
EFFECTS OF BARLEY HULLS EERGY UTILIZATION BY SWINE 

by 

LELAND MURiAY LARSEN 

A THESIS 

submitted to 

OREGON STATE UNIVERSITY 

in partial fulfillment of 
the requirements for the 

degree of 

DOCTOR OF PHILOSOPHY 

June 1961 



APPROVED: 

Redacted for privacy 

Professor of Dairy arid Animal Husbandry 

In charge of Major 

_Redacted for privacy 
;iead of Ieparbient of Dairj end Animal Husbandry 

Redacted for privacy 

Chairman of Shool (*duat. Committee 

Reda'ctedfor privacy______ 
Dean of Graduato School 

Date thesis is presented May 12, 1961 

Typed by Verna Anglemier 



ACKN OVLEDGEME TS 

Sincere appreciation is extended to the Staff of the 

Department of Dairy ad Animal Husbandry whose cooperation 

and stimulation made this work possible. I am especially 
ii:debted to 1r. James E. Oldfield for his idance, inspira- 
tion and encouragement throuìout the course of this studj, 

and for his advice in the preparation of this thesis. 
My thanks are also extended to Marvin Heupel, swine 

herdsman, and to Lewis Pope for their aid in care of ex- 

perimenthi animals, and to Mrs. Patricia Chisum end Mrs. 

Janice Liddell for their aid ii laboraor analyses. 

Ihe barley grain arid barley malt utilized i xperi- 
ment I, as well as financial a1d was graciously supplied 

through the courtesy of the Great Western Malting Company, 

Vancouver, ashingthn. The antibiotic used was donated by 

Lederle Laboratories, Division of American Cyanamid 

Company, New York; the enteric-coated enzyme was supplied 

by Miles Chemical Company, Divislou of Miles Laboratories, 

Inc., Elkhart, Indiana. The cooperation of the Albers 

Milling Company, Seattle, Washii.gti in preparationof the 

pearled barle' arid barlej hulls is greatly appreciated. 

The Kamyr sheets of bleached sulfite wood pulp were 

donated by the Crown Zellerbach Corporation, Camas, 

Washington. 

There are others, too numerous to mention, who by 



their willii.g ears, suggestis and encouragement cou- 

tributed to this work. To these I am deeply indebted. 

Dr. Valter i. Kenrick and Robert R. Wheeler are deserving 
of particular mention in this regard. 

My most sincere gratitude belongs to my wife, Jean, 

for her patience and corfidence du.rix.g the last few years, 
and for her active participation in the preparation of the 

manuscript. 



TABLE OF CO!TENTS 

Page 

rNTROL)UCTION I 

REVIEW OF LITERATTIRF 5 

Fiber and Its Effects in Non-Ruminant Diets 5 

íteans of Estimating Energy Velues of Rations 8 

Avai1abi1itr f Fnergy From Barley 11 

Processing of Swine RatIons and Ingredients 12 

E(PERIIVIEE TAL 16 

General Methods and Materials 17 

Exp erl men t I . . . . , 20 

Methods and Materials 20 

Results and Discussion 20 

Experiment II 26 

Methods and Material g 27 

Experiment ITa 27 

Experirnentlib 29 

Results and Discusalon 30 

Experiment lia 30 

Experimentlib 36 

Experinientill 41 

Methods and Materials 42 

Results arid Discussion 
. . . . . . 43 

GENERALDISCUSSIO, 51 



TABLE OF COTNTS 
(continued) 

Page 

SIJMMARY . . e . e . . e e e s . e e . e e e e 58 

BILIORAPe e e . e s s e s e s e s e e e e 64 

APPENDIX. . . . . . . . . . . . . e e e . . . . 72 



LIST OF TABLES 

Table Page 

i Compost1on of Basal Rat.on . . . . . . . . 18 

2 Chemical Composition of Experiment I Rations 21 

3 Response of Swine to Corn and Barley Rations 
Fed in Meal, Pellet and Reground Pellet 
a_F S s . . s . . . . . s 

4 Factorial Design Employed In Lxpsriment lia 28 

5 Cheimical Composition of Experiment lIa 
Rations and Ration Variables . . . . . . . 31 

6 Effects of Bar1e Hulls and Cellulose on 
T:eIforriarj,o cf ?js Fed Ear1ey and Corn 
Ra t I on s . . . . s . s s e e . . . . . 32 

7 Apparent Digestibility of l3arley Rations as 
Affected by Barley Hulls and Purified 
Ce i lui o s e . . . . . . . . e . e 37 

B Effect of Fiber Source on ('uantity, Form 
arid Ppparent Digestibility of Phosphorus . 39 

9 Chemical Composition of Experiment III Rations 44 

10 Anima]. Resporse to Meal and Pellet Rations 
ContaIning Fat, Heat-Treated Barley and 
Enzyme . . . . . . . . . . . . . . . . . . 45 

Aka en dix 
Tables 

I - A Composition of Rations for Experiment I 73 

II - A Composition of Rations for Experiment lia 74 

III- A Composition of Rations for Experiment lib 75 

IV - A Composition of Rations for Experiment III 76 

I - B Analysis of Variance, Experiment I 77 

II - B Anai:sis of Variance, Experiment lia 78 

III-V B Analysis of Variance, Experiment III 7g 



LIST OF FIGURE 

FIgur e Page 

i Average Growth Rate, Feed Efficiency and 
Carcass Backiat Thickness as Affected 
by Source of Fiber . . . . . . . . . . . 35 



EFFECTS OF BARLEY HULLS ENERGY UTILIZATION BY SWINE 

INTRODUCTI OE 

Cereal grains, because of their abundance and suita- 

bility, serve as the main carbohydrate source for swine. 

In contrast to herbivores, swine are forced to rely on 

such corceatrate feedatuffs to meet their energy require- 

ments, and since their diet includes such a high propor- 

tion of cereals, these grains becìe important protein and 

viteniln sources as well. 

Duckworth (25, p. 1139) has aptly pointed out that 

increasing the production of cereals to meet the needs of 

the expanding or1d's population, though difficult, is 

easier than increasing production of protein- and vitamin- 

r5ch supp1nerits. Nevertheless, continued 'oduction of 

anial origin foods to provide protein of hign. biological 

value is desirable considering practicality as well as 

human enjoyment. In order to justify continuance In the 

production of meat, milk and eggs, however, efficiency by 

the animal in the conversion of vegetable to animal 

products must improve constantly. The animal breeder has 

through selection successfully improved the efficiency 

with which domestic livestock utilize feedstuffs, and the 

livestock feeder in application of nutritional knowledge 
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has Increased his ability to take avantage of the genetic 

potential in animals, but iitensIfied effort on the pait 

of both these groups is imperative If livestock are to 

continue to compete with direct consumption of cereal 

grains b;; man. 

In order for tile livestock feeder to continue progress 

In efficiency of cereals utilization, he must be provided 

both Wi th basic knolcdge as to the nutritive value of 

graix and factors affectlLìg this value, and with techno- 

logical advances in methods of procesIrig, supplementation, 

and mechanics of feeding. Providing this information is 

the responsIbIlitj of united efforts of nutritional rese&th 

and industrial development. hesearch on barley for swine 

described In this report sought to fulfill ttis responsi- 

bility by coirblning a study of commercial pelleting and 

supplementation with the more basic inqury into the nu- 

tritional effects of the barley hull. 

The probln involved is 'ie of geographic dis tribu- 

tion of grain production. Corn, because of its abundant 

supply In large areas of tuis country, notably the Midwest, 

and because of its high nutritive value, has long been can- 

sidered the basic grain for llvesthck feeding throughout 

the country. Cultural conditions in the estern states, 

however, are more suited to production of barley than corri, 
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arid thus prevailing price relationships naturally favor 

the use of barley; but non-fibrous grains such as corn 

aLd wheat have been proved to be superior to barley, es- 

pecially for sr.!e a::d poultry. Therefore, great advan- 

tage to Western swixe producers, as well as cereal grain 

utilization in general, would be realized by improvement 

of barley as a feed for swine. 

Circumstantial evidence (43, p. 47-50; 71, p. 1-7) 

has implicated the fibrous hull of the barley kernel as 

responsible for its limited feeding value in comparison 

to that of corn or wheat. Unfortunately, this assumption, 

though logical, is not based on critical experiments 

designed to directly elaborate the nutritional role of 

the hull or factors associated with it, and therefore 

additional work is indicated. 

Paralleling the more basic investigation on the 

barley hull, a companion study into practical means of 

overcoming its detrimental effects or of otherwise enlianc- 

Ing the value of barley is needed. Pelleting currently 

offers a means of improving swine rations, particularly 

tbose containig fibrous grains. Surprisingly little is 
known, however, of the means by which pelleting effects 

this improvement. Although pelleting obviously alters the 

physical form of the feed, the effects of such alteration 

have riot been fully characterized. Further, data are 
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scanty on extent of chemical change as a consequence of 

pelle tinb. 

Subsequent to a review of the pertinent literature, 

a series of three swine feeding experiments is desciibed. 

The first of these was a study of chemical changes occur- 

ring as a result of pelleting corri, barley and barley plus 

malt rations. In a second trial, growth response of swine 

to barley and corn ra Lions in the presence of fiber sua- 

plied by either barley hulls or purified wood cellulose 

was investigated, and effect of these fibers on digesti- 

bility of a pearled barley ration was determined. The 

final experiment continued the study of the pelletirg 

process and also tested fat supplementation, heat treat- 

merit, and enzyme supplementation as additional methods 

of enhancing the nutritive value of barley. 



