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CHAPTER I 

INTRODUCTION 

Feed represents the largest cost of swine production. On a 

quantitative basis, feed sources which supply energy are the major 

requirement for swine rations. Although corn is considered to be 

the standard energy feed for swine, the most readily available energy 

source in the Southwestern United States is sorghum. 

Considerable research has been conducted on the feeding value 

of grain sorghum for swine. Baker and Reinmiller (1939) observed 

that for the production of gains, sorghum was equal to or better 

than corn but considerably more feed was required to produce a pound 

of gain with sorghum. Loeffel (1957) summarized several feeding 

trials with swine, and found that grain sorghum and corn produced 

similar gains, but 10 to 20% more feed was required per pound of 

gain with sorghum. 

Past evidence has indicated a lower nutritional value for sor

ghum than for corn in similarly supplemented swine rations. This has 

stimulated research into methods of improving the utilization of 

sorghum by swine. Assuming adequate ration supplementation, these 

methods have generally been of two types: (1) fat addition and 

(2) mechanical processing. 

The addition of fat to a sorghum-soybean meal ration will in

crease the energy density and feeding value for swine. However, 

inconsistent results have been obtained from the addition of fat 



to swine rations. Although the major advantage for including fat 

in swine rations is the improvement in feed efficiency, other attri

butes of fat supplementation which are all probably related to the 

improved feed efficiency include: (1) reduced dustiness of feeds, 

(2) reduced feed wastage, (3) improved palatability, (4) decreased 

segregation of ration ingredients and (5) reduced energy expense of 

feed prehension. However, there are special handling problems and, 

thus, costs incurred in adding fat to rations in addition to the 

already high purchase price of the fat. 

The other method of improving the feeding value of sorghum-

based diets for swine, mechanical processing, is highly promising. 

A process which improves the utilization of sorghum diets by swine at 

a reasonable cost could greatly benefit the swine industry. Feed 

processing has been shown to improve feed efficiency and reduce feed 

costs. Pelleting possesses the same benefitial attributes previously 

listed for fat supplementation. Thus, pelleting sorghum-based swine 

rations may be an economical method of improcing the feeding value 

or sorghum for swine and still provide the same benefit as if fat 

were added to the ration. This research also investigated a possi

ble "additive" effect of adding fat and pelleting. Research con

ducted concerning this effect has been confined to broilers and 

turkeys. 

The prices of energy sources for livestock feeds are currently 

high in comparison to those of the last quarter century. Since 

these prices will probably remain high in the future, it is 



extremely important that the swine industry make as efficient use 

as possible of the energy sources available. Methods which improve 

the feeding value of sorghum may allow for sorsiium to becone 

an alternative as a major energy source in swine rations. 

Also included in this research is an investigation of live 

weight shrink of market hogs. An attempt was made to determine the 

source of this shrink, and possible dietary effects on the amount 

of shrink. Shrinkage constitutes an economical loss to the live

stock industry. Small as it may seem, percentage of shrink may 

often be greater than typical percentage profit margins in the pro

duction and marketing industry. Consequently, determining causes and 

controlling shrink have become important means of reducing costs and 

increasing income. If within a certain time period tissue shrinkage 

does not occur, and the amount of live weight shrink is due to the 

amount of fill, it may be possible to save considerable tonnages of 

feed. This would benefit packers since there would be less gut con

tents, and dressing percent would not likely be affected. The pro

ducer would benefit from feed savings. 



CHAPTER II 

LITERATURE REVIEW 

Fat Supplementation 

The practice of adding fats and oils to the diets of domestic 

animals has received attention ever since the discovery by Evans 

and Burr (1928), Burr and Burr (1929) and Witz and Beeson (1951) 

that rats and pigs did not grow well on diets devoid of fat. It 

is now an accepted and well documented fact that fat possesses a 

niamber of beneficial attributes as a feed component. 

Although the major purpose for including fats in animal feeds 

is to raise the energy density of the diet, there is evidence that 

added fat may possess beneficial extra-caloric properties. Kropf 

et al. (1954) suggested that dietary fat possibly exerts other 

nutritional effects in addition to providing a source of energy. 

Inedible fats are a concentrated source of metabolizable energy 

(M.E.), however, the relative M.E. value of these fats compared with 

that of corn or sorghum, depends upon their nature and composition 

(Renner and Hill, 1958). 

Following W'J II and until recently, the increased use of syn

thetic detergents and soaps caused a decline in the use of inedible 

fats for soapmaking; then, the major outlet for inedible fats and 

oils. During this period researchers were studying the effects of 

adding these fats to livestock feeds. Following the solving of the 

rancidity problem of fats in 1953, the practice of adding fat to 



feeds increased (Doty, 1962). Another important change which affected 

the use of fats in feeds, besides the development of effective anti

oxidants, was the increasing application of solvent extraction pro

cesses to the oilseeds (Ault et_ al., 1960). Oilseed meals regularly 

produced by these processes have a fat content of less than 1% com

pared to 5% from previous methods. The use of extracted meals in 

animal feeds has not only resulted in diets lower in energy and fats, 

but also has led to other undesirable characteristics such as in

creased dustiness (Ault £t̂  al., 1960 and Perry e^ al., 1959). 

Biely and March (1954) working with poultry suggested that in 

view of the fact that the requirements of a rapidly growing chick 

for vitamins and amino acids have been found to be much greater than 

was first supposed, the energy requirement could conceivably be 

higher than the caloric level provided by practical rations. 

Hale (1971) acknowledged work conducted over 35 years ago in 

which diets containing 2.6, 5.6 and 8.7% fat were fed to growing-

finishing swine. It was found that each increase in fat increased 

the rate of gain and improved feed efficiency. Subsequently, a 

number of reports have been published concerning the addition of 

fats to animal feeds. It was demonstrated by Scott et^ al. (1947) 

and later substantiated by others, that rations high in energy pro

moted more rapid growth than rations of lower energy content. 

Donaldson et_ al. (1956) reported that a wider ratio of energy to 

protein may be tolerated when the proportion of calories from fat 

to other energy sources was increased. 



Data of Renner and Hill (1958) show higher M.E. value for the 

more unsaturated fats and lower values for the individual fatty acids 

than for the intact fats from which they were derived. Wilder et al^. 

(1959) found that the M.E. value of fats fed at the 10% level in 

practical chick diets did not always parallel their apparent M.E. 

values. They concluded that the higher values obtained suggest that 

fat M.E. values are inadequate to judge the full contribution of 

these fats in animal feeds. 

Since M.E. values of fats had been reported to be greater than 

their gross energy value (Cullen et_ al. , 1962 and Wilder et_ al. , 

1959), Sibbald ̂  al. (1962a) suggested the occurrence of interac

tions between fats and the basal diet. Sibbald et_ al. (1960, 1961) 

observed that by combining tallow with undegummed soybean oil, the 

M.E. value of the tallow was increased. They postulated that some 

factor(s) present in the other components of the diet may allow for 

increased utilization of the tallow. These workers also demonstrated 

a synergistic relationship of tallow with several fats and found 

that fat mixtures were superior to individual fats in weight gains 

of chicks. Confirmation that the M.E. value of fats can be increased 

by blending them with other fats has also been presented by Lewis 

and Payne (1966). Sell £t̂  al̂ . (1976) confirmed the hypothesis that 

fat M.E. values will vary commensurate with the fatty acid content 

in the basal diet. When tallow was added in a com rather than a 

barley diet, a much higher M.E. value for tallow was obtained. 



Sibbald and Kramer (1977) also reported that several fats had true 

metabolizable energy values greater than their gross energy values 

and concluded that the fats interact to allow for an increased 

utilization of the energy from other dietary components. They re

ported high M.E. values were often associated with low levels of 

saturated fatty acids and high levels of dienoic acids. 

In addition to being the nutrient of maximum energy value, fat 

confers palatability and what Forbes et_ al. (1946) termed "staying 

quality" to rations. These workers also proclaimed that as a nutri

tive reserve, fat insures the availability of energy as needed and 

diminishes the energy expense of nutrient utilization. 

Smith and Corey in 1923 shovred with rats that within rather 

narrow limits, the consumption of food is adjusted to the caloric 

value of the food. Also, rats making comparable growth consume 

nearly the same number of calories from diets high in fat, high in 

carbohydrates or from a combination of the two. At this early time, 

these researchers proposed the question: "Will calories derived 

from a carbohydrate source equal in growth-promoting power those 

calories derived from fat?" They concluded by noting that the prac

tical bearing of the answer to such a question in the livestock in

dustry is far-reaching. Forbes et_ al. (1946) fed various nutrient 

combinations of fat, carbohydrate and protein to rats and implied 

that lard conferred an economy of utilization of food energy as 

indicated by low heat increments. They reported a decreasing energy 

expense of utilization of isocaloric diets in the order of increasing 



fat content, and attributed this to a decrease in heat production 

from the catabolism of carbohydrates. Klose et_ al̂ . (1952) found that 

broilers which were fed no added fat synthesized four-fifths of 

the depot fat from carbohydrate and protein. 

