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PREFACE 

Per capita consumption of pork has not kept pace with the increase in tota l meat consumpt ion in 

recent years. Many factors are credited with influencing this decline but one dominates: In spite 

of the fact that the industry has made great strides in changing the ratio of lean to fat in hogs pro

duced today, the image of pork being "fat" food lingers in the minds of calorie conscious con 

sumers. 

The change to production of a more muscular pig with less fat has caused changes in pork quality. 

Thi s coupled with the industry's efforts to increase pork consumption are bringing demand for more 

information on factors that affect pork qua I ity. 

As a result of a poll conducted by the National Pork Producers it was decided that this bulletin 

should be written covering the following areas of carcass studies: (l) Relationship of quality to 

consumer acceptance; (2) muscle quality as related to breed differences, genetic influences, 

nutrition, and environment; (3) relationship of size of cut to consumer acceptance; and (4) re

lationship of quantity to quality. 

The research has not been extensive on the se subjects. This review is an attempt to assemble what 

has been pub I ished and to suggest areas for further research. 

It should be pointed out that the word quality as used in this report refers to characteristics that 

affect consumer acceptability and processing losses. No effort has been made to include research 

on acceptabi I ity as affected by fat: lean ratios. 

To supplement this review, five fact sheets have been prepared for distribution to producers. Sub

jects covered include: (l) Influence of breed on quality; (2) effect of nutrition on quality; (3) 

genetic influences on quality; (4) influence of quality on consumer acceptance; and (5) environ

mental influence on pork quality. These fact sheets are available from the National Pork Producers 

Council, 3101 Ingersoll, Des Moines, la. 50312. 

This report was made possible through the efforts and financial contribution of the National Pork 

Producers Council, the Federal Extension Service, and the University of Missouri Extension Div

ision. Sincere gratitude is expressed to Richard J. Epley, Instructor, Department of Food Science 

and Nutrition, University of Missouri - Columbia for his contribution to this review, particularl y 

the section on breed and nutrition and their relationship to pork quality. Appreciation is also 

expressed to Dr. H. B. Hedrick, Department of Food Science and Nutrition, University of 

Missouri - Columbia for his editional assistance. 
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RELATIONSHIP OF QUALITY TO CONSUMER 
ACCEPTANCE 

People connected with the swine industry have long been 
concerned with consumer acceptance of their product. 
Professor Shaw, University of Minnesota, in 1898 wrote 
that" hogs grown in the United States must be modified 
to resemble the bacon pig in form and characteristics to 
meet changes in consumer preferences in our domestic 
market." 

Progress has been made in this direct ion in the past 71 
years, but perhaps not rapidly enough to keep the per 
capita consumption of pork from declining. In 1879 the 
per capita consumption of pork was an estimated 73 
pounds. In the l940's per capita consumption was still 
equal to or above this amount. During the past 15 years 
the amount consumed has ranged from 58 to 66 pounds, 
showing actual decline. It also must be pointed out that 
this has occurred when total meat consumption was in
creasing significantly. 

Many studies have been made to determine consumer pre
ference and acceptance of pork products. Severa I of these, 
Vrooman (1952), Gaarder and Kline (1956), Birmingham 
~ ~- (1954),Kirtley (1955), and Trotter and Engelman 
( 1959), have shown that consumers prefer pork with I ittle 
or no fat. However, the consumer studies that have 
attempted to measure reaction to the various quality 
attributes are not so conclusive. Larzelere and Gibb 
( 1956) asked 123 consumers to rank their preferences for 
the fol lowing pork chops: ( l) no defect; (2) inferior 
marbling; (3) inferior size of eye; (4) inferior color; 
and (5) inferior firmness. The definition of no defects 
was" that commonly used by experts in judging the 
quality of pork chops." The other four samples were 
of comparable qua I ity except for the specific defect 
I isted. 

Only 15 of the 123 consumers chose the" no defect" 
chop as their first choice and 21 ranked it fifth. Chops 
that were inferior in color and firmness received the 
highest rank with the ones inferior in marbling and size 
of eye the lowest. However, when the study was re
peated the fol lowing month the preferences were some
what different. The chops that were inferior in firmness 
were again highest, but the inferior color chops were 
lowest. Chops inferior in marbling were ranked third. 
The authors cone luded that apparently the preferences 
were made on factors other than those studied. 

Volk (1960) studied the effects of marbling and firmness 
on consumer acceptability of loin chops. Firm marbled; 
firm sparsely marbled; and soft, sparsely marbled chops 
were tested using 108 households or a total of 216 in
dividuals. Twelve trained laboratory panelists also 
tested chops from the same loins used in the consumer 
panel. The results of the consumer panel indicated a 
small but significant preference for the firm, marbled 
chops. There was no significant difference in over-all 
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acceptabi I ity between the firm, sparsely marbled and the 
soft, sparsely marbled chops. 

From comments made by the consumers, juiciness and 
flavor apparently were the most important qua I ities. The 
results with the laboratory panel did not parallel those 
from the consumer panel. This panel preferred the less 
marbled chops, but the only significant difference that 
existed between the firm, sparsely marbled and the soft, 
sparsely marbled ones was in favor of the soft chops. 

One chop from each of the 216 loins was tested for ten
derness, using the Warner-Bratzler shear device. The 
firm, marbled chops were most tender, fol lowed by the 
soft, sparsely marbled. The correlation coefficient be
tween consumer acceptance and tenderness was only 0. 212. 
Based on this correlation and other findings from the con
sumer panel the author cone luded that tenderness seemed 
to have a relatively minor influence in determining con
sumer acceptability of pork loin chops. Other conclusions 
made by the author in eluded: 

l, There were no consumer preference results which in
dicated that eating acceptability was affected by the 
degree of firmness when the marbling was the same. 

2. Even though there was a slight difference between 
the preference for the firm marbled over the other 
two types of chops the difference was too small to 
warrant any price difference in the market place. 

Kauffman,~ £1. ( 196 l) conducted a two-phase con-
sumer acceptance study using highly marbled and non
marbled center-cut rib chops. The first phase of the 
study involved asking 213 purchasers of either of the 
two types of chops (marbled and non-marbled) why they 
chose the particular type chop and if they would co
operate by giving additional information on eating ac
ceptance. Part of the study involved giving the co
operators two additional chops of the type they had not 
chosen. Results indicated that the unmarbled chops were 
the visual preference of the majority of the customers when 
the two types were priced the same, and when the marbled 
chops were priced 4 cents per pound less than the non
marbled ones. Only when the marbled chops were priced 
at 12 cents per pound less was there a decided difference 
in the preference for the marbled chops. When the un
marbled chops were priced 4 cents per pound less than 
the marbled chops, 88 percent of the customers bought 
them in preference to the marbled chops. 

When the customers were asked which chops they pre
ferred, based on eating acceptability, 62 percent pre
ferred the marbled chops, 18 percent preferred the non
marbled, and 20 percent indicated no preference. Those 
preferring the marbled chops gave tenderness as the reason 
for their preference 55 percent of the time; juiciness, 
51 percent; and flavor, 43 percent, Those who preferred 
the non-marbled chops mentioned tenderness 40 percent 



of the time; juiciness, 40 percent; and flavor, 33 per
cent. Consumers seemed to base their purchasing pre
ference more on visual factors, especially in regard to 
marbling, than on eating satisfaction. 
Russell (1967) conducted a study similar to Yolk' s (1960) 
in which he used chops from marbled-firm, lean-firm, and 
lean-soft pork loins. The consumer panel consisted of 
216 adu Its who were asked to evaluate the chops from 
the loins described above for over-a 11 eating acceptance. 
In addition, the chops were rated in comparison with 
chops customarily eaten by the panel members in respect 
to tenderness, flavor, and juiciness. The marbled-firm 
loins had approximately twice the percentage of intra
muscular fat as determined by the ether extract method. 
They had approximately 4 percent less moisture and came 
from carcasses that had approximately 0.3 inch more back 
fat than the lean-firm and lean-soft loins. The charac
teristics were approximately the same for the lean-firm 
and lean-soft loins. There were no significant differ
ences in pH values. The firm, marbled chops were rated 
slightly more desirable in tenderness, juiciness, flavor, 
and over-all acceptance than were the lean-firm and lean
soft chops. The lean-firm chops were also rated slightly 
more desirable than the lean-soft chops. Warner-Bratzler 
shear values were significantly lower for the firm-marbled 
chops than the other two groups. Th is report confirms in 
general the work of Volk (1960). 

In studying the effect of eight different sires of the same 
breed on pork acceptability, Hendrix~~- (1963) found 
that firmness and marbling had little influence on consumer 
acceptabi I ity as measured by a 336-member consumer panel; 
however, a 12-member trained laboratory panel preferred 
the chops from the sire group that had the least marbling. 
This sire group also was among those receiving an inter
med iate" firmness" rating. 

In this study both panels indicated if the chops were 
"entirely satisfactory" as far as eating acceptance. 
Only 3 chops were rated unsatisfactory, but less than 
50 percent of the chops received the" entirely satis
factory" rating. "Not tender enough" was a criticism 
585 times out of a possible 2,016 and "not juicy enough" 
was a criticism 528 times out of a possible 2,016. The 
sire groups having the least marbling received the highest 
percent of" entirely satisfactory" scores. The loins from 
the sire group having the least marbling had a subjective 
marbling score of 4.4 (traces= 4, small= 5) and the loins 
having the highest amount of marbling received a score 
of 7.78 (7 = moderate). Since all of the chops in this 
study had some marbling this may be the reason for the 
lack of distinct preferences related to marbling. 

Many investigators have studied the effect of quality on 
the eating characteristics of pork by using only a labora
tory sensory panel and/or mechanical measurements of 
tenderness. 

Saffle and Bratzler (1959) conducted a study of the effect 
of finish on color of lean, shear values, taste panel scores, 
curing, and cooking losses. The chops from the lightly
finished hogs ( l. 0- l. 3" back fat) were described as a 

"low yellow-red", whereas, the chops from the highly
finished (l.6-l.9") were more yellowish-red. The chops 
from the lightly-finished animals were also more tender 
and had higher taste panel scores than the chops from the 
intermediate ( l. 3- l. 6") and more highly-finished animals. 