REVIEV OF LITERATURE 

Fiber and ltg Effects in Non-Ruminant Diets 

Inferior performance of growing swine fed rations 
containing barley as the grain component, ir contrast to 
rations containing non-fibrous grains such as corn or 
wheat, has been largely attributed to the uibro.ìs barley 
hull. Indirect evidence for the growth-depressing effect 
of barley hulls was suplied by Joseph (43, p. 18), who 

found that a hull-less variety of barley was equal in 
feeding value to corn. Wright (71, p. 1-7) noted that 
weight per bushel, an estimate of the proportion of hull 
in the kernel, was indirectly related to growth rate and 

efficiency of feed conversion by swine, although Dinusson 
et al. (23, p. 3-5) did not observe such a relationship 
when barleys of different bushel weights were fed as 

pellets. Such indirect evidence, though useful, does not 
provide a cri tic a]. measure of the effects of barley hull 
fiber. 

Quantity of fiber in swine rations has received a 

great deal of attention, but onl limited information is 
available concerning the effects of fiber quality or 

compositil. Gross effects of increasing amounts of fiber 
in the diet of swine include lowering of growth rate and 

efficiency of feed utilization (15, p. 41-47; 13, p. 49- 
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506; 50, p. 903), however the niaì1tude of the aepression 
varies with the fiber source np1ojed (28, p. 480-490; 17, 

p. 327-.331; 20, p. 28-32; 37, p. 1397-1404). Further, 
Bell (12, p. 71-82) in experimexts with mice, has provided 

evidence that widely varyiri. responses can be obtained 
from isocaloric diets, which are nutritiona11 adequate 
in the usual sense, depering on the nature of the fibrous 
or bulky ingredients used. Implied, then, are chemical 

or phjsica1 variations in the fiber itself or differences 
in factors associated with it, sucii as extent of 

lignification. 
To further complicate the problem, there is a belief 

among some workers, notably European, that optimum levels 
of fiber exist, aìd that poorer performance occurs on 

either side of the optimum (11, p. 881-891). Teague and 

Hanson (63, p. 206-214), using a purified cellulose, 
provide some support for this view, but at least part of 

such effects may be duo to the animals' attempt to comperi- 

sate for a lover cotcentrat1on of nutrients by a feed con- 

sumption which increases the nutrient intake over that of 
the control. Additional effects of dietary fiber include 
a reduction of the proportion of fat to lean tissue in 

the carcass (13, p. 499-506; 17, p. 327-331; 15, p. 41-47; 

37, p. 1397-1404). Influence of fiber on carcass fatness 
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also differs with the nature or the fiber source. 

Fiber exerts these effects through dilution of avail- 

able nutrients in the ration, and by physically or chern- 

ically depressing the digestibility or the more available 

nutrients (63, p. 206-214; 48, p. 693-699). Moreover, 

nitrogen retention is lowered rougkì dilution of the 

ration with fiber, by Increasing metabolic fecal nitroeen 

(52, p. 973-903) and Schneider (60, P. 363) has indicated 

that a change in the diestble portion of the ration 

would change the metabolic fecal nitrogen excretion per 

unit of feed. Type of f!ber as well as level influences 

amount of metabolic fecal nitrogen (67, p. 95lO5; 68, p. 

106-113). Meyer (51, p. 488-494) has further demonstrated 

with rats that loss of nitrogei duE to addition of cellu- 

lose at the expense of sucrose in diets could be balanced 

by additional nitrogen (casein) in the diet. 
The effe cts of fiber on the energy-yielding nutrients 

in the diet (carbohydrates in the case of sWine rations), 
are less easy to characterize. Studies ori utilization of 

energy as affected by fiber have been reported largely in 

terms of the total digetib10 nutrient (T.D..) system of 

feedstuff evaluation, and tnereforo nclusios are sub- 

ject to the inherent weaknesses ir this system, including 

the empiri cal s cheme of proximate anal ysi s. 



For example, Jensen et al. (40, p. 701-709) suggested 

that the growth-depressing effect of oat hulls on swine is 
mediated through dilution of digestible nutrients of the 

raton and by lowered feed intake, but this conclusion was 

reached by correlating growth data and calculated T.D.f. 

values, and a cause and effect relationship cannot be 

established by these means. Addition of an indigestible 
material to the ration would result in a dilution of 

energy, the degree depending on nutrient content of the 

fiber source and of the ingredient(s) it replaces in the 

complete ration, factors that are often ignored. Contrary 

to the observatios of Jensen and coworkers, the addition 
of a non-nutritive substance to the diet generally results 
in an increased voluntary food intake to compensate for 
the decrease in available energy (39, p. 143-148; 51, p. 

488-494). 

A more accurate measure of the physiological role of 

fiber in diets for non-ruminants is needed, particularly 
with respect to energy utilization. 

Means of Estimating Energy Values of Rations 

Considerable controversy has always arisen over 

methods of evaluatii..g feedstuffs and expressing the 

results. Energy evaluatiì systen have been the most 



controversial, perhaps because more total nutriment is re- 

quired to mairtain normal eriergg metabolism than for all 
other purposes combined. These differences of opinion 

occur due to shortcomings within the methods used and be- 

cause of difficulties in application of the methods. 

In the United States, the total digestible nutrients 
(T.D..) system of expressing energy allowances and of 

evaluating feedstuffs is tI'ïe most widely used (53, p. 40). 

This sistem, although easy to put into practice due to the 

mass of digestibility data available, is lacking in seien- 

tific concepts and nutrition theory since it does not 

measure in energy units, does not measure ali losses inci- 
dent to the utilization of a feedstui'f, is not constant, 

nd attempts only to measure what feeds "contain", not 

what they "accomplish" or produce. 

The net energy system developed by Armsby (3, p. 278- 

270) and followed in Europe is scientifically more sound, 

as it measures in tenns of ìergy units that portion of 

the feed energy that is available for production of work, 

meat, milk, eggs, and wool. Unfortunately, it is more 

tedious and exacting to put into practice. 
ore recently, Lorgreen (49, p. 344-351) has developed 

the digestible energy system as a replacement for T.D.. 

Its main advantages are to avoid the empirical scheme of 

proximate analysis and to reduce the number of laboratory 
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determinations. 

Hardison (33, p. 494) concludes that "...it it is 

assumed that the amount of energy lost as heat is aporod- 

mately the sanie for all balanced rations used for the same 

physiological functions, then the most siificant form of 

energy loss, because of its magnitude and variability, is 

that via the feces. Thc:reforo, the simplest, most accurate 

measure (in terms of the mechanics involved) of the energy 

value of forages as well as ouler feedstuffs is that 

based upon the difference between the gross energy of the 

feed consumed and the feces voided." 

hone of the mentioned systems of evaluating rations 

for their potential energy value to the animal provides a 

critical measure of availability of carbohydrates oar se. 

Quantity-wise, however, carbohydrates comprise the most 

Important source of energy in common grain rations for 

swine. A technique for estimating the availability of 

different carbohydrates for baby pigs has been developed 

by Dollar et al. (24, p. 12) using carbohydrate tolerance 

curves. Subsequently this method has been used by 

Cunningham (le, p. 964-975) in investigating starch diges- 

tion by newborn pigs; unfortunately, however, the useful- 

ness of this technique in older growing pigs is not known. 
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Availability of Energy From Barley 

Barley has a gross energy content equivalent to corn, 
2086 and 2059 Calories per pound, respectively (55, p. 
495-496), yet net energy content for swine has been esti- 

mated at 1061 Calories per pound for ar1ey and 1188 

Calories per pound for corn (3, P. 722). Just how much 

of the lower availability of energy in barley is due to 
the hull is not known. Curiously, pearled barley for 
poultry (36, . 573-579) has a lower metabolizable eergy 
value (1250 Calories per pound) then does regular barley 
grain (1370 Calories per pound). In addition, growth 

studies indicate no advantage to pearllng barley for chicks 

(30, p. 281-288). 

Growth inhibitors in barley have been suggested in 
work with poultry (41, p. 919-921; 30, p. 281-288; 8, p. 
268-270), but positive proof for their existence is lack- 
ing. The work of Arscott et al. (4, p. 655-662) involving 

addition of fat to improve barley rations for chicks 
indicates that energy is the limiting factor, possibly due 

to an inhibitory mechanism. Similarly, addition of fat to 
barley rations for swine has promoted increased gain and 

efficiency of feed utilization (35, p. 1046-1051; 55, p. 
91.7-921; 2, p. 922-926). 
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Processxig of Swine Rations and Ingredients 

Processing of entire rations or component ingredients 
has been used to enhance their feeding value. Attempts to 
improve feeds through processing may be divided into two 

categories: (1) alteration. of physical form, including 
grinding, rolflng, and pelleting, or (2) Inducement of 

chenttcal change through soaking, sprouting, heating, fer- 
mentation, enzyme action, treatment with various reagents, 
etc. In some c&ses both a chemical and a physical change 

occurs. 

1ie above-cited evidence for the growth-depressing 
activity of the barley hull is indicative that processing 
methods should be directed at overcoming the detrimental 
Influence oÍ' the hull. Removal of the hull by the commer- 

dal pearling process would, of course, be extremely 
useful from an experimental standpoint, even though on an 

economic basis it is not leasible at this time. In view 

of the failure of chicks to grow more rapidly on pearled 
than on regular barley (30, p. 281-288), It becomes of 

importance to determine If swine react in a similar manner. 

Soaking and drying of ground barley improves its 
value for poultry (29, p. 249-251; 1, p. 1284-1289; 6, p. 

10-11), but soaking, drying and grinding of whole barley 
does not improve its feeding quality for swine over that 
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of the untreated ground grain (44, p. 30-$9). The soaking 

response in poultry rations has not been explained, but 

possible explanations include changes brought about by 

enzjmes indigenous to the grain, inactivation of inhibiy 

substances, or an antibiotic effect produced by organisms 

growing on the grain (42, P. 1W-152). 