Annegers and Ivy (1947) have shown that increasing the fat con

tent of the diet delays gastric evacuation. This implied possiblv 

more complete digestion of nutrients. Pearson and Panzer (1949) re

ported that rats fed 8% added fat had significantly less fecal and 

urinary excretion of amino acids compared to those fed diets without 

added fat. Asplund et_ al. (1960) reported that fat additions to pig 

rations increased protein digestibility, and Jensen ̂  £l. (1970) 

confirmed reports that added fat improves protein utilization. How

ever, Clawson _et si. (1962) and Kuryvial and Bowland (1962) were 

unable to show similar results. Greeley et^ £l. (1964a) and Boenker 

et al. (1969) substantiated these latter findings. 

March and Biely (1957) reported that highly saturated fatty 

acids are evidently resistant to hydrolysis. Hoagland and Snider 

(1943) showed that the saturated fatty acids are less efficiently 

utilized than unsaturated acids. Lloyd and Crampton (1957) reported 

that a highly significant inverse relationship exists between the 

mean molecular weight of the fatty acids of fats and oils and their 

apparent digestibility by pigs. Sibbald et_ al. (1960) speculated 

that since saturated fatty acids are less efficiently utilized than 

unsaturated fatty acids, this might explain the difference between 

the low M.E. value of the more saturated fats, such as tallow, and 



the M.E. value for soybean oil. Hamilton and McDonald (1969) con

ducted digestibility studies with pigs fed lard and tallow and found 

that saturated fatty acids constituted a higher proportion of the 

free fatty acid fraction of the feces than in the dietary lipid 

fraction. They concluded that high levels of palmitic and stearic 

acid in the feces represented faulty absorption and that absorption 

is influenced by the ratio of saturated to unsaturated fatty acids. 

Lowrey et^ ̂ - (1962) reported increased digestibility of the 

ether extract fraction by pigs fed diets with 10% tallow. Similarly, 

Boenker et_ al_. (1969) found with pigs that the gross energy level 

of the diet had little influence on the digestibility of the dietary 

components supplemented with 7% animal grease, although the digesti

bility of the ether extract fraction increased as the level of fat 

increased. Kuryvial and Bowland (1962) concluded from studies with 

pigs fed added fat that the source and level of energy, within limits, 

do not influence the apparent energy digestibility. 

Dam et al (1959), from work with poultry, concluded that although 

the essential fatty acids are probably required, the requirement is 

quite small and the effect of the growth-promoting properties of fat 

appears to be caused by an unknown substance or unrecognized char

acteristics of fat. Baldini and Rosenberg (1957) and Vondell and 

Ringrose (1958) demonstrated that the nutritional effect of a fat 

in poultry diets containing sufficient amounts of essential fatty 

acids was due only to the caloric value of the fat. By increasing 
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the fat content of the diet without changing the caloric value, thev 

found performance and body composition to be unaffected. 

Although the major purpose for including fat in rations is to 

raise caloric density, there is evidence that fats possess "extra-

caloric" properties. Early evidence of these effects was reported 

by Yacowitz (1953) and Denton et̂  al. (1954). Donaldson et al. 

(1957), Dam et al. (1959) and Pepper £^ al. (1960) were able to 

demonstrate growth stimulating effects of fats even when compared to 

diets with similar calorie to protein ratios. Sibbald £t al. (1962b) 

attempted to investigate the assumption of an "extra-caloric" effect 

of fats. They observed stimulatory effects of added fat in pig diets 

which could not be explained on the basis of dietary energy values 

or calorie to protein ratio. It was suggested that the cause may be 

due to a reduction in dustiness and a change in palatability of the 

added fat rations. Results of work conducted with turkeys by Jensen 

Qt^ ̂ - (1970) confirmed the extra-caloric effect of fats. Feed effi

ciency was improved per unit of added fat by about 32% more than ex

pected from the increased M.E. value of the fat addition. Jensen 

and Falen (1973) reported a M.E. value of fat of 10,165 kcal/kg based 

on the performance of turkeys compared to a value of 7,709 used to 

formulate the ration. This increased value of added fat was con

sidered the "extra-caloric" effect. 

The occurrence of a synergism between saturated and unsaturated 

fatty acids in digestion and absorption in the gut was proposed by 
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Leeson and Summers (1976). This synergism was believed by these 

workers to be the cause for fats to have higher than expected M.E. 

values. Furthermore, the advantage of added fat depends on the 

nature of both the basal diet and the particular fat or oil added, 

and the level at which it is added. Lall and Slinger (1973) and 

Sell et_ al. (1976) showed increased absorption effects of diets with 

added fat and agreed that low inclusion levels maximize the syner

gistic effect. Young (1961) observed that the absorption of certain 

saturated fatty acids was influenced by the amounts of unsaturated 

acids in the diet. The influence of the basal diet fatty acids on 

fat utilization can be seen from results of Leeson and Summers (1976) 

in which tallow had a much higher M.E. value when fed with corn than 

with a barley diet. 

Conflicting experimental evidence exists concerning the perform

ance of growing-finishing swine fed supplemental fat. Several re

searchers (Abernathy et al., 1958; Anderson £t al., 1957: Kennington 

^ al., 1958; Heitman, 1956; Barrick _et al, 1953; Pond et al., 1960; 

Clawson et al. , 1962; Wagner £t al. , 1963; Day et al̂ . , 1953; Sewell 

et_ £l. , 1958; Greeley et_ £l. , 1964a and Moser, 1975) have reported 

that the addition of tallow to swine rations resulted in increased 

rate of gain, while others (Baird et̂  al., 1958; Perry et al., 1953; 

Kropf £t̂  <al. , 1954; Noland and Scott, 1960; Seerley ̂  al. , 1964; 

Brooks, 1967; Meade, 1975; Hale et al., 1968 and Tribble _ê  al., 1975a, 

1979) have reported no effect on gain. However, added fat has con

sistently reduced the pounds of feed required per pound of gain from 



7 to 17% with fat levels from 4 to 10% as reported by all of the above 

named researchers. The findings of Babatunde e^ al. (1974) that 

higher levels of added fat in pig diets did not produce any signifi

cant difference in growth rate from lower levels is in agreement with 

those of Eusebio et al. (1965) , Newman et̂  _a]̂ . (1967) , Abernathy et_ al 

(1958), Kennington et al. (1958), Pond £t_ aĴ . (1960) and Babatunde 

^ al. (1971). An increase in carcass fat with the addition of fat 

to pig diets has been reported (Bowland and Berg, 1959: Kuryvial and 

Bowland, 1962 and Seerley et al., 1964). It was not clear whether 

the increase in carcass fat reported was due to increased dietary 

energy or to the fat intake per se (Brooks, 1972). 

I'Thile some workers have reported an increase in backfat thickness 

(Barrick et al., 1953; Heitman, 1956; Kennington et al., 1958; Sewell 

et al., 1958; Greeley et £l., 1964b; Brooks, 1972; Moser ̂  al., 1975 

and Seerley et_ al_. , 1978) , others have reported no effect (Day et^ jl. , 

1953; Kropf ̂  ^ . , 1954; Baird et al. , 1958; Abemathy e^ al. , 1958; 

Pond j_t al. , 1960; Rupnow and Ensminger, 1961; Clawson et_ al.. , 1962; 

Waterman, 1973; Moser, 1977 and Tribble _et al., 1979). 

Rupnow and Ensminger (1961) reported improved feed:gain ratio 

(3.18 vs 3.51) for hogs receiving 10% added fat. The added fat had 

no effect on percent lean cuts, loin eye area and backfat. Bayley and 

Lewis (1963) reported feed conversions of 3.93 for finishing hogs on 

corn-barley diets and 3.30 when 10% fat was added. Pigs fed added fat 

diets had significantly greater loin eye area and lean content. 

Greeley et al. (1964b) reported that neither loin eye area, percent 
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trimmed ham and loin or percent lean cuts were significantly affected 

by tallow-supplemented diets. Clawson et al̂ . (1962) fed growing-

finishing pigs 0, 5 and 10% tallow and observed a significantl-' re

duced daily feed intake; however, gross energy intake was not signif

icantly reduced. Heitman (1956) reported no consistent indication 

of lowered feed consumption by pigs on added fat rations. Greeley 

^ al. (1964b) found that including tallow in the diet at 4, 8 and 

12% levels resulted in significant increases in daily consumption of 

digestible energy. Greeley et al. (1964a) and Kuryvial et al. (1962) 

reported a highly significant trend toward improved efficiency of 

utilization of digestible energy for gain with pigs fed added tallow. 

It was suggested that the pig may be able to make better metabolic 

use of energy derived from tallow than that derived from cereal 

grains. Babatunde ^ al. (1974) also reported a significant improve

ment in digestible energy:gain ratio by pigs fed added fat diets. 

No carcass quality parameters showed any difference. Brooks (1972) 

found that although feed:gain ratio was im.proved by adding fat to 

the diet, less conclusive effects on digestible energy:gain ratio 

was apparent. 

