.0 
DP:2.4 

('1' P) (T) 
Oat hulls 12.6 12.8 12.7 
Alfalf'a 11.1 11.0 11.0 
Wheat bran 12•.3 li.3 11.8 
Cellulose 13.1 13.1 13.1 
Oorn cobs 13.0 12.2 12.6 

DT: 1.9 DT: 1.4 
DP: 1.4 

(L p) (L) 
High 11.6 ll.2 11.4 
Medium. 12.6 12.2 12.4 
Low 13.0 12.8 12.9 

Dt: 1.5 DL: 0.9 
DP: 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 or Gain 
in Body Weight by Mice. 

Bulk 
Type Level .Meal Pellet 

(T L) 
Oat hulls High 

(T L P) 
4.1 

Medium 
4.1 4.1 

3.6 
Low 

3.6 3.6 
3.6 .3.5 .3.5 

Alfalfa High 3.5 
Medium 

3.5 3.4 
3.6 

Low 
3.5 3.6 

.3.8 
'Wheat bran High 

3.8 3.7 
4.7 . 

Medium 
4.5 4.7 

.3.4 
Low 

3.4 3.3 
.3.4 

Cellulose High 
3.3 3.4 

.3.5 
Medium 

3.6 3.4 
3.6 

Low 
.3.5 3.6 

3.33.2 3.4 
Corn cobs High .3.8 

Medium 
3.5 4.1 

3.7 
Low 

3.6 3.7 
3.33.3 .3•.3 

DT: 0.6 
DL: 0.7 
DT: 0.9 

DL: 0.5 
DP: 0.6 

(T p) (T) 
Oat hulls 3.8 
Alfalfa 

.3.8 3.7 
.3.6 

t-Jheat bran 
3.6 3.6 

3.8 
Cellulose 

.3.7 3.8 
3.5 

Corn cobs 
3.4 .3.5 

.3.6 
DT: 0.5 
3.5 3.7 

DT: 0.4 
DP: 0.4 

(L P) (L) 
High 3.9 
Medium 

3.9 .3.9 
3.6 

Low 
3.5 3.6 

3.5 
DL: 0.4 
3.4 3.5 

DL: 0.2 
DP: 0.3 

(P) Mean 
3.6 3.7 .3.7 
DP: 0.2 
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Table 29.- Dry Matter Digestibility of the Rations 
Fed to Mice 

Bulk , 

Type lArvel 

Oat hulls High 
Medium 
Low 

Alfalfa. High 
Medium 
Low 

Wheat bran High 
Medium 
Low 

Cellulose High 
Medium 
Low 

Corn cobs High 
Medium 
Low 

Oat hulls 
Alf'a1fa 
Wheat bran 
Cellulose 
Corn cobs 

High 
Medium 
Low 

. 

(Figures in Per Cent). 

Meal Pellet 

(TL p) 
61.0 
6S.6 
75.1 
69.1 
72.5 
76.4 
56.8 
64.6 
73.8 
67.4 
72.1 
76.7 
67.7 
71.0 
76.3 
DT: 2.8 
DL: 2.4 
DP: 2.0 

(T p) 
68.2 
72.7 
65.0 
72.0 
71.7 
DT: 1.6 
DP: 1.1 

(L p) 
64.4 
69.8 
75.6 
DL: 1.1 
DP: 0.9 

(p) 
69.9 
DP: 0.5 

62.6 
69.6 
74.8 
70.6 
72.2 
76.7 
59.3 
66.0 
72.1 
67.0 
72.1 
76.7
66.; 
71.0 
76.9 

69.0 
73.2 
65.8 
71.9 
71., 

65.2 
70.2 
75.4 

70.3 

(T L) 
61.8 
69.1 
75.8 
69.8 
72.4 
76.6 
58.3 
65.3 
'72.9 
67.2 
72.1 
76.7 
67.1 
'71.0 
76.6 

D'l': 2.0 
DL: 1.7 

(T) 
68.6 
72.9 
65.4 
72.0 
71.6 

DT, 1.1 

(L) 
64.8 
70.0 
75.5 

DL: 0.8 

Mean 
70.1 
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Table ,30.- Digestibility of Energy in the. Rations
Fed to Mice (Figures in Per Cent) ••

