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EFFECTS OF PELLETING AND OF SUPPLEMENTATION OF BARLEY RATIONS 
FOR SWINE WITH TALLOW~ ENZIMES AND ZINC 

INTRODUCTION 

In the Pacific Northwest» and elsewhere, barley is the basal 

component of most swine rations because it is easily obtained at a 

favorable price and because it produces a high quality pork carcass 

that is in demand by the consumer. It has one serious limitation in 

its fibrous hull~ which is less than 25 per cent digestible (32, p. 1

10) and which is largely responsible for its lower feeding value in 

comparison to corn. Much work has been done in an attemp't to overcome 

the 'deleterious effects of the hull and thus to improve the feeding 

value of barley for swine feed. Included in this is pelleting, enzyme 

addition, heating, sprouting, grinding» rolling» steaming» soaking, 

and fermentation. 

In order to justify the production of animal products as the 

world's food supply becomes dearer, the conversion of cereal grains 

must be most efficient» for otherwise man will be forced to eat the 

cereals directly in order to survive on the available food supply, 

even though animal products are of high food value. In recent years 

there have been increases in the efficiency of conversion of feed to 

eggsp poultry» milkp and other animal products and if pork is to remain 

competitive, it too will need to become even more efficient to produce. 

Swine are monogastric animals and compete directly with man for their 

food supply. On the other hand, ruminants consume mostly forages and 

roughages, which are not directly usable to man, and as a result have 

a distinct competitive advantage over simple-stomached animals when 
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food supplies dwindle. Improved fiber digestion by pigs would thus 

aid their competitive position~ if priorities are placed on available 

feedsv in addition to improving economy of pork production. The 

fiber in feedstuffs is chiefly indigestible cellulose~ which differs 

from digestible starch only in the type of linkage which joins glucose , 

the sugar common to both starch and cellulose~ into chains~ The 

enzymes inherent in the pig are capable of hydrolyzing only the alpha 

gluc~sidal linkages of starch. If an enzyme could be added to swine 

feeds that would cleave the beta glucosidal linkages of cellulose, 

an entirely new group of feedstuffs would become usable to swine. 

Looking even further ahead, if such cellulase enzymes could be de

veloped for man~ much of the food problem of the world ought to be 

solved. Even if there were no food shortage~ cellulase enzymes 

packed in a survival kit would allow lost soldiers and civilians to 

live off the vegetation of the land$ freeing them from the burden of 

either carrying heavy supplies of food or starving to death. The 

present study however is limited to a first step in this projected 

development» that of improving utilization by the pig of the entire 

barley kernel. With this goal in mind~ four enzymes$ Cellulase 35, 

Cellulase 38~ Cellulase 4000D and Milezyme pl P were added to barley 

rations in an effort to improve their feed value. 

Animal fats are a major by=product of the livestock industry 

and until recently were used in large quantity in the production of 

soap. During the last decade the introduction of synthetic 

1 Cellulases 35 and 38 supplied gratis by Rohm & Haas Co., 
Philadelphia$ Pa. Cellulase 4000 and Milezyme P supplied gratis 
by Miles Laboratoriesp Clifton, New Jersey 
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detergents greatly decreased the quantity of animal fats used in the 

making of soap and left surplus fat available at prices low enough 

to be attractive to the feed industry as a source of energy for live

stock. As a result 9 the feed trade has become the second largest 

user of fat and the price of fat has increased in response to this 

increased demand. Fat is still economical to use in broiler feeds 

and generally so for swine rations 9 depending upon the price of 

calories available in cereals. Fat will increase the value of bar ley 

as a swine feed to about the same extent as pelleting 9 but pelleting 

and fat addition are not additive in effect. This thesis reports 

work done in an effort to obtain an additive effect when barley 

rations were both supplemented with 5 per cent beef tallow and pelle t

ed9 and suggestions are presented on how this additive effect can be 

obtained. 

At the end of Experiment IP a digestion trial involving three 

animals each from a low fat and high fat group were placed on a dig

estion trial to note any differences in the apparent digestibility of 

the various nutrients when 5 per cent beef tallow was added to the 

diet. Because of possible interrelationships among dietary zinc, 

calcium and fat 9 100 ppm of zinc were added to the rations fed to two 

groups of pigs and the various responses noted. An alternate ration 

was formulated according to the National Research Council's (68, p . 9) 

recommendations~ on a least~cost basis and fed to one group of pigs 

in an attempt to produce more economical gains. 
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REVIEW OF LITERATURE 

Fat Addition to Swine Feeds 

Animal fat is one of the major by~products of the livestock in

dustry and is produced far in excess of this country 0 s needs. Foreign 

markets dispose of over forty per cent of current United States prod

uction (33~ p~ 29). Inedible fats are an important livestock by

product9 and the market for these fats helps determine the selling 

price of meat animals. The traditional market for such animal fats 

and greases has been the soap industry, but with the advent of syn

thetic detergents 9 this outlet has decreased. Less fat is also used 

in the production of paints and explosives than previously. At the 

same time 9 the quantity of livestock produced has increased and with 

it the production of fat (2 9 p. 1~7). 

The largest new market for disposing of fats and oils is the feed 

industry. It is estimated that 1.4 billion pounds of fat could be 

used annually by the feed industry in the next decade (33 9 P• 5). 

During 1960~ feed mixers added approximately 0.5 billion pounds annu

ally to livestock feeds (33 9 p. 5; 93 9 p. 40~46) 9 a five-fold increase 

over .the 100 million pounds used in 1954 (80, p. 5). 

Added fat contributes nutritional benefits to feeds and is an aid 

in processing. Some of the advantages listed (19 9 p. 126-133; 33, 

p. 3; 49, p. 538~542) for adding fat are increased caloric value of 

feed (higher energy) 9 increased feed efficiency 9 reduced dustiness, 

easier handling~ increased palatability9 reduced wear on pelleting 

and other processing machines 9 an aid in homogenizing and stabilizing 
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the mixture of fine=particled feed additives~ better appearance, 

increased vitamin stability~ and others. Grease is an animal fat 

that melts at temperatures below 40°C~ while tallow and lard melt 

at temperatures higher than 40°C (49~ p. 538-542). 

As the production of fats and oils has increased and the soap 

market decreased~ the price of fats has declined and they have 

become economical to use in animal feeds. During the last ten 

years there has been much research concerning the optimum quantity 

of fat to use and its effect on the other nutrient requirements. 

The results have been quite conflicting and various hypotheses 

formulated concerning the use and value of adding fats to swine 

feeds can be supported with the appropriate available data. 

Kennington~~ (47~ p. 1166) report that the addition of 

stabilized lard to corn diets for swine at varying levels from zero 

to twenty per cent resulted in a linear increase in growth rate and 

feed efficiency. When 20 per cent lard was added to the feed, the 

efficiency of gain was increased by 43.6 per cent. Virginia workers 

(16, p. 10) obtained an increase in growth rate of from 6 to 11.6 

per cent and an increase in efficiency of 13 to 17 per cent when 8 

per cent animal fat was included in corn rations. They concluded 

that energy from fat can be used efficiently when added at low levels 

or when used to increase the energy in high fiber feeds. Wagner~ 

.!.!. (89 9 P• 955) fed swine corn rations with varying levels of pro

ductive and metabolizable energy. When the productive energy level 

was increased from 950 to 1170 Calories per pound~ the average 

daily gain increased from 1.53 to 1.63 pounds and the feed required 
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per pound of gain decreased from 3.32 to 2.. 64 pounds.. Increasing 

the metabolizable energy level from 131.0 to 1640 Calories per pound 

increased the daily gain from 1.. 24 to 1.38 pounds and increased the 

feed efficiency from 4.09 to 3.08 pounds of feed per pound of gain. 

Day~~ (29~ P• 944=945) increased the feed conversion of swine 

by 14 per cent and improved the rate of gain by adding 10 per cent 

lard to a corn ration.. West Virginia workers (2» p. 1~7) found the 

most efficient use of fat to be between 5 and 8 per cent and calcu

lated that one pound of fat replaced 2 .. 1 pounds of a predominantly 

corn ration. When Gesler ~.!!. (36~ Po 911-916) added 10 per cent 

fat to corn rations fed to swine, the rate and efficiency of gain 

was increased for pigs up to 120 pounds, but the efficiency of 

animals between 120 and 195 pounds was not improved., On a high fiber 

ration~ the addition of 5 per cent stabilized tallow increased the 

rate of gain during the finishing period as reported by Cameron 

(19, P• 126-133). When Heitman (40~ p. 1046=1051) added 5 and 10 

per cent tallow to barley rations fed to swine» increased gains re

sulted in both cases., Adding 10 per cent lard was without effect 

on gains. Feed utilization was variable» but was generally improved 

for added fat treatments., Other workers (1~ p. 635-639; 10, p. 1165; 

11, p. 899; 50$ P• 630-637; 61, p. 1165; 71P p .. 67-74) have reported 

increases in the efficiency of the ration when fat was use~ to in

crease the caloric density of the feed. Results of the effect of 

fat on rate of gain have 9 however» been variable in some cases. 

The majority of workers have observed an increase in the rate of 

gain when fat was added (ls p. 635-639; 11, p. 899; 19, p. 126-133; 
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36, p. 911-916; 40~ p. 1046-1051; 47P p. 1166; 89 9 p. 955)~ Others 

have noted a decrease (61 9 p. 1165; 50, p. 630~637) and in some cases 

there has been no effect (10 9 p. 1165)~ Whether the major constituent 

of the diet is corn or barley does not appear to affect the performance 

of swine when fat is added to the ration. 

As the energy value of the ration is increased, the teta1 daily 

feed consumption usually goes doWI'.l (14 9 p. 930; 30 9 p. 28=30; 40~ 

p. 1046-1051; 71, p. 67~74; 79, p. 1115-1122). Pond~.!! (79, p. 

1115-1122) report that on a TDN basis s daily intake was increased 

when tallow was added 9 but average TDN per pound of gain was reduced. 

Other workers (40, p. 1046~1051) have noticed no difference in daily 

TDN consumption when fat was added. 

As the caloric density of the feed is increased 9 the percentage 

of the other nutrients in the feed needs to be increased 9 so that a 

fairly constant energy to nutrient ratio can be maintained (94, p... 12) .. 

At least some of the variability of results from adding fat to rations 

can be attributed to a failure to keep the correct energy~nutrient 

ratios. Hogs can utilize almost any quantity of fat that is pract

ical to add, provided it is balanced by other nutrients. 

The protein~energy ratio is particularly important. According 

to Noland!£~ (71, p. 67-74) a Calorie to protein ratio between 

49 :1 and 75:1 produces faster gains than ratios outside of this range 

for pigs between 40 and 125 pounds of weight. Cornell workers found 

that at high protein levels (18 to 20 per cent) 10 per cent stabilized 

beef ta~low significantly increased gains, but that at a low protein 

level (10 to 12 per cent) there was no effect from adding fat. In 
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contrastv pigs at Purdue (47 9 p6 1166) on rations varying in added 

fat from zero to 20 per cent showed no si.gnificant difference in 

growth ratep efficiencyv or feed intake when the protein level was 

increased from 14 to 20 per cent. These workers suggest a Calorie 

to protein ratio ranging from 88:1 to 150:lv the ratio being broad

ened as the pigs gain weight. Pigs fed from 40 to 110 pounds by Ab

ernathy~~ (lp p. 635-639) grew better on an 18 per cent protein

high energy ration than ones on a similar formula with 14 per cent 

protein. Baird~ al (lOp p. 1165) report that added fat increased 

the cost of gain on a low protein ration (11 to 15 per cent) but 

decreased the cost of a high protein ration (17 to 21 per cent). 

Lowrey~~ (61~ p. 1165) found that as the protein was increased 

from 13 through 16 to 19 per cent~ the efficiency of pigs on both 

zero and 10 per cent added fat was increased. Other workers have 

also reported a beneficial effect from adding more protein as the 

caloric density of the ration was increased (78v p. 946-947; 89~ 

p. 955; 91~ p. 1-9). 

The effect on the swine carcass of adding fat to the ration has 

been variable. At Purdue (47 v p. 1166) the backfat increased li.n

early from 1.20 to 1.49 inches as the quantity of added fat was in

creased from zero to twenty per cent. When Clark~~ (22, p. 928) 

increased the energy levels from 1290 to 1.730 Calories per pound, 

the backfat increased from 1.47 to 1.74 inches and the percentage 

of lean cuts decreased from 52 to 50 per cent. Increasing the 

energy level from 950 to 1730 Calories per pound consistently re

sulted in increased backfat and decreased percentages of lean cuts. 
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Anderson_$! J!1 (2, p. 1=7) found no i ncrease in back fat when 2.5 

and 5 per cent fat was added to the ration, but adding 10 per cent 

fat increased the backfat by 0.15 inches. Other workers (11, p. 899; 

19, p. 126~133; 71, p. 67~74; 78, p. 946-947) have also reported an 

i ncrease in total carcass fat and in backfat thickness when fat was 

added to the ration at levels of 5 per cent or higher. In some other 

experiments the backfat has been increased, but not significantly, 

when fat was added to the diet (1, p. 635-639; 40, p. 1046-1051; 79, 

p. 1115-1122). Still others (10, p. 1165; 29 9 p. 944-945; 36, p. 911

916; 50, p. 630-637) have reported no increase in backfat nor 

decrease in the percentage of lean cu t s when fat was added to the 

diet in quantities as high as 10 to 15 per cent. Part of this 

variability is probably due to genetic differences in the various 

swine herds studied. 