Seerley et̂  al. (1978) fed growing-finishing pigs 0, 2.5 and 5% 

animal or poultry fat in corn-based rations. Feed:gain ratios were 

superior with either fat source. Backfat thickness, percent ham and 

loin and percent lean cuts were not different from controls. Sim

ilarly, Clawson £t al- (1962) reported loin eye area, lean cuts, 

percent moisture and percent ether extract of carcasses not to be 
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affected by feeding added fat to oigs. Jensen e^ al. (1970) fed levels 

of fat from 0 to 12% of the diet and found no effect on T.arket grade 

or yield. 

Moser et_ al. (1975) fed pigs corn-based diets with and without 

5% added fat and reported that pigs fed the added fat gained signifi

cantly faster (.78 vs .72 kg) and required significantly less feed 

(3.0 vs 3.45) per unit of gain than controls. Significant increases 

in daily gain and feed efficiency by pigs fed milo-based diets with 

3, 6 and 9% tallow were reported by Allee (1976). Tribble et al. 

(1979) fed growing-finishing pigs milo-based diets with and without 

5% added tallow and found no significant difference in gains, but an 

improvement in feed efficiency by pigs fed 5% added tallow (3.02 vs 

3.42). 

Even though researchers differ in their findings on the effect of 

added fat on gain and backfat thickness, all have found an improve

ment in feed efficiency. 

Researchers in the 1950's reported that poultry performance was 

influenced by the ratio of energy to protein in the diet. Attention 

was then directed toward the effect of energy to protein ratio of 

swine rations on performance and carcass characteristics, especially 

with the use of fat in swine rations. Abernathy et̂  al. (1958) made 

reference to work conducted with rats in 1935 which demonstrated that 

an upward adjustment of the protein level is necessary to realize the 

full benefit of increased energy in the diet. The trend toward the 
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use of higher energy rations for poultr:^ and swine in the 1950's 

gave new emphasis to this concept. 

Forbes et al^. (1946) showed that calories from fat are apparentlv 

utilized more efficiently than those from carbohydrates and protein. 

So it was suggested by these workers that this could influence the 

relationship between an amino acid and caloric density when the added 

calories are from fat. However, the data indicated that the fat 

level need not_ be considered in this respect for diets containing no 

more than 10% fat. Donaldson et_ £l. (1955) reported work done with 

broilers in which the ratio of energy to protein influenced caloric 

intake, feed efficiency, growth rate and percent water and ether ex

tract in the carcass. Biely and March (1954) demonstrated that the 

addition of 5 to 7.5% fat to poultry diets with increasing protein 

levels had no effect on growth rate between diets. 

In terms of an optimum ratio between dietary energy and protein, 

Bowland and Berg (1959) stated that it is necessary to define the 

criterion of measurement for hogs, since rate of gain and feed effi

ciency may have a different ratio optima than that required for high 

carcass quality. They also reported that the protein level had an 

insignificant influence on feed efficiency or on feed intake with 

pigs fed added fat diets. Baird £t al. (1958) conducted feeding trials 

with growing-finishing pigs to determine the relationship between 

different protein levels and added tallow. At a 5% level of added 

tallow, there was no effect on performance between the low and high 

protein levels. Similarly, Lowrey et_ aĴ . (1962), Wagner et_ £i. (1963), 
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Clawson et al. (1962), Kennington £t £l_. (1958), Meade (1975), 

Cooke ̂  al. (1972), Lodge ̂  al. (1972), Moser (1977), Greeley 

et al. (1964a) and Perry et al. (1959) all reported no significant 

effects on performance with varying protein to calorie ratios. 

Kuryvial ̂  _al. (1962) summarized their results of feeding trials 

by stating that there is no clear-cut optimum ratio for pigs at 

different stages of growth, and that further complications exist due 

to differences in optimum ratios for rate of gain and carcass quality-

Reports by Sewell et al (1958), Abernathy et_ al. (1958), Boenker 

et al. (1960) and Pond et^ al. (1960) indicate that there is a rela

tionship between protein and energy level; however, this ratio is not 

critical since a wide range of ratios support good gains and feed 

efficiency by pigs. The only consistent adverse effects on perform

ance of pigs due to increasing the calorie to protein ratio has been 

with extremely low levels (10%) of crude protein. Touchbum and 

Naber (1966) clearly demonstrated with turkeys that a wider calorie 

to protein ratio can be tolerated when fat was added to the ration 

than when no fat is used. 

Since it has been shown that caloric concentration of the diet 

influences rate of feed intake, Mitchell et al. (1965) suggests that 

a direct relationship between caloric density and the percent of 

amino acids required in the diet exists. However, they concluded 

that the pig is less responsive than other animals to excessive 

caloric concentrations relative to protein level or amino acids in 

the diet. 



The influence of the amount and t\'De of fat in the feed on car

cass quality of livestock has always been of practical importance. 

There is in practice a resistance to the use of fats in pig diets 

because of the undesirable characteristics of over-fat carcasses and 

the hazards of "soft fat." It has been demonstrated by Bayley and 

Lewis (1963) and others, that both of these problems may not be 

critical when up to 10% fat was fed to finishing pigs. 

The classical work of Ellis and~Isbell (1926) on the feeding of 

various fats at different levels to swine has contributed substan

tially to our knowledge on the effect of fat in the diet. They 

showed that when fats were included in the diet above levels of a 

few percent, the depot fat tended to assume the composition and the 

physical characteristics of the ingested fat. Also, evidence by 

Ellis and Isbell (1926) indicated that the animal body tends to de

posit ingested fat in preference to synthesizing new fat. 

Since fats vary widely in chemical and physical properties and 

carcass fat is related in composition to the dietary fat, it seems 

logical to expect the composition of the dietary fat to influence 

the carcass (Klose _e_t al-, 1952). These researchers also found that 

changes in composition of the depot fat of poultry were correlated 

with changes in fat stability. Studies indicated that doubling the 

iodine value of the carcass fat caused a 25-fold decrease in its 

stability. 

Cruickshank (1934) concluded from studies with poultry that the 

degree of saturation of the mixed fatty acids of the body fat can 
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either be increased or decreased by feeding the appropriate fats in 

the ration. Marion and Woodroof (1966) reported this same relation

ship to exist. Kuryvial and Bowland (1962) observed an increase in 

unsaturation of backfat and leaf lard of pigs when fat was added to 

the ration. This occurred even though the iodine value of the tallow 

fed was lower than the value for the carcass fat. They suggested 

that absorbed fat is differentially used with the more unsaturated 

fatty acids being incorporated into body fat. None of the carcasses, 

however, showed evidence of soft, oily fat. High levels of fat in 

swine rations may cause increased fat in the carcass (Seerley et al., 

1964 and Hale et^ al., 1968), but the change in carcass traits is 

frequently insignificant at added levels of 5% or less (Kropf et_ al., 

1954 and Clawson £t al., 1962). 

In studies where the dietary fatty acid percentages and daily 

intakes were varied among dietary treatments fed to pigs, the average 

deposition of fatty acids in the carcasses was quite constant (Seerley 

_et al., 1978). Allee ̂  al. (1971) stated that the addition of fat 

to swine diets induces metabolic responses in adipose tissue resulting 

in a depression in the capacity for fatty acid synthesis. Thus, a 

hypothesis was presented that at a certain level of dietary fat, 

fatty acid synthesis would be markedly reduced. And although some 

of the dietary fat would be deposited, the depression in conversion 

of carbohydrate to fat could be of such magnitude that total body 

fat might be reduced. O'Hea and Leveille (1969) also reported 
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decreased fatty acid synthesis bv adipose tissue in the pig with fat 

supplementation in the diet. 

In a taste panel test by Heitman (1956), the panel was unable 

to distinguish between tallow-fed pork and controls, and failed to 

detect any off-flavor of tallow-fed pork. 

Even though it is recommended that animal fats be stabilized 

before being added in swine feeds, Moser (1977) cited a study con

ducted in which rancid fat was added to growing-finishing swine 

rations at levels of 4 and 8%. No consistent harmful effect on per

formance or lean quality were observed. Because animal fat is a 

rendered product, and since many chemical compounds are fat-soluble, 

fat is easily contaminated by harmful compounds (Charles, 1978). 

He proclaimed that it is not only important to insure that the fat 

is of high nutritional quality, but also free of harmful chemicals. 

Segregation of ingredients in mixed feeds has become a problem, 

especially with the use of drugs, vitamin ami mineral supplements. 

The importance of obtaining a uniform feed mixture has been recog

nized (Sucher and Ragland, 1969). Tests showed that adding fat at 

low levels improved mixing and reduced segregation. It was measured 

that inventory loss was reduced from 4.5 to 1.5% by the use of animal 

fat in feeds (Cardon, 1964). Cardon also pointed out that since it 

is usually the most valuable components of a mixed feed which may be 

inadequately distributed and contribute to dust problems, adding fat 

may preserve the quality of the mixed feed. Heitman (1956) reported 

that tallow supplemented rations fed to pigs seemed to be extremely 
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palatable and readily consumed. The rations were less dusty, fed 

more slowly through the feeder and resulted in less wastage. 

The major limits on the use of fats in swine feeds are the cost 

of the fat in relation to other energy sources and the problem of 

physical handling (Ault et al., 1960). Since fats serve primarily 

as a source of energy in animal feeds, they must compete, pricewise, 

with the cheapest available non-fat energy source. Ault et al. 