· Chemical analyses and sensory scoring of 54 pork loins 
indicated that tenderness increased as loins became less 
firm and as pH decreased. (Judge~£.[. 1960). The mean 
pH of the loins was 5. 55 ! 0. 13 and the mean tenderness 
score was 6. 77 ~ 0. 96, which indicates the authors were 
not working with extremes. The pH values and tenderness 
scores were related significantly (r = -.66) and also as 
were firmness and tenderness (r = -.55). Marbling was 
only slightly associated with the tenderness scores r = .07. 
However, the correlation between marbling and juiciness 
was much higher (r = 0.40). Flavor was only slightly 
associated with marbling (r =. 13) and firmness (r = -. 12). 
Color was not highly associated with any of the organoleptic 
characteristics. 

Batcher and Dawson (1960) in studying ham and loin cuts 
from 12 gilts ranging in backfat thickness from l.2 to 2.0 
inches, reported that wide variation existed in tender
ness of muscles from the different carcasses as well with-
in the same carcass. The muscles having the most marbling 
were more tender than the others. The semitendinosus 
was judged the most tender by the taste panel and the 
semimembranosus the least tender. There was no differ
ence in the tenderness score from the anterior to the 
posterior of the longissimus muscle. Based on work with 
raw and cooked samples of the longissimus muscle, these 
authors concluded that the degree of marbling in the raw 
muscle between the 10th and 11th rib shows promise as a 
means of predicting tenderness and juiciness of cooked loin 
and ham cuts of pork. 

Carpenter (1962) reported a study which indicated that 
an increase in intramuscular fat of the pork loin resulted 
in an increase of the composite palatability score, Approx
imately 20 to 25 percent intramuscular fat on a moisture 
free basis appeared to be necessary to maintain acceptable 
palatability characteristics in fresh pork. Table l reports 
the results by degrees of marbling: 
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Table ]--Marbling and Its Relationship to 
Palatability of Pork Loins 

Marbling Score Flavor Juiciness Tenderness 

1a 3. 16 2.6 3.2 

II 3.4 3.0 3.5 

Ill 3.6 3 . l 3.6 

IV 3.6 3.5 3.8 

V 3.8 4.0 4.2 

aMarbling scores l to 5 with 5 being abundant. 

bMeans of taste scores ranging l to 6--6 most desirable. 



Loin cuts from 48 pork carcasses that ranged in backfa t 
thickness from 1.0 to 2.3 inches were studied by Murphy 
and Carlin (1961). A marbling score was assigned to each 
loin (5 - abundant, 3 - moderate , l - slight). There was 
on ly a slight tendency for higher marbling scores in loins 
of the carcasses in the higher backfat groups. Taste panel 
scores of the lo in chops revealed that tenderness and 
ju iciness were improved as the degree of marbling increased. 
Ma rbling had I ittle effect on flavor. Regression coefficients 
indicated that a significant improvement of l point in 
tenderness or juiciness occurred for each 2 points on the 
marbling scale. The authors further concluded that the 
amount of fat within the lean was a better indication of 
the tenderness and juiciness of the choos than the backfat 
thickness. This was later confirmed by Onate and Carlin 
( 1963). 

In a study of 199 hams, Kaufmann,~ q!_. (1964a) re
ported that ham muscle acidity was not related to flavor. 
However, juiciness and tenderness were significantly en
hanced when pH values were higher. The hams were 
divided into three groups according to color and firmness. 
Characteristics of the groups are shown in Table 2. 

In another paper Kauffman et al. ( 1964) analyzed pork 
loin and ham muscles from 43~arcasses for total intra
muscular fat. Results were compared to certain quali
tative and quantitative carcass traits. Greater quantities 
of fat were associated with higher flavor, tenderness, 
and especially higher juiciness ratings of the cooked 
fresh product. The curing process increased pa la tab i Ii ty 
scores and reduced cooking shrinkages to a level that 

minimized the effect of intramuscular fa t. The au thors 
concluded that their re searc h suggested that the presence 
of some intramuscular fat was important to mainta in 
acceptabl e quality, but this did not explain how intra 
muscular fat would affect eating quality . It was thei r 
postulation that marbling might serve as a lu bricant between 
muse le fibers and, consequently, improve juiciness. As 
juiciness is enhanced, flavor and tenderness may also be 
improved directly, or they may be rated higher psycholog 
ically, solely because the product is more juicy. The 
authors also thought that rendered fat played some role 
in the development of flavor. It is also possible that the 
separation of muscle fibers o r groups of fibers by deposits 
of intramuscular fat mechanically improves tenderness 
simply by reducing the concentration of connective tissue. 

Carpenter et al. ( 1965a) studied the effect of color, intra
muscular fat,-;nd weight on palatability of 64 fresh pork 
loins. Equal numbers of loins were selected on the basis 
of slight marbling (subjective scores 1 and 2) and abundant 
marbling (subjective scores of 4 and 5). The two color 
divisions used were based on I ight ( 1 and 2 scores) and 
dark (4 and 5 scores). The two weight groups used were: 
light (10-14 pounds) and heavy (20-24 pounds). Results 
indicated that tenderness was not affected by color. Dark 
muscles, when selected on the basis of color alone were 
significantly more juicy than lighter muscles in all groups 
except heavy loins that were abundantly marbled. Slight
ly marbled chops received the lowest juiciness and flavor 
scores. The abundantly marbled chops received higher 
tenderness, juiciness and flavor scores than the sl ightly 

Table 2--Comparisons of Quantitative and Qua! itative Traits for 199 Hams Segregated Accord ing 
to Color and Firmness 

"Normal" in 
color 

Light in color, moderately 
soft and watery firm 

62a 94a 

35.56 16.06 

x X 

pH, chilled gluteus 
5.849 medius 5.71 

Curing shrink,% 4.50 3.30 

Cooking shrink,% 
fresh hamse 40.60 39.209 

Fresh ham scores 9.40 10.50h 

Cured ham scores 
k 

12.40 12. 70h 

a 
b Total number of hams. 
ePercent of hams originating from sow carcasses. 

Includes both evaporation and drip losses. 
~Mean is significantly different from other group means. 
kMean is significantly different from Group I mean only. 

All means are significantly different from means of fresh-ham palatability scores. 
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111 
Dark in color, 
dry and firm 

43a 

23.i 
X 

6.04~ 

0.509 

37.409 

10.90h 

12.90h 



marbled chops. Marbling appeared to improve palatability 
scores more in the light colored chops than the dark ones. 
The authors suggested that marbling perhaps influences 
palatability only to a certain level with very little improve
ment beyond this level. Thus, the effect of marbling may 
be partially masked by darker muscles that retain more juice 
during cooking. 

Coarseness of marbling was not related to the composite 
palatability of the loin chops when the variation due to 
pe rcentage of intermuscular fat content was held con
stant (Carpenter~~- 19656). Firmness of the 439 
pork loins used in this study accounted for only 9 per 
cent of the variation in palatability when other contri
buting factors were held constant. The authors suggested, 
however, that firmness may be interrelated with intra
muse ular fat. 

Zessin et al. (1961) reported that a reduction in the 
amount~f~arbl ing was accompanied by reduced tender
ness, juiciness, odor, and flavor scores of cooked pork 
roasts and chops. 

Carpenter et~- (1961) conducted a histological study 
on loins from 78 hogs ranging in age from 4 to 42 months. 
Results indicated that the older animals had larger fibers; 
also, with an increase in marbling score there was an in
crease in fiber diameter. A correlation coefficient of 
0. 84 was obtained between fiber size and age of the 
animal. A study of the relationships of fiber size to 
flavor, tenderness, and juiciness resulted in correlation 
coefficient of -0.48, -0.48 and 0.20, respectively. 

Physical and chemical studies were made on 79 carcasses 
by Henry et~- (1963). The percent fat in the ham, loin, 
belly or shoulder was not significantly related to the War
ner-Bratzler shear values, but the negative correlations 
indicate that as percent fat increased, less pounds of force 
were required to shear the same. Correlation coefficients 
of -0. 25 between Warner-Bratzler shear and ether extract 
of the longissimus muscle and 0.37 between taste panel 
tenderness and ether extract indicate that a smal I but 
significant relationship did exist in this study between 
chemically determined marbling and tenderness. Marbling 
was also significantly correlated with flavor (r = 0. 23). 

Pohl (1959) in a study of loins from hogs of known history 
reported a significant relationship with marbling and ten
derness. 

Harrington and Pearson ( 1960) stated that in scoring meat 
samples for tenderness, it is difficult to dissociate tender
ness from other quality attributes such as juiciness. In 
testing the" chew count" method of evaluating tender
ness they reported chops having higher marbling scores 
to be more tender than poorly marbled chops. The per
cent fat in the two types of chops were 4. 8 and 2. 0. 

The effect of color and marbling on tenderness of pork 
chops was studied by Huffman~~. ( 1968). Tenderness, 
as determined by the Lee-Kramer shear device, showed 
the following correlation coefficients with the respective 

8 

variables: marbling 0. 06 and color 0. 22. Analysis of 
variance indicated that light colored chops were more 
tender than dark chops. 

SUMMARY 

The research findings reported in this section involve the 
relationship of qua I ity to consumer acceptance. Many 
studies have thoroughly documented the fact that con
sumers prefer pork cuts that are wel I trimmed of al I excess 
fat. This is not only true in pork but in all meats. The 
effect of qua I ity characteristics such as marbling, firm
ness, color, and texture on consumer acceptance has 
been studied but the results vary. This is not unreasonable 
since the quality factors are generally measured subjective
ly and consumers not only vary considerably with their sub
jective evaluation of the effect of the quality attributes 
but also have considerable influence on palatibility during 
preparation and cooking. The preference of the consumer 
at the retailer meat counter is very important but may be 
based on many factors that do not affect eating quality or 
on factors that oppose what the consumer really desires in 
the cooked product. 

In general, most researchers report that some intramuscular 
fat is needed in fresh pork to help insure an accetable 
product. In cured products, marbling appears to have 
little effect. How much marbling is needed is a question 
not completely answered to this point. Some researchers 
(Carpenter~~. 1962) have suggested 20 to 25 percent 
intramuscular fat (moisture-free basis) is necessary. 

Firmness, color, and texture appear to have only a smal I 
effect on consumer acceptance. Certainly extremes would 
be important but the variations normally found in commer
cially slaughtered pork seem to have little direct effect on 
consumer acceptabi I ity. 

All the studies reviewed on the quality factors that used 
only a trained taste panel or mechanical measures of ten
derness generally agree that marbled pork is more tender 
and acceptable than unmarbled pork. 