Oldfield!! al (75, p. 917-921) added crude and modified Menhaden 

fish oils to swine rations. When 5 per cent of the oil was fed in the 

crude form, there was a favorable growth response, but the carcass 

was inferior due to a pronounced fishy odor and taste. Similar results 

were obtained when alkali-washed Menhaden oil was fed. When the oil 

was polymerized, inferior growth resulted, but the carcass was edible. 

None of the oil additions resulted in increased backfat. 

In other work at the Oregon Station (5, p. 922-926)l) various lev

els of Pilchard (California Sardine) oil were added to swine rations. 

When zero to 5.5 per cent of this fish oil was added to the ration, 

the growth performance and feed efficiency were unchanged. When fed 

at 8.25 per cent, the animals failed to eat and gain satisfactorily 
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after four weeks on tes t . At all levels of oil feeding the quality 

of the carcass was lowered to the point where it became non-saleable. 

Feeding a non~fish oil ration for thirteen weeks was ineffective in 

overcoming the objectionable odor and flavor 9 although the hardness 

of t he fat was increased. 

Unlike ruminants 9 monogastric animals deposit their dietary fat 

in the adipose tissues in a relatively unchanged condition., It is 

therefore necessary to feed a relative ly hard 9 odor-free lipid to 

swine in order to ob t ain a desirable carcass fat (66~ p. 67). 

In the South~ peanuts 9 soybeans 9 cott onseed» and other oil seeds 

have been fed to swine with a resulting soft fat being deposited on 

and in the pork carcass. Since these oi ly feeds are sometimes econ

omical to feed 9 some work has been done t o determine how much t ime is 

required and what method can be used t o harden the fat of pigs fed 

high oil diets. Blumer et al (12, p. 68~7 3) have worked on this 

problem. Since pigs fed 10 per cent cocoanut oil produced hard 

carcass fat» it was hypothesized that soft fat could be hardened by 

short time feeding of cocoanut oil. Feeding cocoanut oil for eight

een days to animals previously on a soybean ration did not sufficiently 

harden the carcass fat. Finishing the pigs on cocoanut oil for one 

month or until they had gained 55 addi t ional pounds was adequate for 

the hardening of the carcass fat., An apparent objection to this method 
I. 

of hardening off swine is that the fat produced by feeding cocoanut 

oil was softer at cooking temperatures than the fat produced by corn-

fed swine. 

Increasing the percentage of protein in high fat rations will 
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generally increase the carcass quality. Nolan~ al (71$ p, 67~74) 

produced pigs with longer carcasses and greater yield of primal cuts 

when the percentage of protein was increased from 12 per cent through 

16 per cent to 20 per cent. Others (22» p. 928; 78~ p. 946-947) 

have reported similar results. In one experiment (61~ p .. 1165) the 

digestibility of protein was increased by adding fat. 

Baby pigs are not able to utilize high levels of added animal 

fat efficiently. According to Peo ~.,!! (77 9 p. 885~891) ~ when 5 to 

10 per cent fat was added to the diet of baby pigs~ the rate of gain 

was unaffected and feed efficiencies were reduced. These workers 

recommend feeding 30 per cent protein and only 0.5 per cent fat to 

two-week old pigs. When Asplund~ al (7 9 p. 709=714) added 10 to 

20 per cent grease to the diet of baby pigs$ there was no advantage 

in weight gains, feed efficiency~ or energy conversion. Adding 

corn oil resulted in slower and less efficient gains. Lloyd and 

Crampton (60~ p. 377=382) reported that in early~weaned pigs there is 

a highly significant inverse relationship between length of carbon 

chain of constituent fatty acids and apparent digestibility. 

Saturated fatty acids were less efficiently utilized than unsat

urated lipids. 

As long as a fat is not rancid or becoming rancid, does not 

have an objectionable odor, is clean, has an A.O.M. stability time 

of at least 20 hours and is low in moisture, it should make a 

satisfactory feed ingredient (33, p. 13; 81, p. 28-30). Fats added 

to feeds need to be treated with a suitable antioxidant to prevent 

oxidative rancidity which could destroy the fat soluble vitamins A, 
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Dv E» and K9 and most of the B complex (49 9 p. 538~542). When the 

fat is properly stabilized~ its addition to a feed will increase the 

stability of vitamin Av carotene 9 and the fat already in the feed 

(5 0 9 P• 630-637; 82» p. 56-59). 

In summary, suitable stabilized animal fats are now available 

to the feed industry and should be used when they are a cheaper 

source of calories than other feedstuffs. Fat has two and one~half 

times as many calories as corn and is more digestible (90 to 95 per 

cent digestibility for pure fat and 80 to 85 per cent for corn) 

(82, p. 56-59). Wi th corn selling at $1.68 per bushel~ animal 

fats are worth approximately 10 cents per pound (49, p. 538-542). 

Up to 5 per cent added fat can be fed without deleterious effects 

to the carcass if the protein content is adequate. It is now a 

common practice of commercial feed companies to add around two 

per cent inedible animal fat to growing~finishing swine rations. 

This is done because of a resulting increase in nutritional value 

of the feed and because of advantages in handling and processing 

(33, p. 3). As the percentage of fat is increased» the percentage 

of other nutrients should be increased proportionately. A Calorie 

to protein ratio of from 49:1 to 75:1 should be maintained for pigs 

between 40 and 125 pounds, after which a ration of 100:1 is recom

mended (71~ p. 67=74). The added fat should always be properly 

stabilized with a suitable antioxidant. The above comments relate 

to rations fed in a meal form and the results and suggestions do not 

apply to pelleted rations. 
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Enzyme Additions ~ Swine Rations 

All life processes~ including the breakdown~ digestion, and 

metabolism of proteins~ carbohydrates 9 and fats 9 are dependent on 

the action of enzymes. Many characteristics of enzymes are well 

known. Enzymes are protein catalysts secreted by living cells that 

speed up chemical reactions without affecting the equilibrium of 

the reaction and without being destroyed in the process. They are 

effective in small amounts and are specific as to the substrate upon 

which they will work. They are effective in a narrow pH range and 

are easily denatured by temperatures below t he boiling point (35, 

p. 211; 66, p. 24-27). 

Until a few years ago there was little concern about the 

effectiveness of the enzyme systems in farm animals. Today howeverp 

there is much speculation on whether man can propagate additional 

enzymes that 9 when added to the animalcs diet ~ might give it addition

al help in using modern day feedstuffs. The feed industry is 

depending more and more upon highly processed by-products to feed 

the nation8 s animals~ and the inherent enzyme systems of ·the animal 

may not be adequate to utilize these products fully. With this 

thought in mindp animal sci entists are directing their efforts to 

the production and use of enzymes as feed additives. 

While in vitro work can be and is done on enzymes, the spec

ificity of conditions under which they will function requires that 

the final evaluation of t he effectiveness of an enzyme be done~ 

~ (73, p. 78-80). A logical starting point in enzyme study with 

swine is the determination of the inherent enzyme systems of the pig. 
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The baby pig is born with a lipolytic enzyme system that is high at 

birth and which remains high throughout its lifeo Its lactase 

activity begins high at birth 9 remains so for two weeks 9 and then 

declines to a minimum at three to four weekso These two en~e 

systems allow it to utilize the sowas milko Amylolytic activity is 

negligible at birth9 increasing quite rapidly to a maximum at 37 

days of age. Sucrase and maltase are also negligible at birth» but 

increase to a maximum at 25 days of age (9 9 po 51~58; 48» p. 45-50). 

As might be expected 9 there is some controversy concerning these 

concepts. Catron (20» Po 2) reports t hat the lipolytic and pro

teolytic enzyme systems are undeveloped until five weeks of age, 

that sucrase is deficient until the pig is two weeks of age 9 and 

pancreatic amylase is not fully active until four weeks of a.ge. The 

enzyme system of the pig is thought to be fully developed by the 

time it reaches five to seven weeks of ageo The study of enzyme 

additions to swine rations is based on the hypothesis that even at 

full development the enzyme system of the pig is not adequate to 

cope most efficiently with modern-day feedstuffsp particularly 

fibrous feedo 

Lewis and associates (54, p. 1047-1050) have shown significant 

increases of both rate and efficiency of gain when they added one 

per cent of pepsin and one per cent of pancreatin to the diet of 

baby pigso Likewisep other workers (24, Po 932-937) have gained 

significant increases in efficiency of feed conversion for a 21 day 

period when pigs of 9 to 11 days of age had pepsinp pancreatin, and 

a combination of the two added to their basal ration of sugar~ corn 9 
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soybean oil meal~ and feather meal. Pigs of the same age on a 

different ration gave no significant growth responses when diastase$ 

peps inD and pancreatin were addedo It would appear that the effect= 

iveness of a supplementary enzyme depends partly upon the composition 

of the particular ration fed. Best results have been obtained with 

enzyme supplementation when the baby pig is one to three weeks of 

age when weaned (the younger the better) 9 when plant proteins make 

up a large share of the diet 9 and when the growth rate of the pig 

is rapid. En~es also show a marked response when a high level of 

some disease~ such as diarrhea~ is present. 

Enzyme work with poultry has been generally encouraging. Ex

periments with hu.lless barley (3 9 p. 42=44) showed increased growth 

rate 9 improved efficiency of gain~ and improved condition of the 

droppings with additions of amylase» protease» and lipase of crude 

bacterial or fungal origin. Enzymes capable of hydrolyzing several 

1ubstances were more effective than those that had been concentrated 

to a particular type of enzyme activity. Of the enzymes studied, 

amylase enzymes were superior to proteases. Soaking hulless barley in 

a water solution of one of the crude bacterial amylases increased 

growth rate of chickens 21 per cent and improved efficiency by 18 

per cent. Simple additions of this enzyme to the dry ration improved 

growth rate 11 per cent and increased efficiency by 8 per cent. 

When natural enzymes were inactivated by heat, the addition of certain 

enzymes increased the growth rate by over 25 per cent. Despite 

these favorable results 9 only a limited quantity of enzyme supple

ments are added to commercial poultry rations (3 9 p. 42=44). 
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Barley grown in the Midwest and East has not responded 

signi.ficantly to enzyme supplementation. Barley grown in the Rocky 

Mountainsp the Pacific Coast States~ and Eastern Canada responded 

favorably to supplemental enzymes (43~ p .. 150-151; 44P p. 18-21)" 

Work has been done with ruminants to determine their response 

to supplemental enzymes. Burroughs and associates (17) added a 

bacterial enzyme product that was high in amylolytic and proteolytic 

activity to beef cattle rations and produced the following benefits: 

12 per cent increase in feed conversion~ equal or improved beef 

carcass quality~ and an average of $8.00 more profit per steer. 

When Rhozyme F-3cl, a protease and amylase containing compound, 

was added to a fattening cattle ration~ feed efficiency was increased 

5 per cent" Additions of Rhozyme F-401P which in addition to proteo

lytic and amylolytic activity also contains some cellulases, increased 

feed conversion by 8 per cent. Both products produced carcasses equal 

or superior to the non-enzyme supplemented controls (23, p. 928). 

When Agrozyme2 at levels of 0.0075 and 0.015 pounds per animal per 

day was added to fattening cattle rations, gains were increased 7 

per cent 9 efficiency was improved by 6 per cent, and the dressing per

centage was slightly improved. Digestibility of dry matter, organic 

matter, protein9 and cellulose was not affected (18, p. 458-464)., 

The results from addition of enzymes to growing-finishing hog 

rations have generally been discouraging. Dinusson (30, p •. 28-30) 

added five different enzyme preparations to barley rations fed to 

1 Product of the Rohm & Haas Co .. , Philadelphia» Pa. 
2 Product of Merck,Sharp & Dohme Research Labs., Rahway, New Jersey 
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pigs~ all without effect on growth performance~ Oldfield (73p 

P~ 78=80) and Larsen (Slp p. 47) were unable to get a growth re

sponse with pigs from barley that had been treated with water in 

an effort to stimulate endogenous enzymes. Supplemental amylase 

enzymes were also without effect~ A slight consistent improvement 

in efficiency resulted from additions of barley malt at 2.5 per cent 

levels. Additions of 10 per cent barley malt caused a growth de

pression and decreased feed intake. It appeared that decreased pal

atability was a factor. The low pH levels of the swine stomach may 

inactivate the added enzymes before they have had an opportunity to 

work. Coating the enzyme with a mater i al that will dissolve in the 

higher pH of the intestine may be an answer4 

Rickes e t al (83D Po 371-375 ) recently isolated a cellulase 
~-

enzyme called B-glucanase from Bacillus subtilis that was highly 

active~ vitro. When added at 0.. 000001 per cent to chick diets., 

there was a significant growth response. It is thought that part of 

the response gained from water soaking barley for chicks was a result 

of B-glucanase production by Bacillus subtilis in the solution media. 

Arscott (6) found that replacing one-eighth of the barley 

fraction in chick diets with corn resulted in the same response as 

that obtained by adding an amylase enzyme to the barley ration. 

When the one-eighth corn fraction was autoclaved 9 there was no growth 

response~ indicating that the increase in growth due to the corn 

was caused by a heat labile substance~ which may have been an enzyme. 

Favorable results from enzyme supplementation obtained from one species 

of animals can not be projected to another because of differing 
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conditions in the gastro=intestinal tract among species. 

Even though enzymes are known to be sensitive to heat~ neither 

pelleting nor long storage of rations containing enzymes adversely 

affected the response to chicks to the enzymes tested in one trial 

(95 9 Po 854)o Since enzymes are easily destroyed at high temper

a tures » the manufactureras recommendations as to the extra quantity 

of enzymes that should be added~ if any 9 to overcome loss due to the 

heat of pelleting should be notedo It is quite probable that some 

enzymes are more susceptible to heat than otherso 

Barley~ as opposed to cornv is high in poorly digestible fiber. 