Bulk 
Type ~vel Mea.l Pellet 

('1' L p) ('1' 1,) 
Oat hulls High 62.9 64.5 63.7 

MediUJD 70.2 71.2 70.7 
low 76.8 76.6 76.7 

Alfalfa High 70.7 71.7 71.2 
Medium 73.8 73.3 73.5 
Low 77.7 78.1 77.9 

Whea.t bran High 57.9 60.0 58.9 
Media 66.6 67.4 67.0 
Low 75.7 73.7 74.7 

Oel1ulose High 70.2 69.0 69.6 
Medium 74.6 73.8 74.2 
Low 78.2 78.8 78.5 

Corn cobs High 69.5 67.6 68.5 
Medium 72.9 73.2 73.0 
Low 78.1 79.1 78.6 

DT; 2.6 00': 1.9 
DL: 2.,3 DLt 1.6 
DP:l.9 

('1' p) (T) 
Oat hulls 70.0 70.8 70.4 
Alfalfe. 74.0 74.3 74.2 
Wheat bran 66.7 67.0 66.9 
Oellulose 74.3 73.9 74.1 
Corn cobs 73.5 73.3 73.4 

DT: 1.5 D'I1: 1.1 
DP: 1.1 

(LP) (II) 
High 66.2 66.6 66.4 
MediUJJI 71.6 71.8 71.7 
Low 77.3 77.2 77•.3 

DL: 1.2 DL: 0.7 
DP: 0.8 

(P) Mean 
71.7 71.8 71.8 
DP: 0.5 
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Table 31.- Apparent pigestibi1ity of Protein in the Rations 
Fed to Mice (Figures in Per Cent). 

Bulk 
Type ~ve1 Meal Pellet 

Oat hulls 

Alfalfa 

Wheat bran 

Oe1lulose 

Oorn cobs 

High 
Medimn 
Low 
High 
Medium 
Low 
High 
Medium 
LOtrI 
High 
Medium 
Low 
High 
Medium 
Low 

(T L p) · 
58.7 56.1 
64.2 66.6 
67.9 6S.2 
63.8 66.2 
66.2 66.4 
67.0 67.4 
54.2 62.9 
59.6 64.6 
70.0 65.4 
65.8 69.3 
67.9 70.7 
71.9 67.9 
62.2 64.6 
65.5 67.6 
65.1 70.2 
DT: 3.2 
DL: 2.7 
DP: 2.2 

(T. L) 
57.4 
65.4 
68.1 
65.0 
66.3 
67.2 
58.6 
62.1 
67.7 
67.5 
69.3 
69.9 
62.5 
66.5 
67.6 

DT: 2.2 
DL: 1.9 

Oat hulls 
Alfalfa 
Wheat bran 
Oellulose 
Corn cobs 

(T p) 
63.6 63.6 
65.7 66.7 
61.1 64.3 
68.5 69.3 
64.3 67.4 
DT: 1.8 

(T) 
63.6 
66.2 
62.8 
68.9 
65.9 

DT: 1.3 
DP: 1.3 

High 
Medium 
Low 

(L P) 
60.9 63.8 
64.7 67.2 
68.4 67.8 
DL: 1.2 
DP: 1.0 

(L) 
62.4 
65.9 
68.1 

DL: 0.9 

(p) Mean 
64.7 66.3 65.; 
DP: 0.6 
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Table 32.- Consumption of Digestible Calories
During a 14 Day Period by Mice. 

BuJ.k 
Type level 

Oat hulls High 
Medium 
Low 

Alfalfa High 
Medium 
Low 

Wheat bran High 
Medium 
Low 

Cellulose High 
Medium 
Low 

Corn cobs High 
Medium 
Low 

Oat hulls 
Alfalfa 
Wheat bran 

.Cellulose 
Corn cobs 

High 
Medium 
Low 

Meal Pellet 

(T L p) 
135.9 129.0 
142.7 146.9 
144.5 151.5 
112.3 116.3 
136.3 118.4 
135.0 139.1 
103.5 92.4 
123.6 121.4 
155.1 140.8 
137.5 142.4 
141.7 13.3.0 
149.8 152.1 
131.3 127.4 
141.4 143.0 
145.1 147.9 
DT: 25.3 
DL: 21.6 
DP: 18.0 

(T p) 
141.0 142.4 
127.9 124.6 
127.4 ll8.2 
143.0 142.5 
139•.3 139.4 
DT: 14.6 
DP: 10.4 