Future Research Needs 

1. More work is needed to document the amount of 
marbling needed to insure acceptable tenderness, 
juiciness and flavor. 

2. An intensive study should be made of consumer 
acceptance of various degrees of PSE work. No 
work has been reported when norma I pork is com
pared to PSE by a large consumer panel. 

3. Establish the importance of color of fresh park to 
consumer acceptance. Both from the standpoint of 
visual appearance and lasting satisfaction. 

4. Determine if tenderness is a problem. 
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MUSCLE QUALITY AS RELATED TO 

BREED DIFFERENCES 

When breed effects upon any characteristic are evaluated, 
the results are only an implication (and then a mild one) 
for the breed under consideration. More important, ob
viously, is to understand that the certain strains that make 
up the breeds sampled are, at best, a very rough estimate 
of the many strains making up the entire breed. 

We would not be surprised to observe different breed 
effects if we were to sample the same breeds again at a 
later date, perhaps in a different reg ion of the country 
and under different environmental conditions . 

These points actually work in our favor. The fact that 
we have both within and between breed variabili ty en
ables the breeder to change. The direction of change is 
depende nt upon many things, primarily, which ob
jectives are economically desirable . 

Judge et al. ( 1959) of Ohio, were some of th e first 
worke~t.;-report breed differences in pork qua l ity. 
These workers observed that the Poland China breed 
possessed a liahter cross-sectional surface of the 
longissimus muscle at the 10th rib than the Landrace, 
Hampshire, and Spotted Polands. The latter three 
breeds had a higher incidence of I ight colored muse le 
than the Berkshire and Yorkshire. When firmne ss of 
the muscle was evaluated, the Landrace, Poland, and 
Hampshire pigs had a higher incidence of softness than 
the Spotted Po lands, Yorkshires, and Berk sh ires . The 
incidence of breeds possessing only a slight amount of 
marbling was highest for the Land race and Po lands, 
followed by the Yorkshires and Hampshires. The 
Spotted Po lands and Berkshires possessed the highest 
degree of marbling. On the basis of all three quality 
considerations then, the Landrace possessed the poorest 
quality, the Berkshire the most desirable and the other 
breeds were intermediate. 

It should be pointed out that the Ohio workers also ob
served difference in quality due to season of the year. 
They failed, however, to test for breed x season inter
action effect upon muscle quality. That is, did some 
breeds possess high (or low) quality lean during one 
season but low (or high) in the other? 
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An extensive report by Briskey ( 1964) summarized some 
of the pork quality experiments at the Wisconsin Station. 
He observed the Chester White pigs possessed darker 
colored loins than the Hampshires and Po lands. However, 
no significant differences in myoglobin concentrations 
were observed between the three breeds. Briskey fe lt 
that any differences noted reflected true breed differences 
rather than mere strain differences. 

Later, Hiner~ £L. ( 1965) reported on a rather extensive 
study which compared Durocs and Yorkshires and gilts 
and barrows. Durocs had more marbling in the longissimus 
muscle, and more tender and juicier loins than the York
shires. Duree barrows had more pronounced flavor of 
lean and were significantly more tender than gilts but 
these differences were not observed in the Yorkshire 
breed. Yorkshire barrows had more pronounced flavor 
of fat than gilts. Thus, a sex x breed interaction effect 
on pork quality was demonstrated. 

Later, Allen et al. (1966) reported on an interesting 
study conducted~ the Wisconsin station . They evaluated 
the longissimus muscle of Yorkshire and Duree barrows. 
The Yorkshires possessed darker colored lean as well as 
higher gross morphology scores, myoglobin concentrations, 
percent moisture and larger muse le fiber diameters. The 
Du roes, however, possessed a higher percent ether ex
tract. 

Jensen et al. (1967) reported on a study which utilized 
442 Duroc~Yorkshire, Hampshire, Poland China, and 
Spotted barrows and gilts, in addition to 143 gilts, boars, 
barrows, late castrates and stilbestrol treated boars of 
the Duree and Yorkshire breeds. The Durocs possessed 
a drier cut surface of the longissimus muscle than the 
Hampshires while all breeds were drier than the Spotted 
Polands. The Durocs were firmer than all other breeds. 
The Yorkshires' longissimus muscles were darker than 
those of other breeds, the Durocs' were darker than those 
of the Hompshires, Polands, and Spotted Polands, while 
the Hampshires' were darker than those of the Polands 
and Spotted Polands. 



Durocs had a high e r degree of marbling than al l other 
breeds. As measu red by a Warner-Bratzle r shear, the 
Durocs and Hampshires were more te nder than the York
shires, whose loins in turn , were more tende r than those 
of the Spotted Polands , and the Spotted Polands' loins 
were more tender than the Polands'. 

Cooked samples from longissimus muscles of Hampshires 
and Durocs were rated higher in juiciness than samples 
from the other three breeds. The Yorkshire and Spotted 
Poland muscles were juicier than those of the Polands. 
Hampshire samples were rated higher in flavor than samples 
from the other four breeds, while the Duroc samples were 
more flavorful than those of the three remaining breeds. 
Thus, ranking the breeds on a total palatability basis 
(tenderness, juiciness, and flavor) the Hampshires were 
ranked most desirable, the Po lands the least. 

Kauffman et al. (1968) observed that Duroc barrows 
possessed sig~ficantly more marbling (approximately 
one degree) than all the other major breeds (no breeds 
averaged devoid). These workers suggested that a 
certain amount of marbling was necessary to insure flavor 
and juiciness but pointed out that excess marbling increases 
the caloric value per unit weight and may impart an oily 
taste to the consumable product. 

An interesting study was reported by Hedrick et al. 
(1968). Data were obtained from 123 Duroc andl55 
Hampshire barrows from the Missouri Swine Testing 
Center. The loins and hams from the Durocs were firmer 
and darker in color and the loins contained more marbling 
that those from Hampshires. Less cooking loss was ob
served for chops from the Durocs but there was no differ
ence in tenderness as measured by a Warner-Bratzler shear 
device. 

SUMMARY 

Many breed differences in pork qua I ity have been ob
served. Considering the number of times a particular 
breed was sampled and that many qua I ity attributes are 
important in pork, it appears that pigs from the Poland 
China breed, over-all, were lowest in qua I ity. Other 
breeds were, at one time or another, ranked high for 
one or more quality attributes by one or more investi
gators. 

Future Research Needs 

All of the studies of breed effects on pork quality re
viewed were carried out on purebreds. It is well known 
that the majority of the market pigs are crossbreds. 
Thus, the most needed research lies in determining the 
effects (if any) crossbreeding exerts upon pork quality. 
Are there some lines of a breed that, when crossed on 
lines of another breed, result in a superior, more de
sirable quality of carcass than either of the two lines 
possessed? If positive (desirable) and negative (un
desirable) combining ability effects on pork quality 
could be demonstrated, the efforts would be justified. 
This would point out that it is within the pork producers 
grasp to alter pork quality merely by choice of strains 
of breeds used in crossbreeding. 

Experiments designed to study the possible effects that 
interactions of breed, season, sex, and nutrition (in all 
possible combinations) have upon pork qua I ity also appea r 
to be justified. 
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MUSCLE QUALITY AS INFLUENCED BY GENETICS 

Pork quality has not been a factor that has received 
much attention by genetists or swine breeders. Con
siderable research has been conducted on the pheno-
typic associations among carcass quality characteristics 
(Judge~£!. , 1959; Henry et 9..L. , 1963; Allen and Bray, 
1964; and Hiner~~-, 1965). Genetic influence on 
carcass traits related to quality of lean has been studied 
by several researchers (Enfield and Whatley, 1961; Smith 

~.£!., 1962; Smith and Ross, 1965). 

Allen et al. (1966) compared the phenotypic and genetic 
associations of Yorkshire and Duroc barrows. Results in
dicated that there were definite breed differences. The 
heritability estimates obtained from this study were: 
color-firmness .05 ± .13, fiber diameter 1.0 ±0.76, 
ether extract values I. 0 ± 0. 76 for Du roes and 0. 78 ± 
0.54 for Yorkshires. 

Jensen,~ £L (1967) conducted an extensive study to 
determine the extent of genetic variation in measures 
of meat quality and their association with backfat thick
ness, longissimus muscle area, and percent lean cuts. 
Seventeen carcass traits were studied using data from 
585 pigs. Results of this study indicated that effective 
selection for reduced backfat thickness, larger longissimus 
muscles, and higher percent lean cuts would lead to 
poorer meat quality. Increased longissimus muscle area 
would yield muscles with less intramuscle fat content 
and would affect juiciness, softness, and flavor. Re
ducing backfat thickness would lower the water holding 
capacity of meat. An increase in percent lean cuts 
would also reduce the water holding capacity and yield 
less tender meat. The authors suggest that selection for 
greater water holding capacity (because of its economic 
importance) may be necessary in addition to selection 
for backfat thickness. Improvement of the water holding 
capacity also should have a desirable effect on organo
leptic scores. 

Backfat thickness, area of longissimus muscle, percent 
lean cuts, ether extract, total moisture, expressible 
juice, and taste panel scores for fatness and flavor were 
highly heritable (h 2< 0.40). Firmness , color, meat 
film area, shear value, and softness scores were moderately 
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heritable (0.20.( h2 .:( 0.40). Low heritability estimates 
were obtained for pH, weeping score, marbling, and 
juiciness. These authors concluded that because of the 
genetic relationship of quantity and quality, it would 
likely be necessary to select directly for quality. 

Arganosa et al. (1969) did a similar study using 650 
pigs. Cone lusions from th is study are I isted below: 

l. Ether extract, total moisture, percent lean cuts, 
carcass backfat, carcass length, and loin-eye area 
were highly heritable. 

2. Marbling, firmness scores, penetrometer readings, 
and 2hear values were moderately heritable (0. 20 
:( h <; 0.40). 

3. Color score was lowly heritable (h 2 .:( . 20). 

4. Based on this study, it can be concluded that back-
fat thickness can be decreased and the amount of 
lean increased and still have acceptable amounts of 
marbling and firmness through proper selection. The 
genetic correlations indicated that selection for less 
backfat thickness would increase percent lean cuts 
without significant effects on loin eye area, color, 
and firmness or total moisture. Selection for larger 
loin eye area would be expected to increase lean 
cut yields, decrease color score, and increase soft
ness. In general, most of the quality traits were 
moderately high and compatible. Selection for 
marbling would increase ether extract and firmness 
of the loin eye muscle and percent lean cuts. Shear 
value was not genetically correlated with most traits 
studied. Marbling score and ether extract were highly 
correlated with firmness and total moisture. 