In view of the probable role of enzymes in the soak- 

Ing response cited with poultry, crude and purified enzyme 

preparations of fungal, bacterial and malt origin iave 

been adcted to swine rations. Such enzjme preparations 

h.ve been of benefit In upgrading Western barley for grow- 

Ing chicks (34, p. 584-586; 41, p. 9l-92l; 66, p. 497; 

6, p. 10-11; 8, p. 268-270), however it has riot been 

possible to correlate snimal response with a specific 

enzyme (amylase, protease, cellulase, etc.). 1ìzymes have 

given variable results with growing-fattening swine on 

barley rations (44, p. 17-39). TiiLs faL1we of swine to 

respond to supplemental enzymes, in cotrast to poultry, 

has been postulated to be due to the acidity of the 

stomach in swine (44, p. 43). The low pli may serve to 

inactivate enzymes in the feed before they have had ari 

opportunity to act, and in support of this speculation 

Cunningham (18, p. 968) found complete inactivation of 

pancreatic amylase when it was placed in the stomach of 
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baby pias for two hours. ;ncapsulating or coating of en- 

zyme preparations may be recessary to protect them until 

the more alkaline environnnt of the i[testirle is reached. 

Recently, pelleting has been used to alter the 

physical form of rations, and such alteration has many 

advantages, includiig ease of h&idling, reduction of 

wastage, greater palatability and increased density. Pigs 

grow more rapd1y on uelleted feeds than or identical ra- 

tions ilL im al form, ar gains are slightly more efficient 

(19, p. 162-166; 21, p. 1256; 22, p. 16-20; 26; 38, p. 50- 

55). Furthermore, it has been reported that hii fiber 

feeds have been improved more by pelleting than low fiber 

feeds (19, p. 162-166; 38, p. 50-55). Dinusson and Bolin 

(22, p. 16-20) in swine experiments have found little evi- 

dance for a beneficial chemical change iS a result of 

pelleting, however Gorrill et al. (31, p. 83-92) report 

increased energy digestibility coefficients and decreased 

protein digestibility coefficients after pelletiLg certain 

rations. Alired et al. (1, p. 1284-1289) have reported 

that some of te beneficial effects of pelleting for 

chicks remain even after pellets have been reground to 

their original meal f onn, but subseuent poultry work by 

Aracott et al. (5, p. 1388-1389) aLid ilamm and Stephenson 

(32, p. 1211) did not confirm their findìs. 
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Dinusson and Bolin (22, p. 16-20) and Lindahi and 

Reynolds (47, p, 1074-1079) noted a decrease in the crude 

fiber fraction upon pelleting complete rations and alfalfa 

meal, respectively. This decrease in fiDer is postulated 

to be due to cellular rupture of plant materials during 

pelleting a1lowin&. for more extensive solution during 

laboratory digestion in the conventional scheme of crude 

fiber analysis (9, p. 372-373). Effect of pelieting on 

micro-ingredients (vitamins, antibiotics) has been recently 

reviewed (70, p. 22-27). 

Combinations of the above-mentioned processing methods 

or superimposition of processing on supplementation (with 

nutrient or non-nutrient materials) may result in an addi- 

tive or even synergistic improvemt. For instance, 

Aracott et al. (7, p. 117-123) pxsent data that appear to 

show an additive effect between pelloting and fat supple- 

mentation of barley rations for chicks. Similar data are 

lacking ith swine. 
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EXPE1UME TAL 

Indirect evidence cited implies that barley hull 
fiber is responsible for the inferior feeding value of 

bane in contrast to that of noì.-fibrous grains. Thi s 

does not demonstrate a cause and effect relationship, nor 

does it provide precise irxforìriation as to the means by 

which hul] fiber (or factors associated with it) affects 
nutrition. Specifically, effects mediated by barley hull 
fiber in its role as a non-nutritive diluent need to be 

separated from other undesirable factors which may also be 

acting to reduce efficiency i;. barley utilization b:. 

animals. 

Commì commercial processing irocedures such as 

pelleting offer a convenient means of exposing ratio.s to 

heat, pressure, and moisture. Although pelleting obviously 

alters the physical form of the feed, there Is a dearth 
of information as to possible chemical changes which may 

occur dunig such treatment, and further study is therefore 
indic atad. 

The experimental work reported herein had two objec- 

tives: first, to provide basic information on the nutri- 
tional role of barley hull fiber in swine rations, and 

second, to investigate means of improving barley through 

processing the grain or entire rations, particularly with 
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regard to the xature of the beneficial change occurring. 

Since barley in swine rat:. ns serves primarily as a source 

of energy, investigations concentrated on the efiects of 

hull fiber and of processing on the availability of energy 

from the LTrain. 

General Methods and Materials 

Experimental conditions and procedures used were as 

follows unless otherwise indicated under the secti treat- 

ing with each individual experiment: 

Veaned pigs selected fran the Oregon State College 

purebred Berkshire herd were housed in iidividual 4 foot X 

6 foot pens and bedded with wood shavings. Each pen was 

equloped with an automatic waterer and self-feeder, and 

feed was offered on an ad lib. basis. All animais were 

weighed weekly and, with the exception of Experiment III, 

were removed from experiment the week they exceeded either 

190 or 200 pounds (final weight depended on experiment). 

Feed consumption was deternined after six weeks (at the 

time pigs averaged 100-125 pounds) ond at the conclusion 

of the trial. 

The basal ratLon for ali experiments is given in 

Table 1, and the composition of experimental rations 

employed is listed by experiment irA Appendix A. Substitu- 

tions in experimental rations in all cases were made at 



TABLE i 
Composition of Basal Ration 

Ingredients Per 100 pounds 

(pounds) 

Ground grain 79 O 

Soybean oil meal, solvent, 44 per cent 10.0 

Alfalfa meal, sun-cured 7.5 

Herring meal, 70 per cent protein 2.0 

Oyster shell flour 1.0 

Salt, iodized 0.5 

TOTAL 100.0 

Aurofac 10* .l5 

* Product of American Cyanamid Company. 

To supply 15 mg. chiortetracycline per pound of 
mixed feed. 



the expense of the grain; other ingredients were identical. 

A representative sample of each ration used was chraeter- 
ized by proximate analysis (9, p. 367-373) and cellulose 

determination (16, p. 393-3q5). Additional analyses, de- 

pending ori the experiment, were for reducing sugar (62, 

p. 61-68), total soluble carbohydrates (54, p. 714-717), 

ohytic acid phosphorus (58, p. 108-110), total phosphorus 

(27, p. 375-400), and lignin (64, p. 501-503). Combustible 

eicrgy determinations were made with a Parr Oxygen bomb 

calorimeter. All analyses are reported on an oven dry 

basi s. 

Statistical treatment of data was by ar1ysis of 

variarce according to the procedures outlined by Li (46). 
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EXPERIMENT I 

Methods nd Materials 

Forty-five pigs were ranked according to sex and 

weight, after whith two guts and three barrows wore 

randomly assigned to each of nine treatmen resulting 
in groups of approximately equal initial weight. 

Three ration variations were used as follows: 

(1) corn basal, (2) barley basal, and (3) barley with 

2.5 per cent malt (see Table i for composition of basal 

ration). Barley malt replaced a like nourit of barley. 

A 3 X 3 factorial design was employed, Involving the above 

rations in the following modifications : (a) meal form, 

(b) pellet form, and (c) e1]ots reground to original 
meal form. 

Ration densities were measured by filli ig a straight- 
sided container level full (without tamping) and weighing. 

These densities are exTressed as gra of ration per liter 
of space. 

Results and Discussion 

Data from ration analyses are summarized in Table 2, 

and a summary of animal performance is presented in Table 



TABLE 2 
Chemical Composition of' Experiment I Rations 

Proximate ana1s1s Total Ration 
Dry Crude Ether Crud Cellu-Iducin sol. den- 

Treatment Matter pro- ex- fiber Ash N.F.E. lose Sugars carb.' sity 
tein* tract 

% % % : % %' gm./ liter 
Corn control-M' 85.97 17.88 2.10 5.12 3.8l 71.09 5.46 0.38 3.53 556 

Corn control-P 85.93 16.18 2.24 4.454.03 73.10 4.78 0.48 3.52 608 

Corn control-R 86.66 15.95 2.80 4.44 4.16 72.65 5.26 0.54 .48 578 

Barley control-M 88.15 17.70 1.77 6.24 5.33 68.96 7.12 0.24 4.ö7 546 

ßarley control-P 87.65 17.14 l.7 5.35 4.67 71.08 6.v?8 0.24 4.18 655 

Barley control-h 87.65 16.80 1.70 5.60 4.79 71.11 6.95 0.20 .16 624 

Barley malt-M 88.37 18.33 1.83 6.67 5.09 68.08 7.57 0.30 4.33 549 

Barley t malt-P 88.16 17.40 2.32 6.17 5.11 69.00 6.70 L.30 .47 b72 

barley + malt-R 88.22 17.78 2.30 6.22 4.68 69.02 6.74 0.31 4.21 580 

N x 6.25 
Total soluble carbohydrates expressed as glucose oquiva1t 
M meal; P : pellet; R reground pellets 

e') 
-I 



TABLE 3 

Eosponse of Swine to Corn and Barley Fations Fed 
in Meal, Pellet and Reground Pellet Form 

ío. Av. Av. Feed Av. daily 

of initiai Daily per pound feed 

Treatment pigs weight gain gain consumed 

(pounds) (pounds) (pounds) (pounds) 

Corn control_M* 5 48 1.81 3.37 6.1 

Corn control-P 3 49 1.61 3.71 6.0 

Corn control-H 4 53 1.65 3.39 5.6 

Barley control-ii 5 54 1.73 3.92 6.8 

Barley control-P 5 53 1.78 3.43 6.4 

Barley control-Fi 5 55 1.69 3.77 6.4 

Barley s malt-M 5 54 1.69 3.82 6.4 

Barley s malt-P 5 56 1.78 3.63 6.5 

Barley s malt-R 5 51 1.71 3.56 6.0 

-r r' - ÂJ.).iJ. 