(L p) 
124.1 121.5 
137.1 132.5 
145.9 146.3 
DL: 9.7 
DP: 8.1 

(p) 
135.7 13.3.4 
DP: 4.7 

(T L) 
132.4 
l44.8 
148.0 
114•.3 
127.4 
137.1 
98.0 

122.5 
148.0 
140.0 
137.4 
151.0 
129.4 
142.2 
146.5 

DT: 17.9 
DL: 15•.3 

(T) 
141.7 
126.2 
122.,8 
142.8 
139.3 

DT: 10•.3 

(L) 
122.8 
134.8 
146.1 

DL: 6.8 

Mean 
134.6 
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Table 33.- Digestible Calories Consumed Per Gram of Gain 
InBody Weight by Mice. 

Bulk 
Type Level Meal Pellet 

(T. L p) (T L) 
Oat hulls High li.l li.l li.1 

Medium 11.0 10.9 11.0 
Low li.7 li.6 ... 11.7 

Alfalfa High 10.9 10.7 10.8 
Medium 11.2 li.5 11.4 
Low 12.6 12.4 12.5 

Wheat bran High li.3 11.9 11.6 
Media 9.9 9.7 9.8 
Low 10.9 10.7 10.8 

Oellulose High 10.9 9.9 10.4 
Medium 11.2 li.; 1l.3 
Low 10.8 11.6 11.2 

Oorn cobs High 10.2 11.3 10.7 
Media 11.3 11.7 11.5 
Low 10.9 11.3 11.1 

DT: 2.3 DT: 1.6 
DL:2.0 DL: 1.4 
DP: 1.6 

(T p) (T) 
Oat··hulls 11.3 11.2 ll.,) 
Alfalfa 11.5 11.5 11.5 
Wheat bran 10.7 10.8 10.8 
Cellulose 11.0 li.O 11.0 
Corn cobs 10.8 11.5 11.1 

DT: 1.3 DT: 0.9 
DP: 0.9 

(L p) (L) 
High 10.9 il.O 11.0 
Medium 10.9 li.l 11.0 
Low 1l.4 11.5 11.5 

DL: 0.9 DL: 0.6 
DP: ·0.7 

(p) Mean 
11.0 11.2 • li.l 
DP: 0.4 
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Table 34.-Per Cent of Fat in Carcassesot Mice.

BuJ.k 
Type Level Meal Pellet 

(T L P) (TL) 
Oat hulls High 6.25 5.14 5.69 

Medium 6.19 5.78 5.98 
Low 6.;7 5.75 6.15 

Alfalfa High 4.81 4.82 4.81 
Medium 5.88 5.85 5.87 
Low 5.93 5.64 5.79 

Wheat bran High 4.58 4.11 4.34 
MediWll 5.51 5.28 5.39 
Low 6.01 6.18 6.09 

Cellulose High 6.72 6.11 6.41 
Medium 6.75 5.50 6.12 
Low 6.29 6.78 6.53 

Corn cobs High 6.06 5.92 5.99 
Medium 6.18 5.55 5.87 
Low 6.07 5.60 5.84 

DT: 1.81 DT: 1.28 
DL: 1.55 DLI 1.09 
DP; 1.29 

(T p) (T) 
Oat hulls 6•.34 5.55 5.94 
Alfalfa 5.54 5.44 ;.49 
Wheat bran ; • .36 5.19 5.28 
Cellulose 
Corn cobs 

6.;8 6.13 
6.10 5.69 

6•.36
;.90 

DTal.O; DT: 0.74 
DP: 0.74 

(L p) (L) 
High 5.68 5.22 5.4; 
MediUlll 6.10 5.59 5.85 
Low 6.17 5.99 6.08 

DL: 0.69 DL: 0.49 
DP: 0.58 

(P) Mean 
5.99 5.60 5.79 
DP: 0• .3.3 
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Table 35.- Per Cent of Water inOaroassesof'Mioe.