Omtvedt (1968), in a review, presented data assembled 
by Arganosa at Oklahoma State University from more 
than 100 investigations dealing with phenotypic cor
relations (Table 1). It is readily seen from this table 
that information on most of the carcass quality traits is 
limited and varied. Data in Table 2 completed by 
Omtvedt ( 1968) compares the work of Jensen ~ 9J_. 
(1967) and Arganosa ~ 9.!_. (1969). Conclusions drawn 
by Omtvedt (1968) in his review are: 



Additional investigations are needed before drawing 
final conclusions on the inheritance of pork quality 
factors, but based on the data available at present it 
appears that most measures of qua I ity are moderately to 
highly heritable. These heritability estimates tend to be 
lower than most estimates for carcass length, backfat 
thickness, and loin eye area, but are apparently 
sufficiently high to justify selection pressure in a breeding 
program. 

The concern that selection for less backfat increases the 
probability of lowering quality is only partially justified. 

Most of the genetic relationships between backfat thick
ness and quality factors obtained thus far are in an unfav
orable direction, but fortunately these genetic correlations 
tend to be quite low. The data available at the present 
time indicate that superior meat-type hogs with acceptable 
qua I ity can be produced, but we are going to have to 
work at it! The relationship between backfat thickness 
and quality factors resembles the relationship believed to 
exist between backfat thickness and growth rate, but 
unfortunately quality can not be appraised on the live 
animal. 

Table 1--Phenotypic Correlations Between Carcass Traits in Swine 
a 

Review of Published Investigations 
Correlations 

Range of No. of Approximate Obtained 
Traits estimates estimates average at Oklahoma 

Carcass backfat and : 
carcass length -.66 to 0.32 27 -. 25 -.33 
loin eye area -. 66 to 0. 11 24 -.26 -.05 
carcass lean yield -. 72 to -. 26 21 -.65 -.49 
firmness score 0.13 to 0.25 2 o. 19 0.06 
marbling score 0.06 l -.04 
ether extract -.06 to 0.72 4 0.32 0.02 
total moisture -.68 to 0.72 2 -.57 -.01 
shear value -. 17 

Loin eye area and: 
carcass length -.29 to 0.38 25 0.08 -. 12 
carcass lean yield 0. 25 to 0.78 19 0.54 0.47 
firmness score -.09 to -.01 2 -.05 -. 25 
marbling score 0.03 l -. 18 
ether extract -.60 to -. 18 3 -.40 -. 23 
total moisture 0.41 to 0.54 2 0.48 0. 12 
shear value 0. 16 

Carcass lean yield and: 
carcass length -. 08 to 0.64 19 0.32 0. 19 
firmness score -.22 
marbling score -.08 
ether extract -. 84 to -. 67 2 -.76 -.08 
total moisture -.73 to 0. 84 4 0.10 0.03 
shear value 0. 19 

a From Omtvedt ( 1968). 
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Table 2--Comparison of Genetic Correlations Among 
Pork Carcass Traits Based on North Carolina 

and Oklahoma Data 

Traits 

Carcass backfat and: 
loin eye area 
carcass lean yield 
firmness score 
marbling score 
ether extract 
total moisture 
shear value 

Loin eye area and: 
carcass lean yield 
firmness score 
marbling score 
ether extract 
total moisture 
shear value 

Carcass lean yield and: 
firmness score 
marbling score 
ether extract 
total moisture 
shear value 

Firmness score and: 
ma rb Ii ng score 
ether extract 
total moisture 
shear value 

Marbling score and: 
ether extract 
total moisture 
shear value 

Ether extract and: 
total moisture 
shear value 

Total moisture and: 
shear value 

Future Research Needs 

North Carolina 

-.06 ±. 22 
-.81 ±.. 12 
0.84 ± .34 
0.38 ± , 33 
-. 03 ±.. 18 
-0. l ± . 19 
-. 38 ±.. 29 

o. 49 .± • 21 
-. 22 ± .34 
-.82 ± .43 
-.58 .±. 18 
0.31.±.21 
-.57 ±.. 34 

-.39 ±..36 
-. 10 .±.. 39 
0.19±,23 
-.19±,23 
0.64 ± .34 

0. 72 ±. 36 
0.03 ±. 29 
0.01 _±_.30 
0. l O .±.. 45 

1.11± . 21 
- . 96 .±. 22 
-. 07 .± .47 

-. 95 ±..03 
-.07 ±, 26 

0.08 ±. 27 

Oklahoma 

-. 22 .±. 21 
-.60 ±.. 13 
-. 16 .±.. 25 
-. 56 ±. 18 
-. 18 ±. 26 
0. 33 ±. 24 
-. 17 .±. . 31 

0.77 .±..09 
-.39 ±. 22 
-.01 .±.27 
0. 37 ±. 23 
-. 14 .±.. 28 
0.41.±.. 28 

-. 11 ±. 24 
0. 48 .±., 19 
0. 36 ±. 21 
-. 23 ±.. 25 
0.41 ±. 28 

0. 75 ±. 14 
0.58.± .20 
-.60 ±, 18 
0. 13 ±. 33 

0. 94 .± .05 
-.71±.18 
0.36 ±. 33 

-. 97 .±.. 01 
0.16.±.32 

0.18±..31 

l. Additional investigations should be conducted on the 
inheritance of pork quality factors. 

2. All genetic studies related to pork production should 
include carcass quality measurements to determine if 
selection for a particular trait results in a decline or 
increase in pork quality. 

14 

REFERENCES 

Allen, E. and R. W. Bray. 1964. Physical and chem
ical lipid determinations in barrow and gilt carcasses'. 
J. Animal Sci. 23:656. 

Allen, E. , J.C. Forrest, A. B. Chapman, N. First, 
R. W. Bray, and E. J. Briskey. 1966. Phenotypic 
and genetic associations between porcine muscle 
properties. J. Animal Sci. 25:962. 

Arganosa, V. G., I. T. Omtvedt and L. E. Walters . 
1969. Phenotypic and genotypic parameters of some 
carcass facts in swine. J. Animal Sci. 28: 168. 

Enfield, F. D. and J. A. Whatley, Jr. 1961. Herita
bility of carcass length, carcass backfat thickness and 
loin lean area in swine. J. Animal Sci. 20:631. 

Henry, W. E., L. J. Bratzler and R. W. Luecke. 1963. 
Physical and chemical relationships of pork carcasses. 
J. Animal Sci. 22:613. 

Hiner, R. L., J. W. Thornton and R. L. Alsmeyer. 
1965. Palatability and quantity of pork as influenced 
by breed and fatness. J. Food Science. 30:550. 

Jensen, P., H. B. Craig and 0. W. Robison. 1967. 
Phenotypic and genetic associations among carcass 
traits in swine. J. Animal Sci. 26: 1252. 

Judge, M. D., V. R. Cahill, L. E. Kunkle and W. H. 
Bruner. 1959. Pork quality. I. Influences of some 
factors on pork muscle characteristics. J. Animal 
Sci. 18: 448. 

Omtvedt, Irvin T. 1968. Some heredibility character
istics and their importance in a selection program. 
The Pork Industry: Problems and Progress. Iowa 
State Univ. Press, Ames, Iowa. 

Smith, C., J. W. B. King and N. Gilbert. 1963. 
Genetic parameters of British large white bacon pigs. 
An. Prod • 4 : 128. 

Smith, C. and G. J. S. Ross. 1965. Genetic para
meters of British landrace bacon pigs. An. Prod. 
7: 291. 



INFLUENCE OF NUTRITION ON PORK QUALITY 

This review summarizes nutritional studies where pork 
quality was measured, It is unfortunate that pork qual
ity was not measured in many of the hundreds of swine 
nutrition studies that have been conducted. 

1. Restricted or Limited Feeding 

Merkel et gl. ( 1958) conducted an experiment on the 
influence of limited feeding upon carcass quality in 
swine. The experiment was designed to limit feed in 
dry lot by restricting the level of TDN in the ration with 
fibrous feeds, A basal ration consisting of 18 percent 
protein and 76 percent TD N (from weaning to 125 pounds) 
and 14 percent protein and 78 percent TDN (from 125 
pounds to slaughter weight at 210 pounds) was diluted 
with two levels of corn cobs and two levels of a poor 
quality of alfalfa hay to arrive at a low (62%) and me
dium (69%) TDN level. Sixty-four weanling pigs of 
mixed breeding were divided equally according to sex 
and four pigs of each sex were assigned randomly to each 
of eight lots. 

The workers found that moisture content of the longis
simus muscle and the iodine number of the fat back from 
~sses of pigs fed 62 percent TDN with alfalfa hay 
exeeded those of all other lots and they were signifi
cantly higher than those of pigs fed the basal ration. 
Intramuscular fat was not significantly affected by treat
ment. The leanest carcasses were produced from pigs 
fed the lower TDN level (62%), but "carcass quality was 
decidedly inferior to other lots." 

Brooks et 21.. ( 1963) reported on an experiment designed 
to study the effect of energy level of ration on the com
position of growing pigs. Fifty-six pigs we re divided at 
birth; half were kept on a high energy regimen to gain 
0.7; 1.54; 1.88; and 2.01 pounds daily, from birth to 
50, 50 to 100, 100 to 150 and 150 to 200 pounds live
weight, respectively. Solka-floc was added to the feed 
of the other half at the level needed to make 80 percent 
of this rate of gain. Four pigs from each lot were slaugh
tered at 50 pounds and four more at 100 pounds. At 100 
pounds, half the remaining pigs in each lot were switched 
to the opposite energy level. Four pigs from each of the 
four lots were slaughtered at 150 pounds and the remain
ing pigs were slaughtered at 200 pounds. Protein levels, 
considerably above the recommended requirement, were 
fed to al I lots. Carcasses from the high energy fed pigs, 
when slaughtered, at all weights, had slightly more ether 
extract and slightly lower percentage of protein. 