If an enzyme could be produced that would help the pig utilize this 

fiber~ or at least break it down enough so that the starch that it 

masks could be utilized 9 the feeding value of barley would more 

closely approach that of corn. The field is wide open and promising, 

bu t much research needs to be done in producing cellulolytic enzymes 

that will attack the fibrous barley hull in~ and make it u t il

iza~le by the pig. Determining the correct level of enzyme supple

mentation is also an obstacleo The biggest share of enzyme work is 

still to be done. 

Calcium-Zinc Interrelationship ~ Swine Feeding 

A swine disease that has attracted much attention during the 

past decade is parakeratosis, a condition of the skin. It is a 

relatively new disease 9 having become a problem since World War Two. 

Among the symptoms of parakeratosis (PKT) are (21 9 Po 1-9; 26 9 

Po 1-6) reduced appetite 9 slower growth r atev poorer feed effici ency, 
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external lesions and t hickening of the skinp a watery exudate from 

the skin on the belly a nd throat~ diarrhea~ sometimes vomiting in 

severe cases~ l oss of hair» and incrustations~ particularly on the 

lower parts of the extremitiesp posterior part of the abdomen~> thigh, 

and fl.anko Feed l ot symptoms are reduced feed intake~ reduced growth 

rate» and poorer feed efficiency~ Pigs weighing less than 125 pounds 

appear to be the most susceptibleo 

When the disease first began to appear frequently enough to 

attract the attention of swine experts, there was considerable spec

ulation as to its cause and origin~ In humans an application of a 

zinq ointment to similar appearing skin lesions brought some relief; 

however such treatments to pigs brought no improvement (21 8 p. 1-9). 

Research workers were also unable to t ransmit the affliction from 

one pig to another or to produce it from isolated organisms. It was 

more prevalent in the fall and winter than during the warmer seasons 

and occurred more often in "well-managed" herds. Failure to transmit 

the disease or to isolate an organism led to suspicion of nutritional 

origin. 

It soon became apparent that calcium and zinc played a role in 

the production of parakeratosis., Luecke.!:!~ (65, p .. 347 -351) 

suggested that since plant proteins, which are low in zinc~ are more 

and more replacing animal proteins~ which are high in zinc, the 

content of the commercial rations is decreasing. They also pointed 

out that limestone, di-calcium phosphate 9 oyster shell, and other 

inorganic mineral ingredients that are deficient in zinc are being 

used in place of bone meal~ which is high in zinc. To support this 
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contention~ they presented the following list of the zinc content 

of some common feedstuffs: 

Feedstuff ppm of zinc 

Soybean oil meal (solvent) 77 

Cottonseed oil meal (expeller) 66 

Cottonseed oil meal (solvent) 63 

Alfalfa Meal (dehydrated) 32 

Corn 31 

Oats 34 

Di-calcium phosphate 0 

Limestone flour 4 

Bone meal 146 

Meat and bone scraps 131 

Fish meal 64 

Not only does soybean oil meal contain less zinc than meat pro

ducts~ but the zinc it does contain because of its binding to phytic 

acid is not as readily available as that of animal products (62, p. 

17-21). Oberleas ~~ (72 9 p. 945) observed a loss of hair and PKT 

symptoms in swine when phytic acid was added to the ration. Zinc 

phytate» which is insoluble at the pH of the intestine (6.5-7.9) formed, 

causing a malabsorption of zinc. They could prevent the deleterious 

effect of phytic acid with zinc supplementation. 

Since excess calcium in the absence of zinc was found to produce 

PKT 9 a zinc-calcium interrelationship was suggested. Considerable 

research has been done to determine the optimum and maximum levels of 
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calcium and zinc that should be fed to different age groups of pigs. 

Hoefer~ al (4lv p. 249-259) produced PKT at calcium levels of 0.55 

per centv 1.05 per cent» and 1.31 per cent and could prevent it by 

adding as little as 50 ppm of zinc to the basal ration. The addition 

of 100 ppm of iron was ineffective 9 but 125 ppm of copper reduced 

the incidence and severity of PKT and increased growth» although not 

as effectively as zince Stevenson et al (88 9 p. 1036-1045) observed 

mild PKT in 50 per cent of the treated pigs when 0.48 per cent 

calcium was included in a ration containing 32 ppm zinc and could 

produce severe PKT in 100 per cent of the pigs when the calcium level 

was increased to 0.67 or 1.03 per cent. Adding 0.48 per cent copper 

reduced the occurrence of PKT. Eighty ppm of total zinc in the ration 

completely prevented the disease. Growing pig diets which contain 

up to 1.0 per cent calcium require a minimum zinc content for pre

vention of PKT of between 44 and 80 ppm. Others (62~ p. 17-21) have 

found that 125 ppm of copper gave some protection against a high 

calcium diet. Jeter ~!1 (46, P• 226-237) report that pigs on a 

ration containing 0.68 per cent calcium and 16 ppm zinc grew poorly 

and inefficiently and that there was a high incidence of PKT; 

however 50 ppm of added zinc gave normal growth and completely pre

vented the disease. The ash of brewers~ yeast gave partial pro~ 

tection. The improvement was not attributed to the zinc content of 

the ration. Pigs on a basal ration containing 35 ppm of zinc and 

1.1 to 1.4 per cent calcium gained slowly and suffered from severe 

parakeratosis» according to Lewis~!! (55~ p. 741-751). Adding an 

antibiotic or better quality protein had no effect. Adding 50 ppm 
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of zinc helped~ but did not eliminate the problem» while 100 ppm 

of zinc eliminated PKT and increased gains. Zinc added at 500 ppm 

gave no better results than 100 ppm. Injections of inorganic zinc 

were as effective as dietary zinc. Adding a non-sodium phosphate-

supplemented ration had no significant effect on weight gainsv but 

decreased skin lesions. Canadian workers (90» p. 109~117) produced 

parakeratosis on a basal ration containing 0~4 and 0.86 per cent 

calcium, but prevent ed it when they added 34 and 140 ppm of zinc. 

Zinc will not always completely overcome the deleterious effects 

of high calcium levels. When calcium levels of LS to 2 per cent 

were fed» 100 ppm of zinc did not always completely prevent growth 

depression nor increase efficiency~ although it did stop the occur

rence of the typical skin lesions (28» p6 26-30). 

Lewis et al (57~ p. 578-587) obtained better performance as the=
calcium level was lowered from 1.2 to 0.5 per cent for growing

finishing swine and Luec~~~ (64 9 p. 942) found that levels of 

0.3 and 0.5 per cent calcium supported maximum growth and efficiency, 

while levels of 0.7 per cent depressed growth rate. These levels 

correspond well with the National Research Council's recommendation 

of 0.5 per cent calcium for finishing swine (68, p. 9). 

Rutl~ge ~ & (85, p. 243-245) fed t hree-week-old pigs calcium 

levels of 0.4 9 0.,6D 0.8, and 1.0 per cent with no detrimental effects 

from the high calcium and suggested that 0.8 per cent calcium was 

the minimum required for normal bone development in pigs between three 

and nine weeks of age. At the higher calcium levels the calcium and 

ash content of the femur bone and its breaking strength was increased. 
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Rate of gain and feed efficiency were not affected. Other workers 

have reported similar incidences of PKT in pigs fed a high level of 

calcium with~ut added zinc~ Adding zinc to the ration prevented 

the trouble (27!) pq 589=599; 42~' p., 752..764; 63~ p. 3-11; 70~' P• 886

892; 84~ Po 950)e 

Since zinc appears to prevent or at least decrease in severity 

most of the harmful effects of high levels of calcium, the question 

arises as to how much zinc should be fed and what are the levels at 

which it becomes toxic. Cunha (28)} p., 26-30) and others (55, P• 741

, 751; 57~ p. 578-587) reconnne:nd that at least 100 ppm of zinc should 

be added to all swine rations. Conrad (26~ p. 1-6) recommends that 

50 ppm should be added to all growing swine rations. Brink and co

workers (15P p. 836-833) found that Ool per cent zinc (1000 ppm) is 

the maximum level of tolerance. Increasing the level of calcium had 

no effect on the level of tolerance or upon the toxic reactions. 

Others (57, p. 578-587) have found that 1000 ppm of zinc is not toxic. 

Some work has been done on the method of feeding and its effect 

on PKT. Autoclaving of rations high in calcium (1.33 per cent) 

increased weight gains and feed efficiency and decreased the severity 

of PKT (87)} P• 568=579) with the general effect approaching that 

gained by adding zinc. Pigs on the autoclaved rations appeared to 

have greater zinc availability and better zinc retention, as indicated 

by lowered zinc excretion in the feces. There was no increase in 

zinc solubility and the level of phytic phosphorus and water soluble 

phosphorus was not changed. Lewis~!! (56~ P• 927-936) fed a 

ration high in calcium~ which when self-fed dry~ produced PKT. When 
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they hand-fed the ration in a wet form, gains were increased and the 

severity of PKT was lessened. Self-feeding in the wet form or hand

feeding dry had no beneficial effect. Adding 100 ppm of zinc was more 

beneficial than hand-feeding wet, and with the zinc added, the method 

of feeding was without effect. ~ vitro experiments showed that zinc 

was removed from solution during the precipitation of calcium phosphate, 

which was brought about by increasing the pH from three to six. This 

simulates the passage of ingesta from the stomach to the intestines. 

At pH values greater than 5.5, 100 per cent of the zinc precipitated. 

As the calcium to phosphorus ratio increased from 0.08:1 to 4:1, the 

quantity of zinc precipitated increased. Green~~ (37, p. 933) 

found that soaking a high calcium ration in water did not improve 

performance of parakeratotic pigs. It was not mentioned whether the 

ration was self-fed as slop or otherwise. 

Part of the variability of feeding various sources of unident

ified growth factors is due to an imbalance of calcium and zinc 

(27, p. 589-599). Separate experiments where zinc, brewers• yeast, 

distillers solubles, whey, and fish solubles were added to a ration 

containing 0.68 per cent calcium increased gains from 6 to 16 per 

cent. When these same growth factors were added to a ration con

taining 1.06 per cent calcium, the rate of gain was increased from 

17 to 45 per cent, showing that part of the effect was the overcoming 

of a stress condition caused by excess calcium. 

A number of workers (41, p. 249-259; 63, p. 3-11; 84, p. 950; 

88, p. 1036-1045) have found that when zinc is added to the ration, 

the serum alkaline phosphatase activity of the animals fed is . 
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increased. Serum alkaline phosphatase is involved in bone form

ation» and it is believed that enzymatic hydrolysis of organic 

phosphates in the presence of calcium ions causes the deposition 

of the calcium phosphate in the bones of growing animals (35, p. 581). 

This en~e is also involved in the transport of glucose across the 

intestinal epithelium and in protein synthesis (63, p. 3~11). The 

range in activity of this enzyme was also greater at low levels of 

zinc (88, p. 1036-1045). High calcium diets unsupplemented with zinc 

produced a significant drop in serum alkaline phosphatase (70, p. 886

892). 

The animals most affected by PKT have been observed to have the 

lowest serum alkaline phosphatase activity. Just as copper had some 

effect in preventing PKT» but was not as effective as zinc, copper 

also increases the phosphatase level, but not as much as zinc (41, P• 

249-259). 

Some work has been done in an attempt to correlate the serum 

alkaline phosphatase activity and the growth performance. Phos

phatase activity at either 1 or 7 days of age was not significantly 

correlated with weaning weight of pigs (25 9 p. 361-364). However, 

with Brahman cattle gross correlation between serum alkaline phos

phatase and gain has been between 0.35 and 0.63. While this is not 

a high correlation, most of the correlations were positive (34, p. 

1119-1124) 0 

There are conflicting reports on the effect of vitamin D on high 

calcium, low zinc rations. Whiting~~ (90, p. 109-117) report that 

vitamin D supplementation decreases parakeratosis when the ration is 
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fed as a slop; however Roberts~~ (84~ p. 950) claim that vitamin 

D has no significant effect on PKT or on weight gains. During rapid 

growth, when the ration vitamin D content was low, added zinc very 

markedly increased the plasma alkaline phosphatase activity, but when 

100~000 r.u. of vitamin D per pound were added~ adding zinc had no 

effect on the phosphatase activity. There was no hypervitaminosis 

D at this level of supplementation. 

The retention and absorption of calcium, phosphorus, and zinc 

has been investigated. Hansard~~ {38~ p. 292-296) have observed 

that calcium absorption and retention was greatest in pigs at fifteen 

days of age, decreased rapidly to five months~ decreased more slowly 

to twelve months, and decreased still further in aged animals. Fecal 

losses of endogenous calcium and the subsequent requirements for 

maintenance requirements for calcium for old animals was higher than 

for younger finishing swine. 

Whiting~~ {90, p. 109-117) report that the apparent absorp

tion and retention of calcium were not influenced by the addition of 

calcium or vitamin D to the ration or by the weight of the pig, but 

were increased by the addition of zinc. The apparent absorption of 

phosphorus was decreased by the addition of calcium or vitamin D, but 

was not influenced by the addition of zinc or the weight of the pig. 