* M meal; P pellet; R reground pellets. 

Includes wastage. 

.262 . 320 

ro 



Crude fiber content o2 pellets and reground pellets 
averaßed E per cent lower than I the original meal, which 

supports the observatiorAs of Dinusson and Bolin (22, p. 

16-20) and lind.ahl and Reynolds (47, p. 1074-1079). This 

decrease ir. fiber was primarily due to a reduction in 
cellulose, as shown by rìalysis; bowever it was not asso- 
dated with irc reases in either reducing sugar or total 
sokible carbohydrates (except for a slight increase of 
reducing sugar in the corn rations). Fiber reduction upon 

pelleting was probably due to a partial breakdown of 
fibrous components of the ration (i.e., cellulose), allow- 
ing for their more extens ive solution during laboratory 
digestion. These changes were small in magnitude and of 
doubtful nutritional significace. 

Pigs fed the basal corn ration in meal form outgrew 
those ori all other rations and had a significantly higher 
feed efficiency (P<O.05). The difference in value 
between bar1e . ard corn rations in meal form was not as 

great as that reprted by either r.obison (59, p. 11-14) 
or Morrison (53, p. 448-449). Further, in a previous 
trial at this Station (45, p. 1-5), barley was found to 
have 86 per cent t1 value of corn in promoting gain of 
pias, while in the present experiment barley meal rations 
were worth 94 per cent of the control corn ration when fed 
in identical form. 
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Corri rations were riot improved by pelleting; in fact, 
3t is difficult to explain the poor perfortiarice of the 

pigs fed pelleted or pelleted and reground corn rations. 
However, the fact that three pigs were removed from the 

two latter groups, for reasons not attributable to treat- 
nent, reduces the reliability of the averages presented 

for these groups. everthe].ess, Dinussaì et al. (19, p. 
162-166) and Hoefer et al. (38, p. 50-55) have demonstrated 

in suitable experiments using bar1e and oats, respec- 
tively, that pelletthg is more effective in improving 

fibrous grains than it is in improving corn. 

Pelleting barley id barle7 plus malt rations tended 

to improve growth rate of pi, though the improvement was 

not statistically significant. Efficiency of feed con- 

version by snimals fed the barley control ration was sig- 
nificantly improved through pe1letin (P<0.05), but 

pellets reverted to the value of the original nal after 
they were reground. 

If compression of feeds is responsible for improved 

utilization noted with pellets, a direct relationship 
should exta t between rati on derisi ty and the animals ' feed 

intake, rate of gain and/or feed efficiency. Because the 

feed con3umption data include feed lost due to wastage, 

it is not possible to demonstrate such a linear response 
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between feed intake and ration density or between feed 

efficiency and ration density. Vithin the barley-fed pigs, 

a relationship between average daily gain and ration den- 

sity appears to exist. A1thouh the barley meal and re- 
ground pellet rations dd not rollow any definite pattern, 

the pellets, with their increased density, resulted in 
higher rates of gain. It should be noted that pelle ting 

did not increase the density of corn rations as much as 

that of barley ratïons, in fact corn pellets teaded to 

crunible badly in the self feeders. 

3upplementatior with barley malt did not further 
enhance the growth rate of pigs fed barley rations in 

either the meal or pellet form. Feed conversion tended 

to he improved by malt ia the re al and re ground pelle t 
form hut not in the ration fed as pelle ts, therefore the 

data are inconclusive and in accord with previous experi- 

ence at this Laboratory (45, p. 1-5). 

These data suggest that certain chemical changes 

occur in the carbohydrate fraction of rations during pel- 

leting, but these changes ai not of sufficient magnitude 

to be measurable in the performance of the growing pig. 

The primary benefit of pelletir1g under the conditions of 

this experiment appeared to be a reducti-ì in feed wastage. 

tTConsun1p.on figures in Table 3 include leed lost due to 
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wastage. Since this wastage was observed to be highest 

with pigs on meal and reground pellets, it would appear 

that tiie consumption of pellets may actually have been 

greater than that of rations in mea], or reground pellet 

varia ti orts. 

PI1ET II 

In Experiment I, it was noted that barley rations 

were improved by pelletin whereas the corn ration was 

not. This observation agreed with the findings of other 

workers that b1gi fiber feeds are improved more by pellet- 

Ing than those low in fiber (19, p. 162-166; 38, p. 50-55). 

Generallj, a 2-5 per cent differential is to be expected 

between crude fiber content of corn and barley rations 

(44, p. 9), however in the above experinnt the difference 
amounted to Only one per cent. because experiments desi'ied 

to directly assess the nutritional offect3 of barley null 
fiber are lacking, verj little is known about its role in 

swine rations. It was riot possible to generalize from 

results of experiments using other sources of fiber, as 

the foregoing literature review has indicated that quali- 

tative differences prevail in fibers from different 

sources. Thus, further work was indicated. 
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Two tl'lals were susequently conducted. These were 

deiied to investigate growth re-onse of swine to barley 
and corn rations in the presence of fiber suplied by 

either barley hulls or purified wood cellulose, a non- 

nutritive reference fiber, and to evaluate the effect of 

these fibers on digestibility of a pearied barley ration. 

Methods nd Materials 

Experiment ITa. Forty-eight weanlng pis were uti lined 
for a feeding trial and were arranged in two eaual repli- 
cates placed on experiment three weeks apart. Two barrows 

and two guts from each replication were ra.d1.r assigned 

to each of six experimental treatments. 

The exoeriment followed a 2 X 3 factorial design with 

two grains and three modi fi cations of fiber source imposed 

as follows: (1) Pearled barley, (2) Regular barley, 
(3) Pearled barley and purified cellulose, (4) Corn, 

(5) Corn and barley hulls, and (6) Corn id urified 
cellulose. Lxperimental design is illustrated in Table 4. 

Twenty per cent of ttie weight of the barley kernel 
was removed in the pearling process, d the material so 

removed is referred to s "barley hulls". The purified 
cellulose was prepared by grinding dried, bleached sulfite 
wood pulp (Kamyr sheets), a product that is lignin free, 
through a 1/8 inch screen in a hannierin1ll. (A chemical 



TABLE 4 

Factorial Pesii Employed in Experiment lia 
(Eight Individually-Fed Pigs Per Ration) 

Grain 
Fiber Pearled barley Corn 

None 

Ration Io. 

1 4 

Barley huile 2* 5 

Wood cellulose 3 6 

* Regular barley was used for this treatment. 
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description of these materials is offered under Results.) 
The quantity of either barley hulls or cellulose added was 

calculated to bring the crude fiber level of the raticns 
so treated to that of the regular barley ration. The ac- 

tuai smount of barley hulls added to ration 5 was 20 per 

cent of the grain component, vdiile 3.3 per cent purified 
cellulose was used ir rations 3 ad 6. In all Lhese cases 

the substitutions were made at the expense of the grain. 
AU rations were fed as 1/4 inch pellets. 

Backfat measurements were taken at three points on 

the carcass (6c, p. 59-61) the day following slaughter, 
and trie average hackfat thickness was determined. 

Experiment lib. Twelve bavrows averaging 108 pounds were 

selected for a digestion trial in which treatments were: 

(1) Pearled barley control, (2) Pearled bar]ey diluted 
by 40 per cent barley hulls, and (3) Pearled barley 
diluted by 6 per cent cellulose. These rations embody 

double the quantities of fiber added in the feeding 
trial, to magnify differances existing between fiber 
sources. The barrows were housed L: the individual pens 

described, without bedding. Total fecal collections were 

accomplished by constant supervision during daylight 
hours (approximately 6:00 a.m. to 7:30 p.m.). Pre-trial 
investigation revealed that excretion during hours of 



30 

darkness was negligible. A five-day collctîon period 

followed a four-day pro-triai period, arid 20 per cent of 

each dayts fecal output was composited for proximate 

axalys is and for d! ge tib le energy and phosphorus 

determinations. 

Results and i)iscussion 

Experiment lia. Analyses of ration components and complete 

rations are summarized in Table 5. Animal performance is 
suznmarized in Table 6, and statistical trentm&it in 

Appendix B. 

The frac4ion of the barley kernel removed in the 

pearling process contained about 55 per cent of the crude 

fiber and 60 per cent of the liiin found in the entire 
kernel. The resulting perl3d barley was lower in fiber 

content thsn the corn used. It is interesting that, 

thoreas over 97 per cent of the puified cellulose was 

recovered In cellulose analysis, onl 3O per cent could 

be accounted for as crude fiber in the conventional 

A.O.A.C. test. Analyses of entire rations resulted in 

average recoveries of added cellulose of 74 per cent and 

59 per cent by cellulose and crude fiber methods, reapec- 

tively. Such data point particularly to the obvious 11ml- 

tadons of the conventional crude fiber test, but also to 



TABLE 5 
Chemical Composition of Experiment lia Rations and Ration Variables 

Proximate analysis 
Dry Crude Ether Crude Cellu- Item Matter Protein* Extract Fiber Ash : .F.E. lose Liin 

Grain Components 
Regular barley, grain 9l2l 11.73 1.52 6.56 2.52 77.67 5.92 1.45 Pearled barley, grain 90.67 12.45 1.20 1.85 1.53 82.97 1.45 0.69 Corn, ,rain 91.00 10.41 4.21 2.47 1.44 81.47 2.84 Barley hulls 92.64 13.31 4.51 17.98 5.58 58.62 19.48 4.15 Purified wood cellulose 94.18 -- -- 80.36 -- -- 97.30 -- 

R at i on s 
1. Pearled barley basal 90.24 17.20 2.03 4.12 3.74 72.91 4.67 1.14 2. Regular barley 91.54 16.00 1.98 7.25 4.25 70.52 7.93 1.25 3. Pearled barley . cellulose 91.49 16.89 1.82 6.25 3.65 71.39 7.09 0.88 
4. Corn basal 89.93 15.33 3.99 5.15 3.56 71.97 5.84 0.99 5. Corn 4 barleyhulls 90.00 15.71 3.98 7.34 4.09 68.88 8.54 1.48 6. Corn + cellulose 90.57 14.98 3.89 6.93 3.68 70.52 8.37 1.01 

. 

i X 6.25 
** Thacker's method for liziin (64, p. 501-503) did not appear to yield a reliable value for corri. Although numerous determinations repeatably resulted in a value of 1.78 per cent lignin, the actual value ir light of 1ii1n content of rations would appear to be approximately 0.70 per cent. This would correspond more closely to the reported value for corn (55, p. 496). 