Breidenstein et al. ( 1964) reported briefly on an exper
iment conduct"edat the Illinois station. Barrows and 
gilts were used in an experiment studying the effects of 
three corn moisture levels (12, 20, and 25%) and three 
dietary regimens (full-fed, limited-fed, and limited fed 
with haylage). No significant effect of treatment was 
observed for longissimus muscle marbling, firmness and 
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color scores, taste panel flavor and tenderness scores, 
percent fat of the longissimus muscle on either a fresh or 
a dry basis, percent free moisture in the longissimus 
muscle, or drip loss in the ham roasts during cooking. 
Treatment exerted a highly significant effect on cooked 
yield of ham roast, evaporative loss through cooking, 
and taste panel juiciness score, A significant effect of 
treatment was observed on percent moisture in the lon
gissimus muscle, taste panel over-all acceptability score, 
and expressible juice per gram of sample. Because the 
paper was an abstract, it is not possible to ascertain 
which treatments exerted significant effects and in what 
direction. 

Wal lace ( 1968) described a restricted feeding experiment 
conducted at the Florida station. The diets involved 
typical corn-soybean-meal diets, The pigs were fed at 
5 pounds of tote I feed per head per day from 100 pounds 
body weight to slaughter. Carcasses were not as firm as 
those from full-fed pigs and cooked chops from these car
casses were measurably less tender. 

Zessin et £1.. ( 1961) conducted an interesting study of 
the effects of pre-slaughter dietary stress on carcass 
characteristics and palatab ility of pork. In this experi
ment 48 pigs were divided into three groups for pre
slaughter treatment. One group was slaughtered as the 
control. The second group, after attaining slaughter 
weight, was put on a maintenance diet fo r approximately 
four weeks and the third group was put on a restricted 
diet which reduced body weight 12 percent below the 
slaughter weight of the other groups. The most apparent 
effect of the experimenta I treatments was the loss of 
back fat from both the maintenance and restricted groups. 
Animals on the maintenance ration had an increased per
centage of lean cuts, apparently because they continued 
to increase in muscle weight as well as lose fat during 
this period. Restricted feeding also increased the per
centage of lean cuts, but the increase resulted entirely 
from a reduced back fat thickness. Moreover, the re
duction in intramuscular fat in the loin followed a pat
tern similar to that of the subcutaneous fat. It was re
duced by both experimentaUreatments but to a greater 
extent in the restricted group. Marbling scores showed 
a similar difference, The reduction of the intramuscular 
fat was accompanied by reduced tenderness, juiciness, 
odor, and flavor of the pork cooked as roasts or chops. 
Cooking loses were also increased by the dietary re
striction. Free moisture values determined 48 to 80 hours 
after slaughter were correlated with evaporative cooking 
loss. The severe treatments imposed in this study are not 



encountered in commercial production but in some in
stances animals may be exposed to some degree of re
striction immediately prior to slaughter. This study con
firms the results of other workers regarding depletion of 
fat and also shows that the dietary restriction of hogs at 
slaughter weight is deliterious to the eating quality of 

meat. 

2. Restricted Feeding and Protein Levels 

Heeney ( 1964) conducted two experiments to study the 
effects of protein level and feed restriction on perfor
mance and carcass characteristics of pigs. In trial 1 of 
experiment I, the experimental design was such that pigs 
were fed varied amounts of crude protein in the diet from 
growing to finishing. These percentages were 18-18-18; 
18-18-16; 18-16-16; 16-16-16; 16-16-14; 16-14-14; 
and 14-14-14. Heeney observed that the pigs fed the 
18-18-18 and the 18-18-16 had a greater amount of pro
tein in the carcass than the pigs fed 14-14-14. In ad
dition, the pigs fed the 18-18-16 had a higher percent 
protein in the carcass than the pigs fed the 18-16-16, 
the 16-16-14 and the 16-14-14. 

The pigs fed 18-18-16 had a highly significantly greater 
percent ether extract in the carcass than the pigs fed the 
18-16-16; 16-16-16; 16-16-14; 16-14-14; and 14-14-
14. Further, Heeney observed that the pigs fed the 
18-18-16 had a highly significantly greater percent mois
ture in the carcass than the pigs fed the 16-16-16; 16-
14-14; and 14-14-14. Trial 2wasessentiallya repli
cation of trial one. However, in trial 2 Heeney found 
no significant differences in chemical composition; i.e., 
protein, ether extract, and moisture of the carcass as 
noted in trial 1. 

Heeney gave no definite explanations as to why the 
group of pigs in trial 2 did not respond to the treatments 
in the same manner as the pigs in trial 1. However, 
trial 1 was conducted in a winter which was very cold 
and trial 2 was conducted in the summer. More respi
ratory trouble also was evident in the second trial than 
in the first trial. The author felt that this condition 
could cause differences in the response the pigs would 
have to different protein levels. That is, if the pigs 
were hampered by a high level of disease they would 
thus be growing slower and the protein requirement 
would not be as great for these pigs as for those growing 
at a faster rate. "Obviously any stress that an animal is 
subjected to that is not subject to evaluation makes a 
nutritional treatment difficult to interpret." 

The second experiment reported by Heeney consisted of 
three trials: Trial 1 was conducted to study the effects 
of feed restriction on growing and finishing pigs. Feeders 
on raised platforms were used as a method of reducing 
feed consumption in the pigs. Locating the feeders on 
raised platforms with stairs of 40, 48, and 56 degree in
clines on which the pigs stood to eat was effective in 
reducing feed consumption by 25, 20, and 27 percent of 
full-feed, respectively. No significant differences were 
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noted among the treatments with respect to chemical com
position of the carcass. Subjective quality scores as 
determined on the surface of the ham were not signifi
cantly affected by treatment. Trial 2 was designed to 
compare the performance and carcass characteristics of 
pigs self-fed from feeders on the floor level and those 
self-fed from feeders located on the raised platform. In 
addition, two rations were fed, one a 16 percent protein 
ration considered to meet NRC recommendations and the 
other, an 18 percent protein ration formulated to contain 
112 percent NRC recommendations with respect to pro
tein, minerals, and vitamins. The rations were iso
caloric. Essentially then, the design of trial 2 was a 
2 x 2 factorial. 

No significant differences were noted in quality scores 
between the carcasses of pigs full-fed and those limit 
fed. The carcasses from pigs that consumed the normal 
NRC ration had a higher quality score than the carcasses 
from pigs fed the ration formulated to contain 112 percent 
of NRC recommendations. The standard error of the means 
of this quality measurement was very large, however, 
indicating much variation within treatment groups. The 
interaction of level of feed vs. method of feed restric
tion (platform) was not tested however. 

Trial 3 was essentially a replication of trial 2. No 
significant differences were noted among the treatments 
with respect to over-all quality score. 

3. Protein 

Brooks ( 1967) conducted an interesting experiment on the 
effects of soybean oil, bagasse, and molasses on quality 
attributes in swine. Each trial concluded two replications 
of a 2 x 4 factorial with comparison as follows: gilts 
vs. barrows x basal-corn-soybean diet vs. 10 percent 
added soybean oil vs. 5, 10, and 15 percent added 
bagasse when pigs reached I ive weights of 14 to 34, 34 
to 57 and 57 to 82 kg., respectively, vs. 10, 20, and 
30 percent blackstrap molasses during the same weight 
periods. 

The levels of corn and soybean meal were adjusted to 
maintain 18, 16, and 14 percent protein on all lots 
during the respective weight periods. Although the mean 
ether extract content of the dry muscle tissue of the ham 
was 15 percent higher in pigs fed high fat than in those 
fed bagasse diets, variations within all lots were high 
and differences between means were not significant. 
This large variation in ether extract content of muscle 
tissue within sex and treatment groups suggested to this 
worker that high inherent differences among pigs exist 
in this characteristic. More interesting was the result of 
the gas chromatographic analysis of the depot fat and 
intramuscular fat. The linoleic content of the depot fat 
and intramuscular fat in the pigs on high soybean oil diet 
was almost three times the level in pigs on the other diets. 
It appeared then to the author that the ratio of linoleic 
acid in the animal tissue varied more directly with the 
total level of this acid consumed than with its ratio to 



the other acids in the feed. The other fatty acids mea
sured did not appear to alter the tissue composition in 
like manner. The rise in linoleic acid content of tissue 
fat of pigs which were on the soybean oil diet resulted 
in a lowering of the mean percent of all fatty acids mea
sured. The linoleic acid content of intramuscular fat 
was 18 percent lower than the subcutaneous fat. The only 
treatment effect on other fatty acids that could be said 
to be due to other than replacement effect by linoleic 
acid was a lower stearic acid and high palmitic acid in 
the intramuscular fat of pigs fed the high fiber (bagasse) 
ration. 

Wallace (1968) in an experiment studying protein levels, 
compared 11 to 13 percent protein with 15 to 17 percent 
dietary protein. The low protein pigs had a significantly 
higher marbling score in the longissimus muscle. A con
comitant decrease in percent moisture in the low protein 
pigs was observed. A trained taste panel observed that 
chops from pigs fed the low protein diet were markedly 
more tender than chops fed the adequate protein. 

McBee~ .Q.[. (1969) at the West Virginia station con
ducted five feeding and slaughter trials with a total of 
108 pigs to determine the effect of dietary protein level 
on carcass characteristics. Essentially, the treatment 
consisted of high, medium, and low percent crude pro
tein levels fed in the diet. The protein levels were sub
divided according to growing-finishing period. That is, 
the highs were started in period l at 21 percent and re
duced to 15 percent at the end of the growing-finishing 
period, Mediums were reduced from 18 in period l to 
12 percent in period 3, the lows were reduced from 15 
percent in period l to 9 percent in period 3. The exper
iment also studied the effect of sex (gilts vs. barrows). 
The workers found that ether extract varied inversely with 
protein level but also found that ether extract was influ
enced more by strains than by diet. Subjective color 
scores of the longissimus muscle areas were not signifi
cantly different between protein levels. The taste panel 
detected significantly greater tenderness in meat from 
pigs fed the low protein. Juiciness, flavor, and over-
all desirability scores were not significantly affected by 
protein level. 