The apparent absorp tion and retention of zinc were increased by the 

addition of zinc, decreased by the addition of vitamin D and were un

affected by the addi tion of calcium. Newland~~ (70, p. 886-892) 

state that a higher rate of zinc metabolism in pigs occurs when pigs 

receive a high calcium diet unsupplement ed with zinc. 
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It has been observed by Stevenson..£!:..!! (88, Po 1036-1045) 

that the rate of gain was a sensitive indicator of occurrence~ 

severity~ and duration of PKTo Depression of growth and appetite 

are usually observed before skin lesions appear~ and the first notice

able symptoms of recovery are improved appetite and a dramatic increase 

in weighto If this is true 9 mild cases of calcium excess and/or zinc 

deficiency would continue unnoticed in most feed lots. Whiting et al 

(90 9 p. 109-117) report however that pigs showing marked skin lesions 

consumed daily rations and made body gains equal to those without 

lesions» under a slop feeding regime~ If the decrease in intake and 

the subsequently slower gains are caused by lesions in the mouth and 

throat that make it painful to eatD slop feeding may not give the 

animal as much distress as a dry feed and therefore the feed intake 

would not be reduced. 

In sttmmary, parakeratosis is a nutritional disease» usually 

characterized in the feed lot by slower~ less efficient gains~ de

creased feed intake» and a scaly condition of the skin. Lesions on 

the extremities may develop. High calcium diets without added zinc 

are at least partially responsible. Copper is known to play a part 

and vitamin D is suspected of being involved. It is recommended that 

the NRC requirements for calciwn be followed (26, p. 1-9; 68, P• 9), 

since diets low in calcium may cause deleterious effects (57, p. 578

587) and that 100 ppm of zinc be added to all growing-finishing hog 

rations to prevent parakeratosiso Some mineral mixes use calcium as 

a carrier (63» Po 3~11) and as a result an excess of calcium may be 

present. Adding zinc will usually overcome any adverse effects of 
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too high a calcium level. There is a wide range of tolerance for 

zinc» and up to 1000 ppm may be added without ill effects. Close 

attention should be given to the calcium and zinc content of all swine 

rations to prevent a mild parakeratotic condition in the swine herd, 

with resulting slow gains and poor feed efficiency. The maximum 

energy utilization of a ration can not be realized without the proper 

amount of calcium and zinc being present. 

Pelleting 2f Swine Rations 

In efforts to improve the feeding value of barley~ various proc

essing methods, both chemical and physical~ have been investigated. 

These include grindingp rolling, steamingp soaking, enzyme addition» 

sprouting~ heating, fermentation, and pelleting. The major impetus 

for the studying of these various methods of feed preparation has been 

provided by the presence of the fibrous and highly indigestible barley 

hull (less than 25 per cent digestible) (32» p. 1-10). Approximately 

60 per cent of the fiber of barley is in the hull$ with the TDN value 

of barley being improved by more than 3.3 per cent when the hull is 

removed (67, P• 1044). 

One of the more common and successful methods of lessening the 

deleterious effects of a high fiber ration on monogastric animals is 

pelleting. Broilers fed pellets grow faster and more efficiently than 

those fed a mash (45$ p. 50-51). Dinusson has done much work on the 

value of pelleting barley rations for swine. In several experiments 

involving 1000 pigs over a period of eight yearsp the average over

all improvement in efficiency of gain due to pelleting rations was 
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between 15 and 1.6 per cent (30, p. 28~30; 39v p. 16-18). Rate of 

gain was improved by 8 per cent. In further tests (32, p. 1-10), 

the pe1leting of r a tions containing from six to 13 per cent fiber 

increased the rate of gain by 10 per cent and reduced the feed required 

per pound of gain by 22 per cent. Conrad (26, P• 1-9) reviewed the 

results from ten experiments involving 436 pigs and concluded that 

pelleting of barley rations increased gains by 14 per cent and 

improved efficiency by 15 per cent. Other workers have reported ben

efits to gain and efficiency from the pelleting of barley rations 

(14, p. 930; 53, p. 601-606; 73~ p. 78-80). 

The beneficial effect of pelleting is usually greater with high 

fiber-content materials (39~ p. 16~18). With pellets, 0.16 pounds 

more feed is required per pound of gain for each per cent increase 

in crude fiber, whereas with a meal ration of similar composition 

the figure is increased from 0.16 to 0.2 pounds. Bolin~~ (14, 

p. 930) were able to increase the fiber from 2.9 to 16 per cent with 

no significant effect on gain if the ration were pelleted. Pell.eting 

of corn, a low fiber grain 9 has not proven economical (53, p. 601

606). One experiment showed that when milo was pelleted it decreased 

the feed needed to produce a pound of pork by 0.54 pounds (4, p. 923). 

Unfortunately, increasing available ener&Y by adding fat and by 

pe lleting has not proven to be additive in effect in most experiments. 

Cameron (19, p. 126-133) fed pigs a pelleted high fiber, high fat ra

tion with little effect on the performance of the pigs during the 

growing period in comparison to pigs fed the same ration in a meal 

form. The rate of gain increased somewhat on the pelleted ration 
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during the finishi,ng period. Other workers (52p p. 62) have 

gained no significant improvement in the pelleting of high energy 

rations where fat has been added. This lack of beneficial re

sponse appears to be due to the crumbling of the fat-containing pel

lets. The added fat lubricates the pellet die, reducing the com

pression of the pellett as evidenced by a reduction of 25 per cent 

of the power needed to operate a pellet mill when 5 per cent fat 

is added (93, p. 40-46). As a resultp the pellet will not hold 

together as well ardis easily crumbled in the feeder. If the pel

let crumbles before it can be consumed by the pig» there is no 

reason to pellet the ration, since the feeding value of the pellets 

revert to that of the original meal when they are reground. By 

increasing the thickness of the pellet die or increasing the taper

ing of the holes, pellets that will not crumble can be made with 

added fat. Attention to other matters, such as the ratio of coarse 

to fine material is also beneficial (76). As far as can be deter

mined, there has been no feeding to pigs of high energy rations that 

have been pelleted with such a modified die. Methods of pelleting 

rations containing up to 12 to 15 per cent fat have been reported 

(59~ P• 1074-1079; 92~ p. l-13). 

The reason for the beneficial effect due to the pelleting of 

fibrous rations is not completely understood. With poultry (45, p. 

50=51) there was still a significant growth response, although de~ 

creasedp after the pellets were reground and the ration was fed in 

the meal form. This would indicate that part of the beneficial 

effect of pelleting was due to a chemical change. It could also be 
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hypothesized t hat the pelleting ruptured the cell walls, allowing 

the diges t ive juices of the bird to attack and digest the fibrous 

par t of the r a tion more easily. Oldfield (73p p. 78-80) and Larsen 

(52~ p. 61) regr ound a pelleted ration and noted that the feeding 

value r everted to that of the original meal when fed to swine. 

Di nusson (30~ p. 28-30) pelleted a swine ration three times with 

no better growth response than if the ration were pelleted only 

once. When the t hree-time-pelleted ration was reground, it re

verted t o the same feeding value as t he original meal. 

Jensen (45p p. 50-51) observed that poults fed a mash spent 19 

per cent of a 12 hour day at the feed trough» while those on pellets 

spent only 2.2 per cent of their time there. Both consumed the same 

quant i t y of feed. He also observed t hat the metabolizable energy 

was greater by 44 Calories per pound and that productive energy was 

also significantly increased for the pellets as opposed to the meal. 

When the pellets were reground» this advantage was lost. Pelleting 

was shown to increase the availability of fat in these studies. 

Jensen feels t hat the greatest part of the pelleting response is 

due to increased density. 

Several workers (30» p. 28-30; 52» p. 23; 53» p. 601-606) have 

noted t hat pellet ed rations analyze slightly lower in crude fiber 

cont ent» indicating a partial breakdown of the fiber that allows the 

digestive juices to dissolve it more easily. The general consensus 

is that the beneficial ef fect of pellet ing swine rations is due to a 

physical alteration of the feed» rather than a chemical change (30, 

p. 28-30; 53, p .• 601-606; 73 9 p. 78-80). Physical benefits from 
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pelleting that have been given include less feed wastage (76), increas

ed density (45, :p .. · 50=51) ~ and · inc:t:eased feed intake (14, p. 930; 30, 

p. 28-30). Compacting a high fiber ration through pelleting allows a 

pig to eat on an energy basis instead of on a volume basis. 

It has been reported with sheep (59~ p. 1074-1079) that pelleting 

of alfalfa meal resulted in a consistent increase in percentage of the 

ether extract fractionp but did not affect gross energy. Pelleting or 

regrinding pellets had no apparent effect on the digestibility of dry 

matter» crude protein 2 nitrogen free extract» or gross energy. There 

was a highly significant increase in the apparent digestibility of the 

ether extract fraction. The pellets analyzed higher in ether extract 

than the meal and since the ether extract of the feces from both pellet 

and meal fed animals was the same~ the digestibility of the fat ap= 

peared higher for those sheep on pellets. 

The plumpness and weight of barley fed has an effect on hog 

gains. For every decrease of one pound in the weight of a bushel of 

barley~ there is an increase in the feed required per pound of gain 

of 0.9 to 1.0 per cent (32, p. 1-10). Pigs on thin barley have been 

observed to require 10 per cent more feed per pound of gain than 

those on plump barley. There was no difference in rate of gain if 

the grain was fed~ libitum (31, p. 66-68). 

It is also of interest to note that pigs in North Dakota require 

6 per cent more feed per pound of gain during the winter than during 

the summer (30» p. 28=30; 39, p. 16-18). In one experiment (19, p. 

126-133) pelleting of high fiber~ high fat rations had no significant 

effect on carcass measurements. Since pelleting increases the energy 
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value of a feed~ special attention needs to be given the energy

nutrient rationp especially with poultry (45~ p. 50-51). 

Barley rations for swine are pelleted in an effort to improve 

the feeding value of the grain by reducing the deleterious effects 

of the fibrous hull. At the present costs of pelleting and with the 

generally consistent beneficial effects of such physical alterations» 

it would pay to pellet most barley rations used for growing-finish

ing swine. The beneficial effects for swine appear to be mostly or 

entirely due to a physical al teration of the ration that results in 

reduced feed was tage and increased r a tion density~ which in turn al

lows the animal to eat on an energy rather than on a bulk basis. 

Pelleting of high energy barley rations containing more than 5 per 

cent fat has not generally been profitable. Adding 1 to 3 per cent 

of animal fat to pelleted rations for growing-finishing swine is suc

cessfully done by some feed companies by using a proper ''binder" to 

prevent the pellets from crumbling. The added fat improves the 

nutritional value of the feed and aids in processing. Benefits from 

pelleting generally increase as the fibrous content of the ration 

becomes greater. It does not generally pay to pellet corn or other 

low fiber feedstuffs. 
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EXPERIMENTAL 

The broad objective of the experimental work reported herein 

has been the improvement of barley for swine feed& Ground barley is 

the common basal component of Pacific Northwest swine rations and 

supplies energy in the form of carbohydrates 9 a fair amount of protein, 

and some vitamins and minerals. It is not a complete feed in itself, 

being used largely for energy ~ and nutrient additions, and processing 

such as grinding and pelleting need to be done to obtain the maximum 

and most efficient production of pork. Barley is reported (51P Po 46) 

to be 86 per cent as effec tive as corn in promoting rate of gain. 

Barley~fed pigs require 10 per cent more feed than those fed corn 

when the ration is fed as a meal (51, p. 46). 

If it is true 9 as several workers have reported (26, p. 1~9; 

30~ p. 28=30; 32, p. 1-10; 39, p. 16-18), that pelleting of barley 

decreases the amoun t of feed necessary to produce a pound of pork 

by approximately 15 per cent, pelleted barley rations should equal 

or surpass corn rations, both in rate and efficiency of gain. Work 

by Larsen (52, p. 22) found this to be so. Pelleted barley was equal 

to ground corn and surpassed pelleted corn in supporting rate and 

efficiency of gain for pigs. In addition, barley~fed pigs produce 

a more desirable carcass than corn or milo-fed swine (4, Po 923). 

These factors of rate and efficiency of gain and carcass quality, plus 

availability, make barley a desirable feedstuff in the Northwest 

for swine. 

Work still needs to be done in overcoming the detrimental 
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effects of the fibrous and poorly digestible barley hull. With this 

aim in mind~ plus the general goal of improving barley as a swine 

feed~ enzymes and animal fats were added to the rations fed in 

Experiment I and in a general way pelleting was compared to meal as 

a form of feeding barley rations. In Experiment II~ zinc was added 

to two of the experimental groups to determine if a zinc deficiency 

existed and to observe any zinc~calci.um interrelationships that 

might exist. 

The selection of suitable enzymes to be used as supplements to 

barley rations fed to growing~finishing swine was done in vitro in 

the laboratory. Both starch and cellulose can be hydrolyzed to 

glucose, and by estimating the quantity of glucose produced when 

various enzymes are added to a particular substrate~ the activity 

of the added enzyme can be determined. 

Both cellulose and starch are composed of glucose moities, with 

the method of linkage distinguishing the two. In starch the glucose 

units are linked by an alpha glucosidal linkage~ while in cellulose 

the units are joined by a beta glucosidal linkage. Amylase and cel

lulase enzymes are specific as to which linkage they will hydrolyze. 

A photometric adaptation by Nelson (69~ p. 375-380) of the 

Somogyi method for the determination of glucose was used to estimate 

the breakdown of the substrate to glucose by the enzyme (see 

Appendix A for method). The substrate plus enzyme was placed in a 

water bath and kept at 33°C for one hour. Previous tests had shown 

that this was the optimum length of time to allow for digestion at 

this temperature. The test tube contents were adjusted to a pH of 

http:zinc~calci.um
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approximately 4.6. 

Eleven enzymes ~ including cellulases, amylases» clarases~ and 

diastases ~ were investiga t ed for enzymatic activity on selected sub

strates. Since it was not known how specific the enzymes were to a 

particular subs trate 9 all were tested~ al though cellulase activity was 

what was mainly desired. Previous work (52 9 p. 62) had shown that 

certain amylases were of little value as feed additives for swine. 