(1960) explained that fat has a value of about 2.5 times the cost 

of corn, so when corn sells at 3 cents per pound, the minimum com

parative energy value of fat must be about 7.5 cents per pound. 

Rice et^ al^. (1954) presented a simple economic analysis on the 

use of fat: a complete ration with a retail cost of $10.00 cwt is 

compared with a ration identical in composition except that 3% of 

the corn is replaced with 3% fat. Feed to gain ratio for the con

trol ration is 2,84 compared to 2.70 for the added fat ration. The 

value of the added fat ration is $10.00 x 2.84/2.70 or $10.52 cwt. 

Ingredients other than fat cost $9.82 for 97 pounds, considering a 

corn price of six cents per pound. Thus, the three pounds of fat 

has a value of $10.52-$9.82 or $.70. This would equal a value of 

$.23 per pound. 

Meade (1977) presented tables which showed the amount a pro

ducer can pay for stabilized tallow at various prices for corn and 

soybean meal. Moser (1977) also presented economic analysis of 

feeding fat to swine with varying price relationships between corn 

and fat. 
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Pelleting 

As early as 1937, Patten et al reported that chicks fed pelleted 

rations gained more weight and consumed less feed than chicks fed 

unpelleted rations. Other early investigations with poultry found 

improved performance with pelleted rations (Heywang and Morgan, 1944; 

Bearse £t al. , 1952; Lanson and Smyth, 1955). Researchers in the 

1950's suggested that the improved performance of broilers fed pellets 

compared to meal was not due to increased consimiption as was pre

viously thought. Rather, improved performance was attributed to in

creased density of the ration when pelleted (Jensen et_ al_. , 1962) . 

Research with turkey poults has demonstrated improved performance with 

pellets since 1947 by Ziegenhagen jet al. In view of the trend back in 

the early 1960's toward the use of complete mixed rations, great 

interest in confinement feeding, automation in feeding and bulk han

dling, producers were analyzing the pros and cons of feeding pelleted 

diets (Seerley, 1960). 

Various methods of processing affect the acceptability and util

ization of swine rations. A summary of 30 comparisons at seven dif

ferent stations between 1953 and 1964 reported by Jensen (1966) 

showed that pigs consuming pellets gained 6% faster and produced 5% 

more gain per unit of feed than pigs consuming meal. Tests showed 

variable results with corn-based diets, but barley, wheat and milo 

diets were consistently improved by pelleting. Research results com

paring meal and pellets with swine have been inconsistent. Troelsen 

and Bell (1962), Seerley et al. (1960b, 1962), Laird and Robertson 
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(1963), Jensen and Becker (1965), Dinusson et al. (1951), Thomas and 

Flaner (1953), Dinusson and Bolin (1958), Jensen (1^66), Hintz and 

Garrett (1967) and Yen et al. (1971) renorted improved '̂eed conver

sion and increased gains by pelleting the diet. No significant 

difference in gains due to pelleting were reported by Gorrill e£ al. 

(1960a), Gamble et_ al. (1967), NCR-42 Committee (1969), Meade £t _aĴ. 

(1966) and Braude and Rowell (1966). However, all reported imr)roved 

feed efficiency with pellets. 

Dinusson _et al. (1960) fed growing-finishing pigs barley diets 

with oat hulls and reported pelleting increased gains by 10% and 

feed efficiency by 22%. Meade et al. (1966) pelleted corn-soybean 

meal diets with varying levels of oats and observed significant im

provements in feed conversion with no effect on carcass leanness. 

Pellet-fed pigs also had lower daily feed intakes. Smith (1957) re

viewed two studies in which finishing pigs fed pellets had faster 

gains and better feed conversion than meal-fed pigs. Jensen (1966) 

fed growing pigs corn-soybean meal diets and reported decreased daily 

feed intakes by pellet-fed pigs by 9.4% and improved feed:gain ratio 

by 9-6%. Pellet-fed finishing pigs had 6.4% faster gain, 3.3% lower 

daily feed intake and a 10% improved feed:gain ratio. Jensen con

cluded that the improved feed efficiency could be due to the level of 

feed intake per se or to less feed wastage. Pelleting milo-soybean 

meal diets was also found by Jensen to be beneficial with 8.5% less 

feed per day and a 6.4% increase in feed efficiencv for growing pigs. 



Finishing pigs responded more to pelleting with a 13.2"' increase in 

feed efficiency. 

Baird (1973) fed corn-sovbean meal diets from weaning to market 

and reported pelleting significantly improved gains (̂ .6%) and feed 

efficiency (7.8%). Daily feed intake was reduced but was not signifi

cant which agrees with Jensen and Becker (1965) and Dinusson et al. 

(1960), but differs from Seerley ^ al. (1962). 

Lawrence (1972) presented results of 117 experiments with pigs 

fed pellets and meal in which pellet-fed pigs had an improved average 

feed:gain ratio by 7.9%. Vanschaubroek et_ al. (1971) summarized re

ports from several studies involving over 1,000 nigs. Average daily 

gain was improved by 7.2% and feed efficiency by 9.4% due to oelleting. 

Seerley (1960) reported data collected from 16 different stations. 

Results from pelleting milo compared to meal form showed a savings 

of 8, 33 and 12 pounds of feed per 100 pounds of gain. 

Laird and Robertson (1963) reported that pigs fed reground pellets 

had similar performance to those fed unground pellets which is contrary 

to a report by Larsen and Oldfield (1960), but it was suggested bv 

Laird and Robertson that controlled feed wastage probably played a 

role in their results. A significant difference in performance of 

pigs fed meal off the floor from pellets off the floor and either meal 

or pellets fed in troughs was reported by Braude and Rowell (1966). 

\<Jh.en fed in troughs, pellet-fed pigs still outperformed meal-fed 

pigs. No difference was found between floor or trough-fed pigs on 



pelleted diets. These workers concluded that feed wastage :̂ av be 

trivial scientifically but is of importance to the practicing farr.er. 

Hayes et jl. (1978) fed growing-finishing pigs nilo-sovbean 

meal diets in pellet and meal form, and reported an improved feed: 

gain ratio by 8% with no difference in gain. Tribble _et al̂ . (1975b, 

1979) also reported improved feed:gain ratios of pellet-fed oigs with 

milo-based diets by 9% and 11.1% with no difference in rate of gain. 

Very little difference has been reported for carcass quality 

comparing pellets and meal (Bohman, 1953; Gorrill ^ al., 1960a; 

Troelsen and Bell, 1962; Meade et_ al., 1966: Laird and Robertson, 

1963). Significantly fatter carcasses were found by Hintz and Gar

rett (1967) and Braude and Rowell (1966). 

Allred et £l. (1957a,b) concluded that part of the response to 

pelleting was due to factors other than physical form. Subsequent 

studies have shown that even though small responses were obtained by 

feeding ground pellets, a much greater response was obtained by feed

ing whole pellets. Therefore the greater portion of the pelleting re

sponse apparently is due to increased nutrient density (Jensen et_ 

al. , 1962). It was also observed that birds fed pellets ate a given 

quantity of feed in a much shorter time than those fed mash (Lanson 

and Smyth, 1955; Jensen et_ al_. , 1962). These workers suggested that 

reduced eating time, and thereby reduced energy expenditure, may 

explain the improved performance obtained by feeding pellets. Another 

possibility suggested was that pellets may be retained longer in the 
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digestive tract of birds which mav allow for more complete digestion 

and absorption (Jensen e_t al. , 1962) . 

Allred et_ al (1957a) believed a chemical change occurs when feed 

is pelleted. He suggested that the high pressure and steam used in 

the process alters the ingredients so that more energy and protein is 

made available. It was also thought that this process destroys some 

inhibitor naturally present in the feed. Arscott e^ al. (1957) and 

Hamm and Stephenson (1959) did not confirm the postulation that 

pelleting induces chemical changes in the dietary ingredients. 

Smith (1957) stated that pelleting assures pigs of getting all 

the dietary essentials rather than having the danger of missing some 

dietary needs when fed meal due to "rooting" and segregation. Seerley 

et al. (1962) and Friend and Mclntrye (1969) showed that even when 

feed wastage was controlled, performance of pigs fed pellets was still 

better than pigs fed meal. 

Jensen (1966) attempted to explain possible causes for the im

provement from pelleted feeds due to chemical and/or physical modifi

cations. He reported an increase in dry matter, a reduction in crude 

fiber, higher digestibilities of dry matter and energy, less dust and 

segregation of ingredients, less sorting by pigs and less time spent 

in feed prehension. Gelatinization of starches and increased suscep-

ibility of carbohydrates to enzymatic action were also considered. 

Proximate analysis of corn samples taken prior to and after pelleting 

showed that pelleting resulted in significantly less crude fiber 

(Jensen and Becker, 1965). Enzymatic digestion indicated that the 



starch fraction was more susceptible to enz\Tie action. Laird and 

Robertson (1963) and Larsen and Oldfield (1960) also reported lower 

crude fiber content of pelleted diets. 