-J 



TABLE 6 
Effects of Barley Hulls and Cellulose on Performance of Pigs Fed 

Barley and Corn Rations 
Fiber component 

None Barley hulls Cellulose Overall Overall 
Pearled Pea.rled Pearled barley corn 
barley Corn Av. barley* Corn Av. barley Ccvn Av. av. av. 

o. of pIgs 8 7 8 7 8 8 24 22 

Av. Initial wt. 
(pounds) 42 49 

Av. daily gain 
(pounds) 1.83 1.61 1.73 

Feed por 
pound gain 
(pounds) 

Av. daily 
feed Intake 
(pounds) 

3.30 3.70 3.49 

42 42 

1.69 1.49 1.60 

3.85 3.97 3.91 

6.0 5.9 6.0 6.4 5.8 6.1 

42 44 

1.71 1.64 1.67 1.74 1.58 

6.58 3.75 3.66 ¿.58 3.81 

6.1 6.1 6.1 6.2 5.9 

Av. backf at 
thIckre sa 
(Inches) 1.29 1.49 1.38 1.19 1.28 1.23 1.33 1.31 1.32 1.27 1.36 

* Regular barley was used for this treatment. 
*;- Two animals were removed from experiment for reasons not attributable to treatment. 
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the ilmitatlolis of the Crsmpton &id Maynard methoä for 
cellulose determination (16, p. 383-395) when applied to 

mixtures of crude feeds tuffs. 
fe1ative levels of perform&ìce of the experimental 

groups to six weeks did riot differ from the data for the 

entire period, therefore oriy the latter are reported. 
Also, though significant effects due to replication were 

observed, the treatment X replication interaction was riot 

significant for any of the factors studied, therefore per- 

formance data presented are averages of the two replica- 
tios. 

The average daily gaii of pi,s fed barley rations was 

significantly higher (P<o.O1) than that of those fed corri, 

and in addition there was a significant difference 
(F<O.05) in thcir efficiency of feed conversion in favor 

of the barley-fed pigs. Although this result does not 
agree with previous experiences at this Station (45, p. 
1-5), similar results have been noted by Joseph (43, p. 
44-45), right (71, p. 1-7) and II)inusson et al. (19, p. 
162-166) with barleys of exceptionally good quality. T}e 

barley used herein was a good quality iO. 2 grade, testing 
48 pounds per bushel. In explanation, it may be noted 

that the corn fed groups consumed on the average 0.3 lb. 
less feed per day on a dry matter basis, and the crude 
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protein level of the corn rations averaged over one per 

cent less than the barley rations. o attempt was made 

to equate the different rations with respect to protein. 

Inconsistent results obtained at various tiies from 

similarly-supp].emented rations containing the same ¿ran 

emphasize the nutrient variabilities within grain species 

and suggest caution in generalizations from Itaveragefl data. 

Figure 1 illustrates that on the average pigs consurn- 

Ing barley ìö corn rations containing berley hulls 
exhibited a significantly deoreased rate of gain (?< 0.05) 

and efficiency of feed conversion (P<.0.0i) when compared 

to the control rations with tio added fiber. Cellulose, 
though tending to exhibit the same overall te!ldoncy, was 

inconsistent ir its effects on animal performance (as 

indicated in Table 6), tending to depress growth rato and 

efficiency of feed utilization of pigs fed pearled barley, 
but exerting almost no effect on coni fed pigs. This 

failure of celiulos to lower perfoxance of the cox 

group may perhaps be explained on the basis of an increased 

feed consumption of onimals so fed. Average daily gain 

was not corre1ted eIther with crude fiber level of rations 

or with the cellulose plus lignin content, however reed 

required per unit gaxv3s highly correlated (?<0.0l) with 

both crude fiber level of the feed (r .89) and cellulose 



F1GURE I 

AVERAGE GROWTH RATE, FEED 

EFFICIENCY AND CARCASS BACKFAT 

THICKNESS AS AFFECTED BY SOURCE OF FIBER 

AVERAGE DAILY 
GAIN (POUNDS) 

I .73 

1.67 

FEED PER POUND 

GAIN (POUNDS) 

3.9' 

BACKFAT THICK- 
NESS (INCHES) 

.38 

. I 

I 

. 4 I 
, I 

. 

I 

I 

I .23 

I .32 
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plus liiri content (r .90). There was no significant 
interaction between fiber source and type of grain for 
average daily gain, feod required per unit sain, or 

average feed consumption. 

Figure 1 also illustrates that fiber from barley 
hulls resulted la a siificently decreased average backfat 

thickness of pigs on corn id barley rations (P<0.05) as 

compared to the control rations (penned barley ai-id corn). 
Wood cellulose failed to narked1 lower hackfat thickness. 
(A tendency li-i this direction was noted on corn rations 
but not when the major ration component was pearled barlej) 
Backfat thickness was not significantly correlated with 

either rate of gain (r .15) or crude fiber level of the 

ratio±s (r -.23). Similar findings have been reported 
by Crampton et al. (17, p. 327-331). 

Experiment .L Coefficients of apparent digestibility 
arid digestible energy values are pre3ented in Table 7. 

Digestibilitj of dry matter, crude fiber and N.F.E. frac- 
tions was significantly lower (P<o.oi) in the ratloas 
containing barley hulls than in the pearled barley ration. 
In each case, the depression was greater with hulls than 

with purified wood cellulose. Cellulose additon sigrxi±1- 

cnntly reduced dIgestibility of dry matter and crude fiber 
(P<0.05), but had no effect on N.F.E. Addition of barley 



TABLE 7 

Apparent Digestibility of Barley Rations as Affected by Barley Hulls 
and Purified Cellulose 

Ration Digestibility Digestible 
fiber Dry Crude Ether Crude energy 

Treatment leveil matter protein extract fiber N.F.E. 

(Cal./lb.) 

Pearled barley 4.51 89 83 -35 51 95 1726 

Pearled barley & 
40% hulls 8.44 77 81 15 26 86 l55 

Pearled barley & 
6% cellulose 9.18 84 82 15 35 94 1639 

1 Crude fiber as analyzed. 

Significantly different from pearled barley control (P<O.05). 

Significantly different from pearled barley control (P<O.O1). 



hulls and cellulose reduced the digestible energy of the 

ration to 89 and 95 per cent of that of the control ration, 

respectively, but protein digestibility was riot markedly 

affected by either fiber. Differences in digestibility 

of ether extract are not believed of definite nutritioal 

importance due to the low concentration of this fraction 

iii the diet. 

Vatsai (65, p. 95-97) has reported that the phosphorus 

content of barley is reduced markedly as a result of 

pearling. Since the grain served s.s the major source of 

phosphorus in the rations employed (a supplemental source 

of phosphorus was not rcluded) it was deemed important 

to ascertain some measure of the adequacy of these rations 

in supplying phosphorus to the growing pig. Data for 

phosphorus contait of rations and its apparent digesti- 

bility are presented in Table 8. Total phosphorus content 

and proportion of total phos*ìorus in phytate form was 

higher in the ration contaiig barley hulls than In either 

the control or cellulose-containing ratios, although all 

rations were somewhat borderline insofar as meeting phos- 

phorus requirements is concerned. Phytate phosphorus 

appeared to be highly digestible, but this does not neces- 

sarily mean that all of the digested phytate phosphorus 

was absorbed and utilized b, the pig. There do not appear, 



TABLE 8 

Effect of Fiber Source ori Quantity, Form and Apparent 
I)igestibility of PhosDhorus 
Phosphorus Phytate Digestibi1it 

Total in phytate phosphorus, Total Phytate 
Treatment_ Phosphorus form % of total phosphorus phosphorus 

Pearled barley .38 .15 41 43 92 

Pearled barley 
p 4O hulls .43 .22 52 29 80 

Pearled barley 
s 6 cellulose .35 .15 44 37 75 

* Based on two pias randomly selected from each treatment. 

c:D 
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however, to be any large differences in phosphorus availa- 

bility due to inclusion of either liber in t1 ration. It 
must be cautioned that such data can only be used as an 

indication of -ìe adequacy of the rations to supply phos- 

phorus, due to the sh'tness of the trial and failure to 

accouít for urinary lossos. 
'ihese experiments suggest that the barley hull does 

more than merely dilu&e available nutrients of the ration. 

with an indigestible material, assuming that purified 

cellulose acts primarily as a diluent. Barley hulls 

depressed growth rate and efficiency of feed conversion 

more than did cellulose, thus supporting this contention, 

and data on averae ackfat thickness add further 
confirmation. 

Digestibility data indicate that the observed effects 
on growth, feed conversion, and fat deposition are pri- 
manly caused by lowerir of the die, estibility of energy- 

supplying nuirients of tiie diet, a reduction that is 
greater with fiber from barley hulls than with cellulose. 
This more pronounced depression with hulls could result 
from a physical interie'ence with tue activity of diges- 

tive enzîmes due to the. form of the fiber, eteut of 

liif'ication or distributio of lignin, however differ- 

erices in lignin content of rations were quite small. 
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Direct chemical Inhibi tion of enzyme action could be 

another explanation. Moreover, efficiency in utilizatii 

of digestible energy of a ration appears to be impaired 

by fiber addition. For example, di,estible energy values 

from Experiment lib, when adjusted to appropriate fiber 

level and applied to Experiment lia data for barley 

groups, revea] an increase ii the diestible Calories 

required per unit gain. This increase amounted to 553 

and 399 Calories per pound gain for pigs receiving barley 

hulls and wood cellulose, respectively, over the require- 

ment for pigs on the control pearled barley ration. 