Besides that~ by five to seven weeks of age the pig has a fairly ef

fective enzyme system developed except for cellulases (20$ p. 2). 

Since it was the fibrous barley hull that was giving most of the del

eterious effects to the barley grain and making it inferior to corn 

as a swine feed (51 9 p. 48; 52~ p. 58)~ the main emphasis was placed 

on cellulases that might digest the hull. 

In studies conducted by Larsen (52 9 p. 59), data were obtained 

that indicated an inhibitory effect by barley hulls beyond that which 

could be explained by the dilution of the ration. In an effort to 

demonstrate the inhibitory effect of barley hulls on digestion J! 

vitro 9 starch was used as the substrate with two modifications for 

each enzyme treatment. To one tes t tube was added barley hull and 

to the other tube was added an equivalent amount of fiber as Solka 

Floc1• Each test t ube contained equal quantities of starch. Each 

enzyme was evaluated as to the amount of glucose it produced from the 

substrate. The substrate containing barley hulls produced about four 

times as much glucose as t he one containing inert fiber. The barley 

Product of the Brown Co. 9 Perlin 9 New Hampshire. 1 



37 

hull had obviously failed to exert an inhibitory effect on this type 

of digestion. It was thought that some of the barley kernel might 

be included with the hull» thus accounting for the increased digestion. 

To overcome this the barley hulls were carefully screened to insure 

tha t no barley flour was included~ and then the hulls were soaked in 

water for six hours and dried in an effort to remove everything but 

the fiber from the hull. This increased the crude fiber of the hull 

from 22 per cent to 34. per cent» but upon treatment by each of the 

eleven enzymes~ the substrate containing the hulls still produced 

approximately three to four times as much glucose as the substrate 

containing an equal quantity of fiber as Solka Flocl. The enzyme 

was apparently partially digesting the fibrous barley hull to glucose. 

It should be noted that these test tube results in no way 

invalidate Larsen's data which were obtained in vivo. From this work 

two enzymes were selected for experimentation in Experiment I. They 

were Cellulase 35 and Cellulase 38 9 products of the Rohm and Haas 

Company of Philadelphia, Pa. 

Since these two products were broad spectrum enzymes in that 

they would attack more than one type of substrate 9 there was no way 

of telling how much of the glucose produced from the substrate was 

actually from the barley hull» even though the enzymes were predom

inately cellulases. It appeared from the first tests that these t wo 

enzymes did the best job of hydrolyzing the barley hull~ but there was 

always the possibility t hat most of the observed glucose was coming 

1 Product of the Brown Co. 9 Berlin~ New Hampshire. 
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from the starch and that among the other nine enzymes were ones that 

did a better job of actually digesting the barley hull. It had been 

previously demonstrated that additions of certain starch digesting 

enzymes were of little value for swine (52, p. 62). For this reason, 

more enzymatic digestions with the soaked barley hulls as the only 

substrate were conducted. From these tests two more cellulase enzymes 

were chosen. They were HT Concentrate Batch B-133 and XT-541-12: both 

produced by Miles Laboratories of Elkhart~ Indiana . The HT Concentrate 

is also known as Milezyme P and is enteric-coated with a material that 

presumably dissolves after passing through the acid swine stomach into 

the higher pH of the intestines, allowing the cellulase enzyme to 

work on its substrate in the intestines. The manufacturer~ instead 

of shipping XT-541=12~ sent XT-514~12~ which is also known as Cell~ 

ulase 4000 and this is the product that was used along with Milezyme 

P in the second feeding trial. 
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EXPERIMENT I 

The objective of Experiment I was to determine the value of 

adding beef tallow to increase the caloric density of a pelleted 

ration and to attempt to increase the utilization of the inherent 

energy of a barley ration by adding cellulase enzymes. 

Methods and Materials-
Forty-eight Yorkshire-Berkshire crossbred weaner pigs from the 

Oregon State University swine herd were selected for this experiment. 

A randomized block 3 X 2 factorial experimental design was used with 

six treatments and eight replications (table 1). The pigs within 

each replication were matched as to weight and age. The mean weight 

at the beginning of the experiment for each experimental group was 

as follows: group 1» 41.6 pounds; group 2v 41.1 pounds; group 3, 

41.1 pounds; group 4» 42.0 pounds; group 5v 42.4 pounds; group 6, 

40.9 pounds. The range within each group was approximately 20 

pounds. 

The six treatments were as follows: 

1. Basal barley ration. 

2. ;Basal barley ration plus 2.2 pounds Cellulase 35 per Ton. 

3. Basal barley ration plus 6.6 pounds Cellulase 38 per Ton. 

4. Basal barley ration plus 5 per cent beef tallow. 

5. Basal barley ration plus 5 per cent beef tallow plus 2.2 pounds 

Cellulase 35 per Ton. 

6. Basal barley ration plus 5 per cent beef tallow plus 6.6 pounds 



40 

TABLE I 

3 x 2 Factorial Design Employed in Experiment I 

(Eight Individually-Fed Pigs Per Treatment) 

Enzymes 
Fat None Cellulase 35 Cellulase 38 

Ration Number 

None 1 2 3 

5 per cent 4 5 6 
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Cellulase 38 per Ton. 

The fat was added by replacing 5 per cent of the barley with stabilized 

beef tallow. The quantity of enzymes added included the recommended 

level plus 10 per cent to cover any loss due to the heat of pelleting. 

The rations were carefully prepared under University supervision at 

a local feed mill and were pelleted through a 3/16 inch pellet die. 

Rations 2, 4, and 5 were prepared in adequate quantity for the entire 

feeding period and were stored at the swine barn in burlap sacks •. "' 

Additional amounts of rations number 1, 3~ and 6 were made towards the 

end of the feeding trial under conditions identical to those by which 

the rations were originally prepared. Table 2 gives the composition 

of the experimental ration. 

The animals were individually housed in 4 foot X 6 foot pens. 

All pigs were indoors away from direct sunlight. The floors were of 

concrete with a 2 foot X 4 foot wooden pallet in each pen. The pens 

were cleaned daily. Each pen was equipped with an automatic waterer 

and self feeder. Feed was offered on an ad libitum basis. The self 

feeders were carefully adjusted so that there was no feed loss. The 

animals were weighed weekly and were ear notched for easy identifica

tion. All pigs were vaccinated for hog cholera and erysipelas. . The 

pigs were removed from experiment the week they reached or exceeded 

190 pounds. 

Proximate analyses were run on a representative sample of each 

of the rations according to the official methods of the Association 

of Official Agricultural Chemists (8, Po 367-373) with the exception 

of the protein determinations which were performed according to the 



Feedstuffs 

Barley, ground 
Soybean Oil meal 
Meat meal 
Oyster shell flour 
Iodized salt 
Stabilized tallow 
Vit., Amino Acid, 

Enzyme Premix 

TABLE 2 

RATION INGREDIENTS FOR EXPERIMENT I 

Ration :fF 1, 2, 3 Ration :fF 
% wt. % 

70 3500 65 
20 1000 20 

8 400 8 
0.5 25 o.s 
0.5 25 0.5 

5.0 
1.0 50 1.0 

100.0% SOOo lbs. 100.0% 

4» s ~ '6 
wt. 

3250 
1000 
400 

25 
25 

250 
50 

5"0'00 lbs • 

PREMIX FEEDSTUFFS FOR ALL RATIONS 
Grams 

Vit. A. supplement ~ Nopco» 10,000 250 
USP units/g to supply 500 units/lb. 

Riboflavin - Pfizer, R 3.63-3.63 g/lb 62.5 

Pantothenic Acid - NBC, 92% Calcium 10 
Pantothenate 

Vit. B12 - Pfizer, 9 + 9 mg/lb 500 

TM-10 1]02.5 

Lysine 680 
3205.0 g or 7.0595 lbs. 

Cellulase 35* - 2lbs/ton + 10% = 5.5 lbs/5000 lbs for Rations :fF 2 & 5 
Cellulase 38~ - 6lbs/ton + 10% =16.5 lbs/5000 lbs for Rations # .. 3 & 6 
Premixes dil~ted with ground barley to 50 lbs. 

*Supplied gratis by Rohm & Haas Co., Washington Square, Philadelphia~ Pa. 
All rations pdlete(i, thrQugh 3/16 inch die•. 

http:3.63-3.63
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following modifications recommended by Oldfield (74): (a) the 

distillate was collected in 4 per cent boric acid; (b) the 

indicator was composed of OQl per cent bromcresol green in 95 per 

cent alcohol (2 ml). Gross energy determinations were made with a 

Parr oxygen bomb calorimeter. The results of these analyses are 

given on a dry matter basis in table 3. Data for feed efficiency, 

rate of gain» and feed intake were treated statistically by methods 

proposed by Li (58, p. 316-318)e Relative ration densities were 

estimated by filling five gallon paint cans level full without tamp

ing, and weighing, and also by a water displacement test in the 

laboratory. A Penetrometer was used to determine the pounds of 

force necessary for a constant area to penetrate an initially 

constant weight of sample. 



TABLE 3 

PROXIMATE COMPOSITION OF RATIONS USED IN EXPERIMENT I 

Ration Dry Matter Crude Crude Crude Ash NFE Energy Gal/ Protein 
Protein Fat Fiber KCal/gm. ratio 

% % % % % % 

L Basal 87.33 2L82 2.60 4.44 7.25 63.89 4.3475 90/1 

2. Basal + 2.2 lbs. 88.44 21.13 2.55 4.39 6.68 65.25 4.381 93/1 
Cellulase 35 

3. Basal + 6.6 lbs. 87.51 20.58 2.45 4.16 6.85 65.96 4.339 96/1 
Cellulase 38 

4. Basal + 5% fat 87.56 19.96 6. 79 4.20 6.59 62.46 4.593 104/1 

5. Basal + 2.2 lbs. 88.93 19.88 6.99 4.09 6.75 62.29 4.585 105/1 
Cellulase 35 + 5% fat 

6. Basal + 6.6 lbs. 89.85 19.01 6.18 3.94 6.44 64.43 4.628 111/1 
Cellulase 38 + 5% fat 
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Results and Discussion 

Experiment l• A summary of the results of Experiment I is given in 

table 4 f or average initial weight, average daily gain, average daily 

feed intake 9 and efficiency of feed conversion. Statistical treat

ment of the data is given in Appendix B. 

Adding 5 per cent stabilized beef tallow had no significant 

effect on any of the criteria studied~ although the three groups of 

pigs on high fat diets apparently gained slightly, but consistently, 

faster than those groups on low fat ra t ions. The total feed intake 

of the 24 pigs on low fat diets was identical to those 24 pigs on high 

fat diets (137.394 versus 137.833 pounds total feed per day). This 

means that the pigs on the high fat diet were consuming 6 per cent 

more energy per day than the animals on the low fat dieto - This would 

indicate that the animals were consuming feed on a weight or volume 

basis instead of on a caloric basis. Density determinations showed 

that the pelleted rations containing 5 per cent added fat were approx

imately 12 per cent bulkier than the pelleted rations without added 

fat. As a result the pigs on the added fat diets were consuming 

approximately 12 per cent more feed per day on a volume basis than 

those on the low fat rations 9 since both fat and low fat fed pigs 

were consuming the same weight of feed. A possible explanation is 

that the high fat feed was more palatable than the rations containing 

no added fat. 

Pigs receiving the high fat rations converted their feed slightly 

more efficiently than those animals on the low fat rations~ but the 
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response was neither cons i stant nor significant. This is in agreement 

with the findings of Larsen (52~ p. 62) who found that adding 5 per 

cent prime beef t al l ow to a pelleted barley ration did not affect 

either ra t e of gain or feed efficiency. He was able to obtain an 

improvement in rate and efficiency of gain when 5 per cent fat was 

added t o a meal ra t ion and when the meal ration without the added 

fat was pelleted~ but got no additive effect when the meal was both 

supplemented with 5 per cent fat and pellet ed. Larsen hypothesized 

that the failure to obtain an additive effect was caused by the 

breakdown of the fa t -containing pellets to a meal. It is well .known 

that for pigs the value of pelleting is lost if the pellets are 

ground back to the origi nal meal (30» p. 28-30; 52, p. 61; 73» p. 78

80). The pellets in Experiment I tha t contained 5 per cent added fat 

crumbled in the feeder more than the low fat pellets and this crumb

ling became more noti ceable as the experiment progressed. The 

pellets were gaining slightly in moi sture content~ which may par

tially explain the increase in pellet breakdown. However the small 

percentage change in moisture had no effect on the pounds of force 

necessary t o crumble the pellets in the laboratory, and when newly 

made pellets were obtained there was no observable decrease in 

crumbling. Apparently, as the pigs grew older, they tended to crum

ble the pellets in the feeders more than when they were young. 

Some animals consistently crumbled their pellets more than otherst 

further indicating tha t the pellet breakdown was more dependent 

upon the individual and its size than upon a physical change in the 

pellet. This same general effect of increased pellet breakdown as 



Treatment 

Number of Pigs 

Average Initial 
Weight (pounds) 

r 

Average 
~ 

Daily 
Gain (pol.Jnds) 

,_ 

Average Daily 
Feed Intake 

(pounds) 

Pounds of Feed 
per pound 

gain 

TABLE 4 

SUMMARY OF RESULTS FOR EXPERIMENT I 

1 2 3 4 5 6 
Contro l Cellulase 35 Cellulase -38 5% Fat Cellulase 35 Cellulase 38 

+ 5% fat + 5% fat 
8 8 8 8 8 8 

41.625 41.125 41.125 42.000 42.375 40.875 

1.685 1.599 1.649 1.703 1.640 1.737 

5.674 5.652 5.806 5.821 5.629 5. 705 

3.367 3.533 3.521 3.419 3.43 3.285 
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the animals increased in size~ even when a newly pelleted ration was 

fed 9 was also observed in the pigs fed the low fat pellets~ but to a 

lesser extent. 