Laird and Robertson (1963) found that pigs consumed pellets more 

slowly than meal; but this was considered a possible benefit in that 

more thorough mixing of the feed with saliva may allow for better 

digestion. Another suggested reason for improved performance of 

pigs fed pellets is improved hygenic quality of the ration. Fungal 

and bacterial populations were drastically reduced in pelleted ra

tions (Crane _et_ al. , 1967; Allred et al. , 1967). 

The claimed potential of a heating process of cereal grains is 

that the starches are made more available. Lawrence (1972) reported 

no significant improvement in digestible energy by pelleting. How

ever, Bolton (1960) claimed a certain amount of hydrolysis of the 

starch and protein can be expected to occur when meal mixtures are 

pelleted. This, he stated, may lead to changes ia the digestibilities 

of the feed components. Hastings and Miller (1961) found that the 

amount of soluble starch was increased by pelleting, probably due to 

gelatinization. Owing to partial breakdown of the starch grain in 

pelleted corn, Jensen (1966) found that the starch is more readily 

attacked by amylase. 

Due to the high pressure during pelleting, the texture of the 

feed is finer which leads to higher digestibility (Vanschoubroek et 

al., 1971). Yet, digestibility alone does not explain the better 

performance according to these researchers. They explained that if 



it were only a question of digestibility, ground pellets should have 

the same effect as whole pellets. Dinusson and Bolin (1958) and 

Larsen and Oldfield (1960) reported that ground oellets decreased 

growth and feed efficiency compared to whole pellets. 

Density of a diet can be greatly increased by pelleting (Reddy 

et al., 1962) . This has the advantage of changing density without 

changing ingredient composition according to these researchers. 

Their results from feeding chicks pelleted and meal diets showed that 

M.E. was not affected, but there x>7as increased productive energy of 

the diet. The 30% increase in productive energy \;as concluded to in

dicate a decreased heat increment. This reduced heat increment was 

considered to be caused by reduced energy expenditure during eating. 

Slinger (1966) found M*.E. values of high fiber ingredients to 

be increased by steam pelleting. Failure of pelleting to increase 

the D.E. or M.E. of the diet was reported by Baird (1973). Seerley 

et al. (1960a, 1962) found higher apparent digestibility of energy 

with pelleted feeds. Bayley and Thomson (1969) found no difference 

in D.E. as a result of pelleting. It has been reported that cold 

pelleting resulted in slightly higher energy values than steam pellet

ing (Lawrence, 1971). He postulated that the reason may be due to 

the lower temperature during pelleting. 

Gorrill jet aĴ . (1960b) studied the effects of pelleting on the 

response of pigs fed antibiotics. The greatest effects of the anti

biotics were obtained when the diet was fed in meal form rather than 
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pelleted. Pelleting resulted in nearlv equal energy digestibiiitv 

as obtained by the use of antibiotics. They concluded that certain 

effects of antibiotics in the gastrointestinal tract may be dupli

cated by processing methods such as pelleting. Gorrill et^ al. 

(1960a) indicated that pelleting enables an animal to consume more 

of certain types of bulky feeds than would be possible in meal form. 

A direct association between crude fiber content and feed efficiency 

with pellets was demonstrated by Bohman et_ al, (1953) and Larsen and 

Oldfield (1960). As fiber level in the diet increased, meal rations 

produced progressively poor responses whereas little effect resulted 

with pelleted rations. Vanschoubroek et_ al. (1971) claimed that the 

beneficial effects of pelleting are likely to decrease progressively 

as the net energy of the diet increases. 

Research has been conducted regarding a possible association be

tween pelleted feeds and esophago-gastric ulcers in swine. Pelleted 

diets fed in both creep and grower-finisher diets resulted in signifi

cantly more ulcers than found in meal-fed pigs (Gamble et̂  al_-» 1967). 

Chamberlain et al. (1964) reported that feeding pellets leads to an 

increase in stomach lesions which was confirmed by Flatlandsmo and 

Slagsvold (1971) and Pocock et al. (1968). Reese et al. (1966) 

found no detrimental effect of feeding pellets on the incidence of 

ulcers in pigs. 

In terms of pelleting itself, the least cost formulations of 

pelleted feeds are not necessarily "least cost" unless the 
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pelletability of the various ingredients is considered ('•IcEllhine\-, 

1968). Pelletability and durability should be considered. 

Pelleting Fat Supplemented Diets 

Rice et^ al. (1954) discussed the value and advantages of fat 

as a feedstuff and acknowledged that it is also possible to avoid 

excessive dryness and achieve other desirable properties of feeds by 

pelleting. But they concluded at this time, that the inclusion of 

fat is a simpler method of obtaining these objectives. These same 

workers reported that the rate of production of pellets was quad

rupled following the addition of 1% fat to the mixture. 

Pelleting feeds containing added fat som.etimes requires a change 

in technique. Ault _et al. (1960) claimed that feeds can be oelleted 

with fat at levels up to about 3% and a good hard pellet has been 

produced with fat added as high as 5%. Above this range, and some

times within this 3 to 5% range, difficulty is often experienced in 

getting a good hard pellet that will withstand handling. To over

come this problem as Ault et al. explains, many methods have been 

tried. They include an increase of die thickness and use of addi

tives to act as binders or to absorb the fat. They also stated that 

considerable attention was given to adding at least part of the fat 

after pelleting. The addition of fat to the already pelleted feed 

results in a greater cost than adding fat to the meal before pellet

ing. These workers also claimed that hard feed pellets will absorb 

more than 3% fat without breaking. 
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Cardon (1964) discussed that an advantage in the use of the fat 

in feeds was that dry, dusty feeds can be nelleted with lower tenp-

eratures, thus, saving vitamins and nutrients which may be destroyed 

at high temperatures. Pelleting pressure may also be reduced when 

fat is added, according to Cardon. 

Combs (1959) summarized the results of nine broiler trials in

volving different levels of fat in mash and pelleted diets. The 

results showed that the addition of 10% fat significantly improved 

weight gain with mash but not with the pelleted diets. Pelleting had 

little effect on growth rate or feed conversion when the rations 

contained 10% added fat. Pelleting did significantly improve growth 

rates, however, when an average of 2% fat was added. 

Results from Pepper et_ _al. (1960) showed that the addition of 

fat to the diet in a pellet form did not increase weight over pellet

ing alone, but did improve feed efficiency over pelleting alone. 

The addition of fat to the mash gave similar responses to the pelleted 

diet without any added fat. In terms of feed efficiency, the inter

action of fat level and physical form was significant at the 5% 

level. Added fat with pelleting improved feed efficiency compared 

to mash with 5% added fat and pelleting with no added fat. 

These same researchers conducted similar studies with turkey 

poults. Pelleting alone gave similar responses in weight gain as 

mash with 5% added fat. Pelleting with 5% added fat did not improve 

gains above those obtained with pelleting alone or mash with added 

fat. Pelleting with 5% added fat improved feed efficiencv over 
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pelleting alone but not over the mash with 5% added fat. Results of 

these trials suggest that the addition of fat to feeds in pellet 

form does not show increased weight gains compared to pelleted diets 

or mash diets with added fat. These workers concluded that a 

sparing" relationship rather than a complimentary or additive one 

exists between fat and pelleting for growth of chickens and turkeys. 

Jensen _et al. (1970) observed the "extra-caloric" effect of fat in 

turkey rations which were fed in unpelleted form, and suggested that 

it would be interesting to determine if the magnitude of the extra-

caloric effect would be as great if the rations were pelleted. In 

1973, Jensen and Falen fed growing turkeys 0, 3 and 6% added fat in 

mash and pellet form. None of the diets significantly affected body 

weight. Feed efficiency was improved (P<.05) with each increment of 

added fat and was also significantly improved by pelleting the diets 

with 3% added fat compared to the mash form. The failure to obtain 

a response in feed efficiency by pelleting the ration with the 6% 

added fat was reported to be due to the inability to make firm pellets 

that retained their physical form. The 3% added fat in mash form. 

improved feed efficiency equally to that of pelleting without added 

fat. Results of their study showed that the "extra-caloric" effect 

was still observed in pelleted rations providing that the physical 

form of the pellet was retained. 
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Shrink 

It is a well established fact that hogs will lose weight 

while in transit from farm to market. This loss in weight which is 

commonly called "shrinkage" or "drift" is due to excretions and a 

decrease in tissue weight. Excitement and restriction of feed and 

water are apparently the principal causes of shrink, and it continues 

to occur until something is done to stop or slow it down, or mini

mize the time over which it can occur (Breeder's Gazzet, anonymous, 

1960). The relative importance of the stress factors involved is 

not known with any certainty, because, under practical conditions, 

several of them are likely to operate simultaneously (Cuthbertson 

and Pomeroy, 1970). 