EXPERIMENT III 

In the preceding trial, the barley hull was demonsd 
to exert its growth-depressir effect on swine at least 

partially through decreasing the digestibility of the 

energy-yielding nutrients of the diet. There also appeed 

to be an increase in the amount of digestible energy re- 

quired per unit increase of body weight due to presence 

of the hull in rations. From a practical point of view, 

it ould be useful to find means of overcoming this dietary 

energy reduction, thus making barley more competitive with 

non-fibrous grains (i.e., corn). Either an enhanced feed 

intake or an increased availability of energy per unit of 

feed coulo aid in achieving this objective. 
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Tbls experiment evaluated pelleting as a means of 

augmenting feed Intake while simultaneously investigating 

fat supplementation, heat treatment and erìzîme supplemen- 

tatior as three possible iethods of increasing energy 

availability. Moreover, through use of a factorial desi&i 

in which pelleting was superimposed on these methods of 

increasing energy availability, it was possible to measure 

additive effects of increased energy intake and availabil- 

ity, and to partially separate the effects due to heat and 

steam from those due to pressure in the pelleting process. 

In vie., of the advent of some pelletizers which do not use 

steam, such information would be valuable. 

Methods and Materials 

Forty-eht pi s, 24 barrows and 24 guts, were 

randomly allotted to eibht experimental treatments on the 

basis of sex and initial weight. A 2 x 4 factorial desii 

was employed to compare four ration variations in either 

meal or pellet form. These variations were (1) barley 

control, (2) barley and 5 per cent fat, (3) heat-treated 

barley, and (4) barley and enteric-coated enzyme. 

Stabilized prime tallow used in rations 3 and 4 

replaced 5 per cent of the brain component by weight. The 

heat-treated barley in rations 5 and 6 was prepared by wet 

autoclaving burlap sacks containing 60 pounds of whole 
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grain under seven pounds pressure until the grain in the 

center of the sacks had reached a temperature of 220°F. 

Excess moisture accumulated durir autoclaving was removed 

by spreading the hot barley ir a thin layer on the concrete 

floor of a heated building. 

The enteric-coated enzyme1 added to rations 7 and 8 

was primarily amylolytic in activity but also possessed 

other forms of activity (proteolytic, cellulolytic, etc.). 

This enzyme preparation was used at the rate of 20 grams 

per ton of feed. 

Animals averaged 73 pounds at the initiation of the 

trial and were fed for a period of 10 weeks, at which time 

they averaged 182 pounds. In all other respects, the 

procedures were as outlined under General Methods and 

Materials. 

Results and Discussion 

Table 9 and Table 10 provide a summary of ration 

analyses and animal performance, respectively, while in 

Appendix B statistical treatment of data is indicated. 

Again, as in Experiment I, pelleting tended to reduce 

the crude fiber content of each ration slightly. The 

heat-treating process also caused a similar decrease in 

i Supplied by Miles Chemical Company, Division of Miles 
Laboratories, Inc., Elkhart, Indiana. 



TABLE 9 

Chemical Composition or Experiment III Rations 
Proximat e analj sis 

Dry Crude Ether Crude ritrogen-free 
Ratioxì matter protein extract fiber Ash extract Cellulose 

1. 

-- 
Barley control-IVY' 

,7 

88.29 
% 

18.12 
% 

1.66 
, 

6.67 
%_ 

4.58 
% 

68.97 6.90 

2. Barley control-P 87.30 16.54 2.56 6.24 4.86 69.80 6.94 

3. Barley s 5 rat-M 88.36 16.26 6.20 6.33 4.59 66.62 7.03 

4. Barley + 5 tt-P 88.59 15.88 6.34 5.74 4.60 67.34 7.08 

5. Heat-treated 
barley-M 87.34 16.97 1.35 5.84 4.63 71.21 6.89 

6. Heat-treaied 
barley-P 88.03 16.62 2.05 5.56 4.95 70.82 6.85 

7. Barley i enzyme-M 87.40 17.68 1.53 6.73 4.67 69.39 6.83 

8. Barley s enzyme-P 88.40 17.35 2.38 5.87 4.62 69.78 6.84 

* M meal; P = pellet 
N X 6.25 



TABLE 10 

Animal Response to íeal and Pellet Rations Containing Fat, 
Heat-treated Barley and Enzyme 

Av. Av. Av. Feed! Av. daily 
initial final daily pound feed 

Treatment weight weight gatr gain consumed 

(poundT (pouni) (pounds) (pounds) (poundr 

)_. Larley contro1-ì 73 172 1.41 5.48 7.7 
2. Earley control-P 72 184 1.60 4.08 6.5 

(Average) (1.50) (4.78) (7.1) 

3. ±.ar1ey .r 5 fat-M 74 190 1.66 4.24 7.0 
4. :ar1ey t 5 fat-P 73 190 1.68 4.20 7.0 

(Average) (1.67) (4.22) (7.0) 

5. Heat-treted barley-M 73 168 1.37 4.54 6.2 
6. Heat-treated barley-P 73 188 1.65 4.23 7.0 

(Average) (1.51) (4.38) (6.6) 

7. Barley t enzyme-M 75 180 1.51 5.37 8.1 
8. Barley s enzyme-P 71 186 1.64 4.12 6.8 

(Average) (l.s7) (4.74) (7.4) 

Average - M 1.48 4.91 7.3 
Average - P 1.64 4.16 6.8 

* 
M - meal; P - pellet. 
Includes wastage. 

Cil 
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the crude fiber content of the meal ration, and from this 
observation i t would appear that the heat and mois turo, 

rather than attrition in passage tbrou the pellet die, 

is responsible for the apparent fiber reduction. 

Pelleting markedly increased ;rowth rate and eff i- 
ciency of feed utilization (F<O.Ol). An exception was 

noted in swine fed the ration supplemented with 5 per cent 

tallow, as pellets containing fat crumbled rather badly, 

tending to revert to the form of a meal. Animal response 

to pelleting was greater here than experienced in Exeri- 

ment I, and such variation in mauitude of response may be 

indicative of differences in grain quality. The barley 

utilized was comparable in protein and fiber content to 

that used in the earlier trial, but was of a thinner and 

less uniform kernel size. Unfortunately, a conclusive 

explanation for the variation in the pelleting response 

Is not apparent on the basis of these data. 
Of the three tested methods of increasing energy 

avail abil ity, only fa t supplementati on s ignifi cant ly im- 

proved growth rate and feed conversion efficiency 
(P<o.Ol), although addition of the enteric-coated enzyme 

tended to improve gains of meal-fed pigs. There was no 

additive effect between fat supplementation and pelleting, 
but crumbling of these pellets may have prevented 
manifestation of such an effect. 
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Due to the extreme amount of wasta.e noted on certain 

rations fed lu meal form, caution must be exercised in 

interpreting data for feed consumption, and therefore feed 

conversion. Among these groups, wastae was negligible 

among pigs fed rations containing fat or heat-treated 

barley, and therefore data for these groups more closely 

represent "true" consumption. In contrast, swine fed 

either the control or the enzyme-supplemented meal rations 

rooted a considerable amount of feed out of their feeders, 

and no adequate means of accounting for the loss was 

possible. In fact, this inco.sistent feed wastage undoubt- 

edly explains the significant iriteractlai (P<O.Ol) be- 

tween grain treatmat or supplementation and ration form, 

both for feed intake and for feed conversion. These ob- 

servations, though not quantitative, certainly suggest 

that palatability was enhanced both by addition of fat and 

by heat-treating of the grain. Fat rcduced dustiness of 

the feed and may have otherwise made the ration more 

palatable, while the heat-treated barley differed from the 

untreated grain in possessing a darker color, a harder 

kernel as evidenced by resistance to grinding in a haniner- 

mill, and an obvious "toasted" odor persisting even after 

incorporation into the complete feed. 

Heat-treating of the grain did riot icrease the 

growth rate of meal-fed pigs, nor did this prior treatment 



of the barley have an effect on the pelleting response; 

during the first 4 weeks of the trial, however, pigs re- 
ceiving the heat-treated pellet averaged much more rapid 

gains (1.72 pounds per day) than animals on all other 

treatments (ranging from 1.54 to 1.14 pounds per day), but 

an explanation for this early trend Is not apparent. The 

failure of the heat treatment to improve growth rate over 

the ertire feeding period is evidence that the heat and 

steam of the pelleting process do not induce beneficial 
chemical changes in barley, supporting the findings of 

Experiment I. Moreover, data for the heat-treated groups 

do rot offer further information ai the inhibitory factor 
postulated to be present in the barler nill, except that 
heat is riot effective in overcoming its detrintal prop- 

ertie s. 

Ar enteric-coated enzyme preparaticxì was utilized in 

this trial to permit passage of enzymes through the low 

pH of the stomach without inactivation, thereby allowing 

for maximum activity in. the favorable pH of the small in- 
testine. 1.ven after taking this precaution of preliminary 
coating, the product failed to definitely increase the 

value of the barley ration, and it would therefore appear 

that the activity of the preparaon did not satisfy the 

condition of providing enzymes supplemental to those 

already Innate to the digestive tract of the growing- 
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fattening pig. On the basis of this and other work (14, 

p. 40; 57, p. 49-53; 45, p. 1-5) the use of supplemental 

enzîmes for this class of swine cannot LO recommended. 

This work illustrates that it is possible to overcome 

the energy limitation irìposed by the presence of the 

barley hull through physical alteration of tr feed by 

pelleting, or through increasing the concentration of 

available energy by fat supplementation. Hamm and 

Stephenson (32, p. 1211) used pair feeding in chicks to 

demonìstrate that increased gain from pellets was due to 

increased feed consumption oer maintenance requirements. 