Bulk 
Level Meal Pellet 

Oat hulls 

Alfalfa 

Wheat bran 

Cellulose 

Corncobs 

High 
Medium 
Low 
High 
Medium 
Low 
High 
Medium 
Low 
High 
Medium 
Low 
High 
Medium 
Low 

('1'L p) 
70.6 71.5 
70.5 70.6 
70.1 '71.0 
'71.9 72.5 
71.2 70.4 
'71.0 '71• .3 
73.1 73.0 
71.3 71.6 
70.7 70.8 
70.6 70.5 
70.1 71.3 
70.8 70.0 
70.4 70.9 
70.7 71.2 
70.9 70.7 
DT:l.8 
DL: 1.6 
DP: 1.. 3 

Ii 

I 

I 

('1' L) 
'71.0 
70.5 
70.5 
72.2 
70.7 
'71.2 
73.1 
71.5 
70.7 
70.6 
70.7 
70.4 
70.7 
70.9 
70.. 8. 

DTtl.3 
Dt: 1.1 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 

('1' p) 
70.4 71.0 
71.4 71.4 
71.7 71.8 
70.5 70.6 
70.7 70.9 
DT: 1.1 
DP: 0.7 

('1') 
70.7 
71.4 
71.8 
70.6 
70.8 

DT: 0.7 

High 
Medium 
Low 

(t p) 
71.3 71.7 
70.8 71.0 
70.7 70.8 
DL: 0.7 
DP: 0.6 

(t) 
71.5 
70.9 
70.7 

DL: 0.5 

(p) 
70.9' 
DP:O.3 

71.1 
Mean 
71.0 
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Table .36.- Per Cent of Protein in Carcasses of Mice.

Bulk 
Type Level Meal Pellet 

(T L p) (TL) 
Oat hulls High 20.2 20.2 20.2 

Medium 20•.3 20.7· 20.5 
Low 20.3 20.3 20.3 

Alfalfa 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 20.4 20.2 20••3 
Low 20.8 20.0 20.4 

Cellulose High 19.7 20.3 20.0 
Medium 20.3 20.2 20.3 
Lov 20.1 20.2 20.2 

Corn cobs High 20.5 20.1 20.3 
Medium 20.1 20.2 20.2 
Low 20.0 20.6 20.3 

DT: 1.3 DT: 0.9 
DL: 1.1 DL: 0.8 
DP: 0.9 

(T p) (T) 
Oat hulls 20.3 20.4 20.4 
Alfalfa 20.1 20.0 20.1 
Wheat bran 20.2 20.0 20.1 
Cellulose 20.0 20.2 20.1 
Corn cobs 20.2 20.3 20.3 

DT: 0.7 DT: 0.5 
DP: 0.5 

(L P) (L) 
High 20.0 20.0 20.0 
Medium 20.2 20.4 20.3 
Low 20.3 20.2 20.3 

DL: 0.5 DL: 0.3 
DP: 0.4 

(p) Mean 
20.1 20.2 20.2 
DP, 0.2 
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Table 37.- Per Gent of Ash in Carcasses of Mice.

Bulk 
Type Level Meal Pellet 

(T L P) (T L) 
Oat hulls High 3.02 3.18 3.10 

Medium 3.0; 2.99 3.02 
Low 3.00 3.01 3.01 

Alfalfa High 3.10 3.0; 3.08 
Medium 3.12 3.30 3.21 
Low 2.93 3.17 3.0; 

\iheat bran High 2.88 3.12 3.00 
Medium 2.87 2.90 2.88 
Low 2.82 3.07 2.94 

Cellulose High 2.9; 3.09 3.02 
Medium 2.88 3.02 2.9; 
Low 2.89 3.04 2.97 

Corn cobs High 3.04 3.09 3.06 
Medium 3.04 3.13 3.08 
Low 3.04 3.ll 3.08 

D'I': 0.32 DT: 0.23 
DL: 0.28 DLs 0.19 
DP: 0.23 

(T p) (T) 
Oat hulls 3.02 3.06 3.04 
Alfalfa 3.0; 3.17 3.ll 
Wheat bran 2.89 3.03 2.94 
Cellulose 2.91 3.0; 2.98 
Corn cobs 3.04 3.ll 3.07 

DT: 0.19 DT: 0.13 
DP: 0.13 

(L p) (L) 
High 3.00 3.ll 3.0; 
Medium 2.99 3.07 3.03 
Low 2.94 3.08 3.01 

DL:0.12 DL: 0.09 
DP: 0.10 

(p) Mean 
2.97 3.08 3.03 

DP: 0.06 
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Table 38.- Per Cent Water in Fat-free Oarcasses of Mice.