For the first four to five weeks of the feeding trial the pigs 

on fat=supplemented rations consistently gained faster than the 

animals on low fat diets; however this difference disappeared as the 

experiment progressed. The decrease in the superior rate of gain of 

the fat-fed pigs corresponded to an increase in the crumbling of the 

fat pellets, further supporting the hypothesis that no additive effect 

was obtained when 5 per cent of fat was added to the ration because 

the pellets tended to revert to the original meal. Since 5 per cent 

added fat is identical to pelleting in increasing rate and efficiency 

of gain~ one would assume that after the fat pellets broke down there 

would be no difference in growth response between the two treatments 

of high and low fat diets» and this was generally observed. Not all 

of the failure to improve performance of pigs by adding fa t to the 

diet can be explained by pellet breakdown~ however» for a continual 

attempt was made to keep the feeders free of meal (The feed removed 

when the feeders were cleaned out was accounted for) and the animals 

were consuming at least part of their ration in a pelleted form. 

Larsen (52, p. 24-25) hints at the idea that as the density of a barley 

ration increases, its feeding value also increases. This would seem 

logical~ as the only explainable improvement in performance of pigs 

on a pelleted ration» as opposed to a mealD is in the physical com

paction of the feed. Since the fat supplemented pellets were 12 per 

cent bulkier than the non-fat supplemented pelletsD part of the reason 
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for the poor response to added fat could be because the density of 

the fat containing pellets was less than the low-fat pellets with a 

resultant decrease in the value of pelleting. 

When fat is added to a feed, it lubricates the pellet die~ allow

ing the ration to pass through the die with less friction and com

paction. This results in bulkier and softer pellets that crumble 

more easily than pellets made from a non-fat supplemented meal. 

The pigs on the control ration utilized their feed slightly 

more efficiently than the animals on the same ration with 5 per cent 

added fat. The control ration was approximately 14 per cent denser 

and took 80 per cent more force to penetrate than the control plus 

5 per cent fat ration. The animals fed Cellulase 35 plus 5 per cent 

added fat grew slightly more efficiently than those on the same 

ration without added fat. The low-fat Cellulase 35 ration was approx

imately 11 per cent denser than the high=fat ration. It will be 

noticed that there was less difference in density between these two 

rations than between the control and control plus 5 per cent added 

fat, and that as the difference in density decreased, the high fat 

rations became more efficient in relation to the low fat feeds. The 

same relationship existed between rations containing Cellulase 38 and 

Cellulase 38 plus 5 per cent fat. The low fat~ Cellulase 38 ration 

was approximately 11 per cent more compact than the high fat~ 

Cellulase 38 rationp and the animals on the high fat ration grew 7.5 

per cent more efficiently than pigs on an identical ration without 

added fat. This difference approached significance (P(.05). It 

therefore appears that as the difference in density between a high fat 
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and low fat ration dec.reases, the benefit to feed efficiency from 

adding 5 per cent beef tallow increases. 

When the density and compactness of a ration is increased, feed 

efficiency can be improved by both less pellet breakdown (The value 

of pelleting is lost when the pellets break down to a meal) and also 

by the increased value to the pig of eating a pellet of greater 

densi~y. There was a good negative correlation (r= -.83) between 

ration bulkiness and utilization of feed. As the feed became more 

compact~ the feed efficiency increased. The regression equation was 

Yx = 0.8186 - 0.6918(x-ll.9). It appears that some additive effect 

would result from both pelleting and fat addition if fat containing 

pellets could be made which were as compact as non-fat contai.n.ing 

pellets. 

The results from enzyme supplementation, while discouraging, were 

I
in accord with the findings of other workers (30, p. 28-30; 51, p. 46

47; 73, p. 78-80) who were unable to improve significantly rate or 

efficiency of gain by adding enzymes. In general, there were slight 

but insignificant decreases in average daily gain, average daily feed 

intake~ and efficiency of feed utilization when Cellulase 35 was added 

to the diet, and to a smaller extent when Cellulase 38 was added. 

Since the enzymes had a generally depressive effect on the growth 

criteria, it would appear that the enzymes were exerting some effect, 

and the question arises as to whether the enzymes were fed in too 

large a quantity. In vitro work showed no effect on the quantity of 

substrate hydrolyzed to glucose when the quantity of enzyme was 

varied; however Larsen (51, p. 24) found~~ that increasing the 
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amount of amylase enzyme from 0.5 grams per pound of feed to 2.0 grams 

per pound had a slight but consistent depressive effect on rate and 

efficiency of gain and feed intake. This may have been due to a 

palatability factor. It is therefore possible that feeding the 

enzymes at lower concentration might have a beneficial effect on 

performance criteria. 

Based on the results of Experiment I~ Cellulase 35 and Cellulase 

38, when added to barley ration fed to swinev have no beneficial ef~ 

feet on any of the growth performance criteria studied~ at the 

levels used. 
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DIGESTION TRIAL 

Methods and Materials 

Near the end of Experiment I a digestion trial was run with six 

pigs» three animals receiving the low fat control diet and three 

receiving the control ration plus 5 per cent added beef tallow. The 

animals were fed the same ration as they had been consuming through

out the feeding experiment so no additional pre-trial feeding period 

was necessary. The animals were housed, without bedding, in the 

individual pens previously described. Fecal collections were made 

continually during daylight hours only~ since previous experience 

had revealed that excretion during the hours of darkness was neg

ligible. Twenty per cent of each day's collection was retained and 

at the end of the five~day test period these fractions were combined 

and a sample taken from each of the six combined samples for prox

imate analyses and digestible energy determinations. The total feed 

intake and the total feces excreted were accounted for. 

Results and Discussion 

Values for apparent digestibility and digestible energy are given 

in table 5. The statistical treatment mean squares are listed in 

Appendix c. Five per cent added beef tallow had rio significant effect 

on the digestibility of dry matter, crude protein, ash, gross energy, 

and nitrogen free extract. The apparent digestibility of the ether 

extract was increased by 47 per cent when 5 per cent beef fat was 

added. This was significant (P ~.025). The digestibility of the 



TABLE 5 

APPARENT AVERAGE DIGESTIBILITY OF LOW AND HIGH FAT RATIONS 

Dry Matter Crude Protein Crude Fat Crude Fiber Ash N.F.E Gross energy 
% % % % % % % 

Control 75.554 76.101 56.513 12.46 35.380 85.070 77.200 

5% Added 76.586 76.201 83.119 21.56 34.415 84.150 78.370 
Fat 
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ether extract for both low and high fat rations was lower than 

expected (67P p. 1045; 82~ p. 56-59). This can probably be explained 

by the high calcium (1.2 per cent) level of the feed. Calcium is 

known to combine with fat, producing soapp which is poorly digested. 

Morrison sets the digestion coefficient of the fat in barley at 80 

per cent. The average digestion coefficient for the barley-fed pigs 

obtained in the digestion trial was 57 per cent. The apparent digest

ibility of ether extract by the pigs fed the high fat ration was 83 

per cent, indicating that the tallow was fairly digestible. Part of 

the value of adding fat was probably lost because of the high calcium 

level. 

The digestibility of the crude fiber was markedly increased in 

the animals receiving 5 per cent added beef fat and approached sig~ 

nificance at P<:.05. The fat was added to the ration by replacing 

barley, and this resulted in a slightly lower percentage of fiber 

in the fat supplemented ration and the animals on fat consumed less 

feed on the digestion trial than the control animals. Both these 

factors would result in less fiber intake for the animals on the fat 

supplemented ration 9 and since the digestibility of fiber tends to 

increase as the intake decreases, the apparent increase in digest

ibility of the high fat fed pigs was probably more a result of less 

fiber intake than an effect of the added fat. the digestibility of 

fiber in this trial had a high negative correlation to feed intake 

(r= -.93). As would be expected~ the apparent digestibility tended 

to increase for all nutrients involved as the feed intake decreased. 
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EXPERIMENT II 

Experiment II was started one month after the start of 

Experiment I.. Two additional cellulase enzymes ~vere studied in an 

a t tempt to help the pig better utilize the fibrous portion of the 

barley grain. Some of the pigs in Experiment I appeared to have skin 

symptoms of parakeratosis~ and since the basal ration was known to 

be high in calcium, 100 ppm of zinc was added to the diets of the 

groups. Finally~ a new ration was formulated from National Research 

Council standards in an effort to produce more economical gains and 

was fed to group six., 

METHODS AND MATERIALS 

48 Yorkshire-Berkshire crossbred pigs from the Oregon State 

University swine herd were selected for Experiment II. A randomized 

block experimental design was used with six treatments and eight 

replications. The pigs within each replication were matched as to 

weight and age. The mean weight at the beginning of the experiment 

for each group was as follows: group 1 ~ 59. 7 5 pounds; group 2, 61. 00 

pounds; group 3, 60.25 pounds; group 4, 60.,50 pounds; group 5, 60.75 

pounds; and group 6, 62.125 pounds. The range within each group was 

approximately 65 pounds. Sinc;e a randomized block experimental design 

was used, this wide range in initial weight could be accounted for by 

t he replication effect when statistical analysis was performed on the 

data. 
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The six treatments were as follows: 

1. Basal barley ration. 

2. Basal barley ration plus 1.75 pounds per ton Milezyme=P (enteric 

coated) .. 

Basal barley ration plus 2.00 pounds per ton Cellulase 4000o 

Basal barley ration plus 1.75 pounds per ton Milezyme..p (enteric 

coated) plus 100 ppm zinc. 

5., Basal barley ration plus 2.00 pounds per ton Cellulase 4000 plus 

100 ppm zirw. 

6. Economy ration. 

The rations were carefully prepared with the mixing facilities 

at the OSU swine barn and were fed in the meal form. Table 6 gives 

the formulas for the rations used in Experiment II. 

Each group of eight pigs was individually housed in pens that 

were one-half covered. The pens were 9 feet x 25 feet with concrete 

floors. At the indoor end of .each pen was a pallet on which to sleep. 

The pigs received feed and water ad libitum. The pens were cleaned 

daily. The pigs were weighed weekly and were ear notched for easy 

identification. The animals were wormed with a ration containing 1 

per cent sodium fluoride 9 and were vaccinated for hog cholera and 

erysipelas prior to the trial. The animals were removed from 

experiment as a group after being fed the experimental rations for 

62 days. Removal of all pigs at the same time instead of as they 

passed a certain weight was necessitated by arrangements beyond the 

control of the experimenter. 

Proximate analyses were run on all rations according to the 



TABLE 6 

RATION INGREDIENTS, EXPERIMENT II 

Ration {} Feedstuffs % RationFeedstuffs % 
/}61,2,3,4,5 

. Wt.Wt. 
700 Barley, ground 86 860Barley, ground 70 
200 Soybean Oil Meal (44%) 7 70Soybean Oil Meal (44%) 20 

8 80 Herring Fish Meal 4.5 45Meat & Bone Scraps (SO%) 
5 Limestone Flour 1.0 10Limestone Flour 0.5 
5 Iodized Salt .5 5Iodized Salt 0.5 

10 Premix 1.0 10Premix 1.0 
100.0 loOo100.0 TOOo 

Premix Feedstuffs for 1000 pounds of finished ration (weights in grams)
Ration 1,2,3,4,5 6 

50.0 42.0Vit. A - Nopco, 10,000 USP 
Units/g to supply 500 units/lb 

12.5 31.0Riboflavin - Pfizer, R3.63
3.63 g/lb 

2.0 3.0Pantothenic Acid - NBC, 92% 
Calcium Pantothenate 

45.0Vit. B!2 Pfizer 20+ 20 mg/lb 
340.5 275.0TM-10 . 
136.0Lysine 

10 lbs. 40.5Vit. D - Dehydrocholesterol (D3) 675,000 I.U./lb. 
10 lbs.Zinc 36% 128 grams in rations 4 & 5, 100 grams in ration 6 

Milezyme-P (Miles Laboratories) 397 grams in rations 2 & 4 
Cellulase 4000 (Miles Laboratories) 454 grams in rations 3 & 5 
Barley, ground (to dilute premix to 10 lbs) 
All rations fed as meal. 
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methods outlined under Experiment I and the results are presented 

in table 76 Data for rate of gain were treated statistically 

according to Li (58 9 p& 316-318). Since the animals were group fed~ 

with only one group for each experimental ration, statistical analysis 

of the data for feed efficiency and feed intake was not possible. 

Results and Discussion 

A summary of the results of Experiment II is given in table 8 

for average initial weight, average daily feed i ntake , average daily 

gain, and pounds of feed per pound of gain& Statistical treatment 

of the rate of gain is given in Appendix D& The wide range in initial 

weight and a randomized block experimental design caused the replica

tion effect to be highly significant (P4( .005). 