Henning and Stout (1932) reported that hogs receiving water but 

not feed and slaughtered within five days yielded the same as those 

slaughtered immediately; whereas hogs held seven days dressed less 

than those slaughtered immediately and showed a downward trend in 

dressing percent after the first five days. Ashley (1933), Wiley 

(1932) and Henning and Stout (1932) found great variation in shrink

age and noted a definite seasonal trend with the highest amount 

occurring in summer months. A U.S.D.A. report in 1935 stated that 

tissue shrinkage begins early in the period of transit and continues 

until the hogs are slaughtered. The rate of tissue shrinkage tended 

to be greater during the earlier transit period. It was also re

ported that the rate of tissue shrinkage was higher for hogs of 

lighter weights than for hogs of heavy weights. Hogs weighing 180 to 
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199 pounds shrank in tissue an average of 2.4% of live weight v:hen 

in transit for 36 hours and 3.4% for 60 hours. Cuthbertson and 

Pomeroy (1970) summarized work conducted in 1938 in England in which 

hogs were fasted various lengths of time before slaughter along with 

various lengths of journey from farm to slaughterhouse. It was con

cluded that progressive increases in length of journey led to in

creasing losses of carcass weight mainly due to an increase in the 

fasting period. Rate of loss was estimated at 1.25 to 1.5% of the 

live weight on the farm for each 24 hours of fasting. 

The effects of resting and feeding hogs at the slaughterhouse 

was investigated by British researchers and summarized bv Cuthbertson 

and Pomeroy (1970). It was found that resting without feed aggra

vated carcass shrink, while resting with feed merely restored liver 

weight but did not affect carcass shrink. 

Shrinkage of hogs increased with an increase in time of transit 

even when they were given feed and water enroute (Bjorka, 1938). 

He also reported lightweight hogs lost weight at a faster rate during 

transit, and explained it on the basis that lightweight hogs have a 

greater capacity for feed and water in relation to their total body 

weight. Consequently, the shrinkage caused by elimination of fill 

tends to be proportionately greater for hogs of lighter weight. 

Another reason for this, according to Bjorka, was because their tis

sue is less firm, contains higher proportions of moisture and has 

less fat. He concluded that softer tissue shrinks at a more rapid 

rate than firmer tissue, which can be affected by the ration. 
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Another finding was those hogs purchased directly from the farm 

shrank more than hogs purchased from public markets. The reason 

was explained to be due to the greater amount of fill in those hogs 

bought direct. 

Heck (1957) published data that indicated the addition of brown 

sugar to the drinking water of hogs reduced shrinkage. He also re

ported other work on the addition of sugar to the drinking water for 

48 hours prior to slaughter. Animals fed the sugar had significantly 

more fill, but there was no significant difference in liveweight 

shrink between controls and sugar-fed hogs. Greenwood ^ al. (1953) 

and Wilcox et^ jl. (1953) have reported significant increases in the 

weight of livers of hogs fed sugar, while Heck (1958) has reported 

no change in weight of livers when sugar was fed. 

Saffle and Cole (1960) killed hogs at the end of 0, 24, 48, 72 

and 96 hours fasting. It was found that one-half of the total amount 

of shrinkage occurred during the first 24 hours and 88% occurred 

during the first 48 hours. Dressing percent was not significantly 

affected by fasting for 24 hours when using off-feed weights. They 

suggested that the hogs could have obtained enough energy for the 

first 24 hours from the loss in liver weight and from the undigested 

feed in the intestinal tract. The loss of liver weight was assumed 

to be due to glycogen depletion. Although evidence of some tissue 

shrinkage was observed, it did not affect the percent yield of lean 

cuts. 
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-Jork conducted at the Purdue Station reported in the Breeder's 

Gazzett in 1960 showed the rate of shrink is highest earlv in transit 

and it does not increase in proportion with distance. The xveight of 

hogs had little relationship with shrinkage from farm to market, 

except that on long hauls shrink tended to increase with live weight. 

Another article on Purdue research reported in Wallace's Farmer 

(anonymous, 1960) stated that holding hogs off feed does not seem to 

reduce the shrinkage of hogs enroute to market. 

Ingram (1964) reviewed the limited research on the subject of 

carcass shrink and the results indicated that increased length of 

fasting was an important factor in decreasing liveweight, carcass 

weight and weight of liver and gut. Bowland and Standish (1966) 

withheld feed or water singly and in combination for an additional 

24 hours prior to a 20 hour period from farm to slaughter, and re

ported a 5-0 to 5-7% liveweight shrink and 1.0 to 2.1% carcass shrink. 

Although not significant, barrows shrank more than gilts. 

Davidson ^ al. (1968) attempted to measure the amount, type 

and source of shrinkage due to antemortem fasting of swine. Signifi

cant losses in weights of carcass, gastrointestinal tract, liver, 

four lean cuts and ham and loin were found for those hogs fasted 

for 68 to 70 hours. Average weight loss was 6.81 kg or 7.1% for 

fasted animals. Approximately 34% of the difference in weight at 

slaughter between controls and fasted hogs was due to a difference 

in the amount of fill in the gastrointestinal tract. Saffle and 



36 

Cole (1960) also found significant differences among fasting periods 

for weights of gut contents of hogs. Unfasted hogs had greater 

liver weights and leaf fat than fasted animals. The results suggest

ed a loss in carcass tissue weight due to the 70 hour *̂ ast. 

Cole jet _al. (1968) reported that daily feed intakes of barrows 

was higher than gilts. The trend towards higher feed intake by 

barrows was confirmed earlier by Bowland and Berg (1959) and Cole 

_et al. (1967). It was also found that pigs fed a low energy diet had 

heavier full gut weights than pigs fed a higher energy diet (Cole 

^ al., 1968). 

Hayes et_ al. (1978) reported hogs fed a pelleted sorghum-based 

diet had 8.5% (P<.01) less shrink than those fed the same diet in 

meal form. Barrows shrank more than gilts on the meal diet, but 

barrows fed pellets had the least shrink of all groups. Tribble et_ 

al. (1979) also found a dietary treatment difference in the amount 

of shrink during a 24 hour fasting period. Pigs fed meal had a 

larger shrink than those fed the same diet in oellet form (P<.10) 

or with those fed a 5% added fat diet (P<.05). There was no signif

icant difference between the pelleted diet and the added fat diet. 

The question as to whether the occurrence of tissue shrinkage 

affects the quality of the meat is important. Bjorka (1938) sug

gested that the amount of shrinkage in transit may affect cooler 

shrink and curing qualities of the carcass. Since the most signif

icant difference betx>7een soft, watery, pale pork muscle and dark, 

dry, firm appearing pork muscle is the initial glycogen concentration. 
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Briskey et al. (1959) suggested that the depletion of nuscle glycogen 

prior to slaughter would serve as a means of producing dark, firm, 

dry pork. 

Losses in transport were one area considered by Gardner (1978) 

to be a fertile research area for the future. He reported an esti

mate that pigs lose 2% of carcass weight during the first 24 hours 

of starvation. This would amount to $4 million worth of weight be

fore slaughter. He concluded by stating that there may well be 

ways of minimizing this loss. 



CHAPTER III 

EFFECT OF PELLETING SORGHUM-SOYBEAN MEAL DIETS WITH 

AND WITHOUT 5% ADDED FAT ON THE PERFORMANCE AKD 

SHRINK OF SWINE 

Summary 

The effect of pelleting a sorghum-soybean meal diet, both with 

and without 5% added fat on the performance of growing-finishing 

swine was measured. Also, the possibility of a dietary effect on 

the amount of shrinkage of market hogs fasted for 24 hours, and the 

source of this shrink was investigated. 

Pigs fed a meal diet with 5% added fat were not different 

(P<.05) than pigs fed a pelleted diet with no added fat in feed con

version, and both were superior (P<.05) to a meal diet without any 

added fat. Pigs fed a diet supplemented with 5% added fat and 

pelleted were superior (P<.05) in feed conversion than pigs fed meal, 

pellets and meal with 5% added fat. Pigs fed pellets, both with and 

without added fat, showed an improvement (P<.05) in efficiency of 

energy utilization compared to pigs fed meal diets with and without 

5% added fat. Average daily gain and backfat thickness of pigs were 

not different among dietary treatments. 

Shrinkage of market weight hogs was not different (P<.05) among 

dietary treatments. The loss of gastrointestinal contents over a 

24 hour fasting period was similar between meal and pellet-fed hogs, 
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and was also similar to the amount of shrink of hogs subjected to a 

24 hour fasting treatment. 

Introduction 

Since feed represents the largest fraction of the total cost of 

swine production, it is necessary to make as efficient use as possi

ble of the major feed source available. Î Tiere grain sorghum is the 

major feed source, improving the utilization of sorghum-based diets 

by swine would benefit both the swine and sorghum industries. 

Pelleting a sorghum-soybean meal diet improved (P<.05) the feed 

efficiency of growing and finishing pigs similarly to that obtained 

by adding 5% tallow to the same diet in meal form (Hayes et al., 

1978; Tribble £t_ al., 1979). In addition to gaining more data on 

the effects of pelleting sorghum-based diets, an objective of this 

study was to investigate the possible "additive" effect of pelleting 

a ration containing 5% tallow on the performance of growing-finishing 

swine. 

Subsequent to the feeding trial, an investigation of possible 

dietary effects on shrinkage of market weight hogs was conducted. 

Hayes ̂  al. (1978) and Tribble et̂  al. (1979) found significant dif

ferences in shrink associated with dietary treatment. Practices which 

would save feed but not adversely affect either the amount of shrink

age or carcass quality, would benefit both the producer and packer. 

Besides measuring any dietary effects on live weight shrink, an attempt 

was made to determine the source of shrink. 