Meade et gj. (1969a) reported on an experiment which 
studied the effects of protein content of the diet on com
position of lean tissue. Pigs were fed dietary protein 
levels of 12, 15, 18, 21, 24, and 27 percent from the 
period of 5.9 to about 23.5 kg. live weight. Diets for
mulated to contain 15 and 12 percent protein were self
fed during the period from approximately 23 to 45 kg. and 
45 kg. to completion of all experiments, There were no 
significant treatment effects on percent dry matter, pro
tein and ether extract in the lean tissue of the longis
simus muscle. ---

Meade .tl w. ( 19696) conducted an experiment to deter
mine the effects of protein content of starter fed to pigs 
weaned at three weeks and also the kind of starter upon 
various live animal and carcass characteristics of pigs. 
Pigs weaned at three weeks were fed 17 percent protein 
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diets to provide diets that were at least adequate in pro
tein or were fed 20 percent protein diets to provide 
greater quantities of the essential amino acids (except 
methionine plus cystine) than required by the 5 to 6 kg. 
pig. It was assumed that 17 percent protein diets would 
be adequate for pigs weaned at five weeks and that 16 
percent protein diets would suffice for pigs nursing their 
dams to eight weeks. "Al I pigs had access to a 16 per
cent protein corn-soybean meal diet full-fed to the dam 
during the suckling period in all but experiment II." 
Corn-soybean meal diets containing 15 percent protein 
were self-fed during the period from eight weeks, or pig 
weights of about 20 kg. to 45 kg. and 12 percent protein 
diets were fed during the period from 45 kg. pig weights 
to completion of each study. Pigs were kept in concrete 
floored pens throughout the final growing period. 

Neither Warner-Bratzler shear values nor expressible 
moisture rations were significantly affected by dietary 
management variables imposed during the feeding period 
from three weeks to pig weights of about 19 kg. Like
wise, percentages of dry matter, protein, and ether ex
tract in lean tissue from the longissimus muscle were not 
altered by dietary and management variables during the 
early growing period. 

4. Protein and Amino Acids 

Kropf~ gl. (1962) at the South Carolina station re
ported on the effect of adding lysine and/or oleandomycin 
to plant protein rations for swine. After analyzing data 
from 98 pigs, they found no treatment differences with 
regard to subjective longissimus muscle marbling score, 
subjective evaluations of color of the ham butt, or the 
longissimus muscle subjective carcass firmness, or ulti
mate pH of the longissimus muscle or the gluteus~ 
sorius muscles. The treatment effects on Warner-Bratzler 
shears were somewhat inconsistent. No significant treat
ment differences were found in percent drip-loss (after 
freezing and thawing of longissimus muscle). 

Jurgens et gl. ( 1967) reported on an experiment evalu
ating the influence of dietary supplement of lysine on 
carcass characteristics of swine. A mi lo-soybean meal 
diet was fed at two levels of protein (12 and 16 percent), 
with and without 0. l percent added I-lysine. Percent 
dry matter, protein, fat, and firmness of longissimus 
muscle were not significantly affected by the addition of 
lysine to the diet. Percent protein and firmness of the 
longissimus muscle were increased in carcasses of pigs fed 
the 12 percent diet plus lysine, These measurements were 
decreased in carcasses of pigs fed 16 percent protein plus 
lysine. However, none of these differences were signif
icant. The authors felt that the decrease in percent pro
tein and firmness of the longissimus muscle in carcasses 
of pigs fed the 16 percent protein diet with supplemental 
lysine was difficult to explain but thought that it might 
be related to amino acid imbalance. The percent pro
tein of the longissimus muscle was significantly increased 
and the percent fat was significantly decreased in the 
carcasses of pigs fed the 16 percent protein diet as com
pared to the longissimus muscle of pigs fed the 12 percent 



protein diet. An increase in the firmness of the longis
simus muscle was observed in carcasses of pigs fed 16 
percent protein diets but this was not statistically signif
icant. 

Wal lace ( 1968) studied the influence of supplementing a 
low protein diet (l l to 13%) with amino acids (lysine, 
methionine, and tryptophan). He found that the marbling 
score of the longissimus muscle was significantly lower 
for pigs fed diets with the added amino acids. Concom
itantly, he observed a higher percent protein in the lon
gissimus muscle. 

Kasten et .9.L. ( 1968) conducted an experiment designed 
to study the effects of various sorghum grain-soybean 
meal ratios, added methionine, and sex upon carcass 
qua I ity. The ration treatments consisted of m ilo-soybean 
rations containing (l) 13 percent crude protein, (2) 16 
percent crude protein, (3) 20 percent crude protein, and 
(4) 20 percent crude protein plus 0. 14 percent di-methi
onine (percent of diet). Longissimus muscles from pigs 
fed the 13 percent crude protein ration were lower in pro
tein and moisture and higher in fat on both a fresh or a 
dry matter basis. However, on a fat-free bases no sig
nificant differences existed for proximate analysis values. 
Drip, volatile, and total cooking losses plus expressible 
moisture values for longissimus muscle samples were not 
statistically affected by ration. Warner-Bratzler shear 
values were not significantly affected by ration. Lon
gissimus muscle marbling scores at eight locations were 
higher in pigs fed the 13 percent protein ration but firm
ness and color scores were not affected by diet. Mar
bling, color, and firmness scores of the lumbar lean and 
ham were not significantly affected by ration. Pigs in 
the winter trial compared to those in the spring trial had 
higher total cooking losses, drip losses, expressible mois
ture value, higher shear values, higher longissimus mus
cle ether extract values, and marbling scores and lower 
longissimus muscle moisture content. However, the author 
did not look at the possible interaction effect of winter 
and spring trial vs. ration. 

5. Protein-Energy Relationships 

Clawson fil gJ. (1962) of the North Carolina station re
ported on a study designed to investigate the influence 
of energy-protein ratio on carcass characteristics of 
swine. 

The moisture content of longissimus muscle as determined 
by oven drying at l00°C and the ether extract content 
of the same muscle were not significantly affected by 
calorie-protein ratios of 26, 31, and 38. 

Wagner et al. ( 1963) conducted an experiment to de
termine the-effect of protein-energy relationships on 
certain carcass qualities of growing pigs. The experi
ment used two energy levels and three dietary protein 
levels and the interaction of the two. The protein levels 
were 25, 19, and 13 percent. These workers found that 
increasing the protein level increased tissue nitrogen of 
the longissimus muscle in one experiment but not in the 
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other. Energy level of the ration had no significant ef
fect on tissue nitrogen content but increased fat content 
of the longissimus muscle. There were no significant 
interactions between energy and protein for either per
cent tissue nitrogen or percent fat in the longissimus 
muscle. 

6. Pre-Slaughter Feeding 

Wilcox et al. (1953) at the Utah station conducted an 
experim-;ntwhere 12 pigs were fed varying amounts of 
sucrose for different time intervals before slaughter. The 
workers found that the muscle of the sugar-fed animals 
contained almost twice as much sugar as those of the con
trols, while the livers contained more than twice the 
amount found in the controls. Warner-Bratzler shear 
differences were not quite significant among the sugar 
fed pigs and the control pigs. Q.,ality appraisal tests 
showed that roasts from the sucrose-fed pigs had slightly 
better flavor and texture than the controls. Only slight 
changes occurred in the pH values as the result of the 
sucrose feeding. Color readings were similar. 

Heck ( 1958) reported on a study concerned with the in
fluence of pre-slaughter feeding and holding on meat 
quality. Twelve barrows averaging 229 pounds were 
randomized into two lots and fed a pre-slaughter feed 
consisting of shelled corn and water. Lot I received a 
high concentrate carbohydrate (brown sugar) in the 
drinking water at the rate of 3 pounds per 5 gal Ions. 
[Authors note: Apparently lot II did not receive brown 
sugar]. The water was supplied by hand in steel troughs 
and was not withheld before slaughter. The grain was 
withheld 6 hours prior to slaughter. The barrows were 
trucked about l mi le to the meat laboratory. 

Center ham slices were removed and cooked for organo
leptic panel testing. The samples were scored for aroma, 
flavor of fat and lean, texture, tenderness, and juiciness. 
There were no significant differences among ham samples 
tested by the taste panel for aroma, flavor of fat and 
lean, texture, tenderness, and juiciness. They scored 
shoulder samples from the hogs fed the brown sugar sig
nificantly higher for flavor of lean, texture, and ten
derness. 

Briskey E ~- (1959) reported on an experiment designed 
to study the effect of a high sucrose ration fed during 
the pre-slaughter period. Controls received a 14 percent 
protein basal ration while treated pigs received a 50 
percent sucrose ration for seven days prior to slaughter. 
The 50 percent sucrose was added as a substitute for 50 
pounds of corn per 100 pounds of basal ration. Chemical 
and physical analysis of two muscles on the inside of the 
ham showed these muscles to be similar regardless of 
ration. The chemical and physical characteristics of the 
large outside muscle in the exposed end of the ham were 
severely affected by the high sucrose ration. This mus
cle had a larger amount of expressible water, was paler 
in color and softer in structure. It had been shown pre
viously that the muscle glycogen concentration can be 
reduced by a exhaustive exercise, insu I in shock, elec-



tric shock, and cold temperature. Results of this exper
iment, indicated that, conversely, muscle glycogen can 
be lncreased by feeding sucrose. 

Briskey~£.!. (1960) at the Wisconsin station, conducted 
an experiment with 40 Poland China barrows weighing 
from 190 to 240 pounds. The barrows were divided into 
four lots and assigned rations which varied in level of fat 
and carbohydrates. After a two-week feeding period 5 
pig s from each lot were exercised to exhaustion immedi
ately prior to slaughter . Hams from the exercised hogs 
were significantly darker in color and firmer in structure 
than those from unexercised hogs, regardless of ration. 
However, the darkest hams appeared in the low carbo 
hydra te lot. The low carbohydrate ration was effective 
in ex perimentally producing hams which were darker in 
appearance and firmer in structure than the respective 
controls. Conversel y , medium and high sucrose rations 
produced hams which were I ighter in color and softer in 
structure than the controls. The rations and exercise 
significantly altered the color, pH, glycogen, and ex
pressible water values of the gluteus medius and biceps 
femoris but had a smaller effect on the characteristics of 
the rectus femoris and the pectoral is profundus. Addi
tionally, the experiment demonstrated the importance of 
selecting specific muscles if ration response is to be 
noted. "It also offers one explanation of why some re
ports have failed to show major differences in bacon 
qua I ities due to sugar feeding." 