The addition of Milezyme P, which was enteric-coated so as not 

to be destroyed by the acidity in the swine stomach~ apparently 

increased the rate of gain by almost 11 per cent. This was not sig

nificant. Feed intake was increased 6 per cent and efficiency of feed 

conversion was increased 4.4 per cent over the controls. While these 

are trends in the direction of improvement, it is questionable as to 

whether they are real differences caused by the enzyme. Larsen (52, 

p. 43) fed a smaller quantity of Milezyme P (20 grams per ton), that 

was quite concentrated in its activity, without any significant 

effects. It was hypothesized that 20 grams per ton of an enteric

coated material was too small a quantity to mix evenly throughout the 

feed. In Experiment II 9 1.75 pounds of a less concentrated supplement 

of Milezyme P was fed. The total enzyme activity of both mixes was 



TABLE 7 

PROXIMATE COMPOSITION OF RATIONS USED IN EXPERIMENT II 

Ration Dry Matter Protein Fat Fiber Ash N.F.E. 
% % % % % % 

Control 92.57 21.98 3.44 5.48 6.6 62.50 

+ Milezyme P 90.79 23.02 3.64 6.44 7.41 59.49 

+ Cellulase 4000 91.53 22.07 2.67 5.14 7.54 62.58 

M~P + 100 ppm Zinc 91.97 22.59 3.63 5.72 7.55 60.51 

C-4000 + 100 ppm 92.29 22.36 3.41 6.07 7.34 60.82 
Zinc 

Economy Ration 92.86 17.57 3.57 7.12 5.43 66.31 



TABLE 8 

SUMMARY OF RESULTS FOR EXPERIMENT II 

Treatment Control 

1 

Milezyme P 

2 

Cellulase 
4000 

3 

Milezyme P+ 
100 ppm Zinc 

4 

Cellulase 4000 + 
100 ppm Zinc 

5 

Economy 

6 

Number of Pigs 8 8 8 8 8 8 

Average Initial 
Weight (pounds) 

59.75 61.00 60.25 60.50 60.75 62.13 

Average Daily 
Feed Intake 

(pounds) 

4. 718 5.,000 5.625 5.481 4.970 5.206 

Average Daily 
Gain (pounds) 

1.298 1.440 1.569 1.553 1.405 1.494 

Pounds Feed 
per pound 

Gain 

3.633 3.473 3.586 3.529 3.537 3.484 
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approximately the same» but in Experiment II the enzyme could be 

more evenly dispersed throughout the feed. 

Additions of Cellulase 4000 to the ration increased rate of gain 

21 per cent. This was highly significant (P ( •. 01). Efficiency of 

gainD although generally considered to be fairly highly correlated 

to rate of gain 9 was not in this case~ being increased only 1.3 per 

cent above the controls. The increase in feed intake corresponded 

to the increase in rate of gain, being increased 19 per cent. Feed 

wastage was negligible for all groupso 

Feeding calcium at levels higher than 0.8 to 1.0 per cent when 

the zinc content of the ration was low has consistently produced para

keratosis (41, Po 249~259; 46~ p. 226-237; 55~ p. 741~751; 88$ p. 1036

1045; 90~ p. 109=117) in swine. Since the basal ration in both 

Experiments I and II was known to be high in calcium~ with no added 

zinc, it was hoped that adding 100 ppm of zinc might increase the rate 

and efficiency of gain and also clear up some of the dermatitis ob

served. However~ the addition of 100 ppm of zinc had no significant 

effect on any of the criteria studied. Adding zinc to the ration 

containing Milezyme P increased rate of gain approximately 9 per 

cent and feed intake 9.5 per cent, but when zinc was added to the 

Cellulase 4000 ration~ rate of gain was decreased by 10 per cent and 

feed intake was lowered 19 per cent. It is doubtful that this decrease 

was caused by the added zinc~ since zinc is not toxic until it is 

present at levels of over 1000 ppm (0.1 per cent) (15, p. 836-842; 

57, p. 578-587) and this ration was well below that level. There 

is a possibility that the zinc was depressing the enzyme effect of 
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Cellulase 4000~ perhaps combining with it ta form a non-active com

pound. There was virtually no effect on efficiency of gain for 

either group. The different response of r a t e of gain when zinc was 

added t o t he ration (up 9 per cent for Milezyme P and down 10 per cent 

f or Cellulase 4000)p caused the interaction effect to approach sig

nificance "at P ( .05. Since adding zinc had no effect on efficiency 

of gain and no significant effect on rate of gain, it would appear 

that the zinc cont ent of the basal ration was adequate. The meat 

meal and soybean oil meal in the basal ration would supply a fair 

amount of zinc and , the barley apparently contained enough zinc to 

bring the quantity of this mineral up to a level high enough to 

obviate deleterious effects from the excess calcium. 

Based on the results of Experiment IIP adding 2 pounds per ton 

of Cellulase 4000 is an effective way of increasing the rate of gain 

of pigs on a barley rationp but will not increase feed conversion 

efficiency. Milezyme P, added at levels of 1.75 pounds per ton of . 

feed, apparently increased rate of gain by 11 per cent (This 

difference was not significant.• ) and efficiency of gain by 5 per cent. 

The economy rationp which was fed to group 6p caused animals to 

grow 15 per cent faster on 4 per cent less feed per pound of gain 

than the control animals. This increase in rate of gain approached 

significance (P ( .05), but was not as great an increase in growth 

rate as that obtained by adding Cellulase 4000 to the basal ration. 

The new ration was approximately $3.00 per ton cheaper to manufacture 

than the control ration. The animals on the new ration ate 10 per 

cent more feed than the controls. 
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GENERAL DISCUSSION 

Enzymes: In the two feeding experiments reported herein~ four enzyme 

preparations were used as feed supplementso Of these four, only one 

(Cellulase 4000) had any significant effect on any of the criteria 

studied. The apparently favorable response to Cellulase 38 by 

those animals on the high fat diet was probably due to an improved 

condition of the pellets rather than to an enzyme effect. While 

not significant» the consistent decrease in growth rate and feed 

efficiency when Cellulase 35 and Cellulase 38 were added to the diet 

follows the patter.n of previous work (51~ p. 46-48; 52~ P• 62). 

The depression in growth when these enzymes were added to swine feeds 

indicates that the added enzymes were exerting some effect on the 

animal. Larsen (51» p. 48) hypothesized that it might be a palat

ability factor» but feed intake does not appear to be affected by 

most _enzyme additions. There is not enough enzyme added to cause 

any dilution effect on the ability of a feed to support rapid and 

efficient growth. Most of the enzyme preparations that have beeri 

used are not specific to one substrate and generally exhibit some 

cellulolytic, amylolytic~ and proteolytic activity. Since enzymes 

are proteins» the possibility exists that some proteolytic enzymes 

are present in the enzyme supplements that are capable of inact

ivating the pig's natural enzymes, decreasing the animals ability 

to digest food. 

In Experiment II the animals on rations containing enzymes 

showed improved growth trends. Feed intake~ growth rate~ and feed 

efficiency were increased when either Milezyme P or Cellulase 4000 
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was added to the ration. While the rate of gain was increased by 21 

per cent by the addition of Cellulase 4000v the efficiency of gain 

was increased by only 1.3 per cent~ making the economic feasibility 

of adding this enzyme questionable. The results of Experiment II 

indicate that the raba of gain can be significantly increased by 

adding two pounds per ton of Cellulase 4000. It would not be 

economical or desirable to add Cellulase 35 or Cellulase 38, and 

probably not Milezyme P to swine rations based on the results from 

Experiment I and II. At this time» based upon these two experiments 

and results elsewherev enzymes do not appear to sufficiently increase 

efficiency of gain in swine fed barley rations to be economical 

ration additives. Cellulase 4000 is one of the few enzymes presently 

available that will significantly improve the rate of gain of swine. 

Much more work. in . the development of suitable enzymes and numerous 

feeding experiments to determine the proper method of feeding need 

to be done before enzyme supplementation of swine rations will be 

economical. Since the pig apparently has an adequate amylolytic 

and proteolytic enzyme system of its own~ making additions of these 

enzymes superfluous 9 work should be directed towards developing and 

using enzyme preparations that are primarily cellulolytic in nature» 

as it is the fiber of feedstuffs that is the most poorly digested 

nutrient fed to pigs. 

Zinc: Five of the six groups of animals in Experiment II were on 

rations basically the same as the animals in Experiment I~ but the 

pigs on the second experiment showed little if any sign of the 
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dermatosis that was evident in the first experiment. Likewise~ the 

leg troubles observed in some of the animals on Experiment I (out

ward curving of the front legs and stiff hind legs) were not as 

noticeable in Exper iment II. While the rations in Experiment I were 

pelleted and those in Experiment II were fed as a meal~ this probably 

did not cause the difference. In Experiment I the leg abnormalities 

were thought to be a result of the excess calcium level (1.2 per cent) 

in the six experiment al rationsp but in Experiment II when zinc was 

added to two of the diets that were similar to those rations used in 

the first experiment~ there was no readily apparent difference 

between the rations containing zinc and t hose without added zinc 

(zinc is supposed to overcome most of the detrimental effects of 

excess calcium). Likewi se» animals on the new formula ration were 

not appreciably better on their legs than t he rest of the animals in 

Experiment II. The animals on the rations containing 100 ppm of 

added zinc and also the pigs on the economy ration appeared to have 

a somewhat healthier and less scaly appearance to their skin and hair 

than the animals on the high calcium rations without added zinc. The 

reduction in the scaliness of the skin of those animals in Experiment 

II may have been a result of body contact with other pigs with a 

resulting scraping and brushing effect afforded those animals that 

were group fed in contrast to the individually fed animals of 

Experiment I. It is more probable that the difference was 

nutritional~ however. None of the rations in either experiment 

contained any added vitamin D except the new formula feed in 

Experiment II. The animals in Experiment I had no access to sunlight 
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and the leg symptoms and dermatosis may have resulted from a vitamin 

D deficiency ~ The animals in Experiment II had access to direct sun

light dur ing part of the day» and the ultra-violet rays that reached 

the animals may have activated suffi.cient 7-dehydrocholes terol to 

vitamin D3 (66~ P~ 192) to meet the animals needs for this vitaminp 

and this added vitamin D may have prevented both the dermatosis and leg 

problems. It is known that white pigs require less sunlight than 

black pigs to produce the same amount of vitamin D (13~ p. 284) and 

since 39 of the 48 animals on Experiment II were white» it is 

entirely possible that enough sun was present for sufficient production 

of vitamin D by the white pigs, and there was probably sufficient 

sunlight for the black ones also. 

Some animals on each of t he treatmen ts in Experiment II had 

swellings on the lower part of their legs. Veterinary opinion 

suggested that the swellings resulted from a low grade infection of 

erysipelas» even though the animals had been vaccinated for this 

disease. The possibility exists that a mineral imbalance between 

calcium and zinc may have been the causative factor, and while the 

animals on the two rations containing added zinc and also the pigs 

on the low calcium, new ration appeared to have the swellings to a 

somewhat lesser exten t than the anima ls on the hi gh calcium diets, 

no positive difference could be noted. Pigs on another experiment 

at Oregon State University that were on a ration higher in calcium 

(1.8 per c ent) than the animals in Experiments I and II (1.2 per cent) 

had these swellings or "bumps" on the lower parts of their legs to a 

greater extent than the animals on Experiment II~ indicating that 
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excess calcium may be a causative factoro At least one local 

commercial swine raiser feeding a diet high in calcium has reported 

similar symptoms. 

While there was no significant effect on any of the criteria 

studied by adding 100 ppm of zincp the possibility exists that the 

zinc inactivated (by combination with the enzyme or otherwise) the 

Cellulase 4000 as evidenced by a decrease in rate of gain and lowered 

feed intake. Efficiency of gain was not appreciably affected by the 

addition of zinc to either of the two rations containing added enzymes. 

Experiment II indicates that added zinc is not necessary for rapid 

or efficient growth of pigs fed the barley ration used in this 

experiment. 

Fat Addition and Pelleting: The rate and efficiency of gain of pigs 

on a barley ration can be increased by either pelleting the meal or 

by adding 5 per cent fat to the ration~ but both adding fat and pellet

ing will not improve the feeding value of the ration above that 

obtained by only one of the treatments (19, p. 126-133; 52, p. 62). 

In other words» adding fat and pelleting have not been found to be 

additive in effecto It has been previously stated that the pellets 

containing 5 per cent added beef fat were 12 per cent bulkier than 

the low fat pellets and as a result crumbled easier. Since the value 

of pelleting is lost when the ration is returned to a meal form (30, 

Po 28-30; 52, p. 61; 73» p. 78-80) the crumbling of the pellets 

containing added fat has been given as the reason for not obtaining 

an additive effect when a ration is both pelleted and supplemented with 
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animal fat. The possibility exists 9 however 9 that the decrease in 

ration density that results when fat is added to a meal before it 

is pelleted is also a contributing factor. For swine 9 the only 

value obtained from pelleting a barley ration 9 as far as can be 

determined 9 is in the compaction of the ration 9 with a resulting 

increase in density. This suggests that even if the ration is pel~ 

leted 9 an increase in the density of the pellet would improve its 

feeding value. Results from Experiment I would indicate this to be 

so, as the feeding value of added fat versus low fat pelleted rations 

increased as the bulkiness of the ration decreased. Part of the 

increase in feed value as the ration density of these rations increased 

can be credited to less pellet breakdownv but the feeders were 

continually cleaned out in an effort to supply only pelleted feed 

to the pig. Since both animals on the low and high fat rations were 

consuming mostly pellets (because the meal resulting from pellet 

breakdown was removed) the animals on the high fat ration should have 

exhibited better growth performance than the animals fed the low fat 

ration if pellet breakdown was the only reason that added fat and 

pelleting are not additive in effect. This was not the case and this 

evidence along with the high negative correlation between feed 

efficiency and ration bulkiness (r= -.83) points to the conclusion 

that the density of the pellets 9 even when the pellets do not 

crumble, has an important effect on the efficiency of a pelleted 

ration. Work by Jensen (45 9 p. 50~51) supports this contention. He 

found that chicks and poults fed pellets spent less time in the pre

hension of food than those birds fed a meal ration and this resulted 
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in a significant increase in the productive energy available for 

growtho Thereforev increasing the ration densityp even of pellets, 

would decrease the amount of time and energy needed to consume a 

given weight of feed and would result in increased efficiency of gain. 