Experimental Procedure 

Feeding Trial 

A total of 192 crossbred pigs of Yorkshire, Landrace, Duroc and 

Hampshire breeds were divided into two groups based on weight. The 

light and heavy groups had average weights per pig of 30 and 38 kg, 

respectively. Pigs were allotted within each weight group to four 

dietary treatments according to weight, sex and ancestry. There 

were two replicates of 12 pigs per replicate for each of the four 

treatments within each weight group. The treatments were: (1) meal, 

(2) pellets, (3) meal with 5% tallow and (4) pellets with 5% tallow. 

Pigs were housed in a completely enclosed building with totally-

slatted aluminum floors. Pen dimensions were 1.8 m X 4.3 m with an 

automatic waterer and a three-hole self-feeder in each pen. 

The composition of the diets are given in table 1. Sorghum was 

ground in a hammer mill through a 3.18 mm screen and mixed with the 

other ingredients in a batch mixer. Tallox>7, the added fat source, 

was melted and added in the batch mixer. All diets were adjusted to 

have the same ratio of kilocalories of digestible energy to percent 

lysine. Diets contained approximately 16% crude protein until pigs 

reached an average weight of 60 kg, followed by a 14% level until 

pigs reached a final average weight of 100 kg. Pellets were produced 

using a steam treatment and a 4.76 mm die. 

An evaluation of pellet durability and percent fines was made 

with pellets of both pelleted treatments according to the procedures 

of the American Feed Manufacturers Association (1976). 
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TABLE 1. COMPOSITION OF DIETS 

Ingredient^ 

Sorghum 

Soybean meal^ 

Tallow^ 

Salt 

Dicalcium phosphate 

Calcium carbonate 

Vitamin-Trace 1 • e mineral mix 

75.7 

21.0 

0 

.3 

1.1 

.9 

1.0 

Cal( 

16 

zulated 

68.2 

23.5 

5.0 

.3 

1.1 

.9 

1.0 

crude protein. 

82.25 

15.0 

0 

.3 

Q 

.8 

.75 

14 

. J 

75.25 

17.0 

5.0 

.3 

.9 

.8 

.75 

calculated composition: 

kcal D.E./kg 

kcal D.E.:% lysine 

Calcium, % 

Phosphorus, % 

3325 

4618 

.64 

.57 

3555 

4616 

.64 

.56 

3351 

5879 

.55 

.51 

3582 

5872 

.54 

.50 

Given as percent of diet. 

No. 2 yellow sorghum. 

^ , 

44% solvent extracted, 

o. 2 yellow tallow. 

'Contains the following mineral, vitamin and antibiotic per kg of 
premix: vitamin A, 440,000 I.U.: vitamin D, 44,000 I.U.; vitamin E, 
1,100 I.U.; menadione, 145 mg; riboflavin, 440 mg; niacin, 2,200 mg: 
d-pantothenic acid, 1,272 mg; choline, 38,192 mg; vitamin B12, 2.2 mg; 
chlortetracycline, 2.2 g; iron, 5 g; manganese, 2.75 g; copper, .55 g: 
zinc, 10 g; iodine, .075 g; sulfur, .11 g. 

Chemical analyses (table 2) were conducted on all diets for 

percent dry matter, crude protein and ether extract (A.O.A.C., 1965). 

Pigs were weighed bi-weekly until they neared 90 kg, then they 

were weighed weekly. l-Then pigs reached or exceeded 98 kg at the 
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weekly weighing they were removed from the test. All oigs were 

probed for backfat thickness at the end of the feeding trial. Aver

age daily gain, feed and energy efficiency, average dailv feed and 

energy intake and backfat thickness were analyzed by analysis of 

variance (Steel and Torrie, 1960). 

TABLE 2. PERCENT DRY MATTER, CRUDE PROTEIN AND ETHER 
EXTRACT OF DIETS 

Percent of Diet 

Diet D.M. C.P. E.E, 

Meal 

Meal w/Fat 

Pellet 

Pellet w/Fat 

92 

92 

91 

93 

Meal 

Meal w/Fat 

Pellet 

Pellet w/Fat 

91 

91 

92 

92 

16% C.P.' 

15.3 

15.3 

15.4 

14.9 

14% C.P. 

13.6 

14.9 

14.3 

13.6 

2.0 

6.0 

2.2 

6.4 

1.9 

6.6 

1.7 

4.8 

Calculated percent crude protein of diets. 

Shrinkage 

After the pigs were removed from the feeding trial at an aver

age weight of 100 kg, they were fasted for 24 hours with water avail

able. At the conclusion of the fasting period they were reweighed to 

determine the amount of shrinkage, 
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From two replicates of both the meal-fed and pellet-fed pigs 

(without 5% tallow), a total of 24 barrows were used to measure the 

difference in the amount of gastrointestinal contents of pigs fasted 

and non-fasted from both dietary treatments, and the relationship of 

shrink with this difference in gastrointestinal contents. Six bar

rows from both treatments were fasted for 24 hours before slaughter, 

and six barrows from both treatments were slaughtered without being 

fasted. Farm full weights and slaughter weights were recorded for 

all barrows. At slaughter, weights were recorded for each pigs 

stomach, small'and large intestine and entire gastrointestinal tract, 

"full" and empty. Weights of all internal organs, trim, blood and 

hair and carcass were also obtained. Data was analyzed by factorial 

analysis of variance (Statistical Analysis System). 

Results and Discussion 

No difference (P<.05) between light (30 kg) and heavy (38 kg) 

groups was found for average daily gain, .74 vs .77 kg, and feed effi

ciency, 3.21 vs 3.37, respectively. A difference (P<.05) in average 

daily feed intake, 2.35 vs 2.57 kg, did occur between the light and 

heavy groups, respectively. Performance results are listed in table 

3 and graphically presented in figure 1. Average daily gains were 

not significantly different among treatments, which agrees with re

sults for pigs fed sorghum-based meal, pellets and fat supplemented 

meal diets obtained by Hayes et al. (1978) and Tribble £t al. (1979). 



TABLE 3. :iEAL VERSUS PELLETS WITH .\ND WITHOUT 5% 
ADDED FAT^ FOR GROWING-FINISHING SWINE 

Item 

c d 
No. of pigs ' 

Avg. initial 
weight, kg 

Avg. final 
weight, kg 

Avg. daily 
gain, kg 

Avg. daily 
feed, kg 

Feed:gain 

Avg. backfat 
thickness, 
cm^ 

Meal 

45 

33.6 

100.0 

.71±. 

2.62±. 

3.70±, 

. 2.54±, 

.07 

.22'' 

.11^ 

,03 

Diet 

Meal w/Fat 

Mean ± 

48 

33.6 

100.5 

.7S±.03 

2.52±.ll^^ 

3.24±.08^ 

2.54±.00 

Pellets^ 

SE 

45 

33.6 

100.5 

.75±.04 

2.44±.13^ 

3.25±.08^ 

2.7^±.03 

Pellets 

48 

33.6 

100.0 

.76=. 

2.28±, 

2.98±, 

2.41±, 

w/fat^ 

.03 

.18^ 

.09^ 

.09 

No. 2. yellow tallow. 
•L. 

.476 cm diameter pellets. 

"^Four replicates of 11 and 12 pigs per replicate for each treatment. 

Statistical analysis based on four means per treatment. 

Average of three probes. 

^'^'^Means in the same row having different suuerscripts are different 

(P<.05). 

Reports in the literature indicate that increases in average daily 

gain were not observed until the added fat level was above 5% (Moser, 

1977; Tribble et ^ . , 1979). Average daily feed intake of pigs fed 

meal with 5% added fat was only 3.6% less than meal with no added fat, 

whereas pigs fed the pelleted diet had 7% less (P<.05) daily feed in

take than those fed meal without added fat. Feed intake by pigs fed 
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Figure 1. Accumulative average daily feed intake, feed to gain ratio 
and average daily gain for pigs with initial weights of 30 
and 38 kg fed meal or pelleted sorghum-soybean meal diets 
with and without 5% added fat 

Meal O a , Meal with fat O O, 
Pellet • • , and Pellet with fat Ar -A. 
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the pelleted diet with 5% added fat was lower (P<.05) than all other 

treatments, having 13% less daily feed intake than pigs fed the meal 

diet. Less (P<.05) daily feed intake by pigs fed pellets was also 

reported by Hayes ̂  al. (1978) and Tribble e^ al. (1979). The lack 

of a significantly reduced daily feed intake by pigs fed the fat 

supplemented meal diet may primarily be due to some wastage since 

there was a reduced (P<.05) daily feed intake of pigs fed the pellet

ed diet with 5% added fat beyond those fed pellets with no added fat. 