It is suspected that a similar relationship exists ir 

swine, but difficulty in overcoming the confounding factor 

of feed wastage has prevented accumulation of accurate 

data to confirm this suspiciozi. Crumbling of fat- 

containing pellets has made it impossible to determine if 

an additive effect can be expected from pelleting and fat 

supplementatici. In this respect, Ault and his coworkers 

(10, p. 12) 1id1cate that special procedures are fre- 

quenuly necessary to insure hard pellets when levels of 

fat exceed 3-5 per cent of the total ration. Aracott 

et al. (7, p. 117-123) have shown a slight, but non- 

significant additive effect between pelleting and addition 

of 3 per cent fat to rations for chicks, but parallel 

information is lacking on iriteracti of low fat levels 
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and pelletirig with swine. 



ei. 

G1'iERAL DISCUSSION 

The fibrous hull of barley has been directly demon- 

strated to be a principal factor in depression of growth 

rate in swine consuming barley rations. This depression 

is due mainli to decreased energy digestibility arid util- 

izatiorie In addition, the hull also appears to have an 

important influence on response to pelleting, which can 

be seen particularly in conjunction with evidence indicat- 

ing that pelleting improves the feeding value of barley 

through alteration of physical form rather than by chemical 

modification, both the manner in which the barley hull 

produces its effects, and the nutritional response of 

barley to pelleting are worthy of further discussion. 

Observed detrimental effects of the barley hull in 

swine rations cannot be explained entirely on the basis 

of its crude fiber or cellulose content, since a purified 

reference cellulose providing the same amount of fiber did 

not depress growth, efficiency of feed conversion, energy 

digestibility, or backfat thickness to the same degree. 

Obviously the hull does more than merely dilute nutrients 
in the diet; either its physical or its chemical properties 

could be responsible for this additional depression. Lif- 

ferences in physical and chemical characteristics of 

fibrous foodstuffs have been difficult to evaluate on a 
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sound phrsio1og1ca1 basis, as measurements of physical 

properties are limited ir usefulness (12, p. 71-82; 61, 

p. 441-446). Although certain chemical constituents 
(e.;., liìin) provide some indication of response to be 

expected Upon feeding (28, p. 480-490), they are at best 
a guide. Bulkiness, laxative effect, coarseness, chemical 

constitution, palatability, and other factors are all in- 

volved in the nutritional response elicited by inclusion 

of a particular fibrous feed in the diet, wìd therefore 

conclusions based upon the measurement of any single factor 
canot be assumed to be acci'ate. Although the effect of 

bulkiness of rations including hulls was minimized in 

Experiment lia through feeding all rations in pellet form, 
decrease of animal growth, feed ccìversion efficiency, arid 

backfat thickness still exceeded the decreases induced by 

cellulose. Further, meal rations were used in the dises- 
tiox trial which followed, the bulkiest beIng the ration 
contair .. ii ig cellulose, and depression of energy digestion 
was more extreme with barley hulls than with an equal 

amount of fiber from wood cellulose. These two observa- 

tiors would tend to rule out bulk as the sole factor 

responsible for the magnitude of the effects noted in 
diets containing barley hull. 

Chemically, neither lignification of barley hull fiber 

nor increased proportion of phosphorus in phytate form due 
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to addition of hulls to the ration seems to piv1de a corn- 

plete explanation. It must be concluded that ali these 
factors, as well s undetermined ones, operate simultanes- 
ly to give the barley hull its growth-depressing character- 
istics. Certainly, additional effort is needed to inves- 
tigate physical and chemical characteristics of the barley 
hull, and their effects on gr,wth and on utilization of 

nutrients by swine. 

Animal performance data for experirnonts conducted on 

pelleting lead to the conclusion that steam pelleting does 

not induce beneficial chemical changes in the feed. Evi- 

dence supporting this conclusion is derived from observed 

reversion of the feeding value of pellets back to that of 

a meal after rer1nding, and from failure of poorly-formed 

pellets to improve animal performance. Moreover, chemical 

analysEs indicate only slight changes in the carbohydrate 

fraction of rations, and these appear to be of doubtful 

nutritional significance. It is recognized, however, that 
the heat and steam of this process could have a more 

subtle effect not detected in swine performance nor in 

chemic]. analyses conducted in conjunction with these 

studies. Some speculations include possible inactivation 
of inhibitory substances or possible destruction of heat 
labile nutrients, the latter acting to offset any 

potentially beneficial alterations. It is generally 
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accepted that heat is detrimental to the nutritional qua- 

lity of cereals (25, p. 1139-1145), but extent of contact 

with heat arid moisture in pelleting does not seem critical 
from either a detrimental or a beneficial standpoint. 
Dinusson and 1o1in (22, p. 16-20) cild not detect differ- 
ences between perfonnance of animals fed a normal pelieted 
ration and of tbo se on a ra ti on whi eh bad been ground and 

pelleted three times. Neither did superimposition of 

pelloting on heat-treated barley in Experiment III have 

any effect in addition to that noted on pellets alone. 

As previously stated, physical alteration of the feed 

seems to account for most, if not all, oí the beneficial 
changes induced by pelleting. However, the precise way 

in which physical compression affects animal response 

needs further evaluation, as mastication of the feed prior 
to deglutition would tend to return pellets to a meal 

equivalency basis, thus minimizing effects due to corn- 

pression se. Palatability may very well be enhanced 

by the change in feed texture as a result of pelle ting, 
since preference studies have demonstrated that baby pigs, 
at least, prefer feeds of a coarse texture to a finely 
ground meal (53, p. 914). Reduction of feed wastage 

through pelleting adds further support to a palatability 
hypothesis. 
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Another important consideration in evaluating physical 

alteration in pelleting is the actior of Liber. The ob- 

servation reported in this study and elsewhere (19, p. 162- 

166; 38, p. 50-55), that fibrous grains are improved more 

by pe1letirg than are non-fibrous trains, woid tend to 

i dicate that pelleting either alters tho fiber or somehow 

overcomes its rìdesirab1e properties. However, it is also 

possible that certain fibrous feeds serve as binding agents 

insuring a hard pellet. The work reported herein has 

demonstrated that pellets must hold together firmly if 
their beneficial effects in feeding aro to be realized, 
and in this regard pellets containing barley hulls or 

cellulose were firmer than those without these fibers. 
In this study, as well as in work previously reported 

from this Station (45e P' 15), a total of five enzyme 

sources have been evaluated, and although some trends have 

been noted, no statistically significant animal responses 

have been observed. In all instances excepting the barley 

malt, these products have been the result of bacterial 
or fungal fermentation, characterized on the basis of 

their amylolytic activity (although possessing other forms 

of activity as well). Even thou,h some of these same 

enzyme preparations have been used with success in diets 

for chicks, the cause of the response has not been eluci- 

dated, and therefore may not even have been enzymatic in 
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nature. There is a need for much more Information on 

factors affecting the activity of these supplemental 

enzymes, and for characterization of the enzymes secreted 

in the digestive tract of the oidor p1, with a view toward 

discoverLg deficiencies that could be overcome by proper 

supplementation. In view of the nutritional role of 

barley hull fiber, it would appear that cellulases or 

erzymes acting on other constituents of fiber could be 

expected to be most useful, but. the use of enzyme products 

in barley rations for growin-fattenirig swiue certainly 

cannot be recommended or.. the basis of tìis work. 

Carcass quality is a final crI tenon tha should not 

be iiored In a consideration of the effects of the hull 

on the feeding value of barley for swine. '.hIle slowing 

growth rat& and efficiency of feed utilization, the 

fibrous hull, through its depression of energy digestion 

and utilization, also restricts deposition of excess fat 
In the animal. This effect is Implied from data on backfat 

measurements i: Experiment lia, and numerous workers (17, 

p. 327-331; 15, p. 41-47; 12, p. 903; 37, p. 1397-1404), 

have amply demonstrated that restriction of energy Irtake 

and carcass fat deposition on ad libitum feeding can be 

accomplished through dilution of the ration with fibrous 

feedstuffs. Thoui supplementation with fat, or pelleting 
can partially overcome this energy restriction insofar as 



growth is concerned, the additional energy intake may be 

reflected in an increased deposition of carcass fat (10, 
p. 26). Therefore, fri the staudpont of carcass excel- 

lance, barley may be a niore valuable grain than corn for 

incluson In swine rations. 

Further work in tbis area should include basic inves- 
tigatioiis into the physic al and chemical qualities of 
barley hull fiber and into the wa in which physical 

alteration of ratioii form affects axilmal performance. 
Information derived from such inquiry would certainly 

lead to rne efficient use of bailey in the production 
of animal origin protein. 



SUÌ1ARY 

The fibrous barley hull has long been indirectly 
implicated in the inferior growth performance of swine fed 
barley in contrast to corn. Need for more direct informa- 
tiori on the nutri tional efects of the hull led to a 

series of three experiments with two objectives: (1) to 

investiate the nutritional function of barley hull fiber, 
particularly with xgard to growth and energy-utilization 
by swine; aLd (2) to examine the means by which pelleting 
physically or chemiclly improves rations comprised of this 
fibrous rain. 

A total of 148 weanling pigs was utilized. The first 
experiment compared corn, barley, and barley plus malt 
rations for evidence of cheìica1 change occurring as a 

result of pelleting. Rations based on these three grain 
components were fed in meal, pellet, an.d reground pellet 
variations. Ir a second experiment, growth response of 
swine to pearled barley and corn rations in tFie presence 
of fiber supplied by either ba:ley hulls or purified cellu- 
lose was :nvestigated, and effect of these fibers on 

digestibility of a pearled barley ration was determined. 
The final experiment continued the study of changes induced 

by the pelleting proces, and also tested fat supplementa- 
tion, heat treatment, and enzyme supplementation as possible 
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additional methods of overcoming the growth lImitation 
imposed by the hull. 