Hall~.£.!. (1961) conducted an extensive study on the 
e ffects of pre - slaughter feeding on quality of pork prod
ucts. These workers found that when hogs were fatigued 
a nd depleted of musc le glycogen as a result of transpor
tation to a slaughter plant and depriving them of feed 
before slaughter, the resulting dark lean was subject to 
greater bacterial spoilage because of high pH. Feed and 
a 16-hour rest at the plant reduced average pH of the 
psoas major slightly but had little effect on chemical, 
physical, and palatability factors and keeping quality of 
loins and sausage. Feed and a 16-hour rest were attended 
by lower pH in inner biceps femoris and a lower moisture 
in outer biceps femoris of the January hams, compared 
with hams from unfed hogs. A 16-hour pre-slaughter rest 
without feed was attended by wide range and some high 
values of pH. A rest with feed effectively reduced 
range and maximum of pH values in January hams, but 
was less effective in May. Palatability scores indicated 
some slight seasonal trends, but no cone lusive re lotion
ship to feed or rest. 

LewisE .£.!. (1961) conducted an experiment to deter
mine the effects of stress from electrical stimulation and 
sugar feeding on the chemical composition of swine car
casses. After an 18-hour shrink, 40 No. 1 crossbred 
hogs weighing between 188 and 236 pounds were ran
domly alloted into four treatments in a 2 x 2 factorial 
experiment. The pigs receiving sugar received 10 per
cent brown sugar in their drinking water for 48 hours. 
Sugar feeding did not have a consistent effect on color 
scores of hams. In the longissimus muscle, sugar feeding 
had no significant effect on cooking loss. There was a 

19 

significant interaction between pe riodic e lectrical stim
ulation and sugar feeding in the d ry matter loss of the 
longissimus muscle. "These resu its of longissimus muscle 
were found to be rather surprising since there was no ac
componing significant change in e ither pH of lactic acid 
concentration of this muscle when sugar was fed, while 
there were significant changes in the pH and lactic acid 
concentrations of the muscles in the animals receiving 
electrical stimulation for stress . " 

The addition of 10 percent sugar in the drinking wate r 
for 48-hours significantly inc reased the moi sture and ash 
content of the I iver; signifi cantly increased the gl ycogen 
content of the psoas major muscle; and significantly de
creased the protein content of the liver . The re was no 
significant difference in the a sh and pro tein conc e ntration 
of the I iver when ex pressed on the fat-free dry matter 
basis. There was a significant interaction between sugar 
feeding and stress prior to slaughter on the total chem ical 
composition of the quadriceps femoris. Similar results 
were obtained when the ratios of the chemical composi
tion of the longissimus muscle, psoas major, quadriceps 
femoris muscles, and the liver were calculated. 

In summary, then, the addition of 10 percent sugar to 
the drinking water for 48-hours prior to slaughter signif
icantly increased the glycogen content of the psoas major 
muscle. There was a significant interaction between sug
ar feeding and stress in the dry matter loss in cooking; 
i. e., a combination of stre ss and sugar feeding prior to 
slaughter significantly increased the dry matter loss in 
cooking the longissimus musc le whi le sugar fe eding alone 
significantly decreased th e d ry matte r loss in cook ing 
this muscle. 

Sayre ~t £.! . ( 1963) noted tha t feeding a 50 percent 
sucrose ration to fasting Po la nd China pigs 12 hours prior 
to slaughter elevated glycogen and markedly increased 
the development of PSE muscle. 

7. Specific Nutrients 

Specific nutrient ingredients can have a decisive influ
ence on the quality characteristics of pork. Reine and 
Su hon en ( 1953) demonstrated that fish mea I cou Id impart 
a fishy flavor and filthy flour taste due to its own pecu
liar flavor. In these cases, the foreign compounds were 
presumably transmitted from the feed to the flesh, par
ticularly to the lipids. One test revealed that bad
smelling-tasting compounds were passed from the feed 
to the flesh of swine when the ration was composed of 
spoiled meat scraps and horse manure. 

Kinsman ~t £.!. ( 1969) reported on a study of the effects 
of garbage-fed vs. grain-fed pork. Sixteen barrows and 
16 gilts were fed only cooked institutional garbage. 
Another 16 barrows and 16 gilts of similar breeding were 
fed concentrates exclusively. The 10th rib chop from 
the left loin was used for objective and subjective mea
surements. The corresponding chop of the right loin was 
oven-broiled for subsequent sensory evaluation by an 
eight member laboratory taste panel. The grain-fed 



pork displayed a more desirable appearance in terms of 
firmness, color, and marbling when evaluated subjec
tively. The cooked Warner-Bratzler shear values indi
cated no real differences in tenderness between the two 
treatments. In terms of the taste pone I, the flavor of the 
grain-fed pork was preferred significantly over that of 
the garbage-fed pork. However, tenderness and juici
ness scores, as determined by the taste panel, were not 
significantly different. 

8. Hormones, Estrogenic Compounds 

Sleeth~~- (1953) injected testosterone, estradiol 
and a combination of the two into growing-fattening 
pigs. There were five barrows and five gilts which were 
subjected to each treatment and five of each sex used as 
controls. All pigs were self-fed on pasture. These 
workers found, at the level used, neither testosterone 
nor estradiol, nor a combination of the two appeared to 
significantly influence palatability of roasts or tender
n~s as measured by the Warner-Bratz I er shear. 

Pearson~ £1. ( 1952) implanted stilbestrol in two lots 
of boars, barrows, and gilts weighing approximately 35 
pounds. The pigs were self-fed in dry lot for 107 days. 

These workers found that stilbestrol implantation did not 
materially affect tenderness. The use of stilbestrol im
plants appeared to have I ittle influence on organoleptic 
ratings of loin roasts and did not improve the eating qual
ities of meat from boars. 

Wallace ( 1968) described an experiment evaluating the 
effects of added sti lbestrol and testosterone in addition 
to two levels of dietary protein, 12 to 14 percent and 
10 to 12 percent. There was no significant difference 
between marbling scores of the longissimus muscle at
tributed to hormone or protein effects. The author indi
cated that the most disheartening observation in this 
study was the undesirable odor and flavor imparted to 
the meat as a result to hormone supplementation. The 
hormone effect was clearcut; all differences were sig
nificant. Irrespective of protein level or sex, the hor
mone treatment caused an undesirable aroma and flavor 
in the pork. It was particularly interesting for the author 
to note that g ii ts were affected just as much as barrows. 

Lind ( 1969) conducted an experiment designed to study 
the effects of various growth hormone injections as well 
as arginine injections on carcass parameters of swine. 
Pigs were injected daily for 27 consecutive days begin
ning when the average weight of all lots was 72 kg. 
They were injected with porcine growth hormone, por
cine growth hormone anti-serum, and saline (control) in 
the phase l experiment. In phase 2 barrows were injected 
with saline (control), porcine growth hormone, arginine, 
and porcine growth hormone anti-serum from I ive weights 
of 50 to 55 kg. up to slaughter weights of 90 to 100 kg. 
Muscle quality as evaluated visually was not affected 
adversely by any treatment. Protein deposited under 
the influence of exogenous porcine growth hormone 
closely paralleled normal muscle protein deposition, 
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whereas, arginine injections tended to cause an increase 
in sarcoplasmic protein deposition in relation to myofi
bril lar protein content. 

SUMMARY 

Restricted feeding, either over the entire feeding period 
or a few weeks before slaughter, was shown to have a 
detrimental effect on pork quality in most all cases. 

Low prote in rations usually increased marbling and ten
derness but had no effect on color, flavor, juiciness or 
over-all acceptability. Results of adding amino acids 
(especially lysine) to the ration were inconsistent. 

Varying the protein to calorie relationship had no effect 
on percent moisture and protein, while increasing the 
energy intake resulted in increased ether extract values. 

Perhaps the most striking effect of nutrition on pork 
quality, per se, was the development of the pale, soft, 
and exudativecondition as the result of feeding diets 
high in sucrose. However, th is phenomenon was shown 
to occur in some muscles more than others. It also may 
have been affected by season. 

Feeding fish meal, meat scraps, horse manure or cooked 
garbage resulted in an undesirable cooked product from 
the standpoint of flavor. 

Injections of estradiol, testosterone, porcine growth 
hormone, porcine growth hormone anti-serum, and ar
ginine or diethylstilbestrol implants did not affect qual
ity. However, when diethylstilbestrol plus testosterone 
was fed, a bad odor was detected in the cooked lean. 

Future Research Needs 

l. Voids exist in the area of the relationship of many 
of the new nutritional regimens to pork quality. It 
would be interesting to fully determine if the type 
of pig (meaty or fat) x nutritional treatment (protein 
levels, etc.) interaction affects pork quality. Sex 
could also be incorporated into the experimental 
design. 

2. Do varying levels of minerals (i. e., phosphorus 
and calcium) and vitamins (A, D, and the B 
vitamins) affect pork quality? 

3. Does feeding moldy corn, antibiotics, or special 
medications adversely affect pork quality? 

4. Are there any quality problems (especially flavor) 
related to pigs fol lowing steers? 

5. It is also important to recognize that measures of 
pork quality should be muscle controlled. It has 
been clearly shown that some nutritional treatments 
affect some muscles and not others. Thus, it is es
sential to examine as many individual muscles as 
possible, starting with largest first. 
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MUSCLE QUALITY AS INFLUENCED 

BY ENVIRONMENT 

Many changes have been made in swine production 
practices that have involved changes in environment. 
These changes have been made for greater efficiency in 
production. 

Many people in the swine industry have inferred that 
modern efficiency in meat production tends to lower 
meat qua I ity. J. Wismer-Pedersen ( 1968) reported that 
German butchers in 1914 were complaining that pork 
meat was pa I e and watery because the pigs had become 
"refined," kept without" natural exercise" and fed diets 
not compatible with good meat quality. In a review on 
this subject Wismer-Pedersen (1968) concluded that only 
slight difference could be expected in muscle quality 
characteristics due to training or exercising the pigs 
during the feeding periods. 

Kad lee fil .£1. ( 1966) presented carcass data from hogs 
tha t had been grown and finished in 5 different types of 
building systems. These systems included two conven
tional methods--pole building and portable houses which 
were on pasture in the summer and on concrete in the 
winter. Three new systems included enclosed insulated 
houses with forced air ventilation--one with partially 
slotted floors and long narrow pens, a second with a 
completely slotted floor, and a third with a completely 
concrete floor. Carcass data indicated that there were 
no consistent difference in the color, firmness, or taste 
of pork from hogs raised in the different facilities. 