Pelleting sorghum-soybean meal diets improved (P<.05) feed effi

ciency by 12% compared to meal-fed pigs, which was equal to the im

provement by pigs fed meal supplemented with 5% fat. Moser (1977) 

and Tribble et_ al. (1979) also reported a 12% improvement in feed 

efficiency with pigs fed milo-based diets with 6% and 5% added fat, 

respectively. The similar feed efficiency for pigs fed meal diets 

containing added fat and pelleted diets show that the pigs fed pellets 

appear to be utilizing more energy from this diet compared to the meal 

form of this same diet. The extra energy obtained appears to be 

equal to the added energy supplied by 5% fat supplementation or approx

imately 230 kcal digestible energy (D.E.) per kg of diet. Pigs fed 

the pellets with 5% added fat required 19.5% less (P<.05) feed per 

unit of gain than meal-fed pigs and 8% less (P<.05) than pigs fed meal 

with added fat and pellets with no added fat. An additive or compli

mentary effect of adding fat and pelleting sorghum diets for growing-

finishing pigs did occur. Since average daily gain of pigs was not 

different (P<.05) among treatments and pigs fed the pelleted diets 



had less (P<.05) feed intake, the imoroved feed conversion aooears to 

be due to more efficient utilization of nutrients. The higher energv 

density of the fat supplemented diet in pellet form x̂ 7ould also be a 

factor in improving the feed efficiency for that dietary treatment, 

as this diet contained 7% more D.E. than the unsupplemented diet. 

The similar results of both the meal with added fat and the pelleted 

diet, in addition to the additive effect from both treatments, 

suggest an improved utilization due to the pelleting process and/or 

the pellet form. This agrees with conclusions reported by Jensen and 

Falen (1973) who fed turkeys mash or pellets with and without added 

fat. 

As with average daily gain, it appears that fat addition at low 

levels has no significant effect on backfat thickness. No difference 

in backfat thickness was found among pigs in this stud̂ .̂ 

Performance results on a D.E. basis are listed in table -̂  and 

graphically presented in figure 2. Pigs fed the pelleted diet con

sumed less (P<.05) kilocalories of D.E. ner day than those fed the 

meal diets with and without 5% added fat. Pigs fed the fat supple

mented diet in pellet form, even though this diet had a higher energy 

concentration, consumed less (P<.05) D.E. per day than pigs fed the 

meal diet. On a D.E. basis there was a significant improvement in 

efficiency from pelleting the diets. An improvement in the efficiency 

of energy utilization by poultry due to pelleting was reported bv 

Reddy et _ai. (1962) and Jensen et_ al. (1962). Also, pigs fed the fat 

supplemented diet which was pelleted had an improvement (P<.05) in 



TABLE 4. EFFECT OF MEAL Â JD PELLETS WITH AND WITHOUT 5% ADDED FAT 
ON D.E. EFFICIENCY AND INTAKE OF GROWING-FINISHING SWINE 

Diet 

Item Meal Meal w/Fat Pellets Pellets w/Fat 

kcal D.E./Day^ 8748.5^ 9010.8^ 8132.0^ 8144.4^ 

kcal D.E.:kg gain 12353.2^ 11568.7^ 10631.1^ 10834.3^ 

a 
Calculated D.E. values multiplied by average daily feed intake. 

X y z 
' Means in same row with different superscripts are different 

(P<.05). 

efficiency com.pared to those fed the fat supplemented meal diet. An 

improvement in energy utilization due to pelleting is again apparent. 

Greeley et al. (1964a), Kuryvial e^ al. (1962) and Moser (1977) all 

obtained significant improvem.ents in the efficiency of energy utiliza

tion by pigs fed added fat. An improvement (P<.05) in the efficiency 

of energy utilization by pigs fed a diet with added fat suggests an 

extra-caloric effect of this diet similar to the extra-caloric effect 

of diets with added fat found with turkeys by Jensen et_ al. (1970) 

and Jensen and Falen (1973). A significant improvement in energy con

version by pigs fed pellets compared to the meal diets also suggests 

an extra-caloric effect due to pelleting. 

Using the average feed conversion figures given in table 3, 

feeding a pelleted diet would produce 37 kg more gain per metric ton 

of feed or save 44 kg of feed per 100 kg of gain compared to a meal 

diet. 
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Results on shrinkage are given in table 5. Average percent shrink 

for hogs with an average weight of 100 kg was 4.1, 4.2, 4.4 and 4.3 

for hogs fed meal, meal with 5% added fat, oellets and nellets with 

5% added fat, respectively. No effect of diet form, added fat or 

sex on shrinkage was found. These results differ from those report

ed by Hayes £t al. (1978) and Tribble et al. (1979) in which dietary 

treatments did significantly affect shrink. 

TABLE 5. EFFECT OF DIET AND SEX ON SHRINKAGE 
OF MARKET HOGS^ 

Diet 

Meal 

Meal w/5% Fat 

Pellets 

Pellets w/5% Fat 

No . pigs 

39 

48 

39 

47 

Average 

Gilts 

4.1 

•4.4 

4.4 

4.1 

24-hour 

Barrows 

4.3 

4.1 

4.7 

4.6 

Sh: rink. kg 

Combined 

4.2 

4.2 

4.5 

4.3 

Final average pig weight of 100 kg, 

Table 6 shows the mean weights of livers and gastrointestinal 

(G.I.) contents of hogs fed a meal or pelleted diet (no added fat), 

which were either fasted for 24 hours or not fasted. The only sig

nificant difference in contents weight for the stomach, small and 

large intestine and entire G.I. tract was between the fasted and 

non-fasted hogs which would obviously be expected. Diet form had 

no effect on the amount of G.I. tract contents or total fill for 

either the fasted or non-fasted hogs. 



TABLE 6. EFFECT OF DIET ANT) 24 HOURS FASTING ON A:I0UNT OF ^ILL 
AM) ITS RELATIONSHIP TO THE AiMOUNT OF SHRINK OF HOGS^ 

Treatment 

Weight, kg 

Meal Pellet 

Fasted Non-fasted Fasted Non-fasted 

1.6 1.6 

1.7-

1.2 

1.5 
X 

y 

1.7 

1.2-

1.0-

Liver 

Stomach contents 

Small intestine contents 

Large intestine contents 

Farm full weight 

Slaughter weight 

Shrink^ 

G.I.tract contents 

Total fill 

Avg. total fill 

Avg. contents lost 

^ean weights obtained from six barrows for each of the four treatments 

Shrink of non-fasted hogs occurred during farm to slaughter period. 

^Determined by subtracting G.I. tract contents weight remaining after 
the fasting treatment from the average total fill of hogs. 

^'^Means in same row with different superscripts are different (P<.05). 

1.2^ 

100.9 

9 7 . 3 

3 .4^ 

1.9"^ 

5 .3 

- 5. 

- 3. 

,80 

.90 

2 . 1 ^ 

100.5 

99-1 

1.3^ 

5 .0^ 

6 .3 

-

-

. 8 ^ 

101.4 

96 .8 

4 . 5 ^ 

1.7^ 

6.2 

- 6. 

- 4. 

,05 

.35 

V 

2.0^ 

106.4 

104.5 

1.7^ 

4 . 2 ^ 

5.9 

-

-

Assuming the weight loss of the non-fasted hogs over the time 

period from farm until slaughter (~1 hour) was due to gut content 

loss, adding this amount to the G.I. tract contents weight gives an 

indication of the total fill of these hogs. Similarly, adding the 

24 hour shrink weight of the fasted hogs with the remaining G.I. 

tract contents weight gives a total fill weight. Subtracting the 

average G.I. tract contents weight remaining after a 24 hour fasting 



period from the average total fill weight, gives a weight for contents 

lost. These values, 3.90 and 4.35 kg for meal-fed and pellet-fed nigs, 

respectively, are similar and correspond closely to the average 24 

hour shrink values reported for all hogs on those treatments in table 

5. The closeness of the average total fill and average content loss 

would suggest that no difference in shrinkage of hogs fed meal or 

pellets would be expected. 

Results of the pellet durability and "percent fines" test is 

given in table 7. The diet without the 5% added fat produced more 

durable pellets than the diet with 5% added fat. Jensen and Falen 

(1973) reported difficulty in maintaining a pelleted diet with 6% 

added fat in pellet form. The improvement in durability of the pel

leted diet with the 5% added fat from 85 to 92% between the 16% crude 

protein diet and the 14% crude protein diet was probably due to low

ering the pressure from, about 25 to 18 psi during the pelleting pro

cess. Overall, the pellets held up x>7ell during handling, shipping 

and feeding as indicated by the percentage of '"fines". 

A major advantage in the use of fat in rations is the change in 

physical properties of the feed, such as reduced dustiness, change 

in texture, less wastage and less segregation of ingredients. These 

same attributes are obtained by pelleting sorghum-based rations, and 

possibly to a greater degree. An improvement in the efficiency of 

energy utilization due to pelleting similar to the extra-caloric ef-

cects from adding fat to diets is also apparent. 
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TABLE 7. DURABILITY AND PERCENT FiyES OF PELLETED 
SORGHUI-I-SOYBEAN MEAL DIETS^ 

Diet 

16% Crude Protein 

0% Tallow 

5% Tallow 

Durability % 

98 

85 

470 

Sieve size, cm 

.236 

65 

40 

"fines" 

Percent 

34 1 

53 7 

14% Crude Protein 

0% Tallow 

5% Tallow 

96 

92 

70 

42 

28 

53 

2 
f-

p 

Procedure according to American Feed Manufacturers Association (1976) 

-476 cm diameter pellets. 

^Calculated percent crude protein of diets. 
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