Bulk 
Type lAve1 

Oat hulls High 
Medium 
Low 

Alfalfa High 
Medium 
Low 

Wheat bran High 
Medium 
Low 

Cellulose High 
Medium 
Low 

Oorn cobs High. Medium 
Low 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 

High 
Medium 
Low 

Meal Pellet 

(T L p) 
75.3 
75.1 
74.4 
75.5 
75.5 
75.5 
76.6 
75.4 
74.3 
75.7 
75.2 
75.5 
75.0 
75.3 
74.9 
DT: 1.5 
DL: 1.3 
DP: 1.1 

(T p) 
74.9 
75.5 
75.4 
75.5 
75.1 
DT: 0.9 
DP: 0.6 

(L P)
75.6 
75.3 
74.9 
DL: 0.6 

·DP: 0.5 

(P) 
75.3 
DP: 0.3 

75.3 
75.0 
75.3 
76.2 
74.8 
75.6 
76.2 
75.6 
75.4 
75.1 
75.4 
75.1 
75.4 
75.3 
74.9 

75.2 
75.5 
75.7 
75.2 
75.2 

75.6 
75.2 
75.3 

75.4 

(T L) 
75.3 
75.1 
74.8 
75.8 
75.1 
75.6 
76.4 
75.5 
74.8 
75.4 
75.3 
75.3 
75.2 
75.3 
74.9 

DT: 1.1 
DL: 0.9 

(T) 
75.0 
75.5 
75.6 
75.3 
75.1 

DT: 0.6 

(L) 
75.6 
75.3 
75.1 

Dt: 0.4 

Mean 
75.4 
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Table 39. - Per Cent Protein in Fat-free Caroas8esot Mice.

Bulk 
Type Level Meal Pellet 

(T LP) (TL) 
Oat hulls High 21.5 21.3 21.4 

Medium 21.6 21.9 21.8 
Low 21.7 21.5 21.6 

Alfalfe. High 21.2 20.6 20.9 
Mediu.m 21.3 21.8 21.5 
Low 21.4 21.0 21.2 

Wheat bran High 20.4 20.6 20.5 
Medium 21.5 21.3 21.4 
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 

Oorn cobs High 21.8 21.3 21.6 
Medium 21.5 21.4 21.4 
Low 21.• 9 21.8 21.9 

DTa 1.4 DT. 1.0 . 
DL: 1.2 DL: 0.8 
DP: 1.0 

(TP) (T) 
Oat hulls 21.6 21.6 21.6 
Alfalfa 21.3 21.1 21.2 
'Wheat bran 21• .3 21.1 21.2 
Cellulose 21.4 21.5 21.5 
Corn cobs 21.7 21.; 21.6 

DT: 0.8 DT: 0.6 
DP: 0.6 

" 
(L P) (L) 

High . 21.2 21.1 21.1 
Medium 21.5 21.5 21.5 
Low 21.7 21.5 21.6 

DL: 0.5 DL: 0.4 
DP: 0.4 

(P) Mean 
21.5 21.4 21.4 
DP: 0.3 
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Table 40.- Per Cent Ash in Fat-free Carcasses of ice. 

Bulk 
Type Level Meal Pellet 

(T L p) 
3.22 3•.35 
3.29 3.17 
3.21 3.20 
3.26 3.21 
3•.31 .3.50 
.3.11 .3.36 
3.02 3.26 
3.04 3.05 
3.00 3.27 
3.16 3.28 
3.12 3.20 
3.09 3.26 
3.23 3.30 
3.23 3•.31 
3.21 3.29 
DT: 0.35
DL: 0•.30
DP: 0.25

Oat hulls 

Alfalfa 

Wheat bran 

Cellulose 

Corn cobs 

Oat hulls 
Alfalfa 
Wheat bran 
Cellulose 
Corn cobs 

High 
Medium 
Low 
High 
Medium 
Low 
High 
Medium 
Low 
High 
Medium 
Low 
High 
Medium 
Low 

(T p) 
3.24 3.24 
3.23 3.36 
3.02 3.19 
3.12 3.25 
3.22 3.30 
DT: 0.20 
DP: 0.14 

(L p) 
High 3.18 3.28 
Medium 3.20 3.25 
Low 3.12 3.28 

DL: 0.13 
DP: 0.11 

(p) 
3.16 .3.28 
DP: 0.06 
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