The effect of pre-slaughter environmental stress on pork 
qua I ity has been studied extensively. Factors studied 
include temperatures, hum id ity, excitement, hormona I 
injections and pre-slaughter feeding. 

It has been well established by many researchers (Wismer
Pederson, 1959; Judge~.£!. 1959; Osinka fil g.J. 1960; 
Briskey~£!. 1960; Forrest E ~- 1963) that there is a 
higher incidence of pale, soft, watery pork produced 
from hogs slaughtered in warm months than from hogs 
slaughtered in cold months. Sayre fil g.J. (1961) noted 
that pigs subjected to a cold environment antimortem 
resulted in carcasses with a higher ultimate pH and color 
intensity values . Kastenschmidt ~ g.J. (1964) studied 
the effect of holding market weight pigs in a cold 
( 1-3°(), warm (42-45°(), and cold-warm environment 
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30 to 60 minutes antimortem. The warm environment re
sulted in pork that was extremely pale, soft, and exud
ative, with a high loss in juice retention and protein 
solubi I ity. The cold treatment produced a more norma I 
type pork but the muscles from pigs that were exposed to 
both environments (warm to cold) produced pork that was 
most desirable (dark, dry, firm, and good juice retention). 

Several studies have been conducted on the effect pre
slaughter stress brought about by administration of hor
mones, stimulants, or shock (Hedrick~£!. 1964; Lewis 
etg.J. 1959, 1961, 1962a, 6, 1963 and 1967). Most of 
these papers are in agreement that stress several hours 
pre-slaughter will result in post-mortem muscle with in
creased pH, water holding capacity and improved ten
derness and juiciness. 

Thomas et al. ( 1966) studied the effect of temperature 
and humidity during growth. These workers reported 
that the longissimus muscl e of pigs reared in fluctuating 
temperatures (29 and 18°() was inferior in structure to 
that of p igs reared in 29 or 18°( constant temperature if 
t he relative humidity was 20 percent. Addis~ aj_. 
(1967) reported that the level of humdity during growth 
may also influence quality of pork since pigs reared in 
an 85 percent relative humidity had longissimus muscles 
that were superior in color and gross morphology and 
lower in shear values. Howe et al. ( 1968) reported that 
exposure to ambient temperatu~s---;f 32 and 21 °( for alter
nating three-day periods caused rapid post-mortem gly
colysis, high percent I ight reflectance, and increased 
light to dark fiber ratios in the longissimus muscle as 
compared to constant (27°() temperature but only in 
38 to 42 percent relative humidity. When pigs were 
held at 17 to 23 percent relative humidity and the tem
peratures the same as above the differences did not exist. 

Future Research Needs 

1. More work is needed on the effect of pre-slaughter 
and post-mortem environment on pork quality. 

2. All new production practice that alter the environ
ment shou Id be evaluated in reference to the effect 
on park quality. 
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RELATIONSHIP OF SIZE OF CUT TO 

CONSUMER ACCEPTANCE 

One of th e ai ms of a Pork Carca ss improvement program 
is to inc rease th e amount of muscl e. In accomplishing 
thi s , th e size of the mu scles , particularly those in the 
ham and loin, is increased. It is of importance, then, 
to know if the increased size is acceptable to the con
sumer. Also, since heavy hogs have long been asso
ciated with fatness, considerable work has been done on 
the desirability of slaughtering hogs at a lighter than 
normal weight to help reduce the amount of fat. 

Gaarder and Kline (1956) conducted a series of consumer 
studies to determine preferences for pork chops from 
various sizes of loin eye muscle. These loin eye areas 
ranged from 2. 2 to 4. 1. In al I experiments the consumer 
preferred loins with the largest loin eye area. 

In a later study by Gaarder ~ £.!. ( 1960) consumers 
were asked the size of chop they wou Id prefer to buy. 
Two models of chops were used; one chop was 6 square 
inches and the other 4 square inches. When the larger 
model was used 71 percent of 287 consumers said they 
would prefer a chop the size of the model (6 inches). 
Nineteen percent of the consumers preferred a chop 
smaller than the model and 9 percent preferred a chop 
larger than the model. When the 4 square inch model 
was used 55 percent preferred a chop the size of the 
model whereas 42 percent indicated a preference for a 
larger chop. 

Field~£!. (1961) compared pork cuts from 160 pound 
and 220 pound hogs. Results of a consumer panel test 
related to size preference are presented in following 
table. 

Emerson et Q..[. ( 1963) compared the consumer accep
tance and processing properties of four groups of pigs. 
(The 100-120 lbs., 130-150 lbs., 1960-180 lbs., and 
190-210 lbs.). These workers concluded that, in gen
era I, the carcasses of the I ight weight hogs compared 
favorabl y with those of market weight in over-all ac
ceptability , quality, and processing properties. 
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Palatability and tenderness values of the loin cuts of the 
two weight groups were not significantl y different . The 
average size of the loin eye muscle of the light weight 
group was 3.61 and that of the heavy weight group 4.39. 

Using the same weight groups as Field et al. (1961), 
Mullins et al. (1961) reported similar7e;;-lts. In this 
study th~e~as less than 3/4 inch difference in size of 
loin eye muscle. 

Hatesohl ( 1959) studies consumer preferences of cuts 
from 125, 150, 175, and 200 pound carcasses. His con
clusions were: 

1. There appears to be little difference in the accept
ability of pork from hogs slaughtered at 125, 150, 
175, and 200 pounds live weight. 

2. Pork from the 125 lbs. hogs tends to be somewhat 
leaner than pork from heavier hogs. However, some 
consumers still consider cuts from the light weight 
hogs to be too fat. 

3. Pork from the different weight hogs shows very little 
difference in tenderness. 

4. There is some opposition to the sma 11 size of cuts 
from the light weight hogs, especially those in the 
125 pound group. On the other hand, fewer families 
consider these cuts to be too large; therefore, pork 
from the light weight hogs may satisfy the size de
mands of some consumers. 

Future Research Needs 

Even though little work has been done on this subject it 
appears to be of limited importance, particularly with 
the production of more meat type animals. However, 
the optimum size of the loin eye muscle is still a matter 
that merits some work. Should he continue to strive for 
larger loin eyes? What is the limit before consumers 
complain? 



Tabl e - - Summa ry of Consumer Survey 

No. of 
Weight group 

Replies Too small 

% % 

Hams 
Heavy 38 0 
Light 42 2.4 

Picnics 
Heavy 38 2.6 
Light 38 7.9 

Bacon 
Heavy 78 5. l 
Light 78 12.8 

Center chops 
Heavy 100 
Light 78 

Boston butts 
Heavy 29 
Light 42 
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Size 
Abo ut right Too large 

% % 

68.4 31. 6* 
85.7 11. 9 

92. l 5.3 
89.5 2.6 

93.6 1. 3 
87.2 0 

89.0 9.0* 
92.3 1. 3 

100.0 0 
97.6 0 



RELATIONSHIP OF QUANTITY TO QUALITY 

As with production of any unit, one must be concerned 
with quality as well as quantity. Unfortunately, quan
tity and quality, as evaluated in pork production, do 
not always go hand in hand. 

Judge !tl gl. ( 1959) compared percent lean cuts with 
firmness, marbling, and co lor. These workers concluded 
that meaty carcasses with minimum amou nts of fat we re 
found to y ie ld soft, slightl y marbled loin muscles at a 
sl ightl y h igher rate than the less meaty, fatter carcasses. 
The co rre lat ion coefficien ts reported between lean cuts 
a nd col or , marbling, and fi rmness were 0.01 , - .1 8, and 
0.17, respectivel y . 

Kauffman fil .Q.]. ( 1964) reported a negative re lationsh ip 
(- .38) between carcass leanness and percent intramus
c ular fat. Thi s study indicated that a lowering of lean 
cut y ields could be anticipated if palatability was to be 
maintained or improved. In another study by Kauffman 
!tl .QJ.. (1968) it was shown that greater quantities of 
marbling were significantly associated with smaller lon
gissimus areas. 

Hedrick fil £!. ( 1968) in studying the variation of mus
cle quality in Duroc and Hampshire barrows reported 
that there was some indication within each breed that 
firmer loins and hams and higher pH values were asso
ciated with carcasses that had lower yields of the four 
lean cuts. Hams and loins in both breeds were signifi
cantly firmer and darker in color from carcasses that 
contained more marbling in the longissimus muscle. 

Hiner~ gj. (1965) studied palatability and quantity of 
pork using Duroc and Yorkshire pigs. From this study it 
was concluded that indices of quantity were not related 
to eating quality. 

Topel !tl £!. (1967), in working with four breeds of hogs, 
found that the area of the longissimus muscle was signif
icantly larger for the slightly and very pale, soft, and 
exudative muscle, compared to the dry firm dark mus-
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cles. A highly significant correlation coefficient 
(r= -.43) was obtained between area and muscle mor
phology score. This would indicate that more muscular 
pigs had a greater predisposition to PSE development 
than pigs with a lesser degree of muscling. 

Omtvedt (1968) reported that Oklahoma work indicated 
that there was a tendency for increased lo in eye area to 
be associated with increased softness and toughness and 
decreased marbling . In th is paper Omtvedt stated" the 
data available at the prese nt time indicate that superior 
meat type hogs with acce ptable qua I ity can be produced , 
but we are going to have to w ork at it!" 

Dildey ~ £!. ( 1969) reported on a study of 40 cross 
bred barrows that were se lected on the basis of muscu
larity (heavy, intermed iate , and light). Low color
structure scores (PSE) were associated with h igh degrees 
of muscularity as based on ham and loin percent 
(r= -.733). The carcasses that were PSE had less back
fat, larger longissimus areas and higher resistance to 
shear. Marbling score, backfat thickness, and rate of 
post-mortem temperature decline in the ham varied sig
nificantly ( P< . 05) among muscularity groups but did not 
exhibit a linear relationship with muscularity. 

Dalrymple and Kelly (1969) surveyed the incidence of 
PSE pork and found that the PSE hams came from hogs 
that possessed heavier amounts of muscling as indicated 
by a highly significant (P< .01) heavier trimmed ham 
weight. Corre lotion coefficients between ham charac
teristics and environmental factors showed that ham color 
and firmness are correlated to ham weight, structure, 
marbling, and pH of the gluteus meduis muscle. 

Future Research Needs 

Additional, more detailed work should be done to study 
the relationship of quality to quantity. If possible these 
studies should be coordinated with genetic studies. 
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