This may be the explanation for the increased efficiency of gain that 

results when pigs are fed a barley ration as pellets instead of as a 

meal. 

It therefore seems justifiable to suggest that in order to obtain 

an increase in efficiency of gain when fat is added to a pelleted 

ration (so that an additive effect results from both supplemental 

fat and pelleting of a barley ration for swine), the pellet must not 

crumble and the pellet density must not be decreased by the added fat. 

The high fat containing pellet crumbles and is bulky because the added 

fat in the original meal lubricates t he pellet die, allowing the meal 

to pass through the pellet mill faster, because of less friction be

tween the feed and t he die» with a resulting decrease in the com

paction of the meal into a pellet. The pellet can be held together 

with a variety of "binders" that are commercially available. These 

binders will help solve the problem of pellet crumbling in that they 

"glue" the pellet together, but they are dissolved in steam when 

added to the ration and are therefore not effective in increasing 

the pellet density. To increase the compaction of the fat-containing 

pellet, a pellet die is needed that is thicker or has sharper tapered 

holes (all pellet dies are tapered slightly). Either of these mod

ifications would mean that the fat-containing meal would be expelled 

from the die in a mor e compressed form than if the pellet had been 
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formed in a normal dieo Pellet dies are available that are either 

thicker (longer tapered holes) or that have been reamed to a greater 

than normal taper or both. According to s. Ao Oliver (76) 9 who 

manufactures pellet dies 9 pelleted rations containing in excess of 5 

per cent added fat that will not crumble and that are fairly compact 

can be produced with pellet dies modified as previously explained 

if 20 to 30 per cent of the ration mixture is ground very fine and 

plenty of steam is used. Feeding tests with high fat-containing 

rations pelleted by such methods should be conducted to determine 

if adding fat to a pelleted ration will have an additive effect when 

the pellet does not crumble and is also high in density~ 

The price of fat has increased to a point where the increased 

feeding value obtained by adding it to a meal ration approximately 

equals its cost~ Even with pellet dies that will make a firm pellet 

that is high in density 9 it is questionable whether the increase in 

feed value of the ration due to the fat additions would be econom= 

ically sound. Advantages in manufacturing and handli.ng rations that 

contain 1 to 3 per cent added fat will cause feed manufactures to 

supplement their product with added fat (even when increase in ef~ 

ficiency of gain will n.ot pay the added cost) and these feeds 

should be made as efficient in producing pork as possible. By finding 

a method of adding fat to pelleted swine rations that will increase 

rate and efficiency of gain 9 a by-product of the livestock industry 

(fat) can be used in greater quantities. This will benefit the 

feeder of farm animals from both the standpoint of lower costs of pro

duction and in an increased demand for the product that he is producing. 

http:handli.ng
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SUMMARY 

In an effort to i mprove the feeding value of barley for swinep 

two feeding experiments involving 96 pigs were conducted. The first 

experiment used a 3 x 2 factorial design with randomized blocks and 

compared rations containing 5 per cent added beef tallow to non-fat

supplemented rations and also evaluated the effect on growth criteria 

from adding Cellulase 35 and Cellulase 38 to the basal ration. 

Experiment II tested two additional enzymes (Milezyme P and Cellulase 

4000) and also the effect of adding 100 ppm of zinc to these two 

enzyme-supplemented rations. A new economy ration was formulated in 

an effort to produce cheaper gains. The animals in Experiment I 

were individually housed and their rations were pelleted, while those 

animals in Experiment II were group fed and their rations were 

offered as a meal. 

Enzyme Additions: Cellulase 35 and Cellulase 38 had no significant 

effect on rate or efficiency of gain, and if they did exert an effect, 

it was towards slower and less efficient growth. Under the conditions 

of this experiment and based upon the data obtained, these two enzymes 

do not benefit barley rations fed to swine. Milezyme P, which is 

enteric coated to keep it from being inactivated before it reaches 

the intestines~apparently increased rate of gain 11 per cent, which 

was not a significant amount and increased feed efficiency by 4.4 per 

cent, an increase which could not be evaluated statistically since the 

animals were group fed. Based on the results of this experiment and 

those of Larsen (52» p. 62) it is doubtful that Milezyme P is an 
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economical feed additive for barley rations fed to swine. More work 

with larger numbers of animals needs to be done with this enzyme be~ 

fore a definite conclusion as to its feeding value when added to 

barley rations fed to swine can be reached. Cellulase 4000 increased 

feed efficiency by only 1.3 per cent» but rate of gain was increased 

by 21 per cent» an increase which was highly significant. (P ( .01). 

This is one of the few times that a significant increase in rate of 

gain has been obtained by enzyme addi tions to barley rations fed to 

swine. Cellulase 4000 can apparently increase rate of gain 9 but 

should not be fed if only an increase in efficiency is desired. 

Results obtained from enzyme additions suggest that the level of the 

enzyme fed is important» as too much added enzyme appears to depress 

growth rate and efficiency. 

Zinc-Calcium Interrelationship: Adding 100 ppm of zinc to rations 

high in calcium (1.2 per cent) did not affect efficiency of gain and 

the two groups of animals fed the added zinc showed equal~ but 

opposite changes i.n rate of gain 9 neither of which was significant. , 

The added zinc may have partially inactivated the Cellulase 4000 

enzyme 9 but this is not confirmed. Other s (28 9 p. 26-30; 55, p. 741

751; 64» p. 942) have recommended that 100 ppm of zinc should be 

added to all rations fed to growing-finishing swine to aid in the 

prevention of parakeratosis and the resulting poor growth and feed 

efficiencyj but the results of this experiment do not confirm these 

reconnnendations. Care should be taken not to feed calcium levels 

higher than those recommended by the National Research Council (68~ 

p. 9). 
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Fat Addition and Pelleting: Adding 5 per cent stabilized beef tallow 

to a pelleted barley ration had no significant effect on rate or 

efficiency of gain or feed intake. There was a tendency for the 

animals on the high fat diets to gain slightly faster and more 

efficiently. Feed intake in pounds was identical for both low and 

high fat groups 9 but since the pellets containing added fat were 12 

per cent bulkierp the animals on the high fat diet consumed 12 per 

cent more feed on a volume basis. The lack of additive effect from 

both pelleting and fat supplementation was probably due to pellet 

breakdown and also to decreased ration density of the pellets 

containing 5 per cent added fat. The bulkiness of the ration and 

feed efficiency had a high negative c@rrelation coefficient (r= ~.83). 

As the ration density increases the animal should be able to consume 

a greater weight of feed in a given length of time. This would result 

in less energy expended for prehension 9 leaving more energy for growth 

and cause an increased efficiency of gain as the ration density is 

increased. Methods of pelleting rations with added fat so that the 

pellet would be harder and higher in density were discussed under 

the general discussion. The control animals in Experiment I on 

pelleted ration number one gained 20 per cent fasterp were 7 per cent 

more efficient 9 and ate 30 per cent more feed per day than the control 

animals in Experiment II fed the same ration as a meal. These results 

can be used only as general indications of the value of pelleting bar

ley rations 9 as the pigs were housed under different conditions 

(individual versus group feeding) and the animals were not entirely 

comparable in age and weight. 
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Digestion Trial~ Near t he end of Experiment I three of the animals 

on the low fat control ration and three from the control ration plus 

5 per cent added beef fat were placed on a digestion trial. Total 

feed intake and total fec es voided were accounted for and digestibil~ 

ity coefficients for each animal were de t ermined for each of the 

nutrients studied. There was no apparent difference in digestibility 

between the low and hi.gh fat fed animals for dry matter~ crude 

protein~ ash~ gross energy~ and nitrogen free extract. The apparent 

digestibility of ether extract was significantly higher (P <.025) 

in the high fat fed pigs. The fat digestibility for both low and 

high fat fed pigs was lower than expectedD bu t this can probably 

be accounted for by the high calcium level in the dieto Calcium is 

known to combine with fat» causing the production of soap~ which is 

poorly digested. The apparent digestibili ty of crude fiber was higher 

for the fat fed pigs and approached significance (P ( .05). ~his was 

probably more a result of less fiber intake by the fat fed pigs than 

by any effect that the beef tallow may have exerted. A negative 

correlation between feed intake and crude fiber digestibility of 

r = ~.94 was obtained. 
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APPENDIX A 

Nelson 9 Norton. A photometric adaptation of the Somogi method for 

the determination of glucoseo J . "Bio. Chem. 153:375~380. 1944. 

Reagents 

1. Copper Reagent A 

Dissolve 25 gm. of Na2co3 (anhydrous)~ 25 grn. of Rochelle salt~ 
20 gm. of NaHC03 and 200 gm. of Na2so4 (anhydrous) in about 800 mls. of 
water . and dilute to 1 liter. Filter if necessary. The solution 
should be stored where the temperature does not fall below 20°C. A 
sediment may form in a few days. This may be filtered off without 
detriment to the reagent. 

2. Copper Reagent B 

15 per cent CuS04•5 H20 containing one or 2 drops of concentrated 
H2so4 per 100 ml. 

3. Arsenomolybdate color reagent (Nelson°s Reagent) 

Dissolve 25 gm. of anunoniununolybdate in 450 ml. of distilled water. 
Add 21 ml. of concentrated H2S04~ mix~ add 3 gm. of Na2HAs04•7H~O 
dissolved in 25 ml of H20~ mix~ and place in an incubator at 37 · c for 
24 to 48 hours - should be stored in a brown stoppered bottle. 

Procedure 

1. 2 cc of diluted+glucose filtrate is added to 2 cc of copper 
reagent'ic in 17 x 150 ml. test tube. 

2. Cover with a glass bulb or marble and heat for 10 minutes in a 
boiling water bath. 

3. Cool in cold water. Add 1 ml. of Nelsoa's reagent. 

4. Dilute to 25 ml. mark on test tube and read at 500 or 520 mu. 
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APPENDIX A (Continued) 

The color develops rapidly and will be completed by the time mixing . 
and evolution of C02 are completed~ The mixture is diluted to 25 ml., 
mixed 9 and read at 500 ~ 520 mu. The color is stable and m~y be 
read at convenience. 

+ The amount of dilution necessary to be able to read the gluc9s~ 
concentration on the photometer will need to be determined by trial 
and error, as the glucose concentration will differ as the substrate 
is changed. 

* 25 parts of reagent A to 1 part reagent B. 
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APPENDIX B 

Analysis of Variance., Experiment I 

Source of Variation d.£. 
Feed Intake 
per day 

Rate of 
gain 

Feed/lb. 
gain 

Enzymes vso no enzymes 1 .16495 .03415 .03949 

5% fat vs. no fat 1 .00402 .02808 .12567 

Interaction Fat X Enzymes 2 .18085 • 00311 .10388 

Total+C-35 vs. total 
non-enzyme 1 .12165 .05420 .07013 

Total C-38 vs. total 
non-enzyme 1 . 00109 .00019 .00475 

Total C-35 vs. total C-38 1 .12575 .04805 .03836 

Control vs. 5% fat 1 . 13487 .00375 .01440 

C- 35 vs. C-35 plus 
5% fat 1 .00137 .00462 • 04162 

C-38 vs. C-38 plus 
~ fut 1 .04862 .02592 .28090 

Control vs. C- 35 1 o00198 .02822 .12198 

Control vs. C=38 1 .08880 .00354 .13969 

C-35 vs. C-38 1 .11731 .01177 .00060 

5% fat vs. C-35 plus 
5% fat 1 .20138 .02600 .0064 

5% fat vs. C-38 plus 
5% fat 1 .08396 .00162 .07631 

C-35 plms 5% fat vs. 
C-38 plus 5% fat 1 .02528 .,04060 .. 09090 

Replication 7 .53529* .. 02323 .07186 

Error 35 

* Significant at P ( · .05 

.21391 .02029 .08392 

+ Total means both groups that contain the given ration component. 
C = Cellulase 



APPENDIX C 

Analysis of Variance, Digestion Trial 

Mean Sg,uare 
Crude Crude Gross 

Source of Variation d.£. Dry Matter Protein Fat Fiber Ash N.F.E. Enersz 

Replication 2 .912 4.385 .648 70.367 8.606 8.593 .992 

Treatment (5% fat) 1 1.596 .135 1061.679* 124.488 1.396 1.401 2.051 

Error 2 .727 .367 18.438 7.201 2.032 2.032 .732 

* Significant at P ( .025. 

...... 00 
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APPENDIX D 

Analysis of Variance~ Experiment II 

Source of Variation d. f. Rate of Gain Mean Square 

Treatment 

Mile~e P vs. Control 

C-4000 vs. Control 

New ration vs. Control 

Both enzymes vs. Enzymes 
plus 100 ppm zinc 

Interaction Zinc X Enzymes 

Milezyme P vs. Milezyme P 
plus 100 ppm zinc 

C~4000 vs. C-4000 plus 100 
ppm zinc 

Control vs. Milezyme P plus 
100 ppm zinc 

Control vs C-4000 plus 100 
ppm zinc 

Replication 

Error 

5 .08168 

1 .07967 

1 .29187* 

1 .. 15288** 

1 .00505 

1 .15290** 

1 .05119 

1 .10677 

1 .25857*** 

1 .04558 

7 .24037**** 

35 .03789 

* Significant at P ( .01.
** Approaches significance at P ( .05. 

*** Significant at P ( .025. 
**** Significant at P < .005. 

C = Cellulase 