The most salient observations on the effects of 

barley hulls ma be sunnnarized as follows: 

1. Pigs consuming barley or corn rations containir 

barley hulls exhibited a significantly decreased 

rate of gain (P<O.05) and efficiency of feed 

conversion (P<O.Oi) wh\n compared to the pearled 

bariej and the corn control rations where the 

hulls were ot present. DepressIo noted uoon 

addition of an equal nount of fiber from purified 

wood cellulose was not as extreme as that observed 

with barley hulls. iber from barley hulls also 

resulted in a decreased backfat thickness 

(P<O.05), while cellulose failed to marked1j 

lower depoitIor of hackfat. 

2. Digestibility of dr matter, crude fiber and 

nitrogen-free-extract was significantly lower 

(P<o.ol) in rations containing double the norl 
level of barley hulls than In a control pearled 

barley ration, but cellulose added to an equal 

fiber level lowered only digestibIlity of dry 

matter and crude fiber (P<O.05), and to a lesser 
degree. Further, additIon of barley hulls and 

cellulose lowered the digestible energy of the 



ration to E39 and 95 per cent, respectively, of 

that of the control pearled barley ration. Pro- 

tein digestibility wai not markedly affected by 

either fiber. 
3. The more pronounced growth-depressing effect of 

barley hulls ir coraparisor to cellulose appeared 

to be due ly partially to iiiificatio of 

barley hull fiber, since differences in lignin 

content of ratIons were quite amai] (rangin from 

O.EE3-l.48 pen cent ligJ.ri). This d the above 

cited evidence leads to the conclusion that the 

barley hull does more th merely dilute available 

nutrients of the diet with an indigestible 
material. Liuification of the fiber and other 

factors not yet characterized appear to be 

rsponslble for the additional growth depression. 

Irtvestiatiori of pelleting for evidence of chemical 

change and for effects of physical alteratio of ration 
form yIelded the following observations: 

1. Pelleting was effective in improving both growth 

and feed crzveraion efficiency of pigs fed barley, 

a fibrour grain, but it was ineffective in improv- 

Ing performance of pigs fed corn, a non-fibrous 

grain. 
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2. Phys5cal alteratJon of the feed seemed to account 

for mo$t, if not ail, of the beneficial changes 

Induced by pellotirLg. Evlcence supporting t.his 

conclusion Is derived from observed reversion of 

the feeding value of pellets to that of a meal 

aftr regrindiri, and fron failure of poorly- 

fornied pellets to Improve animal performance. In 

addition, subjectth the barley grain to moist 

heat at 2200F did not increase the growth rate of 

meal-fed pigs, nor did this prior treatma-it of 

the barley have en effect oli the pelleting 
response, i.ndicatin that the heat and steam of 

pelleting induce no siificant beneficial 
chemical changes. The precise way in which 

physical alteration exerts its beneficial effects, 
although not readily apparent from this study, is 
discussed. Enhanìced palatability, as evidenced 

by red'ictian 01' feed wastage, offers the most 

plausible explanation, although the effects of 
other factors, such as reduced dustiness, need 

to be evaluated more critically. 
3. Certain chemical changes in the crude fiber frac- 

tion of rations were observed to result from 

pelleting, but these changes wore of slight 
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magnitude and of doubtful nutritional 
significance. 

Additional findings with reard to Improvement of 

barley rations for swine Included the following: 
1. Addition of five per cent prime tallow s an 

energy supplement to barley rations enhanced 

growth rate arid efficiency of feed conversion of 

meal-fed pigs (P<O.Ol). The improvement noted 

was equivalent to that experienced on feedn[ 
pelleted barley rations without added fat. Al- 

though there was no additive effect between fat 
supplementation and pelleting, crumbling of fat- 
containing pellets may have prevented manifesta- 
tIor of such an effect. 

2. Supplemental enzymes, whether supplied by barley 
malt or an eriteric-coated amylolytic enzyme prep- 
aration, failed to Improve ains or feed conver- 
sion efficiency of either meal- or pellet-fed 

pigs to a significant degree. 

The barley hull, it S concluded, Imposes an energy 
limitation ori swine which cari be partially overcome 

through physical alteration of the feed by pelleting, or 

through increasing the ccentration of available energy 
in the ration by fat supplemitation. Both the manner 
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In which the barley hull produces its effects, d the 

rutrital response of barlr rations to pelleting are 

discussed, slong with suggestions for additional 

Investigation. 
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APPENDIX A 

TABLEI -A 
Composition of Rations for Experiment I 

Ration 
Feedstuff 1, 2 and 3* 4, 5 and 6 7, 8 and 9 

(pounds) (pounds) (pounds) 

Barley grain -- 79 76.5 

Barley malt -- -- 2.5 

Corn grain 79 -- -- 

Soybean oil meal lO 10 10 

Herring meal 2 2 2 

Alfalfa meal 7.5 7.5 7.5 

Oyster shell flour 1 1 1 

Iodized salt 0.5 0.5 0.5 

TOTAL 100.0 100.0 100.0 

Aurofac l0 0.15 0.15 0.15 

* Rations 1, 4 and 7 fed as meal. 
Rations 2, 5 and 8 fed as pellets. 
Rations 3, 6 and 9 fed as reground pellets. 
To supply 15 mg. chiortetracycline per pound of mixed 
feed. 
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TABLE II - A 

Composition of Eations for Experiment lia 
Rati on* 

Feeds tuff 1 2 3 4 5 6 
(pounds) [pounds) (pounds) (pounds) (pounds) tpounds) 

Barley1 
pearled 79 -- 75.7 -- -- -- 

iarley, regular -- 79 -- -- -- 
Corn, o. 2 dent -- -- -- 79 63.2 75.7 
Barley hulls -- -- -- -- 15.8 
Vood cellulose -- -- 3.3 -- -- 3.3 
Soybean oil meal 10 10 10 10 10 10 

derring meal 2 2 2 2 2 2 

Alfalfa meal 7.5 7.5 7.5 7.5 7.5 7.5 
Oyster shell f10 1 1 1. 1 1 1 

Iodized salt 0.5 0.5 3.5 0.5 0.5 0.5 

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Aurofac 0.15 0.15 0.15 0.15 0.15 0.15 
* All rations fed as pellets. 

To supply 15 mg. chiortetracycline per pound of mixed feed. 
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TABLE III - A 

Composition of Rations for Experiment lib 
Rati on* 

Feedstuff 1 2 3 

(pounds) (pounds) (pounds) 

Barley, pear]ed 79 48 73 

Barley hulls -- 31 -- 
Wood cellulose -- -- 6 

Soybean oil meal 10 10 10 

Herrín meal 2 2 2 

Alfalfa meal 7.5 7.5 7.5 

0'ster srAeli flour i i i 

Iodized salt 0.5 0.5 0.5 

TOTAL 100.0 100.0 100.0 

All rations fed in meal forir. 
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TABLE IV - A 

Composition of Rations for Experiment_III 

Ration 

Feeds tuff 1 and 2* 3 and 4 5 and 6 7 and 8 

(pounds) (pounds) (pounds) (pounds) 

Barley, regular 79 75 -- 79 

Barley, heat treated -- -- 79 -- 

Prime stabilized tallow -- 4 -- -- 

Soybean oil meal 10 10 10 10 

Herring mea]. C 2 2 2 

Alfalfa meal 7.5 7.5 7.5 7,5 

Oyster shell flour i i 1 1 

Iodized salt 0.5 0.5 0.5 0.5 

TOTAL 100.0 100.0 100.0 100.0 

Fnteric coated enzyme -- -- -- i gram 

Aurofac 10 .15 .15 .15 .15 

' Rations 1, 3, 5 and 7 fed as meal. 
Rations 2, 4, 6 and 8 fed as pellets. 

To supply 15 mg. chiortetracycline per pound of mixed feed. 
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APPENDIX B 

TABLE I - B 

Analysis of VarIance, Experiment I 

Mean Squares 

Rate of Feed/lb. Feed 
Source d.f. gain sain consumption 

Grain 2 .00226 .2703* .01241 

Ration form 2 .01523 .0684 .00602 

Grain X Form 4 .02761 .2005 .00100 

Lrror 33 .04102 .0614 .00640 

Significant at P<0.05. 
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TABLE II - B 
Analysis_of_Variance, Experiment lia 

Mean squares 
hate of Feed/lb. Feed Av. backfat 

Source d.f. gain gain consumption thickness 

Lot of pIgs 1 .1943* .3185* .8680 .01374 

Grain i .2668 .3527* .4838 .06908 

Fiber source 2 .0649 .6979 .1820 .07543 

Control vs. hulls 1 .1267* 1.3230** .3630 .16293* 

Control vs. cellulose 1 .0278 .1741 .1114 .02688 

Fiber X Grain 2 .0234 .1256 .3673 .04337 

Error 39 .0289 .0745 .2671 .02432 

* Significant at P<0.05. 

Sigrficant at P 0.01. 
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APPE\DIX 

TABLE III - B 

Analysis of Variance, Experiment III 

Squares 
Rate of Feed/lb. Feed 

Souice d.f. gain gain consumption 

Initial weight 2 .00025 l.3289 2.8ll3 

Meal vs. pellets i .2883O 6.7800** 2.34O8 

Grain treatme.t 3 .O7266 .9107 1.5705 

Ccrtrol '. fat i .1650O 1.9040** .0504 

Heat- treatod 
vs. enzyme 1 .02866 .9440 4.5937 

Control and fat 
vs. heat-treated 
and enzyme 1 .02430 .0080 .0675 

Form X Grain 
treatment 3 .03792 l.3710 3.0302 

Error 38 .01687 .1204 .5709 

* Siificant at P<0.05. 

Significant at P<0.0l. 


